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The composition of labor market turnover is shown to influence intraindustry trade patterns. Job and
worker turnover have opposing marginal effects on industry export intensity, highlighting the importance
of relative turnover shares on either side of the market, as opposed to total volumes of labor mobility, in
shaping economic outcomes. Industries with relatively greater shares of worker turnover export more of
total production, and those with higher job turnover export less. Furthermore, high job turnover hinders
industry adjustment following trade liberalization. These predictions are verified for US manufacturing
industries using turnover data in the Quarterly Workforce Indicators available from the US Census

Bureau.
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In order to compete in foreign markets firms must use production techniques and a work force that is pro-
ductive enough to justify the investments necessary to cross borders. Technology adoption and recruiting
of a labor force are hardly one-time expenses. Rather production lines must constantly be updated and
maintained through a process of job turnover, regardless of the technique implemented by the firm. With
production capacity in place, firms must continuously recruit workers to fill positions as employees retire,
relocate or simply switch employers. Forward looking agents will account for the expected costs of maintain-

ing a production infrastructure (realizing job turnover) and maintaining the workforce (experiencing worker
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turnover) when they enter an industry and decide which production technique to implement. Thus, the
institutional and structural costs associated with mobility in the labor market have a direct impact on the
incentives of firms to adopt technologies which allow for profitable entry into foreign markets.

This analysis of labor market turnover in an open economy has two purposes. First, I show that
labor market turnover has a direct and causal relationship with intraindustry trade patterns by influencing
firm technology choices. Many firms that manufacture similar goods use different methods of production,
and hire different types of workforces. Doms, Dunne and Troske (1997) find that US firms differ in the
technologies and skill intensity of the workforce they employ. Similarly, Bernard and Jensen (1999) find
significant differences in technology adoption between US exporters and non-exporters. Looking at trade
and technology through a dynamic lens, Fernandes (2007) finds that firm-level productivity growth following
trade liberalization can be attributed partly to upgrades in production techniques. The decision to compete in
foreign markets with costly trade, and following trade liberalization, is linked strongly with the firm’s choice
of production techniques. Therefore considering how labor mobility costs influence technology adoption
seems to be a proper avenue to relate turnover patterns to world trade.

The second contribution is to demonstrate the independent roles of worker turnover and job turnover
in motivating trade between countries. Labor mobility arises because of dynamics on both the demand
and supply side of the labor market. The composition of turnover within industries is just as significant
as the volume of turnover in shaping firm behavior. Davis, Haltiwanger and Schuh (1996), DHS from
this point forward, provide a detailed characterization of job turnover within U.S. manufacturing industries.
They find that in nearly all industries a remarkably large number of jobs are being created and destroyed
simultaneously. From 1973 to 1988, between 11% and 19% of the workforce was reallocated across production
locations. Roberts and Tybout (1996) document similar patterns of job turnover in developing countries.
Labor market turnover costs are likely to influence firm behavior the world over.

Observed job flows are distinct from worker flows since workers often leave jobs when the firm continues
to offer an employment opportunity. Burgess, Lane, and Stevens (2000a), BLS henceforth, use employer
level data to parse the contributions of worker versus job turnover they find "...a considerable amount of
labor reallocation, primarily due to [worker turnover]'." Even for surviving jobs the supply side of the labor
market is mobile, causing firms to have to recruit a sizable portion of their labor force continually.

Besides the large magnitudes of job and worker turnover which pervade all industries, DHS and BLS

also find significant variation in both turnover rates across industries. So to the extent that firms respond

! Burgess, Lane and Stevens use the term excess "churning" to describe worker turnover. Despite the difference in vocabulary,
the theoretical and statistical definitions between our analyses are identical.



to turnover costs, international participation can vary widely by industry. In addition to the individual
features of job and worker turnover, the relationship between them is important. While both job and worker
turnover rates are on average large, with significant variation, they need not be related. The determinants
of job turnover, on the demand side of the labor market, are not the same as the determinants of worker
turnover, reallocation from the supply side of the labor market. In fact BLS confirm that the incidence
of worker turnover has weak correlation with job turnover experienced by firms?. These facts suggest that
worker and job turnover are distinct economic events to which firms will respond independently.

To examine the relationship between turnover, technology, and trade, I extend the theoretical framework
of Yeaple (2005) to a dynamic environment where entrepreneurs expect idiosyncratic shocks to their pro-
duction lines and workforce over time. Forward looking entrepreneurs differ in their ability to implement
technologies. Given their skill level, entrepreneurs endogenously select a technology from a menu of options
that differ in both their investment and production costs®. Each period a certain number of jobs are de-
stroyed because of capital failure. Before operations resume in the following period, the firm must update
its facilities according to the technology it has adopted. Better technologies are more expensive to maintain,
so that job turnover costs vary across firms using different production modes. In addition to job turnover,
a portion of the workers at each firm quit their job, even though the firm continues to offer an employment
opportunity. Recruiting and training workers to use any technology is costly, but the expense is necessary
for the firm to take advantage of its production capacity.

In industries where job turnover is relatively high, firms do not have much time to recover their sunk
investments in a technology before it must be updated. As a result high job turnover limits the share of
entrepreneurs who can profitably implement state-of-the-art technologies. Because fewer firms are productive
enough to pay trade costs and still earn profits, job turnover thus limits the participation of domestic firms in
foreign markets. On the other hand, high levels of worker turnover raise the costs of adopting all technologies,
making the best technologies relatively less expensive. When entrepreneurs expect to have to pay to recruit
employees more often, they respond by adopting technologies that maximize worker productivity during
their short tenure. Therefore, in industries with relatively high worker turnover, a larger share of firms are
willing to adopt technologies which allow them to penetrate foreign markets, and industry export intensity

is greater. The opposing marginal effects of job and worker turnover is a key feature of the model which

2Even the little correlation that is observerd may be overstated due to measurement error.

3Much of the literature on technology adoption has focused on how firms will choose a continuous degree of specialization in
production. In Acemoglu, Antras, and Helpman (2007) and Yang and Borland (1991) firms can raise productivity by spreading
the production process over many specialized intermediate suppliers in environments with incomplete contracts and transaction
costs. Becker and Murphy (1992) show how coordination costs and the general knowledge available in the economy limit the
optimal degree of specialization. The analysis here is closely related to Manasse and Turrini (2001), where managerial skill
interacts with technology to increase productivity.



highlights the composition of labor mobility, in addition to the volume of labor mobility, in shaping economic
outcomes.

Using labor mobility data derived from the Quarterly Workforce Indicators (QWI) available from the
US Census Bureau I am able evaluate the relationship between labor market turnover within an industry
and its degree of international engagement. In line with the previous findings of DHS and BLS, the QWI
demonstrate that both job and worker turnover are responsible for sizable reallocations of the labor force
within industries, with significant variation across industries, and are largely independent events. I combine
QWI data on turnover with US export and production data to quantify the impact of labor mobility on export
intensity. The evidence confirms two key predictions of the model. First, worker and job turnover have
opposing marginal effects on the share of industry’s production that is exported. Second, the composition
of turnover within industries impacts intraindustry trade, beyond the influences of total turnover costs in
shaping trade patterns across industries. Estimates suggest that industries will export approximately 4.5%
more of total output for each 1% increase in the share of turnover costs that arise solely because of worker
movements.

The role of labor turnover in shaping trade patterns examined here is distinct from other analyses which
explore how differences in labor turnover costs across industries can lead to comparative advantages between
countries. Cufiat and Melitz (2006) show how labor market flexibility and volatility in labor demands jointly
determine a pattern of interindustry trade. Davidson, Martin and Matusz. (1999) and Davidson and Matusz
(2005) show how comparative advantage and the pattern of trade is determined by relative turnover rates
when frictions in the labor market lead to costly search. While these previous papers have emphasized how
labor market turnover influences the allocation of resources across sectors, the focus here is how turnover
rates affect the allocation of resources within sectors. In addition, I decompose the effect of turnover on
trade into its supply-side and demand-side components; by emphasizing firm-level shocks in productivity
and labor demand, Cunat and Melitz consider only the role of job turnover costs, and in Davidson et al. the
labor market environment is one of two-sided search, where job and worker turnover are indistinguishable.*
Likewise Davidson, Matusz and Shevchenko (2008) describe firm technology choice and exporting behavior
in a search environment, but cannot separate the roles of supply and demand side reallocations.

In what follows turnover is shown to influence firm behavior regarding technology choice, and subse-
quently, trade patterns. While to my knowledge there are no other investigations of the relationship between

labor mobility and technology adoption, there is evidence that turnover costs have economic effects at the

4 Also related is recent work that considers the manner in which trade causes labor market turnover within heterogeneous
firm environments, namely Bernard, Redding and Schott (2007).



micro level. Lafontaine and Sivadasan (2009) provide direct evidence that labor rigidities cause significant
hysteresis in firm adjustments. Turnover costs also have first-order effects on outcomes at the firm level.
Burgess, Lane and Stevens (2000b) show that firm survival probabilities are closely tied to the amount of
worker turnover experienced by firms. Furthermore, they find that the primary sources of worker and job
turnover are firms at distinct regions of their life cycles. This suggest that even at a micro level, worker
and job turnover are separate events with unique economic consequences. Also, worker earnings at the firm
level appear to be linked turnover rates, see Abowd, Kramarz and Roux (2006).

The rest of the paper proceeds as follows. Section 2 provides a brief empirical motivation for (1) a
relationship between turnover and trade and (2) the different consequences of worker and job turnover for
trading behavior. Section 3 builds a model of production, technology adoption and competition in an open
economy with labor mobility and section 4 derives a stationary equilibrium. Section 5 demonstrates how the
composition of labor turnover costs within industries affects the share of firms which engage foreign markets,
and the number of firms who upgrade their technology following trade liberalization. Section 6 evaluates

the model empirically and the following section concludes.
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Before constructing a model of international trade and labor mobility it is worthwhile to demonstrate roughly
how these economic phenomena are connected in the data. The source of the turnover data is the Quarterly
Workforce Indicators available from the US Census Bureau at the industry level; the details of how these data
are constructed can be found in section 6. Whether considering the full set of industries in the QWI sample,
or simply the subset of US manufacturing industries, Table 1 demonstrates three key facts. First, each
source of turnover is responsible for a sizable reallocation of the labor force on an annual basis: combined
worker and job turnover result in approximately 30% of the labor force changing employment positions in
the full QWI sample. Second, there is significant variation in both turnover rates across industries. Firms
competing in different industries are likely to expect different degrees of workforce stability. Third, worker
and job turnover are distinct events that are only loosely connected®.

[insert table 1 near here]

Table 1 indicates that worker and job turnover are distinct statistical events. However the goal is to

demonstrate they are different economic phenomenon, particularly in an international context. To this end

5The weak correlation that is observed is plausibly due to measurement error. Because the data only report turnover at
the industry level, worker turnover at one particular firm appears to be correlated with job turnover at other firms in the same
industry. In reality these instances of labor mobility are different events. See Burgess, Lane, and Stevens (2000a & 2000b) for
evidence that a more fine level of observation reveals a weaker correlation between job and worker turnover.



Table 2 describes the simple relationship between industry export intensity and the composition of labor
mobility. Each column reports the results of pooled regression across 85 manufacturing industries over
the years 1998 to 2005. The dependant variable is the share of total industry production that is exported
and the only control included for all specifications is the capital-labor ratio for production in each industry.
(Again, section 5 provides full details about the data. Table 2 is simply meant to motivate the model
below.) Columns (1) and (2) suggest that turnover has a significant relationship with the extent that US
firms participate in international markets. The total impact of both sources of turnover seems negative,
a likely result given that they are costly. However the total impact of worker turnover appears to be less
of a drag on firms trying to compete globally. The third specification also shows job and worker turnover
influence trading outcomes via different patterns. While job turnover inhibits exports at an increasing rate,
the consequences or worker turnover become less severe as worker mobility rates rise. Columns (1) -(3)
suggest that at the margin, the costs of replacing exiting workers is less detrimental to exporting than having
to recreate jobs.

The composition of labor turnover also looks to be important across industries of all degrees of mobility.
The fourth specification in Table 2 includes the share of total labor reallocation that occurs within each
industry. Job and worker turnover have a significant relationship with export intensity when total labor
mobility is large or small. The final specification indicates that capital expenditures per worker interact
with mobility to shape trade patterns. Column (5) provides evidence that the costs associated with creating
jobs, rather than the underlying nature of jobs being destroyed and created, influences trade patterns.

[insert table 2 near to here]

At this point the data suggest that the composition of labor mobility has a significant relationship with
trade intensity, and that worker turnover is less inhibiting to exporting behavior at the margin. The following
section builds a model of firm technology and export choice in an environment with labor mobility. The
primary goal of the model is to establish a framework that can be used to analyze the separate impacts
of job and worker turnover on intraindustry trade patterns. Focusing on endogenous technology adoption
implies a causal relationship that runs from turnover to trade. With a theoretical framework in hand, a full

empirical analysis of the casual relationship of the composition of turnover and trade will be possible.
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The world is comprised of two identical countries. Consumers in both countries share identical preferences
for goods X and Y. Good Y is a homogeneous low-skill good. The skill intensive good X is a composite of
a continuum of available varieties. Each consumer has Cobb-Douglas preferences over the goods X and Y

and CES preferences for the varieties of X.
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Given these preferences consumers in each country will spend a portion g of their income on varieties of
X. The elasticity of substitution between varieties of X is 0. As shown by Dixit and Stiglitz (1977) the
consumption of varieties of X can be modeled by considering the composite good X that has a price equal

to the index that is a weighted average of the price of each variety,
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Let E represent total expenditure. Good Y is taken as the numeraire so that demand for good Y is given
by
Y=>01-p)E 3)

and the demand for each variety of X is
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Each country is endowed with two types of infinitely-lived workers: a mass L of laborers and a mass M of
risk-neutral entrepreneurs. Laborers are identical and supply a unit of time inelastically. Each laborer can
produce a single unit of Y, or any variety of X without assistance from an entrepreneur. Entrepreneurs are

forward looking agents who supply a unit of time for production and are heterogeneous in their skill level,

6By assumption o > ! so that all varieties have positive demand. This also implies that p € "#,!$.



s, for implementing technologies. The distribution and density of entrepreneurial talent are G(s) and g(s),
respectively, and have support (0, 00) .

Skill intensity in the X sector refers to the ability of entrepreneurs to use their skill to organize production
in a way that improves labor productivity. Entrepreneurial ability is rewarded in the X sector only, and
cannot be combined within firms. True to the entrepreneurial spirit, skilled workers take the initiative to
solely run the operations of their firm. Labor productivity in the low-skill Y sector cannot benefit from
supervision of an entrepreneur. Thus the Y industry is populated by self-employed individuals producing
according to their respective abilities.

The labor market is perfectly competitive. Since laborers have the same opportunities regardless of the
sector in which they are employed, and regardless of the technology adopted by their employer, labor wages
will not vary across individuals. Differences in skill generate differences in firm productivity and profits;

such rents are captured by entrepreneurs leading to dispersion in skilled wages.
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Entrepreneurs are free to enter both industries. Entry consists of adopting a production technology, and in
the skilled sector hiring a workforce simultaneously. There is only one available technology for good Y and
adopting it is costless to all entrepreneurs.

If a firm enters the X industry then it produces a unique variety using one of two available technologies:
H, for "high-tech" and L for "low-tech". The "high-tech" method of production can be thought of as a
greater division of the production process so that labor benefits from specialization. To create a job opening
a firm must pay F' per position when using technology L and F{ per position when using technology H.
The natural assumption is F* < F¢ . All labor is qualified to use the Y technology, but there are costs, k,
to recruiting and training labor to use either technology in the skilled X sector. Job creation and recruiting
costs are given in terms of output that must be produced but cannot be sold, as is standard.

The productivity of labor within a firm in the high-skill sector depends on the skill of the entrepreneur in
charge and the technology the firm adopts. Labor does not benefit from using better technologies separate
from the skill and initiative of an entrepreneur. In essence, unsupervised labor uses technologies with a
skill level s = 0. A manager using the L or H technology can increase the productivity of any size of labor
force, or work alone employing her skill level, s, using the Y technology’. So, each worker using technology

j€{Y,L,H}, under the supervision of a entrepreneur with skill s, can produce fj(s) units of output.

"The assumptions regarding technologies are such that in the X sector, skilled entrepreneurs have unlimited span of control,
and in the Y sector, absolutely no span of control. The stark differences emphasizes the composition of labor turnover costs
within industries, as opposed to turnover rates across industries, in shaping economic outcomes.



More skilled entrepreneurs have comparative advantage in employing better technologies. When using
the same technology, the labor force with the better supervision is more productive; i.e. fy (s) is increasing
and continuous in s. For two entrepreneurs with the same skill level, the labor force under supervision
of the one using the better technology is more productive. The following two conditions summarize the

characteristics of the available technologies.

f(0) = f(0)=f(0)=1, and (5)
o1 (5) 1 of () 1 _0f(s) 1
O0s  f( (s) - ds f (s) o ds  f+ (s) >0
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Maintaining production lines and optimal employment levels requires investments by firms on a continual
basis due to labor mobility. Industry X faces two sources of labor market turnover that occur exogenously
after production: job destruction and worker quits. First, job destruction occurs because of exogenous
capital failure. Technologies wear out or become obsolete after some time and must be replaced, however
their productivity remains constant until the point of failure. In a single interval of time jobs are destroyed
with a constant probability 4. Creating new jobs entails opening new positions using the firm’s technology
at a cost of Iy per position, and training new workers to employ the technology at a cost of k per position.

Second, workers leave employment positions for various personal reasons that are unrelated to the wage
paid by the firm. Workers may switch to an employer with a preferable geographic location, retire, or seek
different, but equally productive, challenges offered by a different firm. Here workers do not quit to engage
in rent seeking behavior®. As workers quit their jobs, the firm continues to offer an employment opportunity.
Each period a fraction « of a firm’s labor force quits and replacement workers must be trained at a cost of
k per worker.

Entrepreneurs are forward looking agents and so only the long-run expected costs of labor market turnover
influence their behavior. Applying the law of large numbers to each firm, entrepreneurs expect ¢ of all the
jobs at their firm will be destroyed and ~ of the surviving jobs will need to be restaffed when employees quit;
of course when new jobs are created to replace one where a worker simultaneously quit, the firm only has to

pay to recruit one worker. Put differently, risk-neutral entrepreneurs with skill s, supervising the optimal

8The equilibrium allocation derived in the next section lies within the core. There will be no better opportunities for any
worker, entrepreneur or laborer, to earn higher wages, and hence no endogenous reason to quit.



size of labor force [ (s, 7), expect turnover costs per time period of

[0 (F) + k) + vk — 0vk] L (s,]) - (6)

Workers must be replaced and production lines must be updated before production can begin so that
at the time of production labor turnover costs are sunk. The skill of the entrepreneurs is constant and
technologies maintain their productivity regardless of job duration. Firm productivity is not affected by
the tenure of the worker or age of the technology. The incidence of turnover costs before production and
constant productivity of jobs and workers that survive over time together imply that turnover does not affect

firm productivity at the margin.
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The trading environment that is considered here is between two identical countries so that wages are equal-
ized, and Y is not traded in equilibrium. Intraindustry trade in the X sector occurs as consumers desire
the greater variety of products available from foreign firms. Serving foreign markets is costly Potential
exporters in both countries face variable iceberg transportation costs 7 and fixed exporting costs Fg every
period. Given the distribution of entrepreneurial talent across countries, I assume the beachhead costs
satisfy the following condition.

A+ S+ ( [S(F +k)+ (1= 08)vk|l(s,H) > Fer™ " > [§(F +k)+ (1—6)~k]l(s, L)

The implication is that only firms using the best technology export in equilibrium, regardless of job and
worker turnover costs. As in Yeaple (2005) this focuses the analysis on circumstances where firms adjust to
trading opportunities via changes in technology choice, generating an avenue for labor market turnover to
shape economic outcomes. It also represents the empirically relevant scenario where the most productive
firms pay sunk costs in order to export, while the less productive do not. See Bernard and Jensen (1999)
and Roberts and Tybout (1997).

In these circumstances the export intensity of an industry is determined by the share of firms in the X
industry which use the best available technology. When relatively more firms adopt the H technology, a
larger share of total output can profitably be exported. The next section derives an equilibrium pattern
of technology adoption given expected turnover costs in the skilled sector. As we proceed it is important
to keep in mind that the focus of this analysis in on trade within industries and how the composition of
turnover, as worker turnover from the supply side and job turnover from the demand side, influences the

amount of total production that is sent abroad.

10
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Since entrepreneurs are risk-neutral and forward looking agents, I will focus on the derivation of a stationary
equilibrium in an open economy. When making entry and technology choices entrepreneurs consider only
their expectations about turnover costs in the long run, as opposed to transitory labor market flows. Industry
Y is perfectly competitive in its production of the numeraire good. Hence the marginal revenue in each period
for a firm in the Y industry is constant and equals 1. Industry X is monopolistically competitive, giving

rise to the well know revenue function for a firm producing variety i,

r(i) = (BEPS ") p(i)" * (7)

As is standard, these firms will charge a price equal to a fixed markup over per unit costs. Define the per
unit costs of producing with technology j as C) for j € {Y, L, H}. Under the supervision of a entrepreneur
with skill s, a laborer can produce f)(s) units of output. Labor is paid a wage v and managers are paid
W (s) by the firm. Thus the per unit cost of production satisfies [ (s, j) fy (s)Cy = vl (s, ) + W(s); the total
output of the the firm times the per unit costs equal total production costs.

Firms that adopt the better H technology earn an additional stream of revenue from foreign sales,
according to condition 1. Transportation costs raise unit production costs for output that is sold abroad by
a factor 7. The optimal behavior of firms is to raise prices in foreign markets accordingly. Therefore, firms

using the best technology receive additional revenues from foreign markets equal to

v (i) = (BE" PR ) 7 (i) = (i)
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Entrepreneurs recognize that their earnings depend crucially on the productivity of labor under their super-
vision. Better technologies and greater entrepreneurial ability lead to higher profits. With free entry into
competitive product markets, the combination of entrepreneurs hoping to use the best technology available,
and higher ability entrepreneurs employing better technologies with more dexterity, leads to a equilibrium
where assignment of technologies is positively assorted based on skill. For a given entrepreneur with skill
level s, using technology 7, there will be no other with a skill level less than s using a more efficient technology
than j in equilibrium; if a less skilled entrepreneur could justify adoption of better technologies, comparative

advantage guarantees that a more skilled supervisor certainly could as well. The most skilled entrepreneurs

11



will manage firms using the best available technology. The least skilled will be self-employed in the Y sector.
With positive assortative assignment of entrepreneurs to technologies, firms in the differentiated sector are
fully described by two cutoffs: the skill level that distinguishes those entrepreneurs who adopt the H and L
technologies, and the skill level separating those who seek employment in the X and Y sectors.

Define S+ as the most skilled entrepreneur who enters the Y industry and Sy as the least skilled entrepre-
neur who adopts the H technology in the X industry. An equilibrium will occur when an entrepreneur with
skill level S+ is indifferent between her earnings in the Y sector and those from adopting the L technology
in the skilled sector and (2) entrepreneurs with skill level Sy are indifferent between the earnings from using
the L or H technology. Intuitively an equilibrium is established when entrepreneurs appropriately consider
the benefits of each technology, given product market conditions.

Consistent with positive assortative matching, all managers with skill less than or equal to S+ work
in the Y sector and all managers with a skill level above Sy use the H technology. If they exist, firms
which adopt the L technology arise because entrepreneurs of skill s € (S+,S%) choose to enter. The L
technology will be adopted in equilibrium only if the fixed cost savings relative to the best technology
(C Ft l(s,H)+C( Fg —C' F [l(s,L)) are large enough, and the demand for X is large enough. From this
point forward I assume the more interesting and relevant case where costs and the size of the market are
such that L type firms appear in equilibrium and some firms choose not to export.

Entrepreneurs in the skill intensive X sector capture the rents created when they increase labor produc-
tivity. Any potential savings on labor wages are paid in full to the entrepreneur. As a result the average
production costs of firms using the same technology are constant, regardless of the skill of the supervising
entrepreneur. That is to say C) = W is constant over s for all firms that use technology j. Unit
costs vary across technologies H and L because of the difference in returns to skill across technologies.

Since good Y is the numeraire, and the productivity of labor without the skill of an entrepreneur is one
unit of output, a perfectly competitive labor market will result in a labor payment of v = 1. Rearranging

the expression for unit costs, Cy, for each technology gives the distribution entrepreneurial earnings over

skill, s,
fx (s)Cx 0<s<S

W(s)=9q 1(s,L)[f (s)C —1], S <S<G - (8)
L(s,H) [fc (s)C¢ —1], Sy <'s

Marginal revenue in the perfectly competitive Y industry is 1 so that in equilibrium Cx = 1. Adoption
of technologies in the skilled sector is described by skill cutoffs S+ and Sy such that an entrant is indifferent

between the wages she earns using either technology. Therefore in equilibrium the unit costs of using each

12



technology must satisfy®

o o= 1
(o (S)+1(S, L)
¢ = (l(S--,L)f-(S") )“
l(S#7L)f' (S#) (f* (S")+Z(S",L))+Z(S#,H)—Z(S#7L) <C
1(Sw, H) fc (Sg) \ (S, L) f (S) 1(Sw, H) f¢ (Ss)

C (9)

These last two expressions completely describe the skilled wage distribution in equilibrium given the
assignment of entrepreneurs to each technology. In order to pin down an equilibrium allocation of entre-
preneurs to technologies product market conditions must be reconciled with the benefits of adopting each
production mode. To be specific, the two skill cutoffs are obtained from the market clearing condition for

the Y sector and the free entry condition for firms in the X industry.

=8(8( F 4&%;7$ A37&%.*E A+*.$.+*

The total demand for the low skill good is Y = (1 — 8) E (recall that trade is between identical countries so
that Y is not traded in equilibrium). There is no saving in the stationary equilibrium so total expenditure
in the economy is equal to the sum of total skilled wages and all labor earnings. Given the skilled wage
distribution above for the mass of workers M, and the mass of laborers L, total expenditure (E) in this

economy is'’

#

E=M /f $)dG (s /ClsL (s)dG(s)+/C (s, H) f (s #/z +L

1o

Now, the total payments to workers in the Y industry is the sum of skilled and labor wages: M f f+ (2)dG(2)+

- / 1(s,-)dG (s). When the Y market clears, total expenditure on good Y equals total payments to work-

9 Again note that the inequalities result from the assumption that each technology is adopted by at least some firms. If
the sizes of the labor force at each type of firm were constant, then the inequalities would obtain from the assuptions on the
comparative advantage given to skilled workers using better technologies. High demand for X is reflected in the size of the
labor force used by firms in the X industry relative to Y.

10The term 1"s,-$ represents the optimal labor hiring decision of the a firm with a manager of skill s, given the optimal
bo »
choice of technology. This a simplification of notation where is should be understood that ["s,-$dG"s$ % ["s, L$dG"s$ &

'

Bo
1"s, H$dG" s

lo
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ers in the industry, or

(1%)(}. 7f* (s)dG(s)+#/l(s,~)dG(s)+]\Z _

1o #
/ I(s,L) f (s) dG(s)+%f / L(s,H) f (s)dG(s) (10)
1, 1,

The market clearing condition for the Y sector describes product market conditions in equilibrium. The
last step is to describe the adoption of technologies within the skilled sector, given the degree of competition

expected in equilibrium.

=8(8/ G%77 0*$%H A+*.$.+* * | J7'$+%

The second equilibrium condition is derived from the free entry conditions for L and H type firms. The
value of entry into the X industry is equal to the stream of expected profits earned from entry, less sunk
entry costs, and exporting costs if the firm adopts the best technology. The probability of job survival
is (1 — ) and the probability of having to replace a worker for a surviving job is 4. Hence upon entry

non-exporting firms using the L technology have a value given by

V3(s,L) = —-C' [FF +Fk]l(s,L)
#

+ [ (e ~1(s.L) = W)

O {[0(F +k)+ vk — vk]L(s, L)})dt  (11)

Firms that adopt the better H technology earn an additional stream of profits from foreign sales. Thus the

value of entering using the H technology is

V3(s,H) = —C( [F, +k]|l(s,H)
#

+ /exp(—pt)(r( + 7"'(' —1(s,H)—W(s)—7z (s,H)

— O {6 (B + k) +~k — oyk] L (s, H) + Fe})dt  (12)

At low levels of discounting the initial recruitment and technology costs are uninhibiting, leading firms
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to earn zero profits in equilibrium. For monopolistically competitive firms the zero profit condition takes

the following form, where revenues are a constant mark-up over expected turnover costs:
r =oC {[0(F +k)+~k—dvk]l(s,L) (13)

and for exporting firms which also earn revenues from foreign sales and must pay beachhead costs each

period, the zero profit condition is
re (L+7"") =0C {[6(F( +k)+~k—0vk]l(s,H)+ Fg}. (14)

For any two firms with H and L technologies, their relative revenues are functions solely of their respective
unit costs. As can be derived from (7) and the optimal pricing behavior of firms, relative revenues across
firms using different technologies satisfy

) (g() * 5)

Thus, written in terms of unit costs, free entry by firms with both L and H technologies available requires

that the equilibrium skill cutoffs satisfy

CC_(_BE +k)+hy—okll(SnL) ™ et
= (i ) e

C F( +k)+ky— 6vk]1(Sg, H) + Fa

=8(86 0B-.3."%.-1 133+'&$.+* +C 4&*&E7%# $+ ?7'D*+3+E.7#

An equilibrium allocation of managers to technologies occurs when both the Y market clearing condition
and free entry condition are satisfied. Thus the equilibrium values of S+ and Sy occur at the intersection
of equations (10) and (16); these conditions are illustrated in Figure 1. The opposing slopes of the two
conditions guarantee that the equilibrium is unique.

[insert figure 1 approximately here]

Total differentiation of the market clearing condition for Y shows that g—; < 0. The requisite skills
needed to obtain a management job at a high tech firm is inversely related to the necessary skill level to
find a job at any firm in the X industry. The inverse relationship between the skill cutoffs has an intuitive
justification. As more firms adopt the best technology (S falls) average labor productivity rises in the skill
intensive sector, and more firms earn revenues from foreign markets. Both events increase total national

income. When income rises so does spending on good Y, and the sector must expand to meet demand (S~
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rises).

The free entry condition is upward sloping; g—; > 0. When the value of S+ is low there are many firms
operating in the X sector. With a large amount of variety for consumers and greater competition in the
market firms can only justify entry if they can capture enough market share. Adopting the best technology
makes a firm’s particular variety relatively less expensive to produce and able to be sold at a low price. Hence
a low value of S+ must be associated with relatively greater number of firms using the best technology; i.e.

low value of Sy.

@ ?-%*+57% OK7'$#

The two skill cutoffs completely describe the adoption of technologies by entrepreneurs facing labor mobility
costs. By condition 1, as Sy falls the skill requirement to export decreases and a larger number of firms
export. Furthermore, since the equilibrium cutoffs marking technology assignments are inversely related,
as Sy falls a larger share of firms decide to export. Entrepreneurs consider the expected turnover costs
associated with each technology when making entry decisions. This section describes how the composition
of labor mobility costs influences entry behavior and relates the individual impacts of worker and job turnover

costs to industry export intensity.

@8( ?%*+57% L |,+2%.+* +C ?7'D*+3+E.7#

Notice that the free entry condition in (16) is a function of worker turnover and job turnover rates, while the
Y market clearing condition is not. Labor market turnover costs shape outcomes by influencing the behavior
on entrepreneurs directly. Differentiating the free entry condition we obtain the relationship between the

composition of labor market turnover and technology adoption

4, 1L . oy B
3(4$>:(F _m) §(F +k)+ky—ovk T (RS LS L) (LT )T

90 CI\GS(F +k)+ ky — 07k + Fa o(6 (F( + k) + ky— 0vk)*

4y LI "l o
8(4$)(F R §(F +k)+ky— vk ! Okl (Sy-H)1(Sp-L) (1 + 7" %)’ -

v ( 5 (F{ +k)+ky— o7k + Fa o(8 (F{ + k) + ky— 07k)?

An increase in job turnover rates shifts the entry condition downward, raising the skill requirement for
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an entrepreneur to justify entry using the best technology. (%—52 > 0). In industries where job turnover is
more likely, the expected stream of income coming from a job using either technology is shortened, giving
firms less time to recover their sunk investment costs. Only the most skilled entrepreneurs increase labor
productivity enough to justify the expense of the H technology. The effect of job turnover on technology
adoption is illustrated in Figure 2

[insert figure 2 about here]

Worker turnover rates have the opposite effect of reducing the skill requirement of the best technology
(?’31—62 < 0). Greater costs associated with worker training and recruitment shifts the free entry condition up,
as seen in Figure 2. Industries with higher worker turnover rates have higher expected future costs of using
either technology because firms will have to pay to recruit workers more often. Though both technologies
are more expensive at high levels of worker mobility, the percentage increase in costs of adopting the best
technology is smaller. As a result a larger share of entrepreneurs will be allocated to the H technology.

Worker and job turnover rates have opposite effects on the adoption of technologies specifically because
of how they affect the relative shares of worker and job turnover costs associated with using each technology,
as compared to the firm’s total turnover costs. The right hand side of the skilled sector free entry condition
in (16) is the ratio of the expected total turnover costs for firms using the H and L technologies. Higher job
turnover entails larger costs of using both technologies. But since creating an H type job is more expensive,
greater job turnover make the H technology relatively less appealing.

On the other hand, firms using either technology face the same expected worker turnover costs per
position. When expected worker turnover costs are higher, the relative difference in costs between H and L
technologies is smaller. At high levels of worker turnover both technologies become more similar in terms
of total turnover costs, inducing a larger portion of firms to choose the lower unit cost (H) technology.

The following lemma summarizes the relationship between the turnover rates and the equilibrium allo-
cation of managers to technologies.
>711& ( A higher job turnover rates raises Sy, the requisite skill level to use the best technology, and
reduces S+, the skill necessary to enter the skill intensive industry. A higher worker turnover rate decreases
Sy and raises S».

When more firms can justify using the best technology given production and labor mobility costs, the
industry is poised to be more actively engaged in international markets. Fixed barriers associated with
penetrating foreign countries are less formidable when variable production costs are low. Proposition 1
describes a direct link between the composition of labor turnover costs and adoption of technologies within

industries. The need to use the best technologies available to engage foreign markets establishes a causal
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relationship between worker and job turnover costs to export intensity. Proposition 1 summarizes the key

prediction of the model'!.

<%+2+#.5.+* ( Industries that experience relatively high job turnover export a smaller share of total pro-

duction, while industries with relatively higher worker turnover exhibit greater export intensity.

@8/  ?-%*+57% L M0&,7 |\M-#$17*$

The previous section derived the impact of labor turnover costs on the degree to which industries are engaged
in international markets. The composition of labor mobility was shown to influence trade patterns in a
static environment. This section considers the roles of job and worker turnover during the dynamics of trade
adjustment. Fernandes (2007) found that productivity gains in Colombian industries following trade liber-
alization where partially due to upgrades in technologies; i.e. production modes that used more machinery
and imported intermediates. Likewise, Yeaple (2005) showed in a similar framework with fixed production
costs that trade liberalization induces some firms to upgrade their technologies. Because entrepreneurs ac-
count for expected labor mobility costs when making investment decisions, the composition of total turnover
costs directly influences the degree to which industries take advantage of new trading opportunities. Trade

adjustment may be larger or smaller across industries with different compositions of labor mobility.
As can be easily verified falling trade costs induce relatively more firms to adopt the best technolo-
31,

gies. (From the free entry condition —%* < 0 and —

31,

5~ > 0.) Falling transportation costs also increase

competition from foreign competitors in domestic markets, and enlarge foreign markets for exporting firms.
Adjustments in market shares arise because reductions in trade costs alter the relative prices of varieties sold
in domestic and foreign markets. Turnover costs do not influence productivity at the margin, and thus do
not affect prices. Therefore, the composition of turnover has no impact on trade adjustment exhibited by
the reallocation of production across firms. So as before the composition of labor turnover costs in the skill
intensive sector has no impact on the Y market clearing condition. However, since entrepreneurs consider
expected turnover costs when choosing which technology to adopt, labor mobility has a direct impact on
trade adjustment that occurs via changing production techniques. The magnitude of trade adjustment at

various turnover rates is derived entirely from the size of the shift of the entry condition of the X sector.

1One may be wary of using these results to make comparisons across industries with differing compositions of labor turnover
costs.  Assuming only two industries greatly simplifies the analysis by abstracting from the initial sorting problem that
entrepreneurs must solve when they choose in which industries to seek employment applying their respective talents. Differences
in levels of turnover costs across industries may lead different masses of workers to sort into particular industries (see Davidson,
Martin, and Matusz 1999 and Cuiiat and Melitz 2006), however the relative adoption of technologies depends on the composition
of turnover costs. A short theoretical appendix is available form the author upon request which demonstrates that the predicted
impacts of job and worker turnover are maintained in a multi-sector framework.
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The extent of trade adjustment via technology upgrades corresponds to the magnitude of changes in
S+ and Sy that result from a fall in 7. The influence labor turnover costs exert on the reassignment of

. .. s _ 821, _8%1,
entrepreneurs to technologies can be found by examining the second order derivatives —g=5& and —g-g2.

Given the fixed market clearing condition for the Y sector, and changes in entrepreneurial behavior from the

free entry condition in equation (16) the following results are obtained.

<%+2+#.5.+* | Adjustments, or upgrades, in production techniques following trade liberalization are less
extensive for industries with a relatively high job turnover rate and are more pervasive in industries with a

relatively higher worker turnover rate.

<%++C8The second order derivatives with respect to the industry turnover rates, in percentage terms are

0" (4=) Joros

< (F - ) ) Ykl (Sy, H) 7' % (1 + 7" %)! . .
 \([6(FC + k) + ky — SAK] 1 (Se, H) + Fa) BE +F) +hy—oyklo? |~

= (F —F) Skl (Sy, H) 7T *(1+ 7" %)! " 0
- (([5(F( +k)+k7§/\k]l(5#,H)+F&)> 6(F + k) + kv — o7k o® <

Falling trade costs shift the entry condition downward, lowering the skill requirement necessary to adopt the
Yoy
%g

best technologies <—<87) < O). The above cross-partial derivatives indicate that the shift downward is

reenforced by higher worker turnover rates, and dampened by higher job turnover rates. m

The composition of labor turnover is just as important in shaping an industry’s adjustment to trade, as is
it to determining its overall international exposure. Trade liberalization enlarges the incentives to adopt the
best technology. But the expected costs of having to continually update expensive production lines tempers
the benefits that accompany larger foreign markets. The consequence being that industries with relatively
high job turnover experience smaller upgrading in production techniques such as better machinery, licensing
foreign technologies, or using new varieties of imported intermediates. Firms do not consider turnover
costs when making output and pricing decisions, and so the composition and volume of turnover have only
second-order effects on the reallocations of production across firms. Expected labor market turnover costs
at high and low productivity facilities are key to establishing the magnitude of the upgrading in modes of
production when trade costs fall. Given the amount of, and variation in, worker and job turnover rates
observed across industries, and the differences in costs that may arise across countries due to hiring policies,

turnover likely has consequences for an economy’s response to trade liberalization.
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So far the assumptions about the costs associated with labor market turnover have been that high-tech jobs
are more expensive to create than low-tech jobs, and that all workers are equally likely to quit their jobs.
This section provides an examination of how robust the previous results are to various patterns of job and
worker turnover within industries. Even though worker turnover is exogenous we can examine other models
of worker quits that may be more empirically relevant or intuitively satisfying. In this section I assume that
labor working for smaller enterprises are more likely to quit. Specifically, a firm started by an entrepreneur
of skill level s faces the probability v (s) that each laborer will quit his job before the next period, where
7$(s) < 0. Thus in addition to being less productive when working under a less skilled supervisor, labor
quits cause turnover costs to be higher at smaller firms. Note that since entrepreneurs capture all of the
surplus from increased productivity, quits by laborers working at small firms cannot be interpreted as rent
seeking behavior. Labor earns the same wage regardless of productivity. Even so, there is at least anecdotal
evidence that labor is less likely to quit when working for better management.

Compared to the previous discussion, correlation in worker quit rates and entrepreneurial skill affects the
ez-ante entry and hiring decisions by firms. The equilibrium conditions used before need to be modified
slightly to account for the relationship between skill and probability of worker quits. Still assuming that
market size and fixed costs are such that in equilibrium there are firms who choose to adopt less productive

technologies, the free entry condition becomes

C<_< (B(F_+ k) + (1= ) (Se)) (S, H) + Fe >
C m\[6(F +k)+k(1=0)y ()]l (Ss, L) (1+7"%)

When making comparisons across industries with different worker turnover rates, the manner by which
quit rates differ is important. A "high worker turnover" industry could mean that at all skill levels quit
rates are higher, or that quit rates decrease more slowly with entrepreneurial skill. To consider both cases
suppose that the probability of worker quits in a "high worker turnover" industry is affine transformation of
v (8) (quit rate in a "low worker turnover" industry) of the form a + b7y (s), where @ > 0 and b > 1.

Quit rates between the high and low turnover industries differ by the same absolute amount for any level
of managerial skill if b is held constant across industries but a differs. Expected turnover costs for each
technology in the high turnover industry are shifted upward. If the strength of the correlation between skill
and worker quit rates varies across industries, then the high turnover industry can be characterized by a
higher value of b. Differences in the correlation of skill and quit rates will cause expected turnover costs for

each technology to rotate around the point where Sy = 0. This equilibrium condition and the impacts of

20



higher worker turnover of both types are depicted in Figure 3.

Regardless of the specification of high worker turnover in a particular industry, the result is the same.
Higher worker turnover reduces the requisite skill level for using the best technology. High worker turnover
reduces the relative cost differences between the H and L technologies, causing more firms to adopt the best
technology. The previous results are robust to an environment where entrepreneurial ability and worker

quit rates are inversely related.

O 012.%.'#

The model above establishes a causal link between labor market turnover and industry export intensity via
a firm technology choice mechanism. The key prediction to test is that mobility emanating from the supply
side of the labor market, worker turnover, and mobility on the demand side, job turnover, have opposing
marginal effects on firm behavior. As a consequence industries with relatively higher worker (job) turnover
are predicted to export a larger (smaller) share of total output. A more general evaluation of the model is to
determine if labor mobility costs influence intraindustry trade patterns, net of their influence on comparative
advantage based trade. This section outlines the empirical strategy used to test predicted impact of labor

mobility on international participation, describes the various sources of data, and discusses results.

08(  0#$.18$.+* J$%&STEH

Within the context of the theoretical model, the marginal impacts of job and worker turnover on industry
export intensity are sharp and clear. The structural relationship between mobility and export intensity is
less clear. As a first point about specification, section 4.3 demonstrates that the predicted marginal effects
of labor mobility are robust to a specification of higher quit rates among smaller firms. However, as will
be discussed in further detail, the data on turnover and export intensity are available only at the industry
level. The patterns of individual job and worker turnover costs across firms within the same industry are
not observed. As such, the marginal effects of turnover costs on export intensity are an unknown, plausibly
non-linear, function of each turnover rate. Higher order polynomials are used approximate the relationship
between turnover and export intensity.

A second issue regarding specification, the magnitude of the impact of either source of turnover is a
function of the total expected turnover costs in each industry. One potential estimation strategy is to
include only one component of labor mobility, say worker turnover, and a regressor that measures total

turnover. To be specific, let exig. be the share of total production that is exported by industry i during
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year t. Define WkrTy. and JobTy. as the respective worker and job turnover rates in industry ¢ during year

t. If Z is a vector of control variables, then we would like to estimate the following regression equation.

exig = o + ﬂ Wkrls. + ﬁ# (JOng; -+ Wk"I"Tg;) + Zg.I' + €o: (17)

Confirmation of the predictions of the model correspond to estimates such that (3. + 84) > 0, reflecting
the positive marginal impact of worker turnover on export intensity within industries, and 84 < 0, indicating
job turnover has a negative marginal impact on export intensity. When Z includes higher-order terms such as
JobTy and WkrTy, the predicted estimates adjust accordingly. A particular shortcoming of this specification
is that the role of the composition of labor mobility cannot be easily identified for US manufacturing industries
while controlling for the total volume of labor mobility (i.e. job turnover + worker turnover). As seen in
Table 1, focusing only on manufacturing industries reduces the observed variation in job turnover rates
significantly. Unfortunately, data for other key variables are not available across the full set of industries
for which turnover is observed.

A second feasible alternative is to ignore the impact that total turnover has on the magnitude of the
individual marginal effects of worker and job turnover. Recall that since all firms must pay turnover costs
on an continuous basis, total turnover has no impact on the share of firms which adopt either technology
separate from the compositional effect. Though export volumes may decrease as total turnover rises, the
share of output exported, exig., depends on total turnover only through the magnitude of the individual

marginal effects within industries. Therefore we can estimate

exig: = o + O WkrTy. + OxJobTo. + ZoI' + (159: (18)

The predicted values of the coefficients are ©+ > 0 and ©4 < 0. Each coefficient should be interpreted as the
average effects of worker and job turnover on export intensity across industries with different total turnover
costs.

The estimation strategies in (17) and (18) directly test the causal relationship between turnover and
trade. Omitting individual observations of job turnover solves the statistical identification problem that
arises when controlling for total turnover, but does so at a cost. The correlation between worker turnover
and total turnover rates is quite high, making it difficult to precisely estimate the separate impacts of worker
and job turnover. Estimating equation (18) allows us to precisely identify the average impacts of worker and

job turnover across industries, and returns coefficients that are easy to interpret. However, the results from
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equation (18) makes comparisons across industries with different volumes of labor mobility difficult. A third
method for estimating the marginal impacts of job and worker turnover on export intensity is implemented
to address these issues.

The difference in export intensity across industries depends only on the relative number of firms that
adopt either technology within each industry. Thus the key feature of labor market turnover to explore
is overall composition of worker and job turnover within each industry, as opposed to the specific levels of
turnover costs in each industry. Define WkrT so. as the share of total turnover that arises because of
worker turnover in industry ¢ during year ¢. (Thus the job turnover share can be found by calculating

1 —WkrT so.) The third specification used to evaluate the model is given as

exiy. = o+ U WkrT sg. + Zo.I' + &q. (19)

This specification solves the identification problems associated with estimating the partial effects of turnover
on firm behavior within industries, and returns economically relevant coefficients that are comparable across
industries. Yet, it does impose a restriction. Since the share of worker turnover and job turnover must sum
to one, the specification in (19) requires that the marginal impacts of job and worker turnover shares are
symmetric. Still the relevance of equation (19) to the theoretical model makes it the preferred specification
to measure the effects of labor mobility on export intensity.

When estimating the marginal impact of turnover on trade intensity I also control for factors that might
induce a country to export more from particular industries. First, the vector Z includes industry capital-
labor ratios to account for trade that might arise based on comparative advantages derived from relative
factor endowments. Two measures of capital per worker are used: the first, K Lg. is the log of capital
usage divided by total employment in industry i for year t, and the second, K Lpg., represents the log of
capital per production worker. Second, Davidson, Martin and Matusz (1999) and Davidson and Matusz
(2005) demonstrate that the relative costs, or frictions, associated with matching workers and firms across
industries can lead to comparative advantage in certain sectors. That is, inter-industry trade is motivated
by differences in turnover costs across industries. Therefore I incorporate measures of job accession and job
break-up rates adopted by Davidson and Matusz (2005). The job accession rate, eg., is the job creation rate
in industry ¢ in year t, relative to the aggregate job creation rate, weighted by industry employment shares.
A similar construction is used to build measures of job break-up, bg., across industries. Lastly, Cunat and
Melitz (2006) demonstrate that countries with flexible labor markets can possess comparative advantage in

industries where production values, and hence labor demands, are volatile. I rank industries according to
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their respective variances in total production across time. These rankings are interacted with industry job
turnover rates (as measures of flexibility) to create observations, vg., which reflect the potential for a country
to export more from an industry where turnover costs and flexibility reflect comparative advantage. Given
that the US has relatively flexible labor markets the predicted coefficients of eg. and vg. are positive, while
bg: is expected to have a negative impact on exports from US industries'?. By incorporating these direct
influences of turnover on export intensity I am able to assess the role of labor mobility on intraindustry trade
patterns, separate from trade that arises due to comparative advantages derived from labor mobility.

In addition to industry characteristics that might separately influence export intensity, I also include
variables that might influence the magnitude of the marginal impacts of job and worker turnover. For
example, because job turnover requires capital investments, capital expenditures per worker can influence
the magnitude of the marginal impact of labor mobility directly, while also influencing export intensity via the
Heckscher-Ohlin mechanism. Therefore I include an interaction term of the log of capital per production
worker, K Lpg., with the job turnover rate, JobTy;, when estimating (17) and (18). When running the
regression in equation (19), capital per worker is interacted with the share of total turnover that is worker
turnover, WkrT _so..

All specifications are estimated using industry specific fixed effects which capture, among other things,
time-invariant differences in costs associated with recruiting workers and creating new jobs'®. Year dummies
are also incorporated to capture fluctuations in exchange rates or trade costs that might alter export intensity
independently.  Recall that the predicted impacts of worker and job turnover on export intensity are
maintained as trade costs change. The error terms in all specifications reflect idiosyncratic shocks in labor
mobility, as well as measurement error. All results presented are obtained by clustering the error terms

according to industry.

08/ 9&%&

Several sources of data are combined to estimate the marginal impacts of worker and job turnover on export

intensity. All observations are from the United States. The key variables of the model, industry job and

121 suffer the same data limitations as Davidson and Matusz (2005) in that I only observe turnover, production and exports
for the US. Furthermore, I rely on volatility in industry level production over time, rather than production volatility across
firms as in Cuiat and Melitz (2006) A full test of trade based on comparative advantages regarding labor market mobility
requires the information about the relative amounts of turnover across countries.

13Two points about fixed effects specifications- (1) As mentioned previously, industry turnover costs are likely to be correlated
with industry characteristics such as capital expenditures per workers. Thus fixed effects is the appropriate methodology to
account for unobserved turnover costs. (2) By implementing an industry fixed effects strategy I am relying on variation in
annual turnover rates over time for identification. This may raise concerns about the endogeneity of turnover and trade
intensity. An empirical appendix available from the author upon request demonstrates that indeed turnover rates predict trade
patterns as suggested by the model. Further evidence of a causal story moving from turnover to trade can be found in Davidson
and Matusz (2005) and Cufiat and Melitz (2006). It is worthwhile to note that the evidence here finds a negative relationship
between trade and contemporaneous job turnover, which is inconsistent with a theory of trade predicting job turnover rates.
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worker turnover rates, are derived from the Quarterly Workforce Indicators (QWI) made available from
the Local Employment Dynamics program at the US Census Bureau. The QWI report the total number
of Hires of employees, Separations of firm-employee pairings, gains in employment (job gains), reductions
in employment (job losses), and total employment on the first and last day of the quarter by firms in
different 4-digit NAICS industries. The reported values represent stable jobs which last an entire quarter!*.
Observations are available by quarter from 33 states, who report data across various years between 1990 and
2006, for 313 distinct industries, including manufacturing.

Job turnover for a particular industry during a given quarter is given by the number of jobs simultaneously
created and destroyed. That is to say total job turnover is defined as changes in employment by firms that
are beyond what is necessary to generate net employment changes within an industry. The value of total
job turnover T'otJobTy. is the minimum of observed firm job gains and firm job losses in industry ¢ during
quarter q of year t. The usual disclaimer regarding this measurement of job turnover applies: computing total
turnover in this fashion reports an upper bound on total job turnover. Changes in firm level employment
within a particular quarter could possibly be due to workers changing firms, and employers lagging in their
ability to restore employment to the optimal level. Let employment by firms in industry ¢ on the first day
of quarter q of year ¢ be given by Fg.. Similarly let Eg. be industry employment on the last day of the

quarter. Then the job turnover rate, JobTy. , is calculated as

TOtJOng:;

JobTy.. = ——— 227725
o # (E912 +E9:;)

(20)

In every industry there are excess reallocations of labor across firms due to worker turnover. Total worker
turnover is defined by reallocations of workers which exceed those necessary to meet changes in employment
levels and to fill vacancies generated by job turnover. The value of total worker dynamics, net of changes in
employment levels, is the smallest of total observed values of firms hires and total separations of worker/firm
pairings. Thus total worker turnover, TotW krTy.. , is calculated as the minimum of hires and separations
at firms in industry ¢ during quarter q of year ¢, less TotJobTy... Contrary to the measurement problem
with job turnover, the observed value of worker turnover represents a lower bound on the amount of worker
turnover within an industry. It fails to capture worker movements caused by supply-side factors for which

firms cannot immediately compensate. Using the average industry employment level over each quarter, the

14The QWI are also available for only the set of new employee-firm pairings, and the entire set of employee-firm matches
(i.e. stable and temporary jobs). Using only new employment pairing avoids counting turnover that may be a result of
seasonal employment. On the other hand, using the entire set of employment pairing includes short-term shocks to firm level
employment. All results in the text correspond to estimated based on stable employment pairing, and are robust across different
measures of turnover.
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corresponding worker turnover rate is given by

TOthT‘Tg;;

Wkrly: = e
> # (E91? + Eq; )

Production data by 4-digit NAICS industry are take from the US Bureau of Economic Analysis annual
industry accounts database!®. Annual US export data come from the US International Trade Commission'®.
Observations of production and exports are available for approximately 190 industries over the years 1998
to 2006. In order to control for trade that might arise due to differences in factor endowments, information
regarding capital and labor usages by industries are required. = Unfortunately these data are available
only for US manufacturing industries, limiting the sample to 85 industries. The NBER CES Manufacturing

Database compiled by Bartelsman, Becker and Gray reports annual capital usage, total employment, number

of production workers, and total value of shipments for years 1998 through 2005.
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The Quarterly Workforce Indicators provide the highly detailed information necessary to parse labor mobility
into its demand-side and supply-side components. The data were constructed using state unemployment
insurance records reported by firms. Not all states participated in the LED program to create the QWI.
One might be concerned that the sample of 33 states is not representative of national mobility patterns.
National employment levels by industry are available in the CES Manufacturing Database. The correlation
between aggregate employment reported in the QWI and the CES Database is 0.99. The employment
patterns among the sample highly correspond to national levels.

Only the data on turnover is available more frequently than an annual basis. These are aggregated across
quarters by taking simple averages of turnover rates within industries and years, and then multiplying the
average quarterly rate by 4, to obtain annual measures of turnover rates by industry. Entrepreneurs are
assumed to be forward looking risk-neutral agents, acting on their expectation about turnover costs over the
upcoming year. Entry and technology decisions are made knowing that transitory shocks will likely occur.
Thus the aggregation using averages across quarters appropriately reflects the assumptions of the model.
Regardless, turnover rates are highly stable across quarters, years, and even states. There appears to be
little room for aggregation bias in measuring labor and job turnover rates.

Once fully compiled the observations for all variables are available for years 1998 to 2005. A few states

15The BEA data were aggregated from a 6-digit NAICS classification.

16The Quarterly Workforce Indicators are classified using the 2002 NAICS specification whereas production and trade data
are classified according to the 1997 NAICS specification. Thus the QWI were converted to the 1997 NAICS classification using
the industry crosswalk available from the US Census Bureau.
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did not report turnover statistics for all of these years. Thus the national averages exclude 10 states for
years 1998 &1999. Considering later years when all states are available, the correlation between measured
turnover including all states, and measures excluding states without observations from 1998 & 1999, is quite
high: the correlation for both industry job and worker turnover rates before and after 2000 is over 0.98. The
stability of turnover rates across states suggests that the results are not biased because of aggregation over
the unbalanced panel.

As a last note, the final sample is limited by the availability of input-output tables. The CES Man-
ufacturing Database excludes agriculture and service sectors for which turnover, production and export
data are available. As seen in Table 1 this does limit the variation in turnover rates that could be used
to estimate their marginal impacts on export intensity. In the full sample of QWI from the Census Bu-
reau the correlation between Job Turnover rates and Worker Turnover rates is 0.175 but considering only
manufacturing industries, their correlation is slightly higher at 0.20. Also, the variation in observed job
turnover rates is much smaller in the reduced sample. The slight convergence in turnover rates that occurs
when non-manufacturing industries are excluded hinders, but is not likely to bias, estimation. In fact the
higher correlation and reduced variation work against finding statistically significant effects of job and worker
turnover on export intensity.

The upshot: neither aggregation of turnover observations across states and time, nor data limitations,
appear to bias the empirical results. The next section presents results of estimating the specifications in
(17), (18), and (19). Table 1 shows that the mean levels of turnover from each side of the labor market are
9% and 14%. On an annual basis significant portions of the labor force are being reallocated, suggesting that
their marginal impacts could be economically significant. The correlation between worker and job turnover
rates is weak, confirming that they are distinct events to which firms must respond. Both worker turnover
and job turnover rates vary widely across industries, allowing their marginal effects on export intensity to

be identified.
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This section evaluates the model empirically as described above, and quantifies the marginal impact of worker
and job turnover costs on export intensity. The goal is to establish a causal link between labor market
mobility, from either side of the labor market, and the degree of international engagement. The specific
predictions to be tested are that (1) the marginal effect of worker turnover on the share of industry output
which is exported is positive, (2) the marginal effect of job turnover on industry export intensity is negative,

and (3) labor turnover influences intraindustry trade patterns beyond shaping comparative advantage based
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trade across industries.

Table 3 presents results from estimating the specification in (17) which uses direct measures of worker and
total turnover rates across industries. The point estimates in all specifications appear to be consistent with
the model. Higher worker turnover in an industry increases export intensity, whereas higher job turnover
decreases the share of output that is sent abroad. Average partial effects are of the order of a 4.5% to 11%
increase in export intensity for one percentage point increase in labor mobility from the supply side. Similar
evidence arises for job turnover. Point estimates of the average partial effect of turnover are negative, as
predicted. The average partial effect of job turnover appears economically significant and stable with and
estimate of approximately 10% losses in export intensity for 1% increases in job creation costs. However
the average partial effects of both worker and job turnover are not established with any reasonable degree of
statistical significance. Using the individual worker turnover rate and total turnover rate for each industry
offers only weak support compositional effects of turnover predicted by the model.

[insert table 3 approximately here]

As stated previously, the estimation strategy used to generate the results in Table 3 suffer an important
drawback: correlation between total turnover and individual worker turnover rates in the reduced sample
make it difficult to precisely measure the separate impacts of job and worker turnover, while also controlling
for total turnover within industries. Table 4 reports estimates of equation (18) which represent the average
marginal effects of worker in turnover across industries with varying total turnover rates. Using direct
measures of each turnover rate offers additional support the predictions of the model.

Higher rates of worker turnover encourage more firms to engage in exporting, and the estimated impact
is economically significant. Again the data suggest that industries with one percentage point more of
worker turnover export between 4% and 10% more of their total production. Estimated coefficients are
consistent with the model, and statistically significant when allowing for a non-linear relationship between
turnover costs and export intensity. On the other side of the labor market, point estimates suggest that
job turnover reduces the incentives of firm to adopt technologies that allow for exports. But whereas the
impact of worker mobility can be measured with statistical confidence, industry job turnover rates rarely
appear to have statistically significant effects on export intensity. Statistical confidence in measuring the
average partial effects of job turnover appears to be the victim of reducing the sample only to manufacturing
industries. Notice from Table 1 that the amount of variation in job turnover fell by almost a third when
service and agricultural sectors were excluded.

[insert table 4 approximately here]

Using relative turnover shares, rather than specific rates, within industries allows us to obtain a more
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precise image of the casual mechanism between turnover and trade. Furthermore it allows for comparisons
of the impacts of labor mobility across industries. Table 5 reports estimates from the final, and preferred,
specification in equation (19). Using shares of labor turnover from each side of the labor market, instead of
specific rates, offers the strongest empirical support for the model. Higher shares of worker turnover raise
the export intensity within industries. Average partial effects of worker turnover shares are positive for all
specifications, and correspond to between 4.5% to 5% increases in the shares of output exported for a 1%
increase in the share of turnover that emanates from the supply side. The estimated compositional effects
of labor market turnover are very stable across specifications and statistically significant for each regression.

[insert table 5 near to here]

Regardless of the empirical approach, the evidence offers some support for a model of trade where worker
turnover costs induce relatively more firms to engage international markets, and job turnover costs limit
international participation. Moreover, worker and job turnover appear to influence trade patterns by shaping
incentives within industries, in addition to reallocating resources across industries. The evidence supports
a view of the world where total turnover costs allocate labor across industries, while relative worker and
job turnover rates simultaneously alter the incentives of firms within industries. Comparative advantages
can arise across industries because of differences in total turnover, but relative turnover rates determine the
share of firms which are able to harness such advantages within industries.

All estimates of the roles of accession and break-up rates, a la Davidson and Matusz (2005) and the
role of flexibility in volatile environments as in Cufiat and Melitz (2006), are as predicted and stable across
specifications'”. The volume and composition of labor turnover costs jointly shape world trade patterns,
though via different mechanisms.

There are three main results presented in this section. First, the costs associated with worker mobility
provide incentives to firms that encourage exporting behavior. Two, the costs associated with job turnover
inhibit participation in foreign markets. Third, the composition of total labor mobility costs shapes in-
traindustry trade while total turnover costs can independently drive inter-industry trade. All of the results
emerge despite a serious data limitation: no measures of industry specific mobility costs. Surely higher
levels of turnover lead to high turnover costs. Yet information about the expense of worker training and

updating capital across industries would benefit a study of firm behavior in the face of labor mobility.

"Davidson and Matusz (2005) also failed to find statistically significant results when evaluating the role of job accession and
break-up rates, plausibly due to the lack of international data on labor market structure. The results in this analysis are quite
similar in magnitude and significance. The data used by Cunat and Melitz (2006) provided more detail about volatility in firm
labor demands. It is not surprising that this analysis did not return as strong of results. However the positive coefficient is
consistent with their predictions.
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Often studies of international trade focus on how changing international opportunities induce reallocations of
workers. However the model and evidence presented here indicates that perennial reallocations in domestic
labor markets shape trading opportunities. Creating and continually staffing employment positions are
costly activities for firms at the margin. In an economy populated by firms which are heterogenous largely
by choice, systematic variation in turnover rates across industries suggests that the role of labor mobility
should not be ignored. Moreover, job and worker turnover are distinct economic events. Except in a
knife-edge case, where the cost share of each source of turnover is the same for all technologies, firms will
respond differently to the prospects of replacing jobs and replacing workers.

The model presented here predicts that the labor mobility costs incurred by firms influence their will-
ingness to export directly. When jobs using the best technology are more expensive to create, higher levels
of job destruction reduce the incentive of firms to adopt state-of-the-art production techniques. Because of
the need for advanced technologies to compete in foreign markets, job turnover deters firms from exporting.
I found evidence that industries with relatively high job turnover are less engaged in foreign markets. The
data also confirm that supply-side turnover, or worker turnover, has the opposite marginal effect than that
caused by demand-side reallocations. Industries with relatively higher worker turnover export a larger share
of output. Quantifying the effect suggests that industries export approximately 5% more of total production
for every 1% increase in the share of turnover costs due to worker movements.

A general conclusion to draw from this analysis is that costs associated with typical labor movements
are an important component of how effectively economies can compete on a world scale. The composition
of labor mobility is just as important to trade adjustment as the total cost of mobility. Like all markets,
labor markets have distinct supply-side and demand-side determinants that must be considered separately.
While the levels of labor mobility costs direct resources across industries, the composition of turnover cost

simultaneously carves the pattern of incentives within industries.
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Figure 1: Equilibrium Allocation of Entrepreneurs to Technologies
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Figure 2: Effects of Labor Market Turnover on Technology Adoption
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Figure 3: Equilibrium Technology Adoption with correlation in quit rates and entrepreneurial skill
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Table 1: Summary Statistics widustry Specific Job and Worker Turnover Rates

Full QWI Sample

US Manufacturing Industries

Only
Mean Standard Dev. Mean Standard Dev.
Worker Turnover 0.168 0.057 0.139 0.040
Rate
Job Turnover 0.133 0.063 0.091 0.027

Rate

Correlation: 0.175
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Table 2: Relationship betweéme Composition of Industry
Labor Mobility and Export Intensity

(€)) (2) 3 4) ©)
Worker Turnover Rate -0.779*** -0.825*** -3.873*** -0.917*** -0.897***
(0.120) (0.123) (0.526) (0.126) (0.124)
Job Turnover Rate -1.203*** -1.219%** 2.599*** -0.937*** -4 .444%%*
(0.189) (0.193) (0.835) (0.210) (0.957)
Worker Turnover Rafe 8.767**
(1.509)
Job Turnover Rafe -19.11%**
(4.305)
Ind. Share of Total -1.137***
Turnover (0.347)
JobTurnRate*log(K/L) 0.714***
(0.208)
Year Dummies NO YES YES YES YES
Observations 680 680 680 680 680
R-squared 0.115 0.120 0.134 0.181 0.136

Dependant variable is the share of total production that is exported. Standard errors in parentheses:
*** p<0.01, ** p<0.05, * p<0.1
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Table 3 Impact of Labor Mobility on Industry Export Intensity:
Using Worker and Total Turnover Rates

€)) (2 3 4)
APE Worker Turnover 0.042 0.106 0.109 0.107
[Prob>F] [0.11] [0.14] [0.17] [0.19]
APE Job Turnover -0.121* -0.117 -0.126 -0.98
[Prob>F] [0.10] [0.19] [0.28] [0.473
Regression Results
(€)) (2 3 4)
Worker Turnover Rate 0.167** 0.937** -0.0157 -0.329
(0.0821) (0.428) (0.877) (1.217)
Total Turnover Rate -0.121* -0.628* 0.341 0.639
(0.0718) (0.345) (0.896) (1.243)
log(K/L-prod) 0.0653** 0.0701** 0.0837** 0.0931*
(0.0279) (0.0290) (0.0392) (0.0520)
Worker Turnover Rafe -0.725* -0.773** -0.722*
(0.365) (0.376) (0.374)
Job Turnover Rafe 2.838 1.151 0.628
(1.818) (1.847) (2.196)
JobTurnRatelbg(K/L -p) -0.133 -0.212
(0.140) (0.242)
job accession rate (DM) 2.198
(3.476)
job breakup rate (DM) -2.573
(2.219)
volitility*JobTurn (CM) 0.00531
(0.00750)
Observations 680 680 680 680
R-squared 0.126 0.134 0.149 0.153
Number of Industries 85 85 85 85

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Table 4: Impact of Labor Mobility on Industry Export Intensity:

Using Individual Worker and Job Turnover Rates

1) (2) 3) “4)
APE Worker Turnover 0.0453 0.0484* 0.0508* 0.107*
[Prob>F] [0.11] [0.09] [0.07] [0.09]
APE Job Turnover -0.121* -.131 -0.010 -0.211
[Prob>F] [0.10] [0.19] [0.43] [0.473]
Regression Results
1) (2) 3) 4)
Worker Turnover Rate 0.0453 0.0484* 0.0508* 0.309**
(0.0283) (0.0282) (0.0281) (0.149)
Job Turnover Rate -0.121* 0.662 0.814 0.639
(0.0718) (0.607) (0.752) (1.243)
log(K/L-prod) 0.0653** 0.0825** 0.0919%* 0.0931*
(0.0279) (0.0371) (0.0477) (0.0520)
JobTurnRate*log(K/L-p) -0.156 -0.228 -0.212
(0.123) (0.200) (0.242)
job accession rate (DM) 2.794 2.198
(3.507) (3.476)
job break-up rate (DM) -3.027 -2.573
(2.189) (2.219)
volitility*JobTurn (CM) 0.00574 0.00531
(0.00706) (0.00750)
Worker Turnover Rate’ -0.722%*
(0.374)
Job Turnover Rate’ 0.628
(2.196)
Observations 680 680 680 680
R-squared 0.138 0.143 0.148 0.153
Number of Industries 85 85 85 85

Robust standard errors in parentheses
*EE p<0.01, ** p<0.05, * p<0.1
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(D (2 3) 4)
! I ! I I
APE Worker Turnover 0.0480%** 0.0491** 0.0452%* 0.0506*
[Prob>F] [0.02] [0.02] [0.07] [0.10]
Regression Results
€)) 2 3) “4)
Worker’s Share of 0.0480%** 0.0491** -0.0862 -0.0865
Total Turnover (0.0215) (0.0210) (0.200) (0.195)
log(K/L-prod) 0.0678%** 0.0528** 0.0534**
(0.0285) (0.0222) (0.0222)
@A1>?#1&"1Blog(K/L-p) 0.0258 0.0269
(0.0402) (0.0409)
C.$'#,,&883.5!1#-&!'DE2F 2.310
(3.337)
C.91$51&#&E+11#-&IDE2F -2.585
(2.183)
=.%3-3%3-4BH.$"715!DIZ 0.00151
(0.00236)
log(K/L) 0.0803**
(0.0322)
Observations 680 680 680 680
R-squared 0.141 0.141 0.143 0.145
Number of naics4 85 85 85 85

Robust standard errors in parentheses
*EE p<0.01, ** p<0.05, * p<0.1
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