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Abstract

Structural change typically triggers shifts in sectoral composition with lasting
effects on aggregate productivity, yet the underlying drivers can vary signif-
icantly across episodes, leading to different policy prescriptions. This paper
develops a unified framework to quantify the contribution of sector-specific
frictions in explaining sectoral reallocation and its macroeconomic implications.
The model features rich heterogeneity at both the firm and sector levels, in-
cluding differences in production technologies, competitive environments, risk
exposure, and financial frictions. I apply the framework to Spain over the period
1992-2008, when capital inflows and falling interest rates following European
integration coincided with a shift from tradable to nontradable sectors and a
decline in total factor productivity. Using a simulated method of moments, I
find that capital frictions—specifically, capital adjustment and sectoral mobility
costs, estimated to be about 50% higher in the tradable sector—played a central
role in the observed dynamics, highlighting the importance of policies aimed at
easing capital frictions in order to improve allocative efficiency.
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1 Introduction

The allocation of economic activity across sectors plays a central role in shaping aggre-
gate productivity dynamics, particularly during periods of structural transformation,
trade liberalization, or credit booms. A salient example is the process of European
integration between the Maastricht Treaty and the introduction of the euro, which
triggered a convergence in interest rates among member countries and prompted large
shifts in sectoral composition. During this period, activity reallocated from tradable
to nontradable sectors, accompanied by a decline in aggregate TFP in the periphery
and a growing productivity gap relative to the core. Understanding how sectoral re-
allocations interact with underlying frictions and structural differences is crucial for
assessing their impact on aggregate productivity and for designing appropriate policy

responses.

Differences in the emphasis placed on sectoral characteristics have led to markedly
different interpretations of the sources of misallocation and, consequently, to diver-
gent, policy prescriptions. Studies emphasizing the insulation of nontradable sectors
from international competition (Dias et al., 2016, 2020; Reis, 2013; Brunnermeier
and Reis, 2023) advocate for pro-competition reforms to improve resource allocation.
In contrast, work highlighting how capital inflows can crowd out high-productivity
investments in tradable sectors (Benigno and Fornaro, 2014; Benigno et al., 2025)
supports the use of capital controls or targeted sectoral subsidies to mitigate these
effects. Other studies underscore tighter financial constraints in nontradable sectors
stemming from weaker corporate governance, greater asset opacity, or heavier reliance
on local credit markets (Tornell and Westermann, 2002; Schneider and Tornell, 2004;

Ozhan, 2020), and point to reforms aimed at improving financial institutions.

Existing quantitative studies analyze the aggregate effects of capital inflows by devel-
oping models that emphasize particular frictions or sectoral differences. This approach
carries the risk of over-attributing observed outcomes to the specific mechanisms em-
bedded into the model by design. When only a narrow set of features is allowed to
vary, the model is constrained to rationalize the data through those predetermined
channels, potentially overstating their role or missing important interactions. This
paper adopts a different approach. I develop a unified framework that incorporates a
broad set of sectoral differences and frictions, and allow the model to internally weigh

the relative importance of each mechanism and attribute the observed outcomes to



the most relevant underlying characteristics.

To interpret the empirical patterns, I begin by extending the canonical misallocation
framework of Hsieh and Klenow (2009) to a multi-sector setting that incorporates both
sector-wide distortions and firm-level wedges. The extended framework highlights
how sectoral asymmetries interact with firm dynamics, shaping both within-sector and
between-sector resource allocation. I then present a simplified model that elucidates
the endogenous sorting of firms across sectors and illustrates how capital inflows affect
both the intensive and extensive margins of adjustment. This stylized model provides

intuition for the quantitative analysis that follows.

Building on these insights, I develop a quantitative model with heterogeneous firms
that features rich sectoral heterogeneity and a broad set of frictions. Sectors differ
in their production technologies, competitive environment, exposure to idiosyncratic
productivity shocks, and financial frictions—including the tightness of borrowing con-
straints, the magnitude of capital adjustment costs, and the degree of capital mobility

across sectors.

To quantify the role of sectoral characteristics in accounting for the observed dy-
namics, | calibrate the model to the Spanish economy using a simulated method of
moments approach. For each candidate set of parameters, I simulate the model’s
transition dynamics in response to the observed path of real interest rates from 1992
to 2008. The resulting model-implied time series for TFP, tradable output, and non-
tradable output are then compared to their empirical counterparts. The optimal
parameters are those that minimize the distance between the simulated and observed
series, allowing the data to discipline the relative importance of the different sectoral

characteristics.

The calibrated model emphasizes capital frictions as central to explaining the observed
dynamics. Both capital adjustment costs and sector-switching costs are estimated to
be about 50% higher in the tradable sector than in the nontradable sector. Intuitively,
these frictions limit the tradable sector’s response to falling interest rates on two
fronts: on the intensive margin, capital adjustment costs constrain investment by
incumbent firms, and on the extensive margin, switching costs discourage entry by
nontradable firms, further slowing the expansion. Although the model successfully
replicates the TFP loss and the reallocation of activity from tradables to nontradables

observed during this period, it underestimates the magnitude of the nontradable



sector’s expansion, suggesting that additional forces beyond the modeled frictions

and sectoral asymmetries may have played an important role during the transition.

From a policy perspective, the results highlight the importance of capital adjustment
frictions in hindering the reallocation of productive resources across sectors. This
suggests that policy efforts should not be limited to promoting competition or access
to credit but should also focus on easing capital mobility. Policies aimed at developing
secondary markets for capital goods and facilitating the transfer or sale of businesses

appear promising in improving productivity.

The remainder of the paper is organized as follows. Section 2 presents motivating ev-
idence on sectoral reallocation and productivity dynamics in Europe around the time
of the Maastricht Treaty. Section 3 introduces a multi-sector conceptual framework
to illustrate how resource misallocation affects aggregate productivity. Section 4 out-
lines a simplified model to demonstrate the effect of firm-level and sectoral distortions
on resource allocation. Section 5 develops a quantitative model featuring heteroge-
neous firms and sectors. Section 6 describes the calibration strategy and presents the

results from the quantitative analysis. Section 7 concludes.

2 DMotivating Evidence

This section documents the evolution of total factor productivity (TFP) and the sec-
toral dynamics in Europe that took place during the period surrounding the imple-
mentation of the Maastricht Treaty. I will restrict attention to Spain, Italy, Germany,
and France, which together accounted for approximately 70% of the total GDP among
the original signatory members of the Treaty. This selection is driven by data avail-
ability across multiple sources used in this section. Moreover, these four countries
are emblematic of the different experiences of core and periphery economies in the

transition toward monetary union.

The Maastricht Treaty, signed in 1992, laid the foundation for the creation of the
European Union and set the framework for the introduction of a single European

currency, after decades of fragmented monetary policies and fluctuating exchange



Figure 1. Interest rates on government bonds
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Notes: This figure shows the evolution of government bond yields from 1980 to 2008
using data from the International Financial Statistics, produced by the International
Monetary Fund. The dashed vertical line indicates 1992, the year of the Maastricht Treaty.

Figure 2. Aggregate Productivity
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Notes: This figure shows the evolution of Total Factor Productivity (TFP) at constant
national prices from 1980 to 2019 using data from the Penn World Table, version 10.01
(Feenstra et al., 2015). TFP is normalized to 1 in 1992, the year of the Maastricht Treaty
(dashed vertical line).



rates. A key motivation behind the Maastricht Treaty was to foster economic conver-
gence among European economies by establishing a common set of macroeconomic
criteria. These criteria included limits on inflation rates, government debt, budget

deficits, exchange rate volatility, and long-term interest rates.

One of the most striking effects of the Maastricht Treaty was the rapid convergence
of interest rates across European economies in the years leading up to the adoption
of the euro in 1999. Prior to the treaty, interest rates varied greatly across member
states, reflecting differences in inflation expectations, fiscal discipline, and perceived
sovereign risk. As shown in Figure 2, countries with histories of high inflation and
weaker fiscal positions, such as Spain and Italy, faced substantially higher borrow-
ing costs compared to economies like Germany and France. In 1992, the interest
rate differential between Italy and Germany stood at 540 basis points, while the gap
between Spain and Germany was 380 basis points. By 1999, these differentials had
narrowed to less than 25 basis points. This sharp convergence in government bond
yields translated into a decline in corporate borrowing rates, since the cost of borrow-
ing for corporate borrowers is closely tied to the yields that sovereigns pay on their
debt (Eichengreen and Mody, 2000; Durbin and Ng, 2005; Bedendo and Colla, 2015;
Bevilaqua et al., 2020).

By reducing interest rate differentials and eliminating exchange rate uncertainty, the
Treaty was expected to foster capital deepening, encourage investment, and improve
resource allocation. However, the extent to which these changes translated into gains
in aggregate productivity varied significantly across countries (Reis, 2013; Benigno
and Fornaro, 2014; Cette et al., 2016; Gopinath et al., 2017; Garcia-Santana et al.,
2020; Brunnermeier and Reis, 2023). As shown in Figure 2, TFP trajectories diverged
following the Treaty, with Germany and France experiencing productivity gains, while
Spain and Italy saw persistent declines. More than a quarter-century later, these
disparities remain stark. Compared to 1992, Spain’s TFP declined by 7% and Italy’s
by 15% by 2019. In contrast, Germany saw an 11% increase in TFP, and France

experienced a 4% rise over the same period.

This period coincided with a rapid expansion of the nontradable sector across Eu-
ropean countries, particularly in Spain and Italy. As shown in Figure 3, aggregate
output in nontradable sectors increased across all four economies. However, their tra-

jectories relative to pre-Treaty trends reveal divergent paths. While France and Ger-



many maintained growth in nontradable output broadly in line with their pre-Treaty
trends, Spain and Italy experienced a marked acceleration following the Treaty’s im-
plementation. By 2008, nontradable output had grown 176% above its pre-Treaty
trend in Spain and 45% in Italy, compared to 20% in France and 9% in Germany. In
contrast, as displayed in Figure 4, output in the tradable sector also increased during
this period, but with a notable deceleration relative to trend in Germany, France, and

Italy, and only a modest acceleration in Spain.

These sectoral dynamics are consistent with an extensive literature documenting the
effects of capital inflow episodes across a broad set of countries and historical periods
(Tornell and Westermann, 2002; Benigno et al., 2015; Kalantzis, 2015; Miiller and
Verner, 2024).

To interpret these patterns, I now develop a framework that links capital inflows to
changes in sectoral composition and aggregate productivity, designed to rationalize
the key empirical facts documented above: a decline in interest rates, a realloca-
tion of activity away from tradables and toward nontradables, and a deterioration in

allocative efficiency.

3 Conceptual Framework

This section builds on the framework of Hsiech and Klenow (2009) which models
heterogeneous firms engaged in monopolistic competition to analyze the impact of
resource misallocation on aggregate productivity. Beyond firm-level output and cap-
ital distortions that affect the allocation of resources within sectors, this framework
incorporates sectoral heterogeneity and sector-wide distortions that propagate to all
firms within a given sector. Importantly, sectoral distortions interact with firm-level
distortions, influencing both individual firm decisions and the allocation of resources

across sectors.



Figure 3. Nontradable Sector: Output and Deviation from Trend
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(b) Deviation from Trend Output in Nontradable Sectors

Notes: Data are from the historical EU KLEMS (October 2012 release) (O’Mahony and
Timmer, 2009). The tradable sector includes primary industries and manufacturing. All
remaining sectors are classified as nontradable. Output is normalized to 1 in 1992, the
year of the Maastricht Treaty (dashed vertical line). Trend deviations are calculated using
country-specific linear trends from 1970 to 1992.



Figure 4. Tradable Sector: Output and Deviation from Trend
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(b) Deviation from Trend Output in Tradable Sectors

Notes: Data are from the historical EU KLEMS (October 2012 release) (O’Mahony and
Timmer, 2009). The tradable sector includes primary industries and manufacturing. All
remaining sectors are classified as nontradable. Output is normalized to 1 in 1992, the
year of the Maastricht Treaty (dashed vertical line). Trend deviations are calculated using
country-specific linear trends from 1970 to 1992.



3.1 Setup

The final good Y; is a constant elasticity of substitution (CES) aggregate of sectoral

outputs Y produced across S sectors:

S n—1 nzl
v, = (z v ) 0
s=1

where 17 > 1 denotes the elasticity of substitution across sectoral outputs. This CES

specification represents a departure from the Cobb-Douglas aggregation in Hsieh and
Klenow (2009), which implies that changes in sectoral productivity have no effect on
the allocation of inputs across sectors. With a Cobb-Douglas aggregation, a rise in
sectoral productivity leads to a proportional fall in that sector’s price index, leaving
expenditure shares and input allocations across sectors unchanged. Since the focus of
this paper is on intersectoral allocation, a CES aggregator is necessary to allow sec-
toral distortions and productivity differences to influence aggregate outcomes through

their effect on the composition of output.

Letting P,; denote the sectoral price index, the aggregate price index P; of the final
good is given by:

1

1-n

b = (i Psltn> (2)

Each sectoral output Yy, is itself a CES aggregate of differentiated products produced
by Ng individual firms:

0s
—1

Nst 05 Os—1
v (z )5 ) 5
=1

which follows the formulation in Hsieh and Klenow (2009) but allows for sector-specific

elasticities of substitution #,. The parameter 8, governs the degree of substitutability
between different varieties within sector s, with a higher 6, implying that products

within the sector are more easily substitutable. As a result, firms within sector s face



an isoelastic demand function:

—0 —n
Pist 1 st
Yist (Pst) ( Pt ) t ( )

where p;s; denotes the price of variety ¢ and Pi; is the sectoral price index, defined as:

Nst ﬁ
Py — (ngys) 5)
=1

Finally, the production function for each differentiated product follows a Cobb-Douglas
specification:
Yist = Zistkiofgililsgas (6)

where k;i; and [;5; represent capital and labor inputs, respectively, z;; denotes firm-

level total factor productivity, and «ay is a sector-specific output elasticity of capital.

3.2 Wedges

Firm ¢ in sector s chooses its price, capital, and labor to maximize profits:

max Mg = (1 - %gst)pz‘styz‘st - (1 + ﬁ’zt)(n + 6s)kist — Wlist (7)

Pist 7kist )list

where wy; is the wage rate in sector s, r; the real interest rate, and ¢, the depreciation

rate of capital in sector s. The terms 7Y, and 7%, represent composites wedges,
y

capturing both firm-specific and sectoral distortions that affect firms’ decisions: 77,
k

distorts output and 7,

. distorts capital relative to labor. Wages wy, may vary across

sectors due to, for example, differences in human capital or labor mobility costs.
Similarly, capital depreciation rates d, may differ across sectors because of variations
in capital composition, intensity of use, or sector-specific technological characteristics.
Although the real interest rate r; is common across all firms, the effective cost of
capital may vary due to both firm-specific and sector-wide capital distortions. These
wedges are treated as exogenous for now but are endogeneized in the quantitative

model in Section 5.
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The first-order conditions with respect to labor and capital are given by:

11— O DistYist 1
MRPL;y; = =| —— s 8
! < Hs ) ( list ) (1 - Tiit) et ( )

Qg DistYist 1 + %kt
M PKzs =\ — - | = —,.ZS 65
wra= (G2) (M) - (T e 0

denotes the constant markup of price over marginal cost in sector s,

where ps = 99j1
under the assumption that each firm is small relative to its sector and thus takes the

sectoral price index Py as given.

The total revenue-based total factor productivity (TFPR) at the firm level is defined

as:

MRPK; \® ( MRPL;;\'™
TFPRist = PistRist — PistYist — Mg (—t> (—t) (10)

asjl—as .
k:isstlist ’ Qs 1 s

showing that positive output distortions 7;., or positive capital distortions relative to

k

labor 7}, lead to higher marginal revenue products.

In an efficient economy without distortions, the marginal revenue products of labor
and capital would be equalized across firms. However, in the presence of distortions,
firms equate the marginal revenue product of each input to its distorted marginal
cost. As a result, the allocation of resources across firms is influenced not only by
firm-level total factor productivity but also by the output and capital distortions they

face.

As in Hsieh and Klenow (2009), when production relies on two factors of production,
it is possible to distinguish distortions that affect both capital and labor from those
that alter the relative marginal product of one factor compared to the other. Out-
put distortions 7y act as frictions that proportionally raise the marginal products of
both capital and labor. These distortions act as implicit taxes or subsidies on firm
output. For instance, firms facing government-imposed size restrictions, high trans-
portation costs, or bureaucratic barriers experience high 7y, while firms benefiting
from preferential treatment, such as public subsidies or regulatory exemptions, face
low 7v. Output distortions directly impact firm-level production by restricting their

ability to expand, independent of input factor choices. In contrast, capital distortions

11



Ti affect the relative cost of capital compared to labor, altering the optimal input
mix. Firms that face credit constraints, such as those operating in financial markets
with limited access to loans or high borrowing costs, encounter high 7, leading them
to substitute away from capital-intensive production. Conversely, firms benefiting
from cheap credit — whether due to state-backed lending programs, business group
affiliations, or implicit government guarantees — experience low 7k, enabling them to

over-accumulate capital relative to labor.

In addition to firm-specific distortions highlighted by Hsieh and Klenow (2009), an
additional layer of inefficiencies arises due to sectoral distortions: structural frictions
that affect all firms in the same sector. These distortions may arise from industrial
policies, differential tax policies, sector-specific credit allocation, regulatory barriers,
or market concentration effects. Unlike firm-level distortions, which introduce dis-
persion of marginal products within sectors, sectoral distortions create systematic
imbalances in marginal products across sectors. In economies with sectoral distor-
tions, some industries may operate below their efficient scale, while others may expand
inefficiently, absorbing disproportionate resources without generating commensurate

productivity gains.

The composite distortions affecting output and capital reflect the combined impact
of micro-level and sector-wide distortions on firms’ production decisions. These com-

posite wedges are given by:

(1=7) = (1= 7)1 = 73) (11)
(1+75) = (14 75 (1 + 747) (12)

k

where 77}, and 7/

. . represent firm-specific wedges, whereas 7% and 7% represent sector-

wide wedges. A firm experiencing both a sector-wide distortion and a firm-specific
distortion faces an amplified misallocation effect, as the total wedge reflects the com-
pounding impact of these frictions. When sectoral distortions are absent (i.e., 75 = 0
and 7% = 0), the composite wedge collapses to the standard firm-specific wedges 77,

and 7F,, as in Hsieh and Klenow (2009).

18t
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3.3 Aggregation

We are now ready to introduce measures of productivity and misallocation at both
the sectoral and aggregate levels. Total capital and labor employed in sector s at

time t are given by:

Nst Nst

Ky = Z_; kiw and Ly = ; Lisi. (13)

Total factor productivity (TFP) at the sector level is defined as:

|

TFPy = ——7—
K;SLst o

(14)

1
. . . . N. _ 1—-65 .
which, using the sectoral price index Py, = (Z ot 03) and i = &fﬁm, can

1=11"1st Zis

be expressed as:

Nst 9 -1 651*1
: TFPRgy \ ™~
TFP, = ( E (Zist—TFPRist) ) (15)

i=1

In a frictionless economy without distortions, TFPR;,; = TF PR, across all firms,

and sectoral TFP reduces to:
Nst 95%1
TFPS = (Z ,zf;t_l) (16)
i=1

The presence of distortions introduces dispersion in firm-level TFPR, leading to a

loss in sectoral productivity. The loss in sectoral TFP due to misallocation is given
by:

TFP, 1 o1 [ TFPR, "™ b1
1 — 1 Vs J——— — 1 ;8 ].7
0og (TFPset) 05 -1 [Og (Z Zist <TFPstt 0g : Zist ( )

; A

13



Aggregate capital, labor, and output across sectors are:
S s S ,a\ 7T
K=Y Ky and L;=)» Ly and Y= <Z Y, > (18)
s=1 s=1

Substituting the production structure, aggregate output can also be written as:

S -1 ast=1)  (-as)n=D\ 721
Y;t — Z (TF‘FF)st77 : Kst ! ' Lst ! ) (19>

s=1

Finally, aggregate TFP is given by:

n

S n—1
n=1
TFP, = (Z wg TFP," ) (20)
s=1
n—1
n
where sectoral weights w; are determined by relative sectoral output wy = Yf—n;l
zSS/:1 }/S/tn

4 TIllustrative Model

To develop intuition for the results derived in the quantitative model of Section 5,
I first present a simplified framework that illustrates the impact of firm-level and
sectoral distortions on resource allocation. This model elucidates how sectors attract
different types of firms and how distortions influence firm sorting across sectors. Ad-
ditionally, it provides insight into the dynamics of within-sector and between-sector
misallocation induced by the convergence in interest rates, which is the main driving

force in the quantitative model.

4.1 Environment

Consider a static economy where firms differ in their idiosyncratic productivity z and

operate a linear technology with capital & as the sole factor of production:
y=zk (21)

14



In turn, sectors vary in their demand elasticity #,. Firms compete in monopolistically
competitive markets, each producing a differentiated variety within its sector. The

demand for each firm’s variety is determined by:
y=p" (22)
where p denotes the price of the firm’s variety.

Before production, each firm makes a once-and-for-all decision regarding which sector

s to enter by comparing expected profits across sectors:

s = arg max E [m(s)] (23)

Once a firm enters sector s, it chooses its capital input to maximize its expected

profit:
7(s) = max E |(zk) 5 — (1+ 7] (24)

k

where 7" is a stochastic capital distortion and r is the cost of capital. Importantly,

the firm chooses inputs before observing realized capital distortions.

Theorem 4.1. The optimal capital choice that maximizes expected profit is given by:

i} 295—1
W= R AR (25)

Proof. See Appendix Appendix A.1. n

As in Section 3, capital distortions consist of both a firm-level wedge and a sectoral

wedge, which are assumed to be correlated. The composite distortion is given by:
(1+7) =1+ +7H) (26)

where 7F represents the firm-specific distortion, while 7% captures distortions that

apply uniformly across all firms within sector s.

15



Theorem 4.2. The expected capital distortion is given by:

E(1+7) = 1 + E(rF) + E(vF) + E(zF)E(7F) + Cou(rF, 7F) (27)

178

Proof. See Appendix Appendix A.2. m

Expected capital distortions depend on expected firm-level and sectoral distortions,
their interaction, and their covariance. If firm- and sectoral-level wedges are positively
correlated, the covariance term is positive, amplifying the total effect. If they are

negatively correlated, it mitigates the total expected distortion.

4.2 Effect on Input Choice

To see the impact of distortions on the firm’s input choice, it is instructive to contrast

it with the efficient benchmark, which assumes no capital distortions.

Theorem 4.3. The efficient level of capital in the absence of distortions is given by:

. 205—1
ke = o (28)

Proof. See Appendix Appendix A.3. O]

The ratio between the optimal choice k* relative to its efficient counterpart k¢ is

therefore:

% - (ﬁ) - <1 +E(7F) + E(7F) + E(le)E(@ Y Cov(iF, )> (29)

which is less than unity, reflecting the fact that distortions depress capital accumula-
tion. When expected distortions are large (i.e., E(1 +7%) is high), firms operate with
less capital compared to the efficient benchmark. If firm-specific distortions are high,
the firm reduces investment, even if the sector as a whole is not constrained. If the

entire sector faces distortions, all firms in that sector reduce investment.

The extent to which firm-specific and sector-wide distortions are correlated also in-

fluences resource allocation both within and between sectors. If firm-specific and

16



sectoral distortions are positively correlated (i.e., firms with high idiosyncratic dis-
tortions tend to be in highly distorted sectors), the distortionary effect is amplified.
In the extreme case where firm- and sector-level distortions are perfectly correlated
(7F = 7F), the total distortion becomes quadratic, with the capital choice relative to

the efficient benchmark given by:

k* 1 o
v~ (s o) o

Conversely, when firm- and sector-level distortions are negatively correlated, sector-

wide distortions partially offset firm-level frictions. In this scenario, firms facing

higher firm-level distortions experience a sector-level subsidy that reduces the effective
k

capital wedge. In the special case of perfectly negative correlation (7F = —7F), the

distortion ratio equals one, and efficiency is restored.

Moreover, the extent to which the optimal capital choice deviates from the efficient

benchmark is influenced by the sectoral demand elasticity (6s).

Theorem 4.4. Distortions lead to a greater reduction in capital accumulation in

sectors with a higher elasticity of substitution.
Proof. See Appendix Appendix A .4. O

This follows from the derivative:

O(k*/ k)

=" (B(1 + 7)) " log (E(1 + 7)) (31)

which is negative, since E(1 + 7%) > 0 for positive distortions, making log E(1 + 7*)
positive. This means that as 6, increases, the ratio k*/k¢ decreases, implying a larger

deviation from the efficient benchmark.

Intuitively, in high-elasticity sectors, firms have lower market power and cannot easily
pass higher capital costs onto consumers. As a result, the effect of capital distortions is
amplified, leading to an even greater reduction in capital. In contrast, in low-elasticity
sectors, firms command greater pricing power, allowing them to absorb distortions

by adjusting prices, thereby mitigating the impact on capital accumulation.

17



4.3 Effect on Firm Sorting

Consider next the effect of capital wedges on how firms sort across sectors.

Theorem 4.5. Given the optimal capital choice k*, the expected profit of a firm

operating in sector s, subject to capital distortions 7%, is:

(95 _ 1)05—12,93—1
m(s) = G0s10s— 1B (1 + 7F)0s 1

(32)
Proof. See Appendix Appendix A.5. m

Before showing how firms sort into sectors according to their productivity, it is useful

to highlight that sectoral elasticity determines how profits scale with productivity.

Theorem 4.6. The elasticity of optimal profits with respect to productivity is deter-

maned solely by the sectoral demand elasticity 0:

81;1—228) —0,—1 (33)
Thus, productivity gains translate more strongly into profit gains when 6, is large.
Intuitively, in sectors with more elastic demand (i.e., higher 6y), profits increase more
steeply with productivity. As a result, high-productivity firms are drawn to high-
elasticity sectors, where they can benefit from a larger scale. In contrast, sectors
with less elastic demand offer higher markups, making them more attractive to low-

productivity firms that benefit from wider profit margins.

In fact, the demand elasticity has a positive impact on the firm’s profit as long as its
productivity is above the markup-adjusted cost of capital, as can be seen by the sign

of the elasticity of optimal profits with respect to demand elasticity.

Theorem 4.7. The elasticity of optimal profit with respect to the sectoral demand

elasticity 6 is given by:

%?T?:m( Z) (34)

18



which 1s positive if and only if:

2> U T (35)

Firms will sort into sectors depending on their productivity, the cost of capital, dif-

ferences in sector elasticity, as well as firm-specific and sector-wide capital wedges.

Theorem 4.8. A firm choosing between two sectors, A and B, which differ in their
elasticity of substitution, with 04 > 0 > 1, strictly prefers to operate in sector A

over sector B if its productivity z satisfies:

o, (03—1 ﬁ)les (1+Tk(A)) : 36)

04— 1
S B(L+ 74(B)) "7
~—~ (. S\
Cost of Capital Gains from Scale vs. Markups Capital Dzstortions
Proof. See Appendix Appendix A.6. O

The expression for the threshold productivity level can be broken down into three
components. The first term, r, reflects the cost of capital. As the interest rate
increases, so does the threshold productivity, such that only more productive firms

will find it worthwhile to operate in the high-elasticity sector.

The second term captures the trade-off between scale gains and markups across sectors
with different elasticities. This term adjusts the threshold by comparing how steeply
profits rise with productivity against the relative markup levels. High-elasticity sec-
tors reward productivity more with bigger scale gains, whereas low-elasticity sectors

offer higher margins and are more attractive to low-productivity firms.

The third term reflects the relative tightness of capital distortions across sectors. If
sector A exhibits higher capital distortions, it increases the productivity threshold
above which firms choose to operate in it. It also captures the distortion induced
by capital wedges, since the marginal firm that would otherwise operate in the high

elasticity sector will choose to operate in the alternative sector.
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4.4 Effect of Capital Inflows

Capital inflows, modeled as a decline in the cost of capital r, affect both the intensive

margin (input choice) and the extensive margin (sector choice) of firm behavior.

On the intensive margin, it is straightforward to show that capital is more responsive
to interest rate changes in high elasticity sectors. The responsiveness of capital to

changes in the cost of capital is captured by the elasticity:

Oln k*

= —0, (37)
dlnr

which is negative, indicating that a given decline in r induces a stronger expansion

of capital in sectors with more elastic demand (i.e., higher 6;).

On the extensive margin, a decline in the cost of capital r lowers the productivity
threshold above which firms choose to operate in the high-elasticity sector. As shown
in Equation 36, when comparing two sectors that differ in their elasticity of substitu-
tion, the threshold productivity required to prefer the high-elasticity sector declines
with r. Consequently, capital inflows induce a re-sorting of firms across sectors, with

marginally productive firms shifting toward sectors with more elastic demand.

5 Quantitative Model

This section develops a multi-sector model to evaluate how capital and sectoral real-
location impact aggregate total factor productivity (TFP). The model builds on the
quantitative framework of Gopinath et al. (2017), incorporating rich sectoral hetero-
geneity to capture differences in production technology, market power, and financial
frictions across sectors. Compared to the theoretical framework outlined in Section
4, the quantitative model allows for evaluating the merits of competing channels in

explaining the observed dynamics, as well as quantifying their relative importance.
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5.1 Primitives

I consider a small open economy populated by a large number of monopolistically
competitive firms, each deciding whether to operate in the tradable (") or nontradable
(N) sector. Each firm i operating in sector s = {T, N} at time ¢ is owned by a risk-
averse entrepreneur who chooses consumption ¢;,; to maximize the expected value of

the sum of discounted utility flows:

Ei 5 (017_—1) (38)

t=0 1—=v
where [ denotes the discount factor and ~ the coefficient of relative risk aversion.

Firms hire labor competitively at the prevailing wage w,;, which is taken as given.
They can also save and borrow in the international credit market through a one-
period bond that trades at an exogenous real interest rate r,. There is no aggregate

uncertainty.

5.2 Production Technology

Firms produce physical output y;s; using a Cobb-Douglas production function given
by:

Yist = zistk?sil;“s (39)

where z;4 is firm productivity, k;s is the capital stock, and [ is labor input. The

parameter a;, € (0,1) determines the sector-specific capital share.

Differences in capital shares stem from variations in factor intensity across sectors.
In capital-intensive sectors, such as manufacturing, firms rely more on physical capi-
tal (machinery, equipment, and infrastructure) relative to labor, leading to a higher
capital share. In contrast, labor-intensive sectors, such as services, depend more on

human input and require less capital, resulting in a lower capital share.

IFor example, Valentinyi and Herrendorf (2008) find that capital shares differ across sectors, with
higher capital intensity in agriculture (0.54) and manufacturing (0.40) compared to services (0.34)
and construction (0.21). Relevant to my analysis, their findings indicate that the capital share in
the tradable sector is approximately 0.37, while in the nontradable sector, it is slightly lower at 0.32.
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Given the prevailing wage wy, the firm’s operating profits are given by:
Tist = DPistYist — wtlist — K (4())

where p;s is the price of the firm’s variety and ks > 0 represents a sector-specific
fixed cost. Sectoral differences in fixed operating costs may arise due to variations in
infrastructure requirements, regulatory compliance, and technological setup costs. As
in Buera et al. (2011), the presence of fixed operating costs introduces a non-convexity
in firms’ production decisions, leading to differences in the scale of operation across

sectors.

5.3 Market Structure

Firms operate in a monopolistically competitive environment, where each firm is the
sole supplier of a differentiated variety. Consistent with the framework outlined in
Section 3, sectoral output is a CES aggregate of differentiated products. As a result,

firms face downward-sloping demand for their individual varieties, given by:
Yist = pi_s% (41)

where p;s is the price of the differentiated varieties and 6, is the sector-specific ab-
solute value of the elasticity of demand. Following Gopinath et al. (2017), I abstract
from the determination of the sectoral price index and normalize both the demand
shifter and the sectoral price index to 1 in the demand function. Given the CES

demand structure, firms charge uniform markups within each sector:

(42)

with differences in markups across firms arising solely from differences in sectoral
elasticity. The sectoral markup is decreasing in 6, meaning that markups are lower

in sectors with higher elasticity of substitution, and vice-versa.

Sectoral differences in demand elasticity may arise due to varying degrees of exposure
to competition. In highly competitive sectors (e.g., manufacturing), firms face pres-
sures from both domestic and international competitors, providing consumers with

abundant substitutes. This makes demand more elastic and restricts firms’ ability
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to charge prices significantly above marginal costs. Conversely, in less competitive
sectors (e.g., real estate), limited direct competition reduces consumer alternatives,

leading to less elastic demand and allowing firms to sustain higher markups.

5.4 Productivity

Firm productivity z;s is composed of a permanent component z!’ and a transitory

T
ist)y

component z;,, given by:

Zist = 2 exp(2jy) (43)
The permanent component is independent of the sector in which the firm operates,
capturing intrinsic differences in technical efficiency, such as managerial ability, tech-
nological know-how, or other persistent firm characteristics, and is assumed to be
drawn from a Pareto distribution with shape parameter ¢ and lower bound normal-
ized to 1:

F(z) =1~ (ip)@ z >1 (44)

The transitory component is stochastic and sector-specific, evolving according to an
AR(1) Markov process:

Ziz;t = pszg;t—l + 53;1& 53;1: ~ N(0, UZ) (45)

where both p,, the persistence of the process, and o, the standard deviation of id-

T

i, are sector-specific. Similar to Bianchi (2011),

iosyncratic productivity shocks e
the persistence and volatility of the stochastic process vary across sectors, reflecting
differences in exposure to risk. The tradable sector, for example, may experience
greater volatility due to external shocks such as exchange rate fluctuations and global
demand shifts, while the nontradable sector may face less volatile fluctuations. For
example, Tornell and Westermann (2002) emphasizes the role of risky currency mis-
matches (i.e., firms borrowing in foreign currency but earning revenues in domestic

currency, leaving them exposed to exchange rate risk) in amplifying external shocks.
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5.5 Borrowing Constraints

Firms face a borrowing constraint that limits their ability to finance investment
through debt. This constraint arises from frictions such as imperfect enforceability of
contracts or asymmetric information between borrowers and lenders. In particular, I

assume that firms can only borrow up to a fraction y, of their capital stock:
bist S Xskist (46)

where b;y; is the firm’s debt, k; is its capital stock, and y, > 0 is a sector-specific
limit governing the tightness of the borrowing constraint. A higher y, allows firms

to access more debt relative to their capital stock.

Borrowing constraints may vary across sectors due to differences in asset tangibility
and collateralizability. Sectors that rely on tangible assets or produce collateralizable
goods (e.g., manufacturing) may have higher borrowing limits, as their capital can
be used as collateral for loans. In contrast, sectors dependent on intangible assets or
service provision (e.g., professional services) may face tighter borrowing constraints
since their capital is harder to pledge as collateral. Relatedly, Miiller and Verner
(2024) find that firms in the non-tradable sector are more reliant on debt secured
by real estate collateral compared to firms in the tradable sector, suggesting that

borrowing constraints are more binding in the non-tradable sector.

5.6 Capital Adjustment Costs

Firms incur capital adjustment costs when adjusting their capital stock over time,
due to factors such as installation costs or technological rigidities. I assume that
capital adjustment costs are quadratic in investment, imposing a penalty on abrupt

changes in capital. Specifically, firms face an adjustment cost given by:

s kis — (11— (5 kis - ?
D (ki hist—1) = %( e 1) Kt (47)
ist—1

where ¢, > 0 is a sector-specific adjustment cost parameter, and k;y; and k;_1 denote

the firm’s current and previous-period capital stock, respectively. The quadratic

structure introduces a convex friction, discouraging rapid capital accumulation or
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decumulation. The magnitude of ¢, determines the severity of this friction, with

higher values implying greater investment rigidity.

Capital adjustment costs may vary across sectors due to differences in asset specificity.
Sectors that rely on highly specialized capital (e.g., manufacturing, energy) may face
higher capital adjustment costs because capital in these industries (e.g., customized
machinery) is difficult to repurpose or resell. In contrast, sectors that use more
general-purpose capital (e.g., retail, services) may have lower adjustment costs since
capital (e.g., office spaces) can be more easily resold or redeployed across different

uses.

5.7 Sectoral Mobility Costs

Firms face sectoral mobility costs when transitioning between the tradable and non-
tradable sectors. These costs capture frictions that arise from capital irreversibil-
ity, industry-specific knowledge requirements, ownership restructuring (mergers and
acquisitions), or regulatory barriers. As a result, firms cannot instantaneously or

costlessly reallocate resources between sectors.

I model sectoral mobility costs as a one-time sunk cost €2 & that firms must pay when
switching sectors. Specifically, if a firm chooses to transition from sector s to sector

', it incurs a cost:
Qs,s’(kist) == ]Is’;éswskist (48)

where Iy, is an indicator function that takes the value of one if s # s and 0 otherwise,
and w, > 0 is a sector-specific mobility parameter that scales with the firm’s current-
period capital stock k;,;. By tying mobility costs to capital stock, this formulation
captures the idea that larger firms face proportionally higher costs when switching
sectors. Moreover, mobility costs create hysteresis in sectoral choices, discouraging
firms from switching sectors due to temporary shocks and requiring sufficient gains

to justify transitioning.
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5.8 Budget Constraint

Each period, the firm allocates funds to consumption, investment, debt repayment,
capital adjustment costs, and potential sectoral mobility costs. The budget constraint

is given by:

Cist + Kist41 — (1 — ) kist + (1 + 70)bist + P(Kistv1, kist) + Qs 5 (Kist) = Tist + bist1
(49)

where the left-hand side represents the firm’s total expenditures. The entrepreneur
chooses consumption c¢;s, invests in new capital kg1 —(1—9)k;s, and pays down out-
standing debt (1+7;)b;s;. The firm also incurs capital adjustment costs ®(k;siv1, Kist)
when modifying its capital stock and sectoral mobility costs €2 (kist) if it chooses to
switch sectors. The right-hand side represents the firm’s available resources, which

include operating profits ;s and new debt issuance b;g 1.

5.9 Timing Protocol

At the beginning of each period t, each firm ¢ in sector s enters with a predetermined
capital stock k;5; and outstanding debt b;,; from the previous period. It then observes
its current sector-specific idiosyncratic productivity realizations {z%,}seqr,ny which
determine its profitability for the period. Given its current states, the firm hires
labor [;4, sets the price p;s for its differentiated variety, chooses next period’s debt

bist+1 and capital stock k;s.1 subject to capital adjustment costs @ (kisi1, kist)-

Before observing next period’s sector-specific productivity realizations {zL, 1 }se{T. N
the firm decides whether to remain in its current sector or switch to the alternative
sector. If the firm switches sectors, it incurs the sectoral mobility cost Qg ¢ (Kist)-

Finally, the firm owner enjoys consumption c¢;.

At the start of period ¢ + 1, the firm enters sector s’ chosen in the previous period
with its newly chosen capital stock k;s11 and debt b;51 and then observes its new

sector-specific productivity realizations. It then repeats the decision process.
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Figure 5. Timing Protocol
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5.10 Recursive Formulation

We can now express the firm’s problem in recursive form. Let a;y; denote the firm’s
net worth, defined as a;s; = kist — b > 0, that is, the firm’s capital stock minus its
outstanding debt. Primes are used to indicate next-period variables, and subscripts
s € {T, N} denote sector-specific variables. The vector of endogenous state variables
is given by x = (s, a, k), where s represents the firm’s sector, a is net worth, and k is
capital. The vector of exogenous idiosyncratic states, which captures firm productiv-
ity, is defined as z = (2%, 2%, 2L). The vector of aggregate states, which includes the
wage and interest rate, is given by I' = (w, r). The firm’s problem then is given by:
AT —1

V(x,z,T)= max < ——— + fE,V (x',2,TV) (50)

s’ c,a’ k' l,p 1-— Y
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subject to the budget constraint:

c+ad + Ok k) + Qo s(k) = psys —wl — (r+ 0k — ks + (1 +1)a (51)

1

where ®,(k, k') = W, Qk) = Lyzswsk, ps = ys ™, and y, = 27 exp (2] ) k@117,

The firm is also subject to the borrowing constraint &' < A\,a’, with A\, = ﬁ, as well

as the non-negative net worth constraint a’ > 0. Moreover, optimal labor demand is

given by:?

0s
_ —_ Ttas(0s—1) s— as(0s—
[ = <(1 as)(es 1)) hos(@s =1 (ZP eXp(ZZ“)) 1+o¢05(9;—1) k1+aig(951)1) (52)

wh,

5.11 Stationary Equilibrium

A stationary partial equilibrium in this economy consists of a value function V' (x, z, T'),
policy functions o(x,z,T') = (s'(+), c(-), a'(+), K¥'(-), I(-), p(-)), and a stationary dis-
tribution of firms p(x,z) such that:

i. Given I = (w, r), the value function V' (x,z,I') satisfies the Bellman equation,
and the policy functions o(x,z,T") solve the firm’s dynamic problem subject
to the budget constraint, borrowing constraint, and non-negative net worth

constraint.

ii. The distribution u(x,z) is invariant over time and satisfies the law of motion:

p(x'2') =T (u(x,2)) (53)

where 7 (-) is the operator that maps the current distribution into the next pe-
riod’s distribution, given firms’ optimal decision rules and the exogenous shock

processes.

2See proof in Appendix Appendix B.1
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6 Quantitative Exercise

This section outlines the simulated method of moments (SMM) approach used to cal-
ibrate the model. The quantified model is then used to evaluate the role of sectoral
asymmetries in accounting for the reallocation of economic activity and the associ-
ated TFP losses observed in Spain following the decline in interest rates after the

Maastricht Treaty, as documented in Section 2.

6.1 Calibration Strategy

A period in the model corresponds to one year. To calibrate the model, I begin by
partitioning the parameter space into two groups. The first group includes parameters
that are predetermined based on standard values in the literature. I set the discount
factor to f = 0.875, the coefficient of relative risk aversion to v = 1.5, and the
depreciation rate to 6 = 0.06. The elasticity of substitution between tradable and
nontradable goods is n = 1.5, and the shape parameter of the Pareto distribution
that governs the permanent component of firm productivity is ¢ = 30. Finally, I

normalize both the wage rate w; and the aggregate price level P, to one throughout.

The remaining parameters are calibrated through simulated method of moments
(SMM). Let © denote the vector of parameters to be calibrated internally. Given
the high dimensionality of the parameter space, I discretize © over a grid and con-
duct a grid search. For each candidate vector ©, I simulate the model and compute
the time paths of a set of J target variables, indexed by j = 1,...,J, over T time
periods, indexed by t = 1,...,T. Let MJ(0) denote the model-generated value of
variable j at time ¢ under parameter vector ©, and D{ the corresponding empirical
value. The optimal parameter vector ©* minimizes the squared distance between the

model and the data, as captured by the following objective function:
O = arg m@in M(O©)WM(©O) (54)

where M (©) is the vector of moment errors that stacks the deviations between model-
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implied and empirical paths across all variables and time periods, defined as:

[ ML(©) — D} |
M3(©) —D;
M(©) = M%(@.) — Dk (55)
M3:(©) - D}
i) - Dy

and W is a weighting matrix, which I set equal to the identity matrix.

To evaluate each candidate parameter vector ©, I first compute the stationary equi-
librium of the economy under the prevailing real interest rate in 1992, as proxied by
the inflation-adjusted interest rate on long-term government debt. The stationary
equilibrium is computed in partial equilibrium, as described in Section 5.11, where
firms are optimizing subject to idiosyncratic shocks, but aggregates are constant and
the distribution of firms over states is invariant. I then simulate the model’s transi-
tion dynamics in response to the observed sequence of real interest rates from 1992
to 2008 in order to generate model-implied time series M?(©), which are compared
to their empirical counterparts D/ over this period. The target variables are the log

changes relative to 1992 in TFP, tradable output, and nontradable output.

6.2 Transition Experiment

Table 1 summarizes the internally calibrated parameters, as well as the model’s overall
fit. The differences reported in Panel B are presented in relative terms, calculated
as the absolute difference divided by the average of the two sectoral values. Figure 6
compares the model-implied dynamics to the corresponding empirical patterns using

the parameter set that achieves the best overall fit.

The model assigns a modest difference in demand elasticity across sectors, with the
tradable sector exhibiting a 10% higher elasticity than the nontradable sector. The
capital share («) is estimated to be about 16% higher in the tradable sector, and fixed

operating costs (k) are positive for tradables but zero for nontradables, consistent with

30



Table 1. Fitted Parameters by Sector and Model Fit

Panel A: Assigned Parameters

Parameter Value
B 0.875
¥ 1.50
0 0.06
n 1.50
© 30.0

Panel B: Fitted Parameters

Parameter Tradable (T) Nontradable (V) % Dift.
05 4.15 3.75 10%
Qg 0.34 0.29 16%
Ks 0.11 0.00 200%
05 0.53 0.62 16%
Os 0.28 0.36 25%
A 1.12 1.02 9%
&, 4.51 2.62 53%
W 0.14 0.08 55%

Panel C: Model Fit (RMSE)

TEFP 0.006
YT 0.118
YN 0.717

Total 0.420

higher scale requirements and capital intensity in tradable production.

Turning to the parameters governing firm-level productivity dynamics, the model
estimates that the tradable sector exhibits 16% lower persistence (p) and 25% higher
volatility (o) of productivity shocks relative to the nontradable sector, suggesting
a riskier operating environment for tradable firms. Borrowing constraints (\) are

tighter in the nontradable sector, although the difference is relatively modest, at 9%.

Finally, the model assigns an important role to capital frictions. Capital adjustment
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costs (¢) are estimated to be roughly 50% higher in the tradable sector. In addition,
sectoral switching costs (w) are found to be quantitatively significant and comparable
in magnitude to capital adjustment costs, underscoring the importance of frictions
in reallocating capital across sectors. Intuitively, these two frictions dampen the
tradable sector’s response to declining interest rates along both the intensive and
extensive margins: capital adjustment costs restrict the ability of existing tradable
firms to scale up investment, while switching costs inhibit firms in the nontradable
sector from entering tradables when capital becomes cheaper, further limiting the

tradable sector’s expansion.

As illustrated in Figure 6, given the observed sequence of interest rates during this
period, the model performs well in replicating the aggregate TFP loss, with a root
mean squared error of 0.006, as well as the reallocation of economic activity away from
the tradable sector. However, the model falls short in accounting for the full extent
of the expansion in the nontradable sector. While nontradable output increased by
176% relative to trend in the data, the model accounts for only 27% of the rise. This
discrepancy suggests that additional mechanisms beyond the frictions and sectoral
asymmetries captured in the model may have contributed to the observed boom in

nontradable output.
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Figure 6. Transition Dynamics: Model vs. Data
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Notes: Each panel compares the simulated transition dynamics (solid line) to the
corresponding empirical series for Spain (dashed line).
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7 Conclusion

This paper examines the channels through which capital inflows may reduce aggre-
gate productivity by inducing changes in the composition of output between tradable
and nontradable sectors. Following the Maastricht Treaty, I document a realloca-
tion of activity from tradable to nontradable sectors—more pronounced in peripheral
economies—and a divergence in TFP dynamics. To interpret these patterns, I extend
the canonical misallocation framework to a multi-sector setting and develop a quanti-
tative model with rich firm- and sector-level heterogeneity. The calibrated model at-
tributes a central role to capital frictions—both within sectors and across sectors—in
accounting for the observed dynamics, relative to other sectoral characteristics and
distortions. These findings suggest that policies facilitating capital reallocation, such
as improving secondary markets for capital goods, streamlining business transfers,
and lowering barriers to sectoral mobility, can play an important role in improving

resource allocation and aggregate productivity.
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Appendix A Proofs from the Illustrative Model

Theorem Appendix A.1. The optimal capital choice that mazimizes expected profit

15 given by:
B 051
~ WrE(L T A

*

Proof. The firm solves the following maximization problem:

mI?XE (Zk:)esﬂi;l — (14 %k)rk]

The first-order condition with respect to £ is:

Oy —1 o= _ 1
7 PR = rE(1 +7%)

Rearranging for k, we obtain the optimal capital choice:

29571

plsrOsB(1 + 7F)0s

*

0
s—1°

where s = 5

Theorem Appendix A.2. The expected capital distortion is given by:

E(1+7) = 1 + E(rF) + E(rF) + E(rF)E(7F) + Cou(rF, %)

17 °S8

Proof. Expanding the expectation of the composite distortion:

E(1+7%) =E[(1 + 75)(1 + )]
=1+ E(F) +E(F) + E(rFrF)

v S
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By the definition of covariance:

Cov(7F,7F) = B(rFF) — E(rF)E(F) (63)

(2] K3

Substituting E(7F7%) = Cov(rF, 7F) + E(7F)E(7¥) into the previous equation:

77°S8

E(1 +7%) = 1 + E(7F) + E(rF) + E(rF)E(7F) 4 Cov(7F, 7F) (64)

17°8

]

Theorem Appendix A.3. The efficient level of capital in the absence of distortions
s given by:
051

K = (65)

Proof. Absent capital wedges, the firm chooses its capital k£ to maximize expected

profit under an isoelastic production function:

m(s) = max E [(zk) - Tk] (66)

Taking the first-order condition (FOC) with respect to k:

0, —1 6.1
; PR (67)

Solving for k, we isolate the efficient capital level:

93—1

k= (68)

where p; = e,ei1- O

Theorem Appendix A.4. Distortions lead to a greater reduction in capital accu-

mulation in sectors with a higher elasticity of substitution.

Proof. By definition, the ratio between the optimal capital choice and its efficient
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level is given by:

Taking the derivative with respect to #,, we apply the logarithmic differentiation rule:

Simplifying:

d(k* ke o, 3
(T/) =—(E(1+7%) ’ log (E(1 + 7%)) (71)
Since E(1 + 7%) > 1 for 7% > 0, it follows that log (E(1 4+ 7¥)) is positive (since the
logarithm of a number greater than one is positive), (E(l + %k))fes is also positive
(since it is an exponentiation of a positive quantity), and thus the overall derivative

is negative, implying that as 6, increases, k*/k¢ decreases.

Because k*/k¢ is less than one for positive capital wedges, a decrease in this ratio
implies that distortions push the capital choice further away from the efficient level.

This means that capital distortions have a stronger effect in high-elasticity sectors. [

Theorem Appendix A.5. Given the optimal capital choice k*, the expected profit

of a firm operating in sector s, subject to capital distortions ", is:

(05 o 1)95—1295—1

™(8) = G B (T 1 A (72)
Proof. The firm maximizes its expected profit:
¥ (s) = max E (zk;)esfi1 —(1+ %k)rk] (73)
Rewriting:
T(s) =20 kT — E(1+ #)rk (74)
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Factoring out k:

0s—1

7(s) = [ k% — B+ )]k (75)

Substituting the optimal capital k£*

051
k* = 76
095 r0sTE(1 + 7+)0s (76)
into the profit function:
. 0s—1 20s—1 _é ~k *
™(s) = |z (93370081[‘2<1 +7~_k)93) —EQ+7%)r| k (77)
Computing k* raised to the power —i:
) 051 5
k™o = 78
(QESTGSE(l + %’“)95) (78)
Substituting:
” 051
Simplifying:
. (93 o 1)95—1Z65—1
T (s) = P9 TR (T T P (80)
O

Theorem Appendix A.6. A firm choosing between two sectors, A and B, which
differ in their elasticity of substitution, with 0, > 0 > 1, strictly prefers to operate

in sector A over sector B if its productivity z satisfies:

1 04—1
O —1 pit " QL+ 7H(A) A

Z>r 0. _1 05 051 (81)
A= g E(1 + 75(B))% 75
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Proof. The firm prefers sector A over B if:

7 (A) > 7*(B)

Plugging in the expressions:

<9A _ 1)6A—129A—1 (GB _ 1)93—1293—1

GZATGA—1E<1_|_7-IC<A))9A—1 Q%BT95_1E(1+%1¢(B)>03—1

Rewriting:

0a=0p < 04—0p HZA(QB —1)%-1\ E(1
097 (04 — 1)0a-1 1

Given that the sectoral markup is given by u, = Gf—jl,
dition:
0.\ Tazip fal
> (08 - MAA) T E(L4 7H(A))
z>T 0. 051
Oa—1 pg E(1 + 7*(B))%s
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(83)

(84)

we obtain the threshold con-



Appendix B Proofs from the Quantitative Model

Theorem Appendix B.1. For any given vector state (x,y,T') = (s,a, k, 27, 25, 25w, r),

the firm’s optimal labor demand is given by:

Os

1 —ay)(0; — 1)\ THas@s—1) e e

l = (( Q )0( )) (ZP eXp(Z;T)) 1+as(0s—1) k;leaS(eSil) (86)
w S

Proof. Given that the firm’s output is ys = 27 exp(z7)k* ('~ and the inverse de-
1

mand function for its variety is p, = ys ™, it follows that the firm’s total revenue is

0s—1
psYs = ys *°  and its operating profits are:

Os—1
Ts = psys — wl — kg = (27 exp(z])k*1'7%) & —wl — kg (87)

Differentiating with respect to [:

-1 0s=1
e = Ol (P expch ket =) B (1 )2 exp (TR —w (89)

Setting the derivative equal to zero and solving for [:

Os
— — as(0s—1) s — ag(bs—
| = <(1 Ofs)(es 1)) hos(@s =1 (ZP exp(st)) 1+a05(95171) kiHa(j(gsi)l) (89)

wl,

]
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