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Abstract

Does a greater degree of integration into world markets lead to a more elastic labor

demand? Often referred to as the Rodrik (1997) hypothesis, this important from both

theoretical and applied policy standpoints question, is still not satisfactorily answered. In

this work I investigate it by using a unique �rm-level panel dataset for Russian manufacturing

�rms during a period of signi�cant and rapid currency devaluation. This event made imports

of �nal and intermediate goods more expensive while making Russian exports less expensive

and acted like a tari¤ on imports and a subsidy on exports. In a simple, but revealing

model, I specify the implications of devaluation for the labor demand and derive a set of

testable predictions. I use the data to test the essence of these predictions and show that

trade barriers a¤ect labor demand elasticities. In particular, 15-30% drop in labor demand

elasticity can be attributed to the devaluation.

JEL F15, F16, J23, P23
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1 Introduction

Does a greater degree of integration into world markets lead to more elastic labor demand?

Why should we care about whether it does or does not? At least three good reasons to

care are given by Rodrik (1997). The �rst relates to the incidence of taxes: when a tax

is imposed on demand or supply of labor, its incidence on �rms versus workers is inversely

proportional to the elasticity of supply versus demand. In other words, the party with the

higher elasticity would end up paying a smaller portion of the tax.

This is relevant for more than just taxation. Many policies end up acting much like

taxes. Consider the e¤ect of labor standards or legislation that makes it compulsory to o¤er

employees health insurance. To the extent that they reduce the marginal value product of

labor, they can be thought of as a tax on labor: the wage at which a given labor is hired

falls. When labor demand elasticity is high, most of their costs will be borne by workers and

not by �rms. This has grave implications for whether voters will be in favor of policies such

as safety legislation or health care reform.

The second reason is that a more elastic labor demand also lowers the bargaining power

of unions, even if they have monopolistic power. The cost of any additional employee bene�ts

in terms of employment or wages is higher when labor demand elasticity rises. Therefore,

even an e¤ective union may not be able to do much when labor demand is elastic. Thus,

globalization and its impact on labor demand elasticity might at least partially explain the

decline of labor unions in the last few decades.

Finally, a more elastic demand for labor has implications for volatility. As labor demand

is a derived demand, shocks in demand for the �nal goods are transmitted to it. Even if

the shocks to the �nal demand are unrelated to openness, their impact on employment will

be greater when labor demand elasticity is higher, possibly resulting in higher volatility in

employment and, hence, in earnings of workers.

For some countries and regions, such volatility can be quite challenging. For instance,

in Russia there are many �company towns� that depend exclusively on one big �rm; an

inheritance of the Soviet Union planned economy. In the absence of an adequate social net,

such �uctuations in employment can result in social disorder for entire regions.
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However, everything said so far is conditional on the notion that trade openness has some

impact on the labor demand elasticities. But why should it, and through which channels

does it operate? As labor demand is a derived demand, it could be thought of as being the

product of two components: the unit labor requirement and the demand for the �nal good.

Increases in the varieties of imported inputs available, as well as outsourcing possibilities,

could well increase labor demand elasticity through the extent to which labor is substitutable.

Demand for �nal goods also becomes more elastic as domestic �rms have to compete against

both domestic and foreign competitors. All of this implies that labor demand is expected

to be more elastic with more exposure to trade. This prediction is often referred to as the

Rodrik hypothesis as it was popularized in Rodrik (1997), and I will follow this notational

tradition.

Needless to say, there have been attempts to establish a link between trade openness and

labor demand elasticity. However, there is still no consensus on the question! Some authors,

(Hasan et al. (2007), Senses (2010)) �nd evidence in favor of the Rodrik hypothesis, while

others (Slaughter (2001), Krishna et al. (2001)) claim the link to be weak or nonexistent. I

argue these contradictory results are due to the use of less than optimal data (most studies

use aggregated, not �rm level data) and to the lack of large shocks in trade openness alone

in the data. These act as major impediments to identifying the role of trade openness on

labor demand elasticities.

In this paper I test the Rodrik (1997) hypothesis using very disaggregated data, a large

shock for identi�cation purposes, and a simple, yet very revealing model, which shows what

to look for in the data. These features distinguish this research from the existing literature.

The �rst key to success is in the use of a unique �rm level data set on Russian manufacturing

�rms spanning six years (1995 � 2000).1 The second is the use of a signi�cant and rapid

devaluation of Russian national currency (ruble) in August of 1998 as the �event�. In its

nature, this shock is equivalent to a very high ad valorem tari¤ on both intermediate and

�nal goods, which suddenly closed the Russian economy to competition from imports and

ampli�ed its export opportunities. Comparing elasticities in the pre- and post- shock periods

1To my knowledge, this is the �rst study that tests this hypothesis for an ex-Soviet Union economy. As
the integration of many of these states into the world economy is still in progress, this is particularly topical.
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is the main identi�cation strategy. Additionally, tari¤s, shares of imported intermediate

inputs and levels of competition from foreign suppliers vary sector by sector and �rm by

�rm. This variation can be exploited to identify the role of openness on elasticities of labor

demand. Finally, to understand what particular patterns to search for in the data and to

guide the formulation of the estimated equation, I develop a simple theoretical model that

yields testable predictions on the impact of changes in the exchange rate, tari¤s, and extent

of import competition on labor demand elasticities.2

The model yields a host of rich and varied empirically veri�able predictions for both

conditional (given output) and unconditional labor demand elasticities. Almost all of these

are found strongly in the data, so that overall, my �ndings support Rodrik�s hypothesis.

First, as the model predicts, devaluation should make conditional labor demand less

elastic.3 The channel goes through the change in prices of imported materials due to the

exchange rate shock. As the currency devaluates, foreign materials become more expen-

sive and labor cost share rises via substitution channel. This reduces the conditional labor

demand elasticity for both production and non-production workers. In the data, I �nd a

signi�cant drop in the labor demand elasticities after the 1998 devaluation for both condi-

tional and unconditional labor demand. For di¤erent sub-samples and using a variety of

estimation techniques, I �nd that the estimated drop in the elasticity ranges from 20 to 40%

for production and from 5 to 20% for non-production workers or even more for some sectors.

Theoretically, higher tari¤s on intermediates should have the same e¤ect as an exchange

rate on conditional labor demand, as they change prices of imported inputs in the same

manner. I �nd this empirically as well.

Second, I show that the magnitude of change in the conditional labor demand elasticity

for production and non-production workers due to devaluation is related to the share of

imported materials used by the industry to which a �rm belongs. Firms in sectors that had

a high dependence on imported materials in the pre-devaluation period are among those

2Unlike some earlier papers in the �eld, I do not assume in my theoretical model that the trade policy
changes parameters of the production function or of the �nal good demand in order to get a change in
elasticity of labor demand as these are primitives of the model. All changes in elasticities depend only on
the changes in exogenous variables.

3Under certain conditions on the labor demand elasticities at the home market and abroad, the result
holds for unconditional labor demand as well.
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whose elasticity falls the most. This makes sense if one thinks of the reason for a high share

being that imports are cheap (in e¢ ciency units) relative to labor and so are more vital

to production. Making them hard to access dampers the �rm�s desire to hire labor even

if its wage falls. The correlation between the percentage change in the elasticity due to

devaluation and the share of imported inputs used by the sector is high, ranging between

�0:7 and �0:9.

Finally, I show that greater import competition in the product market faced by �rms tends

to correspond in the data to higher labor demand elasticity. This is in line with theoretical

predictions. Removing foreign supply from demand makes the residual �nal product demand

more elastic. Thus, any �uctuation in wage will be magni�ed via change in the �nal demand

in terms of sales.

The paper is structured as follows. Section 2 gives an in-depth overview of the related

studies. Section 3 summarizes results of a simple theoretical model and predicts patterns to

be observed in data. Data issues and data set speci�c estimation concerns are described in

Sections 4 and 5. Section 6 describes the main results. Section 7 provides some robustness

checks. Sections 8 and 9 conclude.

2 Related Work

Almost all existing related work can be classi�ed according to the type of data used (aggre-

gate or �rm-level) and the identi�cation strategy chosen. This strategy could be temporal

(variation over long periods of time in trade policy is related to variations in elasticity), an

event study (where a shock in trade policy is associated with changes in elasticity) or cross

sectional (where variation in trade policy and exposure of the industry to imports across

industries is related to variations in elasticity). As papers cross categories in the second

dimension, I will group them according to the �rst dimension, i.e., by the data type used,

being sure to explain the identi�cation strategies chosen whenever relevant.
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2.1 Studies Using Aggregate Data

Hamermesh (1996) contains a nice exposition of the basic idea. As labor demand is a

derived demand, it can be written as the product of the unit input requirement of labor

(which depends on the price of all inputs) and the output of a �rm (which depends on its

demand). As the wage changes, a �rm substitutes other inputs for labor, reducing labor

demand for a given output, which is called the substitution e¤ect. As wages rise, so does

cost, and hence price, which reduces demand in line with the price elasticity of demand for

the �nal product. This is called the scale e¤ect. Two forms of labor demand are commonly

estimated: conditional (where the scale e¤ect is turned o¤) and unconditional, where the

e¤ect via demand is incorporated.

Slaughter (2001) is among the �rst to relate openness to labor demand elasticity empiri-

cally. He notes that substitution possibilities between inputs are likely to be enhanced with

greater openness due to an increase in the number of varieties available. In addition, �nal

good demand will also become more elastic as an increase in price will result in losing cus-

tomers to domestic and foreign competitors. Both factors should make the demand for labor

more elastic. This prediction is often referred to as the Rodrik hypothesis as it was popu-

larized in Rodrik (1997). Slaughter (2001) then tests this hypothesis using the US data at

the 4 digit SIC level (for about 450 industries) spanning thirty four years (1958�1991). His

estimation procedure is a two-step one. In the �rst step, he estimates conditional and uncon-

ditional demand elasticities using a log-linear speci�cation of demand. The conditional labor

demand function uses output as an explanatory variable, while the unconditional demand

function does not. Industry �xed e¤ects are eliminated by using three-year, �ve-year, or ten-

year di¤erences. In the second step, the elasticities estimated in the �rst step are regressed

on various trade openness measures. Even though conditional labor demand elasticity al-

most doubles during the thirty four year span, Slaughter concludes that �the hypothesis that

trade contributed to increased elasticities has mixed support, at best.�However, this sort of

two stage approach could perform poorly in the absence of more disaggregated data and a

major event that causes signi�cant variation in trade. Such aggregated data also calls for an

IV approach that has not been used.
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Greenway et al. (1999) study uses UK industry-level data during 1979-1991 to track

the e¤ect of trade policy on employment levels. Regressing the log of labor demand on log

of wages as well as interaction terms between trade measures and log wages, they �nd the

coe¢ cients on the latter to be insigni�cant, which does not support the Rodrik hypothesis.

In contrast, Faini et al. (2009) �nd a positive Spearman rank correlation between trade

openness measures and the estimated industry elasticities of labor demand for Italian data.

However, unlike the work above, their identi�cation comes from cross sector di¤erences in

trade exposure rather than from changes over time, even though they have a panel for 11

years (1985� 1995).

Hasan et al. (2007) use data on 18 manufacturing industries over 18 years in 15 regions in

India (1980�1997). During this period there was a substantial decrease in tari¤s. In addition,

a number of quantitative and license restrictions were removed. Hasan et al. (2007) estimate

the conditional labor demand given output and the conditional demand given capital, with

interaction terms added to account for the policy changes. They assume that there are

adjustment costs so that lagged employment has to be included as an explanatory variable.

This signi�cantly complicates the estimation routine as dynamic estimation GMM methods

have to be used. Hasan et al. (2007) use the Arellano and Bond (1991) GMM estimator

for dynamic models as well as classical �xed e¤ects estimation techniques. Overall, they

conclude that interaction terms that control for changes in trade regimes are in favor of the

Rodrik hypothesis. However, although, (as outlined by Bond (2002)), �xed e¤ects estimates

of coe¢ cients for lagged dependent variables in dynamic panel data models tend to be

downward biased, and thus, typically should be less than unbiased Arellano-Bond GMM

estimates, the opposite is true in the work of Hasan et al. (2007). As Roodman (2007)

points out, this is likely with weak instruments being used.

Another econometric issue in both Hasan et al. (2007) and Slaughter (2001) is the

potential endogeneity of wages. For a �rm-level data it might be a reasonable assumption

that each particular �rm faces a perfectly elastic labor supply curve. It is less so for industry-

level data. To be fair, both papers explicitly acknowledge this issue, but can do little about it.

Beyond that, as outlined by Hamermesh (1993), all studies using highly aggregated data are

facing the problem of linear aggregation of nonlinear relationship, which is the aggregation

7



of marginal product condition in the case of labor demand equations. In other words, it is

not clear why labor demand equation derived for a single �rm should hold for the whole

industry or sector.

For all the reasons mentioned above, plant or �rm-level data is to be preferred to ag-

gregated and a dramatic change in trade exposure would help provide a clean test of the

question at hand.

2.2 Studies Using Disaggregated Data

Krishna et al. (2001) based their research on Turkish plant-level census data covering about

600 plants in the greater Istanbul area from 1983 to 1986. Trade reform in Turkey in 1984

signi�cantly lowered tari¤s and non-tari¤ barriers, especially on �nal goods as �nal goods

were much more protected prior to the reform. With little change in the price or availability

of imported intermediates, changes in labor demand elasticity should come from changes in

the elasticity of the �nal demand rather than from substitution between inputs. The authors,

thus, only estimate the unconditional labor demand function and add an interaction term

between log wage and post- liberalization period dummy.

Their log-linear speci�cation treats labor demand as a function of factor prices alone.

This creates problems from an econometric standpoint for a number of reasons. First and

foremost, it is well understood that larger �rms tend to pay higher wages. Without other

controls, this fact alone tends to bias the wage coe¢ cients of the demand function upwards.

One way around this is to restrict attention to homogenous �rms of a similar size. This would

let the usual negative relationship between wage and employment emerge. This problem does

not arise for conditional labor demand estimation as the �rm�s output (or at least capital

stock) is controlled for, which is why these regressions tend to perform better. Second,

the e¤ect of the trade reform is restricted to the interaction term between wages and the

indicator for a post-reform period. For example, it does not allow for di¤erences in impact

across �rms with, say, di¤erent trade exposure in the form of the original import penetration

or share of imported inputs. It might well be the case that only some of the �rms were

a¤ected (�nal good producers) and that the e¤ect of trade liberalization is just lost in the

noise. Overall, Krishna et al. (2001) conclude that empirical evidence supporting higher
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elasticities due to trade reform is weak at best.

Senses (2010), looking at the US manufacturing plant-level data between 1972 and 2001,

draws the opposite conclusion. Unlike Krishna et al. (2001), she estimates the cost share

equations derived from the translog cost function and evaluates conditional own price labor

demand elasticities, thereby focusing on the substitution e¤ect. Her innovation is to use

di¤erences in the extent of outsourcing as a proxy for openness and link the latter to the

labor demand. Using multiple o¤shoring proxies calculated or suggested by Canals (2006),

Feenstra and Hanson (1996), and Bernard et al. (2006) Senses shows that increase in the

extent of outsourcing signi�cantly raises the conditional labor demand elasticities both in

the short and long-run. Thus, she �nds support for the Rodrik (1997) hypothesis.

Fajnzylber and Maloney (2005), however, �nd little to no support for the hypothesis.

Studying trade reforms in Latin America (Chile (1979�1995), Columbia (1977�1991), and

Mexico (1984 � 1990)) they conclude that periods of less restricted trade do not coincide

with periods of higher labor demand elasticities. Their estimated coe¢ cients for tari¤ rates,

import penetration ratios, or exchange rate interacted with log of wage are mostly insigni�-

cant or have signs inconsistent with the Rodrik (1997) hypothesis. Only for unskilled labor

in Mexico do the authors �nd some link between higher elasticities and trade openness mea-

sures. Such weak results might be explained by multiple high frequency switches in trade

regimes (from less to more open, and reverse) over the time frames studied. There are also

other econometric issues that might explain their results. Their estimation equation is not

the usual conditional or unconditional labor demand, as they replace the �rm�s output by

the sector�s output in their regressions and then interpret the estimated equation as the

unconditional labor demand, which is unconventional.

3 Model

The basis for my work lies in the classic analysis of Marshall�s on derived demand. Most

work in the area does not explicitly relate the estimation to the model and, as a result,

is often hard to follow. I present a simple theoretical model in the Appendix. The model

explicitly traces out the e¤ects of an exchange rate change on labor demand and its elasticity.
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It has predictions for conditional (given output) and unconditional labor demand functions

that are applicable to both production and non-production workers. I outline the intuition

behind these predictions below, while formal proves are provided in the Appendix. It is

worth noting that the model should be seen as a guide for the reduced form work in this

paper rather than as a model being structurally estimated at this point.

3.1 Testable Predictions

The implications of the theoretical model are summarized below.

� For conditional labor demand:

Result C.1 Elasticity decreases with a devaluation. It is easy to see that conditional labor

demand elasticity equals (1�SL)�; where SL is a cost share of labor and � is elasticity

of substitution across factors of production. A greater share of labor makes it harder

to substitute for labor in terms of other inputs when its price rises, which makes

the conditional demand less elastic. A devaluation makes imported materials more

expensive and labor relatively cheaper so that the �rm substitutes towards labor (as

long as � > 1) and SL rises. Thus, devaluation should reduce the conditional labor

demand elasticity. If labor that a �rm hires consists of both production and non-

production workers, demand for each type of labor becomes more elastic, which also

follows from the Marshall�s rules of derived demand.

Result C.2 Elasticity decreases with an increase in tari¤s on intermediate inputs. Tari¤s

on intermediate inputs act in the same way to raise the share of labor and reduce

conditional labor demand elasticity for both types of labor.

Result C.3 Increased dependence on imported intermediate inputs makes the condi-

tional labor demand elasticity more responsive to devaluation or to an

increase in tari¤s on the imported intermediates while cost share of im-

ported materials (Sme) is relatively low (below some cut-o¤ level), and less

so otherwise.
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Intuitively, when share of imported intermediates (Sme) is very low the impact of any

change in exchange rates on labor demand is limited. Therefore, the responsiveness of

labor demand elasticity to changes in the exchange rate is close to zero. As it rises,

so does the responsiveness of labor demand elasticity to changes in the exchange rate.

However, if this share is very high, then imported intermediates are used extensively

and labor is only used where essential. In this extreme case, again, the responsiveness

of labor demand elasticity to changes in the exchange rate is limited. Thus, hump

shaped pattern is predicted.

� For unconditional labor demand:

Result U.1 Labor demand elasticity should be higher for the sectors with greater im-

port penetration ratios. As a result, elasticity should be lower for industries

protected by higher tari¤s on �nal goods. With more import penetration, �nal

demand is more elastic and so is derived labor demand for both production and non-

production workers.

4 Data

There are two distinct data sets used in the paper.

The �rst one, complied by the Center for Economic and Financial Research in Moscow4

from multiple data sources including �Goskomstat�(the Russian State Statistics Commit-

tee), Alba, and Gnosis accounting databases, covers all of manufacturing in Russia from

1995 to 2000. The main variables I observe at the �rm level include employment by type,

�rm sales, total wage bill, and capital stock at the beginning and at the end of each year.

For some years, the information on the share of total costs relative to sales is available as

well. Unfortunately, not all �rms report information to Goskomstat regularly and for many

�rms data on some or all variables is missing for one or more years. In principle, all �rms

whose assets are more than 75% privately owned and all �rms with more than 100 employes

4Most of the data has been provided by the Center for Economic and Financial Research in Moscow
(www.ce�r.ru). I am particularly thankful to Irina Denisova, Natalya Volchkova, and Evguenia Bessonova
for providing the data.
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have to report such information and, thus, should be a part of the data set. However, as

Bessonova et al. (2003) mention, due to the peculiarities of data collection, newer �rms are

likely to be underrepresented in the sample. The largest Russian �rms are also not a part

of this data set. Due to missing observations there is a signi�cant di¤erence between the

number of observations in the balanced and the unbalanced panels that I construct from the

raw data. The balanced data set contains about 6; 000 � 7; 000 �rm observations annually,

while in the unbalanced data this number might be twice as high for some years. To avoid

any concerns about possible biases, I re-estimate all equations on both the balanced and

unbalanced panels and �nd little to no impact on the major results.5

The second data set is one I constructed manually using a Spark Interfax data base.6

It contains information on the largest �rms in the oil and gas, metallurgy and machinery

sub-sectors. Overall, it covers about 700 of the largest �rms. These �rms are much larger

in terms of sales and employment. The average �rm in the �rst (Goskomstat) data set

has about 300 employees, while in the second one (Spark) it has about 3; 000. As �rms

in the larger �rm data set are more homogenous in size, this helps me with estimation of

the unconditional labor demand, as variation in size produces noise that complicates the

unconditional labor demand estimation.

4.1 Employment and Wage Data.

The �rst data set contains information on the yearly average number of production and

non-production7 �rm by �rm. The total wage bills are available for each of these two groups

separately. The data set on the largest �rms, on the other hand, reports only the total

number of workers and the total wage bill. The wage paid per employee is obtained by

dividing the total wage bill for each group by the number of employees in the group. To

account for high in�ation rates over the period, I de�ate wages by industry speci�c producer

5Comparison of the results for the balanced and unbalanced data sets is available upon request. The
observed di¤erences in estimates are small. This is not surprising as data seems to be missing because of
data reporting practices rather than due to endogenous entry and exit decisions.

6http://www.spark.interfax.ru/
7Note, that this is not the regular skilled/unskilled (blue/white collar) workers split as production workers

include highly educated personnel as well as unskilled labor.
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price indices.

4.2 Other Input Prices Proxies

In addition to data on wages, I use information on �rm location, regional statistics, and

law records to approximate other factor prices. First, �rm speci�c proxies for electricity

prices are obtained. These vary by �rm due to institutional details of electricity pricing.

For 1995� 2000 electricity prices were set at the regional level. To set the electricity price,

each regional government had to approve price schedules for each type of consumers. All

government decisions had to be documented and published. Residential consumers, small

enterprises, and large �rms usually faced di¤erent tari¤ schedules. In almost all regions the

�rst two categories were paying for an actual consumption of electricity. Large enterprises

faced a two-part tari¤: a fee for connected power (measured in kW), independent of current

consumption, and a charge for the actual consumption (in kWh) itself. Knowing �rms

connected power, electricity consumption, and having data on the regional pricing schedules,

I approximate �rms speci�c electricity prices per kWh.8

Second, I use Goskomstat data9 on construction prices, which comes from regional sta-

tistics books. Though prices for commercial construction are not reported for most of the

89 regions of Russia, prices on newly constructed residential properties, recorded yearly, are

easily available. I use these prices as a proxy for the cost of new commercial construction. It

is worth saying that construction prices are also likely to re�ect other unobserved materials

or input prices, like fuel, cement, metals, etc., by regions. These prices might also re�ect

regional costs of running a business due to climate di¤erences and remote location. I include

residential construction prices into regressions as a broad proxy for local intermediate goods

prices faced by �rms.

8See the Data Details section of the Appendix for further discussion.
9Data is coming from Goskomstat yearly statistics volumes �Russian Regions.�
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4.3 Sales Data

Besides price and employment data, I need output or sales data to estimate the conditional

labor demand. I have information on sales of each �rm net of the value added taxes. I de�ate

these by the industry speci�c producer price indices.

4.4 Tari¤s

I need data on tari¤s on imported materials and on �nal goods to test all the predictions of

the theory. The data from CEFIR contains �rm-speci�c tari¤s on its �nal outputs. For each

�rm, information on its output was matched with tari¤ data to calculate a weighted average

�rm speci�c tari¤.10 Such a tari¤ re�ects how well a �rm is protected from competition from

abroad, but says nothing about how much the �rm is a¤ected by tari¤s on intermediate

inputs, which are, unfortunately, not available.

However, as a signi�cant share of industry output is consumed within the same industry11,

one could use sector tari¤s as a proxy for intermediate inputs tari¤s. To obtain these sector

tari¤s, I calculate the weighted average tari¤ for each of 3� and 5� digit industries of Russian

�Okonh� industry classi�cation from �rm-speci�c tari¤s.12 I then use these sector-speci�c

tari¤s as a proxy for tari¤s on intermediates.

There is substantial variation in tari¤s across sectors, though not so much over time.

Average sector tari¤s might be as low as 0 � 2% for medical equipment and can go up to

60% for some �rms producing food or beverages.

4.5 Import Penetration Measures and Trade Orientation

I use import to production ratios calculated by Bessonova et al. (2003) as a measure of

import penetration. To construct these ratios, Bessonova, et al. linked �rms accounting

10This data has been provided by the Center for Economic and Financial Research as well.
11For instance, in the machinery sector 37% of output is consumed within the sector. Another way to

approximate tari¤s on the imported materials is to use tari¤s on the �nal goods in conjunction with input-
output tables. However, as input output tables are not detailed enough, tari¤s have to be aggregated to a
very widely de�ned sectors, such as machinery, timber, etc.

12In estimation I use both weighted (by sales) and unweighted average tari¤s and do not see any signi�cant
di¤erences in estimation results.
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data to the Russian Customs database. It allowed them to calculate �rm-speci�c import to

production ratios accounting for the composition of goods produced by a �rm, as well as

import penetration proxies for the narrowly de�ned sectors.

The second way to di¤erentiate between export oriented and import competing sectors is

to classify them into groups. Here, again, I follow Bessonova et al. (2003) and de�ne sectors

where (1) export share is more than 30% of output, (2) import share is less than 30%, and

(3) there is a low share of intra-industry trade, as export oriented. Similarly, I de�ne sectors

(1) with import share of 30% or more, (2) with export share of 30% or less, and (3) a low

share of intra-industry trade, as import competing.

4.6 Exchange Rate

The data sets I use cover a period of very rapid Russian currency (ruble) devaluation. In

early 1998 low oil and gas prices decreased Russian export earnings. Facing high domestic

and foreign debt payments, the Russian government had to eliminate bounds on the exchange

rate that had existed from 1995 to mid 1998. In August of 1998; the Central Bank�s foreign

currency reserves were as low as eight billion dollars (less than 2% of the 1997 GDP) and it

had to allow the exchange rate to �oat. In just a few days, the exchange rate changed from

roughly 6 rubles per US dollar (R=$) to 14 � 16 rubles. Further exchange rate correction

took place later on as well. By the summer of 1999 the nominal exchange rate depreciated

to 24 R=$ and up to 28 R=$ by the summer of 2000. Not only the nominal exchange rate,

but also the real one, changed. To avoid social disorder, the government was reluctant to

allow price adjustments and used administrative measures to slow down the growth of retail

prices. Growth of consumer prices was also limited by the low purchasing capacity of most

Russians. As a result, in�ation rates were lower than rates of currency devaluation. Figure

1 illustrates this point.

Currency devaluation made some foreign goods una¤ordable to consumers, either because

of their high price or because of interruptions in deliveries. Devaluation caused manufac-

turing �rms to face a signi�cant increase in the cost of imported materials and services.

In contrast to the existing literature, which mostly relies on tari¤ changes, the devaluation

serves as a very strong shock. It works as an average increase in tari¤s on imported inputs of
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Figure 1: The Great Russian Devaluation

several hundred percent! It is hard to think of a stronger shock to trade than this. Therefore,

the devaluation I observe is the event that gives Rodrik�s hypothesis a chance to manifest.

4.7 Input-Output data

Unfortunately, the �rm-level data sets available do not provide any information on either

quantities of imported materials, services used, or whether a particular �rm is using any

imported materials or services in its production. The only way to outline the �rms that are

likely to be using signi�cant amounts of imported materials is to use input-output tables.

Russian input-output tables are reported at very aggregated level. Only nine di¤erent

sectors of manufacturing can be tracked and matched to the �rm-level data. Three sectors

that had the highest share of imported materials from 1995 � 2000 were the light industry

(34%), the machinery sector (16%), and the petrochemical (15%), while the lowest shares

were observed for the power, oil and gas industry (6%), the construction materials sector

(6%), and timber production and processing (7%).
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5 Estimation

The theoretical section in the appendix gives some insight on what the estimation equation

should look like and what it should account for. It shows that the log of labor demand for

either production and non-production labor for any �rm can be written as:

ln l = ln aL(wP ; wNP ;m;m
e (E; T )) +

1

�
ln(A) +

1

�
lnQ; (1)

where aL(wP ; wNP ; r;m;me (E; T )) is an analog of unit labor requirement,13 A is the total

factor productivity of a �rm, and Q is the residual demand for the �nal output demand faced

by a �rm. For the conditional labor demand estimation, I take Q (output) as given and use

sales of the �rm (S) into equation as the best approximation for it.

�A unit labor requirement,� aL(wP ; wNP ;m;me(E; T )), is a function of factor prices,

including wage of production labor (wP ), wage of non-production labor (wNP ), price of

capital (r)14, price of domestic (m) and price imported materials (me(E; T )), where E is the

exchange rate (R=$) and T is the tari¤on the imported materials. Any change in these prices

should a¤ect the level of labor demand. In the data, I observe wages, electricity prices (El),

and construction prices (C), which proxy for domestic materials prices. I do not observe

prices of the imported materials me(E; T ). However, as assumed in the theory section, if

for sector j at time t; me
jt = m

�EtTjt, then lnme
jt = lnm

�
j + lnEt + lnTjt; where m

�
j is the

world price for imported materials. Thus, I allow material prices to vary sector-by-sector

and over time. If prices abroad (m�
j) are constant, then over time and across �rms variation

in prices of the imported materials comes from changes in the exchange rate and in tari¤s on

the intermediates. Di¤erences in m�
j across sectors will be captured by the industry-speci�c

e¤ects. As the exchange rate (E) in the economy is the same for all �rms for a given year,

its e¤ect on the level of labor demand will be captured by the annual time-speci�c e¤ects.

13Properly speaking, this is an amount of labor needed to produce the �rst unit of output for a �rm with
productivity level of A = 1:

14I do not include any capital price measures in my regressions. First, such data is unavailable. Second,
for the period studied Russian manufacturing �rms were not operating at their full capacity in all sectors!
Russian State Statistics committee approximates that the average capacity load for manufacturing was in
range from 27% to 44% in 1995-2000, with the highest load of about 80% in power, oil, gas, and metallurgy
sectors. It means that any measure of capital price would be quite irrelevant as capital was abundant.
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Hence, the empirical speci�cation of the labor demand should include wages (wP and

wNP ), proxies for domestic prices of the intermediate inputs (El and C); tari¤s on the im-

ported materials (T ). I denote, all factor prices, except the own wage of the labor type

studied, by Znijrt; where n 2 fproduction; non-productiong: Thus, if equation for produc-

tion labor is estimated, Zpijrt contains wage of non-production labor, wNP , while for non-

production labor demand Znpijrt contains wP : As the conditional labor demand elasticity

"Lw(wP ; wNP ;m;m
e(E; T )) also depends on the same variables, I add interaction terms be-

tween Zijrt and log of the own wage.

To evaluate the impact of trade openness on the conditional labor demand elasticity, I

have to estimate the labor demand function for the six years with a signi�cant devaluation

in the middle of the time period. To account for the exchange rate shock, I include the

interaction terms between Zijrt; ln(w) and the dummy variable for the post-1998 period

(P98).15

Finally, as my data sets are pooled over di¤erent industries and regions, and �rms might

be heterogenous in terms of TFP, I use series of �xed e¤ects to account for these variations.

I include industry speci�c-�xed e¤ects (Ind), export oriented (Exp) and import competing

(Imp) subsector-speci�c �xed e¤ects, region speci�c e¤ects Ri (whenever applicable), �rm

�xed e¤ects (�), as well as time-speci�c e¤ects (Y ), into equation (2).

Collecting these pieces together, I obtain the estimation equation for the conditional

labor demand for labor type n; by �rm i; from industry j; from region r and at time t :

lnLnijt = �0 + �1 lnw
n
ijt + �2(lnw

n
ijt) � P98t + �(lnwnijt) � Znijrt + �3 lnSijt+ (2)

+
Znijrt + �Z
n
ijrt � P98 + [�0Yt + �1Indj + �2Expj + �3Impj + �4Ri] + �i + "ijrt;

where lnijt is number of workers of type n (i.e. production or non-production); w
n
ijt is the

own wage rate of these workers; matrix Znijrt contains ln(Tjt) which is the log of one plus the

15The most detailed speci�cation can include interaction of all these terms with year speci�c dummies
that will account for the yearly exchange rate changes. However, such approach being more general would
require estimation of too many variables. Also interaction terms between factor prices lnCrt � lnwijt;
lnElit � lnwijt; and lnTit � lnwijt might be allowed to have di¤erent e¤ects on the employment in the
pre- and post- devaluation periods. However, inclusion of these terms into the estimated equation causes
multicollinearity issues as lnwijt enters in too many ways.
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average sector j tari¤ on imported materials at time t, Crt which is a proxy for construction

prices in region r at time t; Elit which is the price of electricity for �rm i at time t; and w�nijt

which is wage of the other type workers. Sijt are the sales of the �rm; P98t is an indicator

function showing that an observation belongs to the post-1998 period; Expj is the sector

�xed e¤ect for export oriented sector j; Impj is the sector �xed e¤ect for import competing

sector j; Indj - is the industry-speci�c �xed e¤ect for sector j; Yt is a set of year speci�c

dummy variables; Ri - is the region �xed e¤ect for �rm i, �i is the �rm-speci�c e¤ect, and

"ijrt is a random employment shock.

Estimates of coe¢ cients �1; � and �2 are those of the most interest. The former two

provide the estimate of the conditional labor demand elasticity with respect to its own wage.

The latter shows whether elasticity changes after devaluation. Theory predicts that elasticity

decreases with a devaluation (Result C.1), which implies �̂2 > 0: Elasticity decreases with

an increase in tari¤s on intermediate inputs (Result C.2). Thus, coe¢ cient of the interaction

term between the tari¤ on inputs variable ln(T ), which is a part of matrix Znijrt; and lnw
n
ijt,

must be positive.

Result (C.3) predicts that the change in the labor demand elasticity in response to an

exchange rate shock will be increasing in the share of imported intermediates. Having es-

timates of labor demand elasticity before the shock, that depend on �̂1; �̂; mean values of

Znijrt; and the change due to devaluation, �̂2; I take a ratio of �̂2 to the overall elasticity

before the shock to test the theoretical prediction. For those sectors that use a high share of

the imported materials, this ratio has to be high in the absolute value.

The main identi�cation concern for the conditional labor demand estimation is endogene-

ity of wages. In this case, labor supply shifters have to be used as instruments, but are not

readily available for Russia. Nevertheless, using a straightforward non-IV method should

not introduce a signi�cant bias in the estimates as data is very disaggregated and each �rm

might be safely treated as a price-taker. Hamermesh (1993) outlines that endogeneity is

less of an issue when highly disaggregated data is used. His overview of the labor demand

elasticity estimates shows little systematic variation across estimation methods used. Be-

yond that, as a signi�cant share of �rms in my data is located in big cities like Moscow,

Saint-Petesburg, Samara, etc., the assumption of perfectly elastic labor supply for a �rm
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is not that bad. In this respect, using �rm-level data is a big advantage over non-IV esti-

mates based on industry-level data (Slaughter (2001)) or industry/region data (Krishna et

al. (2001)). However, to be on the safe side and to address the endogeneity issue formally, I

perform some robustness IV checks in Section 7.

6 Main Findings

Tables 1 � 3 of the appendix summarize the main results of the estimation. Tables 1:1

and 1:2 report the results for the �rst data set on relatively smaller �rms for production

and non-production workers, correspondingly. Table 2:1 and 2:2 split the sample by sectors.

Table 3 provides the estimates of the conditional labor demand for largest �rms (the Interfax

Spark database) as well as the estimates on the sub-samples of large �rms in the oil, gas,

metallurgy sector and in the machinery industry.

6.1 Labor Demand Elasticity Estimates

I estimate the conditional labor demand equations using a number of methods. Doing so

helps make the paper compatible with previous studies that used a full spectrum of estimation

techniques. In addition, it demonstrates that while I observe some numerical di¤erences in

the estimates, the main results are qualitatively robust to the chosen method.

OLS and robust regressions tend to give the highest point estimates of the labor de-

mand elasticities for the conditional labor demand for both production and non-production

workers. The OLS estimate on the �rst data set on relatively smaller �rms is about �0:72

(Table 1:1, column 1), while robust regression estimate is �0:99 (Table 1:1, column 2). For

non-production workers elasticities are somewhat smaller: �0:4 according to OLS (Table

1:2:, column 1) and �0:42 (Table 1:2:, column 2) according to robust regression. However,

the standard OLS approach does not account for existence of �xed �rm e¤ects, e.g. for pro-

ductivity di¤erences. My data is pooled across many regions, which are very heterogenous

in a number of ways, including climate, infrastructure, etc. In addition, �rms can be very

heterogenous within a sector. This is motivation for allowing for �rm �xed e¤ects.

There are several standard ways in which �rm or industry-speci�c e¤ects are accounted
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for in the existing literature. First, di¤erencing over time is used. This eliminates all �xed

�rm speci�c e¤ects. It is commonplace in the labor literature to use 3, 5 or 10 year dif-

ferences in data to estimate labor demand. My data covers only six years, and as I have

the regime change in the middle of the period, even 3 year di¤erences would be problem-

atic. Nevertheless, I use one year di¤erences to re-estimate the conditional labor demand

equations. Compared with the OLS estimate, the elasticity for production workers falls sub-

stantially to �0:15 (Table 1:1, column 8), though coe¢ cient estimate remains signi�cant.

For non-production workers, the estimate drops to �0:29:

Alternatively, one can use the classic �xed e¤ects estimator based on the within trans-

formation. The estimate of the labor demand elasticity is about �0:28 (Table 1:1, column

3) for production workers and �0:27 (Table 1:2, column 3) for non-production labor. The

estimate of the conditional labor demand elasticity using the random e¤ects estimator is

quite close to the �xed e¤ects one and is �0:37 (Tables 1:1 and 1:2, column 4) for both

production and non-production labor. For the large �rms alone the picture is similar: the

�xed e¤ects and the random e¤ects estimates of the conditional labor demand elasticity are

�0:27 and �0:32, respectively (Table 3, columns 1 � 2). It should be noted that Hausman

speci�cation test rejects the random e¤ects speci�cation and, thus, I do not discuss random

e¤ects estimates in details below, though they are still reported in most of the tables.

An alternative labor demand estimation routine is based on the Arellano-Bond GMM

estimator. This takes into account the fact that adjustment of employment to the desired

level could take some time. In this case, lagged employment has to be included into the

RHS of the equation, which makes it feasible to distinguish between short- and long-run

elasticities. The short-run elasticity measures the immediate impact of a change in wage

on employment, while the long-run elasticity captures the full e¤ect, i.e., when optimal

employment is achieved. The long-run elasticity is just the short-run one divided by one

minus the coe¢ cient for the auto-regressive term for employment. As Arellano and Bond

(2002) argue, traditional estimation methods could be biased and more complicated (GMM)

routines might have to be used. As Bond (2002) outlines, the OLS estimate of coe¢ cient for

lagged employment is likely to be upward biased, while the �xed e¤ects estimate is biased

downward. In this way, OLS and FE models together provide a reasonable range for the
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lagged employment coe¢ cient estimate. I use OLS and FE estimates to make sure that the

choice of instruments does not return an unreasonable result and that the lagged employment

coe¢ cient is within bounds. Overall, for the �rst data set on relatively smaller �rms, the

estimate of the short-run elasticity for production labor is about �0:11 (Table 1:1, column

7) and �0:31 (Table 1:2, column 7) for non-production workers. The implied long-run values

would be around �0:17 for production and �0:42 for non-production labor. The employment

auto-regression coe¢ cient for non-production labor falls into the reasonable range provided

by FE (0:19 (Table 1:2, column 6)) and OLS (0:80 (Table 1:2, column 5)) estimates and is

0:24 (Table 1:2, column 7). However, for production labor, the auto-regression coe¢ cient is

outside of the suggest bounds, indicating potentially weak instruments.

For the data set on the largest �rms, the elasticity of demand for total labor is in the

range from �0:23 (FE, Table 3, column 1) to �0:32 (RE, Table 3, column 2). The random

e¤ect speci�cation is rejected by Hausman test. The Arellano and Bond short-run estimate

is �0:29.

Overall, based on speci�cations that account for �rm-speci�c e¤ects, it is safe to conclude

that for production labor, the conditional labor demand elasticity lies in the range from

approximately �0:15 to �0:3, while for non-production labor the own price labor demand

elasticity is close to �0:3. All these estimates are in the typical range speci�ed by Daniel

Hamermesh (1993), based on his literature survey.

6.2 E¤ects of the Devaluation.

I use the devaluation of 1998 to see how the conditional labor demand elasticity is a¤ected

by the exchange rate shock. The interaction term between log of wage and the dummy for

the post 1998 period is positive for both production and non-production, as suggested by

the theory.16

For the �rst data set on the relatively smaller �rms, the overall change in elasticity for

production labor varies from 17% (OLS in one year di¤erences, Table 1:1, column 8) to

16There is one seeming exception. In one of the OLS speci�cations that I use solely to check my Arellano-
Bond estimates (Tables 1.1. and 1.2, column 5) the coe¢ cients of the interaction term are negative. However,
these speci�cation are biased as they include lagged employment coe¢ cient.
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29% (�xed e¤ects, Table 1:1, column 3). The Arellano-Bond estimate of the change is in

between: 23% (Table 1, Column 7). For non-production labor the change in labor demand

elasticity ranges from 14% (OLS in one year di¤erences, Table 1:2, column 8) to 20:5%

(Fixed E¤ects, Table 1:2, Column 3). It is worthwhile noting, that the point estimates of

labor demand elasticity changes are larger for production than for non-production workers.

The only exception is the robust regression estimate, that does not account for �rm-speci�c

e¤ects.

On the second data set for the largest �rms, the �xed e¤ects estimate of change in

the conditional labor demand elasticity for all labor is 24% (Table 3, Columns 1) for the

full sample, 25% for the oil, gas and metallurgy (Table 3, columns 4), and 27% for the

machinery sector (Table 3, columns 6). For the machinery sector all estimation methods

imply signi�cant changes in elasticity after devaluation (from 27% to 34%, Table 3, columns

6 � 9), while for oil, gas and metallurgy sector all estimates are insigni�cant, except �xed

e¤ects ones.

Based on these estimates, it is fair to conclude that, on average, a 17� 29% drop in the

conditional labor demand elasticity for production labor and 14�20% drop in the conditional

labor demand elasticity for non-production occurs in the post devaluation period! The overall

change in elasticity of labor demand for all types of labor is somewhere in-between: around

24%�27%. This �nding is robust and provides a strong support for the theoretical prediction

(Result C.1) that a devaluation causes a drop in the conditional labor demand elasticity for

both types of labor.

6.3 Tari¤s and Elasticity Estimates

Tari¤s on intermediate inputs should have the same impact on the conditional labor demand

elasticity as a devaluation (Result C.2), i.e. the coe¢ cient of the interaction term between

log of wage and tari¤ measure should be positive.

For the �rst data set on relatively smaller �rms, all speci�cations, except those estimated

by OLS, return positive and signi�cant estimates of the interaction term coe¢ cient (Table

1:1 and 1:2, columns 2�4; 6�8), while OLS estimates are negative or signi�cant (Tables 1:1
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and 1:2, columns 1; 5).17 For the second data set on the larger �rms, �xed e¤ects speci�cation

gives a positive coe¢ cient (Table 3, Column 1), while Arellano and Bond (Table 3, column

3) estimate is negative.18

When the model is estimated sector by sector on the �rst data set for relatively smaller

�rms, the interaction term can not be included into model speci�cations in practice, as it

turns out to be very highly correlated with the wage variable and collinearity issues arise.19

At the same time at the data set on larger �rms, where more sub-sectors are combined

into one sample, I can estimate the coe¢ cients of the interaction terms. For oil, gas and

metallurgy the interaction term turns out positive and signi�cant (Table 3, columns 4� 6),

while for machinery the estimate is negative and insigni�cant at 10% level (Table 3, columns

7� 9).

Even though the �ndings for the tari¤variable are not as robust as those for the exchange

rate, they are by and large consistent with the Result C.2 of the model.

6.4 Sector by Sector Results

Here, I test the Result C.3 of the theory section, showing that there is a strong correlation

between the share of imported materials used by a sector and the change in the elasticity of

labor demand for both production and non-production workers.

Table 2:1 and 2:2 give sector-by-sector estimates of the conditional labor demand elastic-

ities for nine distinct sectors of manufacturing for production and non-production workers,

using the data set on relatively smaller �rms. The highest elasticity estimate of labor demand

for production workers, �0:27 is observed for the timber and light manufacturing sectors.

One sector, oil, gas and power production, has the estimated elasticity of demand for pro-

duction labor that is insigni�cantly di¤erent from zero. For machinery sector, petrochemical

17OLS yields negative and signi�cant coe¢ cient for the variable, but it does not allow for �rm �xed e¤ects,
which my preferred speci�cations should include.

18It should be noted, that the data set on the larger �rms is smaller and as a result Arellano and Bond
estimates are not very robust across alternative speci�cations

19This happens because tari¤s are calculated at sub-sector level. There are not that many di¤erent sub-
sectors within a sector, thus not much variation in tari¤s for the same year. Tari¤s are also very stable across
years. When tari¤s are interacted with wage at the sector level, most of the variance of this interaction term
is driven by di¤erences in wages.
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sector, construction materials sector, food and food processing sector, and for "other manu-

facturing sectors" the elasticities of demand for production labor are quite similar and are in

range from �0:17 to �0:24. For non-production labor elasticities of labor demand are more

homogenous: they vary from �0:24 to �0:30 and are all but one signi�cant at 1% level.

The interaction term for the log of wage and the post-1998 dummy is positive and sig-

ni�cant for production labor for all sectors except power, oil, and gas sector. For the latter,

I do not �nd a statistically signi�cant change in elasticity. The largest percentage change

in labor demand elasticity for production workers is measured for metallurgy (�55:3%),

food and food processing sector (�44:4%), and for machinery and metal working sector

(�41:8%). For non-production labor the interaction term is insigni�cant for oil, gas and

power production sector, construction sector and for "other manufacturing sectors". The

largest percentage change in elasticity of labor demand for non-production workers has been

recorded for petrochemical sector (�35:9%), metallurgy (�27:6%), and for machinery and

metal working sector (�24%).

According to the input-output tables, the three sectors with the highest share of imported

materials are the light industry, the machinery, and the petrochemical sector. For these

sectors, the observed percentage changes in elasticities of demand for production labor are

�28:7%, 41:8% and �32:9%,20 respectively. Sectors which have the lowest share of imported

inputs - power, oil, and gas, construction materials, and timber industry - demonstrate

fairly low elasticity changes: those changes are �17:9% (insigni�cant) for power, oil, and

gas �rms, �32:3% for construction �rms, and �24:8% for timber sector. Overall, sectors

which use more imported intermediate inputs tend to have higher conditional labor demand

elasticity changes due to the devaluation. The correlation coe¢ cient between shares of

imported materials used by a sector and point estimates of changes in elasticities of demand

for production workers is �0:86, if I omit light industry from calculation. For non-production

workers, the corresponding correlation is �0:67. The light industry is omitted because it

has the highest share of imported materials 34% - two times more than the second largest!

The theory section predicts that the relationship between the extent of elasticity change and

20For the petrochemical sector, the elasticity change is not precisely measured and the elasticity estimate
is insigni�cantly di¤erent from zero.
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share of imported material has to be U-shaped. If share is very high, the change in elasticity

might be small. This is exactly what I see in the data! While for other sectors, the change

in elasticity and share of imported materials are almost perfectly linearly related, the food

sector is an obvious outlier, as demonstrated at Figure 2 for production workers.21
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Figure 2: Share of imported materials and change in labor demand elasticity

For the largest �rms I do not have enough data for a detailed cross-sector analysis, though

I am able to estimate the conditional labor demand equation separately for two sub-samples:

for oil, gas, and metallurgy �rms altogether and for the machinery sector. The �xed e¤ects

estimates of the percentage elasticity change for the latter sub-sample are somewhat higher

than for the latter, 27:2% vs. 25:2% (Table 3, columns 4, and 6); though the di¤erence is not

statistically signi�cant. Random e¤ects and Arellano and Bond point estimates are higher

for machinery sector, that uses more imported materials.

Overall, sectors with higher shares of imported materials demonstrate larger (in absolute

value) changes in elasticity, con�rming theoretical Result C.3.

21The OLS regression where the dependent variable is the change in the labor demand elasticity and
independent variables are share of imported materials and share of imported materials squared can explain
up to 97% of variance in the data.
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7 Alternative Speci�cations and Robustness Check

In this section I provide results robustness checks. I start with estimation of unconditional

labor demand function, and then discuss endogeneity concerns.

7.1 Unconditional Labor Demand

The unconditional labor demand equation speci�cation di¤ers from the conditional one in

a number of ways. The major di¤erence is that output (sales) is not controlled for. It is

assumed that sales is a function of factor prices that a �rm has to pay, as well as on the

exchange rate, and tari¤s on the �nal goods. The unconditional labor demand, suggested by

equation (21) of the model is:

lnLnijt = �0 + �1 lnw
n
ijt + �2(lnw

n
ijt) � P98t + �3

�
1� Ijttrade;home

��1
lnwnijt + �(lnw

n
ijt) � Znijrt

+
Znijrt + �Z
n
ijrt � P98 + �4Expj � P98 + �5Impj � P98 + �6T f (3)

+[�0Yt + �1Indj + �2Expj + �3Impj + �4Ri] + �i + "ijrt

where lnijt is number of workers of type n; w
n
ijt is the own wage of these workers; matrix Z

n
ijrt

contains ln(Tjt); which is a log of one plus the average sector j tari¤ on imported materials

at time t, Crt; which is a proxy for construction prices in region r at time t, Elit which is the

price of electricity for �rm i at time t and w�nijt which is the wage of the other type workers.

P98t is an indicator function showing that observation is for the post-1998 period; Expj is

the sector �xed e¤ect for export oriented sector j; Impj is the sector-�xed e¤ect for import

competing sector j; Ijttrade;home is import to import plus production ratio for sub-sector j at

time t; Indj - is the industry-speci�c �xed e¤ect for sector j; Yt is a set of year-speci�c

dummy variables; Ri - is the region �xed e¤ect for �rm i; �i is the �rm-speci�c e¤ect and

"ijrt is a random employment shock.

Estimates of the coe¢ cients of the conditional and unconditional labor demand are not

directly comparable. For the conditional labor demand, coe¢ cients re�ect properties of the

unit labor requirement and those of the production function (i.e. substitution e¤ect), while

they also capture an e¤ect of the �nal demand channel for the unconditional labor demand

27



(scale e¤ect). In addition to these common variables, the level of sales also depends on

the tari¤s on the �nal good
�
T f
�
; on the income of consumers at home I (in Rubles), and

abroad, I�. If I and I� are the same for all �rms in a given year, they will be captured by

time speci�c e¤ects and this is assumed here. I also do not have separate measures for tari¤s

on intermediate and �nal goods. For the reasons described in the data section, I use sector

tari¤s on the �nal goods as proxies for the tari¤s on intermediates. Consequently I cannot

estimate the e¤ect of tari¤s on the intermediate goods (lnTjt; which is the part of Znijrt); and

of tari¤s on the �nal goods (lnT fit) separately. The best I can do is to assume that tari¤s on

�nal on intermediate goods have the same e¤ect on the employment level.

Result U.1 suggests that if I look at the �rms over a cross-section, then those in sectors

with higher import penetration should demonstrate higher elasticity of the labor demand.

On these grounds, I include import penetration, Itrade;home, interacted with the log of wage

into the estimating equation.

Before turning to the results, it is important to notice that there is a serious identi�cation

problem with the unconditional labor demand and several sources of it. In the �rst place,

keeping sales on the RHS of the conditional labor demand equation controls for shocks in

the level of demand that each �rm faces in a given period. When sales are omitted from

the estimation, as in the unconditional demand, movements of the �nal demand prevent the

relationship between wages and employment from manifesting. Although, instruments22 can

be used to predict the state of demand, their performance is substantially inferior to sales

variable. In the second place, large �rms tend to pay higher wages. If a �rm size is not

accounted for, the estimates of the elasticity might be upward biased or even positive! To

avoid this, one would need to use a large number of instruments that not only re�ect the

state of demand for each �rm, but also the quality of the labor used, which are unavailable.

All these concerns provide rationale for using the second data set covering only the largest

�rms.23 Firms in this data set are more homogenous in terms of their employment and sales.

22I use dummy variables for the export-oriented and import-competing sectors interacted with the post-
1998 dummy to capture demand shifts.

23I tried estimating the unconditional labor demand on the full data set. Results are unsatisfactory. The
coe¢ cient for log of wage is insigni�cant in most speci�cations. The expected negative relationship between
wages and employment is completely noised out by variations in sales that I am not able to control for with
a limited number of instruments I have.
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I estimate the unconditional labor demand function for oil, gas, metallurgy �rms, lumped

together, and for the machinery sector as a whole.24

Table 4 reports the unconditional labor demand estimates for the largest �rms. To

account for a cross sector and over time di¤erences in the state of the �nal demand for a

�rm, I use prices of other inputs, a full set of industry speci�c dummy variables (20 dummies),

time speci�c e¤ects (all relative to 1995), dummy variables outlining whether the sector the

�rm belongs to is export oriented or import competing, as well as these dummies interacted

with post 1998 dummy. For both sectors estimates of unconditional labor demand elasticities

are approximately of the same size as the conditional estimates. For oil, gas and metallurgy

sector, the elasticity estimates vary from �0:3 to �0:5 (Table 4, Columns 1� 4), depending

on the extent of export orientation and import competition that a �rm faces. For machinery

sector, the best guideline number for the unconditional labor demand elasticity is�0:4 (Table

4, columns 5 � 8). In all regressions interaction term between wage coe¢ cient and post-98

dummy is positive and statistically signi�cant, con�rming that there was a substantial drop

in elasticity after devaluation. The magnitude of this coe¢ cient is also in-line with the

conditional demand estimates.

There is one speci�c prediction of the theory to be tested for the unconditional labor

demand: Result U.1 says the �rms protected with higher tari¤s on the �nal goods are likely

to have a lower import penetration ratio, and therefore, a less elastic labor demand. I test for

it in two ways by running two distinct set of regressions. In the �rst set of regression, I include

an interaction term between the proxy for the import penetration ratio (1=
�
1� Ijttrade;home

�
)

and the log of wage (this is a continuos measure of the foreign competition). I expect the

coe¢ cient for this interaction to be negative. It is actually negative in all speci�cations that

I estimate for oil, gas and metallurgy sector (Table 4, columns 1� 4), but is insigni�cant or

positive for machinery sector (Table 4, columns 5� 8).

In the second set regression, I use interaction terms between the dummies for export-

oriented and import-competing sectors with log of wage (thus, I use a discrete measure of the

24It should be noted, that I view unconditional labor demand equation only as an additional evidence
on the e¤ect of evaluation on labor demand elasticities, that makes this paper comparable to the previous
research.
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foreign competition). Export oriented sectors, tend to have lower elasticity of labor demand:

all coe¢ cient estimates are positive, but are only signi�cant for oil, gas and metallurgy sector.

The elasticity tends to be higher for import competing �rms in oil, gas and production

sector, but estimates are not statistically signi�cant. The last two results are in-line with

theoretical prediction. The only estimate that contradicts theory comes from the estimates

for machinery sector, where the coe¢ cient of interaction term between log-wage and import

competition dummy comes positive and signi�cant.

Overall, for oil, gas, and metallurgy sector the estimates support the theoretical pre-

diction, that export-oriented �rms have signi�cantly less elastic labor demand, while that

for import-competing ones it is somewhat more elastic. For machinery sector data does

not support theory - coe¢ cients are either insigni�cant or have a wrong sign. At the same

time, the main prediction about e¤ect of devaluation on labor demand elasticity holds in all

speci�cations independently of estimation method!

7.2 Endogeneity

There are two potentially endogenous variables in speci�cation of the labor demand. The

�rst one is wage. The second potentially endogenous variable is sales.

7.2.1 Wage Endogeneity

The main identi�cation assumption made in this paper is that each �rm faces perfectly elastic

labor supply, or in other words, that every �rm is a price taker. This is a typical assumption,

made by almost each and every author whose papers were reviewed in the literature survey

above. This assumption might be violated, if say, there is a de�cit of labor of particular

type within the region where �rm locates. If this is the case the supply does not need to

be perfectly elastic, and wage is not an exogenous variable anymore. The error term (or at

least a part of it) is also likely to be region speci�c, as workers are relatively immobile25 in

Russia.

25This immobility is due both to preferences (staying close to friends and family is highly valued) and to
high transactions costs in the real estate market and overall bureaucracy which make moving costly.
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If wages are not exogenous the estimates given above could be biased.26 I use the IV

approach to correct for such bias. A good instrument here would be correlated with the

wage but uncorrelated with the error term. Following Nevo (2001) I use wages in the same

sector, but in other regions as instruments.27 Wages in a sector in all other regions are likely

to be correlated with wages in the given region, but uncorrelated with the error term as it

is likely to be region speci�c.

To construct this instrument, I take a narrowly de�ned (5�digit Okonh, 390 sectors)

sector and for each region I calculate the average wage for the same sector and the same

labor type in all other regions. In the �rst stage of estimation, I regress each �rm�s wage

on this proxy, as well as on the region�s GRP (Gross Regional Product) per capita relative

to the Russian mean, on average wage in the region (across all sectors), on the growth rate

of the regional economy for the given year, and on the regional unemployment level. I also

include the share of population with higher education for each region to have at least a

rough proxy for the quality of the labor force. In some speci�cation �rm sales are used as

an explanatory variable at the �rst step. Besides these variables, I use a full set of region,

industry and time speci�c e¤ects.

Table 5 summarizes the IV estimates for the data set on relatively smaller �rms. My

constructed instruments have good predictive power for both wage of production and non-

production workers. The RHS variables in the �rst stage equations manage to explain from

37% to 58% of variation in the �rm-level data (Table 5, Columns 1�4). Constructed proxies

for the �rm wage for production and non-production labor are highly correlated with those

variables in the raw data, with correlations of about 0:6� 0:7. Columns 5� 8 of the Table 5

reports the �xed e¤ects estimation results of the conditional labor demand elasticities when

instruments for wages are used. For production labor, they are close to those based on the

raw data numbers (�0:28, Table 1:1. Column 3), and are in range from�0:21 to�0:25 (Table

5, Columns 5-6). For non-production labor elasticity estimates are substantially lower, than

the uncorrected numbers (�0:27, Table 1.1. Column 3) and are estimated to be from �0:08

26Of course, the bias in the estimate of labor demand elasticity might be the same before and after the
devaluation so that it would not a¤ect the main conclusions of the paper.

27Nevo (2001) instrumented potentially endogenous prices of ready-to-eat cereals by prices of the same
cereals, but in other geographical areas.
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to �0:12 (Table 5, Columns 7� 8). This might re�ect the fact that non-production labor is

more heterogeneous across �rms and regions, and wages for non-production labor are harder

to predict.

The key variable of interest - interaction term between log of wage and post-1998 dummy -

is signi�cant and positive in all speci�cations, as expected. These estimates suggest a roughly

33� 58% drop in elasticities after the devaluation - a bit more than predicted without two-

steps procedure and instruments being used. Interaction terms between constructed wage

proxies and tari¤ variable remain positive and signi�cant in all speci�cations, supporting

earlier �ndings as well.

7.2.2 Output (Sales) Endogeneity

What sort of endogeneity might we worry about? Suppose �rms are unable to hire or �re

workers. Then we could be in the situation that rather than labor demand being high because

sales are high, causation runs the other way. Sales are high precisely because the �rm has a

lot of labor it cannot �re. In this case, sales and error term will be negatively correlated and

endogeneity bias will occur. To correct for such issues, I use as an instrument the overall

level of sales in this sector excluding sales in my region. This should be correlated with the

�rm�s own sales to the extent that common forces operate on all �rms in this sector, but will

be uncorrelated with the �rm�s own labor demand or error term.

I thus, use variation in sales of a narrowly de�ned industry as a proxy for �rm sales: for

each �rm I calculate average sales of all the other �rms in the same narrowly de�ned sector

(5�digit OKONH) but in other regions. Then I regress sales of each �rm on the relevant

industry average as well as on dummy variables for import-competing and export-oriented

�rms, their interactions with post-1998 dummy, tari¤s, and on the regional speci�c charac-

teristics. The latter include region GRP per capita relative to those of Russia and regional

economy growth rates. Region, industry (3�digit) and time speci�c e¤ects are included as

well.28 Once I have predicted sales for each �rm, I include them into the estimation of the

28I tried a number of additional instruments that are not reported in this paper. For instance, I tracked
sectors that demonstrated higher increase in their output prices relative to the economy. This helps to
identify the sectors that faced favorable market conditions. For instance, rapid growth of the world metal
price would increase the price index for metal producers by more than for the whole economy and can explain
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labor demand.

The elasticity estimates fall compared to those when instrumenting for wages only. For

production labor, the estimates of elasticity are in the range from �0:13 to �0:19, while for

non-production labor from �0:10 to �0:13.29 This is not surprising as I use industry and

regional variation to explain �rm speci�c sales and lose some �rm-speci�c demand shifters,

which noises out relationship between employment and wage. The measured change in labor

demand elasticity after 1998 is even more pronounced - from 50 to 100%: The coe¢ cient on

the tari¤ measure interacted with wage remains positive and signi�cant in all speci�cations

implying that �rms that pay higher tari¤s on inputs tend to have lower labor demand

elasticities.

8 Summary of Results

The predictions and results for both unconditional and conditional labor demand are sum-

marized in Table A:

Table A: Summary of the Main Findings

Theory Data

Conditional labor demand elasticity "Lw

Exchange rate (for �xed 
) (E ") # #

Tari¤s on the inputs (T ") # #

% change in "Lw with % change in E (Sme ") " if Sme < �Sme "

Unconditional labor demand elasticity

Higher import penetration ratio (Itrade;home ") " weak "

9 Conclusion

Foreign exchange shocks are common and often large. They have implications not only at

the macro level, but also at the micro one. I focus on one such implication at the micro

the growth in the revenues of a sector. However, such additional instruments have marginal or no e¤ects on
the estimates.

29These results are not reported in the Appendix and are available upon request.
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level by relating shocks in the exchange rate to changes in the labor demand elasticities for

production and non-production labor.

An exchange rate shock not only a¤ects the price of �nal imports, acting like a tari¤ on

them, but also simultaneously changes the price of imported intermediates used by producers.

In this way, it a¤ects both the �nal demand of a �rm and the unit labor requirement, as the

choice of inputs is a¤ected by tari¤s on intermediates. It also a¤ects completely di¤erently

the �nal demand for import-competing and export-oriented �rms. In this paper, by using

a simple, yet very revealing theoretical model, I develop several testable predictions about

the conditional and unconditional labor demand elasticities and �nd support for them in the

data. These predictions are richer and more nuanced than the simple à la Rodrik hypothesis,

which states openness makes labor demand more elastic.
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10 Appendix

10.1 Model

The simple theoretical model below helps frame the regressions and highlights the testable

predictions of the theory.

Let the cost function for the �rm be multiplicatively separable in factor prices, TFP

measure and output:

TC(w; r;m;me; A;Q) = c (w; r;m;me) � g(A) � f(Q); (4)

where w is real wage per unit of labor, r is the real price of capital, m is the real price of non-

traded inputs, me(E; T ) is the real price of imported inputs in Russian rubles, E is exchange

rate (de�ned as the price of foreign exchange in Russia, i.e. rubles per dollar), Q is total

output, A is the TFP measure, and g(�) and f(�) are, respectively, monotonically decreasing

and increasing functions. Finally, T is de�ned to be 1 + t; where t is the ad-valorem tari¤

on imported intermediates.

By Shephard�s Lemma, the demand for labor is given by:

@TC(w; r;m;me(E; T ))

@w
=
@c (w; r;m;me)

@w
�g(A)�f(Q) = aL(w; r;m;me(E; T ))�g(A)�f(Q):

(5)

Thus, the conditional labor demand is given by:

Ld(w; r;m;me(E; T ); A;Q) = aL(w; r;m;me(E; T )) � g(A) � f(Q): (6)

Taking logs yields the standard conditional labor demand speci�cation used in estimation.
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10.1.1 Elasticity of Conditional Labor Demand

The conditional elasticity of demand for labor is de�ned to be positive and is:

"Lw(w; r;m;m
e(E; T )) = �d ln a

L(w; r;m;me(E; T ))

d lnw
: (7)

How does this elasticity depend on tari¤s and the exchange rate? To get explicit solutions,

some further assumptions on the production function have to be made. In particular, I

assume that the production function is CES:

Q = A [L� +K� +M� + 
 (M e)�]
�
� ; (8)

where L;K;M; and M e(E; T ); A stand for, correspondingly, labor, capital, domestic inter-

mediate inputs, imported inputs used in production and �rm speci�c productivity; while 
 is

a parameter that de�nes the �quality�of intermediate inputs. An increase in 
 means that,

in e¤ect a unit of the imported intermediate has more services packed into it so that the

price per service of intermediate falls as 
 rises, given its price. One might expect that if 
 is

high, then imported intermediates are e¤ectively cheap relative to domestic inputs. There-

fore, as long as the elasticity of substitution is more than unity as assumed throughout, this

would lead to a larger share in cost of imported intermediates. Parameter � characterizes

the nature of returns to scale, with � = 1 corresponding to the CRS case.

For this production function, the corresponding cost function is given by:

TC(�; Q) =
�
r1�� + w1�� +m1�� + 
�me(E; T )1��

� 1
1�� A

1
�Q

1
� = c(�) � A

1
�Q

1
� ; (9)

where � = 1
1�� is the elasticity of substitution.

There are several essential assumptions made here. The �rst assumption is one about

elasticity of substitution between factors of production, �: I assume that � > 1; thus all

factors of production are treated as substitutes. This assumption could be easily relaxed by

production function nesting and all the results pass through as long as imported materials

and labor remain substitutes.

Second, it is assumed that there is only one type of (aggregate) labor used by �rms. The
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second assumption can be weakened easily as well - it is enough to model �rms�aggregate

labor input (L) as a function of the number production and non-production workers hired:

L = [L�P + L
�
NP ]

1
� ; (10)

where LP and LNP stand for, respectively, number production and non-production workers,

and �L = 1
1�� > 0 for the elasticity of substitution between labor types. Wage paid by

a �rm per unit of aggregate labor (L), is w = [w1��LP + w1��LNP ]
1

1��L ; where wP and wNP

are wages of production and non-production workers correspondingly. The Marshall rules

of derived demand imply that elasticities of labor demand for skilled ("Lsw (�)) and unskilled

("Usw (�)) workers follow the same pattern as the elasticity of demand for an aggregate labor

(L), "Lw(�); because:

"Lsw (�) = �L
w1��LNP

w1��LP + w1��LNP

+
w1��LP

w1��LP + w1��LNP

"Lw(�) = �L [1� Sp] + Sp � "Lw(�) (11)

where Sp is the cost share of production labor. If "Lw(�) decreases, demand for both types

of labor becomes less elastic. In this way, all the results below, that explain behavior of

demand for aggregate labor (L) hold for demand for production and non-production labor.

Thus, for a sake of space concerns, I limit the discussion below to the simplest production

function possible and model demand for only one type of aggregate labor (L).

Under the assumptions made, aL(w; r;m;me(E; T )) is:

aL(w; r;m;me(E; T )) =

�
w

c(�)

���
: (12)

and labor demand can be expressed as:

lnLd(w; r;m;me(E; T ); Q) = ln aL(w; r;m;me(E; T )) +
1

�
ln(A) +

1

�
ln(Q): (13)

The domestic price for imported intermediates, in rubles is:

me(E; t) = m�ET; (14)
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wherem� is the world price of imported inputs, E is the exchange rate, and T = (1+t). Note

that an increase in the tari¤ on inputs and a depreciation in the exchange rate have the same

e¤ect on the price of imported materials. Also, it is implicitly assumed that country facing

exchange rate shock is a small economy and does not a¤ect the world price of intermediate

goods, m�: This is not a bad assumption, as Russian economy was small compared to the

world in late 1990s.

The responsiveness of the conditional labor demand to changes in the wage is:

"Lw(w; r;m;m
e(E; T )) = �d ln a

L

d lnw
= � [1� SL] > 0; (15)

where SL is the cost share of labor:

SL =
waL (�)
c(�) =

w1��

[r1�� + w1�� +m1�� + 
�me(E; T )1��]
: (16)

It can be easily veri�ed that this elasticity is decreasing in both E and T :

d ln
�
"Lw(�)

�
d lnE

= � (� � 1) 
� S2L
1� SL

�
w

me(E; T )

���1
< 0: (17)

Expression (17) implies that if national currency devaluates, (i.e., E increases), or if govern-

ment imposes taxes on imported inputs (T increases), then the conditional labor demand

elasticity falls! This prediction might be easily tested on data that covers a period of sub-

stantial devaluation. But is the percentage change in elasticity de�ned by formula (17) the

same for all sectors? If di¤erent sectors of the economy depend on the imported inputs to a

di¤erent extent, i.e., parameter 
 varies across industries, then the answer is �no�!

A high value for 
 will result in a higher share of imported materials if the elasticity of

substitution, �, is more than unity. As imported intermediates are of higher quality, a higher


 means one needs less of the imported intermediate in physical terms per unit of output

and this reduces its cost share. However, as imported intermediates have become cheaper,

one substitutes towards them in production and this raises their expenditure share. As

the elasticity of substitution exceeds zero, the latter dominates the former and expenditure
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shares rise with increases in 
 :

sme =
me(E; T )M

e(�)
c(�) (18)

=

�me (E; T )1��

[r1�� + w1�� +m1�� + 
�me(E; T )1��]

=
1

1 +
�
1

�

���
w

me(E;T )

�1��
+
�

r
me(E;T )

�1��
+
�

m
me(E;T )

�1��� :
Thus, when 
 is high, so is the share of intermediate imports in costs. This is the reason

for the next result, which shows the responsiveness of the labor demand elasticity to change

in the exchange rates is hump shaped in 
: If 
 is very low, then the share of imported

intermediates is very low, and thus, the impact of any change in exchange rates on labor

demand is limited. Therefore, the responsiveness of labor demand elasticity to changes in the

exchange rate is close to zero. As 
 rises, so does the responsiveness of labor demand elasticity

to changes in the exchange rate. However, if 
 is very high, then imported intermediates

are used extensively and labor is only used where essential. In this extreme case, again, the

responsiveness of labor demand elasticity to changes in the exchange rate is limited. This

causes the hump shaped pattern.

More formally, it could be shown that:

8>>><>>>:
@

"
d ln["Lw(�)]
d lnE

#
@


� 0; if 
 � �
;
@

"
d ln["Lw(�)]
d lnE

#
@


> 0; if 
 > �
:

(19)

This seems reversed but it is not as
�
d ln["Lw(�)]
d lnE

�
< 0:

Expressions (18) and (19) provide another useful testable application. Sectors that have

a high cost share of imported materials are likely to have high 
: On the other hand, formula

(19) says that when a devaluation occurs, sectors with high 
; but not too high 
 (or

equivalently sme); should have very high percentage changes in elasticity due to devaluation!

40



10.1.2 Full Elasticity of Labor Demand

The conditional elasticity of labor demand derived above explains changes in �rms labor

requirements keeping output constant, however, the full elasticity should also account for a

change in demand faced by a �rm. This means that some further assumptions regarding the

�nal demand for a product and nature of returns to scale have to be made.

First, I further assume that production function is CRS, i.e. that � = 1: Second, I model

each �rm to face the following residual demand for its �nal good:

Q
�
p; I; I�; E; T f

�
= D(p; I)�X

� p

ET f
; I�
�
; (20)

where D(p; I) re�ects the home market size at price p and income I: X(p=ET f ; I�) stands

for excess supply of the good from abroad at price p in rubles, so that p divided by the

exchange rate E times T f = 1 + tf ; where tf is the ad valorem tari¤ on �nal goods, gives

the dollar price obtained after accounting for tari¤s. Income abroad is denoted by I�:When

X(p=ET f ; I�) > 0; �rm faces competition from abroad at the home market (imports are

positive), and when X(p=ET f ; I�) < 0; it sells abroad (exports are positive). I assume that

X 0
1(p=ET

f ; I�) > 0: As the ruble devaluates, i.e., p=ET f decreases, X(p=ET f ; I�) decreases

and the residual demand faced by a �rm, D(p; I)�X(p=ET f ; I�); increases.

There might be di¤erent assumptions about the pricing behavior of the �rm. Assume

that the �rm is charging a �xed mark-up over its costs. Then p = �c(w; r;m;me); where

� > 1; or in extreme case p = c(w; r;m;me) and � = 1:

Then the �rm�s labor demand can be expressed as:

ln l = lnA+ ln aL(w; r;m;me (E; T )) + (21)

+ ln

�
D(�c(w; r;m;me); I)�X

�
�c(w; r;m;me)

ET f
; I�
��
;

where the �rst term re�ects an optimal choice of labor needed to produce one unit of a �nal

good given all factor prices, while the second part describes a state of demand that the �rm

faces given its pricing behavior, exchange rate, and tari¤s. This representation is very helpful

in understanding which variables have to be included in estimation of the unconditional
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equation and in which manner. By totally di¤erentiating ln l and by rearranging terms, it

can be shown that:

d ln l

d lnw
=

"
�"Lw(w; r;m;me(E; T )) +

"
�"HDp

1�X (�) =D(�)sL +
"Xp

1�D(�)=X (�)sL

##
(22)

where

"Xp =

8<:
X
0
1(�)c(w;r;m;me(E;t))=(ET f)

X(�) > 0; if X(�) > 0;
X
0
1(�)c(w;r;m;me(E;t))=(ET f)

X(�) < 0; if X(�) < 0;
(23)

is elasticity of excess supply with respect to price, "Lw(w; r;m;m
e(E; T )) is a constant output

elasticity of labor demand with respect to wage; "Mm ; "
K
r ; and "

Me
are, correspondingly,

constant output elasticities of capital demand, intermediate non-traded inputs demand, and

traded inputs demand with respect to their prices; "HDp is elasticity of the total home market

size with respect to price of the �nal good; and sL is the cost share of labor.

De�ne the ratio of excess supply from abroad to the home market size as:

Itrade;home =
excess supply

production at home+ excess supply
= (24)

=
X(�)

[D(�)�X(�)] +X(�) = X(�)=D(�):

Note that when X(�) > 0; the country is an importer of the good, and X(�)=D(�) is the

import share in consumption (production + import) at home. For goods that are mostly

imported and are not produced at home this ratio is close to 1. If X(�) < 0; then the country

is an exporter of the product and �X(�)=D(�) is the relative size of exports to the home

market. For a purely export oriented �rm that ratio can go up to +1:

Thus, the labor demand elasticity can be rewritten in terms of the Itrade;home ratio as:"
"Lw(w; r;m;m

e(E; t)) +

"
"HDp

1� Itrade;home
sL +

Itrade;home
1� Itrade;home

�
"Xp
�
sL

##
(25)

=
�
"Lw(w; r;m;m

e(E; t)) + sL
�
"HDp �+ (1� �)

�
"Xp
���

=
�
"Lw(w; r;m;m

e(E; t)) + sL
��
"HDp � "Xp

�
�+ "Xp

��
;

where 1
1�Itrade;home = �: Note that, if the good is imported, Itrade;home is between zero and
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unity. Thus, � > 1: As Itrade;home rises, so does �: It means that in the cross section greater

� should be associated with a greater labor demand elasticity for imported goods. This

suggests running regression of log l on log w and log w interacted with imports relative to

production plus imports or in the absence of intra industry trade, the import penetration

ratio. It is also worth noting that if � goes to unity, or imports are close to non-existent,

then labor demand elasticity is just the conditional one plus sL"HDp a la Marshall.

How does labor demand elasticity change with E? Unfortunately, there are no clear

predictions for the unconditional demand here. At the same time, a higher tari¤ on the �nal

good (T f) unambiguously decreases the unconditional labor demand elasticity (via a fall in

X(�)), without a¤ecting the conditional labor demand at all.

10.2 Data Details

Firm speci�c electricity prices

Regional level data on prices is available for approximately 50 regions out of 89 for 1995-

2002 with some gaps. At the �rst step, for each region I calculate average yearly connection

and consumption charges. Then, I �rst use the price of electricity in the consequent years

(if available) and �ll gaps by OLS predictions. It is trickier to obtain price approximations

for regions with data missing for many or all years. To do so, I predict regional prices

based on climate characteristics (mean temperatures in January or July), yearly electricity

production data, on the power characteristics of nuclear and hydro power stations located

within the region bounds, and year dummies. The predicted values are used as proxies for

regional electricity prices. Once I have price data and a schedule for all regions and for all

years, I use �rm speci�c data on connected power in 1993 (latest data available) to outline

which tari¤ schedule is most likely to be applicable to a �rm. Here, I implicitly assume that

over the later period �rms do not signi�cantly change connected power, which is a costly

investment, and as result, remain at the same tari¤ schedule. Using schedule information

and information on electricity consumption in 1993, I recover price of KWH for each �rm.

For small �rms price predictions are particularly precise. For larger �rms price per KWH
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depends on current consumption, and, thus, if �rms have decreased energy consumption,

my price estimates are potentially upward biased. Once electricity prices are obtained for a

�rm in nominal terms, I used an industry / year speci�c de�ator to obtain real prices. Gaps

in the data that arise for the younger �rms and those with missing information for 1993

are �lled with the predicted values, that are calculated based on the �rm location, industry,

year, and sales.

Region speci�c construction prices

Russian statistical committee reports prices for a newly constructed properties (per

square meter) and for a secondary market since 1996. Data is not reported for 1995. Also,

the coverage of regions is not complete, as there are some missing observations for di¤erent

regions. To minimize data loss, I �ll gaps in data using auto-regression and regional charac-

teristics. If gaps still remain, I use an average price of construction in neighboring regions in

the same year as a proxy. Once all missing observations are �lled for 1996 and later years, I

use information on non-food products in�ation by regions to approximate construction prices

for 1995. After that, the regional level data on nominal construction prices is linked to the

�rm level data. The nominal prices are de�ated by industry speci�c de�ators (PPIs).
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