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In this paper I study the impact of trade on employment 
in the U.S. manufacturing sector between 1998 and 2008. 
By using a production function model, I derive the labor-
demand function, which incorporates the most relevant 
elements to analyze the relationship between trade (ex-
port and imports) and employment. The empirical evi-
dence downplays the dominant belief that greater trade 
opening improves work efficiency and reduces labor de-
mand by the firms.

JEL Classification: J21, F16

Key words: manufacturing, employment, imports, 
exports.

Este trabajo revisa la relación entre el comercio y el 
empleo en el sector manufacturero de los Estados 
Unidos de América entre 1998 y el 2008. Para ello, se 
utiliza un modelo empírico basado en una función de 
producción de la cual se deriva la demanda de trabajo. 
Se incorporan así los elementos más relevantes para 
analizar la relación entre el comercio (exportaciones 
e importaciones) y el empleo. La evidencia empírica 
obtenida relativiza la creencia dominante de que 
una mayor apertura comercial mejora la eficiencia 
del trabajo y reduce la demanda de dicho factor en 
las firmas.

Palabras clave: manufacturas, empleo, importacio-
nes, exportaciones.

1	 I would like to thank seminar participants at the University of Wisconsin-Madison and CIDE for very helpful comments. All remaining errors are my own.



1. Introduction

United States Manufacturing Sector has witnessed a 
fall in employment over the last decades. However, 
the output level and the (average) wage-rate have 
increased in this sector. Figure 1 shows the evolution 
of employment and output levels for the 1950–2010 
period.

Several studies link this phenomenon with an in-
creasing participation of imports coming from 
South-East Asia, China, Mexico, and other de-
veloping countries. Similarly, outsourcing and 
off-shoring activities carried out by U.S. firms are 
sometimes identified as “unavoidable facts due to 

Globalization”. In addition, technological im-
provements and the ubiquitous aggregate con-
sumption shift are pointed out to play a very 
important role by giving more participation to 
service industries at the expense of lower em-
ployment levels in manufacturing industries.

Another front in the debate is the evolution 
of (total factor) productivity in manufacturing. 
Some economists argue that U.S. Economy has 
experienced a sharp increase in productivity. 
Among this group of researchers, Spence and 
Hlatshwayo (2012) suggest that the value add-
ed per job in tradables has risen by more than 
40% between 1990 and 2008. In contrast, over-
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all productivity (including both tradables and non-
tradables) increased only 20% during that period. 
Their evidence goes in line with the classical state-
ment about the existence of a strong relationship 
between tradables and productivity evolution. The 
almost canonical explanation is that tradables are 
more heavily exposed to competition than non-
tradables. As a result, the policy implication derived 
from classic models is that open economies grow 
faster than closed ones.

On the other hand, some studies consider that 
labor productivity has been overestimated as a con-
sequence of a miscomputation of temporary labor, 
which was not included as part of the corresponding 
sector’s total employment (see for example Susan 
Houseman et al. [2011]). Similarly, Luria and Rogers 
(2007) cast doubts on labor productivity increments 
that were reported in some recent estimations. They 
suggest a lower manufacturing productivity growth 
would be found if some industries like computing 
and high technology were excluded. Those sectors 

have had the greatest imputation but the least 
direct output measurement.

Some celebrated studies (see for example 
Bernard et al. [2006]); Harrison and McMillan 
(2011); and Author et al. [2013]) found some 
evidence that the import penetration and im-
port competition deteriorate U.S. manufactur-
ing employment. In this paper, I use more re-
cent data and explore empirically different 
channels not contemplated by those previous 
studies, which could help to explain a nega-
tive (or positive) relationship between employ-
ment and trade in the 1998–2008 period. I build 
on a model that takes into account different 
responses coming up from different manu-
facturing sectors. The model goes in line with 
Greenaway, Hine, and Wright (1999) and Fu and 
Balasubramanyam (2005). It is important to dis-
tinguish which industries are more affected by 
the presence of foreign competitors. Moreover, 
it would be desirable to quantify the corre-

Figure 1

The Sudden Decline of U.S. Manufacturing Employment

Source: own elaboration based on data from the U.S. Bureau of Labor Statistics for Employment and the U.S. Bureau of Economic Analysis for Real 
GDP, respectively.
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sponding impact on employment. Different re-
actions to imports and exports need to be fully 
understood if policymakers seek to encourage (dis-
courage) strategic industries.

The organization of the paper is as follows: in 
section 2 the model is presented and the esti-
mating equation is derived. Section 3 describes 
the dataset used later to quantify the impact of 
trade on manufacturing employment. Section 4 
explains the estimation method and the main as-
sumptions made in the empirical model. It also 
presents the estimation results. Finally, section 
5 concludes this article. 

2. Model

Based on Greenaway, Hine, and Wright (1999) 
and Fu and Balasubramanyam (2005), we assume 
a standard Cobb-Douglas production function2 
for the representative firm in industry i in a given 
year t

                           	 (1)

In the above expression, Q is real output, K is capi-
tal stock, and L represents the units of work used. 
Variable A accounts for the total factor productiv-
ity, whereas the coefficient  allows for improve-
ments in firm i´s efficiency. The parameters   and 

 represent the shares of capital and labor in in-
dustry output, respectively. Assuming profit max-
imization, from the first order conditions we get

							     

 

                 (2)

where w and r are the wage rate and the capital 
cost, respectively. One could normally expect that 

2 	 The Cobb Douglas production function has an intrinsic limitation, namely, elasticity of 
substitution is equal to one for all industries. The difficulty of relaxing this assumption 
relies on the impossibility to properly identify wages when using a general Constant 
Elasticity of Substitution function (CES). The use of other unconventional functional 
forms is not evaluated in this study.	

the average efficiency level of a given production 
process evolves over time. We hypothesize that va-
riable A varies with time (T), export penetration (X), 
and import penetration (M) as follows

						       	
           

 
 

                      (3)

The variable  Ti is a time trend. The parameter 
 is assumed to be positive but no restrictions are 

imposed to  and  (i.e. they could be positive or 
negative). Normalizing the returns to capital, as-
suming perfect competition, applying logarithms, 
and substituting (3) into (2), we finally obtain the 
following linear equation 

	

 ( ) ( ) ( )

(4)

With the aid of expression (4) we are able to 
investigate the relationship between trade and 
employment. 

3. Data

We use the OECD-STAN dataset for U.S. industry-
specific data. The sample period runs from 1998 
to 2008. Table 2 lists the manufacturing indus-
tries used in this study, which approximately cor-
respond to a four-digit ISIC level of aggregation. 
In Table 1, the total output rose 11.2% during the 
period analyzed. Among the 27 industries con-
sidered here, only 13 increased their output (9 out 
of 17 Low-tech industries, 2 out of 4 Medium-tech 
industries, and only 2 out of 6 High-tech indus-
tries). There was a widespread fall in employ-
ment, totalizing a 23% fall in the manufacturing 
sector jointly considered. Only two marginal sec-
tors (Pharmaceuticals and Shipbuilding) were 
able to increase the quantity of labor used. 
However, wage evolution was favorable during 
the period. There was a 9.5% increment in the av-
erage wage rate paid.
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Table 1

Changes in manufacturing sectors between 1998 and 2008

Source: OECD. Industries defined according to 4-digit ISIC.

Industry Production (a) Employment (b) Wages (c)

  1998 2008 % var. 1998 2008 % var. 1998 2008 % var.

1500 506.4 602.8 19.0% 1 734.9 1 654 -4.7% 32.6 33.9 3.9%

1600 41.3 28.9 -30.0% 35.1 21 -40.3% 54.8 50.9 -7.1%

1700 100.5 47.4 -52.8% 712.7 342.9 -51.9% 28.3 31.2 10.2%

1800 58.4 13.7 -76.5% 573.4 157.1 -72.6% 21.2 24.7 16.9%

1900 8.9 3.5 -60.4% 81.9 36 -56.0% 27.8 31.5 13.2%

2000 94.8 72 -24.1% 613 459 -25.1% 30 30.1 0.2%

2100 157.9 143.3 -9.3% 630 442 -29.8% 44.7 46.6 4.3%

2200 320 358.9 12.1% 1 843 1 553 -15.7% 49.6 54.7 10.4%

2300 139.6 593.7 325.4% 123 116 -5.7% 63.1 75.6 19.8%

2401 315.9 419.5 32.8% 756.7 577.9 -23.6% 56.6 59.6 5.2%

2423 104.3 150.5 44.2% 236.3 271.1 14.7% 65 73.2 12.7%

2500 167.8 161.7 -3.6% 931 727 -21.9% 35.3 35.9 1.6%

2600 93.4 91.9 -1.7% 539 465 -13.7% 38.2 39.1 2.4%

2700 170.9 225.2 31.8% 640 445 -30.5% 45 48.1 6.9%

2713 95.9 135.8 41.6% 361 248.1 -31.3% 49.6 52 4.9%

2723 75 89.4 19.1% 279 196.9 -29.4% 39.1 43.2 10.5%

2800 258.2 286.2 10.9% 1 752 1 541 -12.0% 37.6 39.5 5.2%

2900 280.8 280 -0.3% 1 502 1 183 -21.2% 45 47.2 5.0%

3000 114.9 55.6 -51.6% 260.4 112.8 -56.7% 60.7 70 15.4%

3100 117.1 104 -11.2% 593 421 -29.0% 38.2 44.5 16.5%

3200 234.6 153.5 -34.6% 1 021.9 630.8 -38.3% 55.1 62.4 13.3%

3300 95.8 117.8 23.0% 545.7 504.4 -7.6% 60.7 77.2 27.2%

3400 449.1 328.8 -26.8% 1 270 883 -30.5% 48.2 45.7 -5.3%

3510 18.3 23.9 30.7% 152.1 162.6 6.9% 35.4 42.4 19.8%

3529 20.1 35.7 77.1% 86 85.8 -0.3% 43.4 46.9 8.1%

3530 147.1 146.6 -0.4% 569.9 482.6 -15.3% 58.3 66.3 13.7%

3637 180.3 188.3 4.4% 1 412 1 115 -21.0% 33.4 37.5 12.2%

Total 161.8 179.9 11.20% 713.1 549.4 -23.00% 44.3 48.5 9.50%

(a) Production in billions of USD, base year = 2000. 
(b) Employment measured in total number of employees.
(c) Annual wage rate in thousands of USD, base year = 2000.
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Table 3 presents a brief description of trade pat-
terns during the period of analysis. Only seven sec-
tors have remained with a positive net-export sign 
(i.e. a trade surplus): tobacco; printing and publishing; 

Table 2

Industry codes

ISIC Description ISIC Description

 Low-tech industries   Medium-tech industries

1500 Food products and beverages 2401 Chemicals excluding pharmaceuticals

1600 Tobacco products 2900 Machinery and equipment, n.e.c.

1700 Textiles 3400 Motor vehicles, trailers and semi-trailers

1800 Wearing apparel, dressing and dyeing of fur 3529 Railroad equip. and Transport equip. n.e.c.

1900 Leather, leather products and footwear   High-tech industries

2000 Wood and products of wood and cork 2423 Pharmaceuticals

2100 Pulp, paper and paper products 3000 Office, accounting and computing machinery

2200 Printing and publishing 3100 Electrical machinery and apparatus, n.e.c.

2300 Coke, refined petroleum products and nuclear fuel 3200 Radio, television and communication equip.

2500 Rubber and plastics products 3300 Medical, precision and optical instruments

2600 Other non-metallic mineral products 3530 Aircraft and spacecraft

2700 Basic metals

2713 Iron and steel    

2723 Non-ferrous metals    

2800 Metal prod. (except machinery & equip.)    

3510 Building and repairing of ships and boats    

3637 Manufacturing n.e.c. and recycling    

chemicals excluding pharmaceuticals; machinery 
and equipment not included in other sectors; 
medical, precision and optical instruments; ship-
building; aircraft and spacecraft.

Table 3

Export and import penetration during 1998-2008
Industry Exports (a) Imports (b)

4-digit ISIC 1998 2008 % change 1998 2008 % change

1500 0.058 0.077 33.5% 0.064 0.094 45.4%

1600 0.122 0.024 -79.9% 0.015 0.019 32.2%

1700 0.103 0.218 112.1% 0.223 0.492 121.0%

1800 0.118 0.18 51.8% 0.458 0.81 76.9%

1900 0.255 0.677 165.1% 0.757 0.956 26.2%

2000 0.05 0.059 16.9% 0.142 0.16 12.6%

2100 0.085 0.115 35.7% 0.101 0.126 25.4%

2200 0.027 0.023 -16.2% 0.016 0.019 21.1%

Continues
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4. Estimation

4.1 Dynamics and industry fixed effects

It is natural to allow for lags on employment. First, 
any exogenous shock to employment entails an 
adjustment cost which may cause a deviation of 
employment from its steady state path. This fact fa-
vors the introduction of lags on employment into 
our equation (4). The necessary number of lags in 
order to cope with adjustment costs depends on 
the heterogeneity observed in the different indus-
tries and markets. Hence, if all the industries have 
a homogeneous adjustment process to a given 

shock in the labor market and also react swiftly and 
smoothly, then one lag is enough. Otherwise, the 
econometrician needs to provide the model with 
more than one lag.3

Other potential sources of heterogeneity appear 
when technology shocks are serially correlated 
or when workers negotiation power is strong 
enough to prompt longer bargaining periods 
(which extend beyond one calendar year). Finally, 
with the purpose of avoiding a judgment of causali-
ty between employment and the set of explanatory 
variables used here, we introduce a distributed lag 

3 	 For a discussion on this topic see Nickell (1986).	

Table 3

Export and import penetration during 1998-2008
Industry Exports (a) Imports (b)

4-digit ISIC 1998 2008 % change 1998 2008 % change

2300 0.049 0.083 69.7% 0.109 0.137 24.9%

2401 0.195 0.266 35.9% 0.149 0.227 52.4%

2423 0.113 0.222 97.5% 0.139 0.311 124.3%

2500 0.101 0.148 45.8% 0.113 0.203 79.5%

2600 0.062 0.089 43.5% 0.122 0.159 30.2%

2700 0.12 0.205 71.6% 0.225 0.315 39.6%

2713 0.065 0.121 85.6% 0.194 0.254 30.8%

2723 0.189 0.333 76.2% 0.267 0.41 53.7%

2800 0.055 0.067 21.9% 0.073 0.114 55.7%

2900 0.288 0.419 45.9% 0.273 0.424 55.4%

3000 0.431 0.699 62.2% 0.553 0.837 51.3%

3100 0.256 0.38 48.3% 0.325 0.503 54.7%

3200 0.308 0.494 60.5% 0.343 0.62 80.9%

3300 0.39 0.509 30.4% 0.34 0.487 43.4%

3400 0.149 0.289 94.1% 0.264 0.415 57.4%

3510 0.1 0.111 10.2% 0.069 0.062 -9.8%

3529 0.139 0.128 -7.5% 0.223 0.178 -20.1%

3530 0.443 0.518 17.0% 0.22 0.29 31.7%

3637 0.087 0.17 95.0% 0.249 0.354 42.1%

Total 0.161 0.245 52.0% 0.223 0.332 49.0%
Source: own elaboration based on OECD data.
(a) Exports/Production
(b) Imports/(Production+Imports-Exports).

Concludes
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structure for all the independent variables consid-
ered in the empirical model.

We also assume that the independent variables 
have common impacts across industries. Thus, dif-
ferencing expression (4) we are able to eliminate 
the industry fixed effects, and the general dynamic 
equation to be estimated becomes:

 
0 10 11 1

20 21 1

30 31 1

40 41 1

51

ln( ) ln( ) ln( ) ...
ln( ) ln( ) ...
ln( ) ln( ) ...
ln( ) ln( ) ...
ln( ) ...

it it it

it it

it it

it it

it it

L X X
M M
w w
Q Q
L

λ λ λ
λ λ
λ λ
λ λ
λ ε

−

−

−

−

∆ = + ∆ + ∆ +
+ ∆ + ∆ +

+ ∆ + ∆ +

+ ∆ + ∆ +
+ ∆ + + ∆ (5)

As it was stated above, the explanatory variables 
are assumed to be endogenous and causality runs 

in both directions, so the regressors may be cor-
related with the error term. To avoid bias in the 
coefficients of the lagged dependent variable, we 
adopt a GMM approach using the Arellano and 
Bond (1991) method. Provided the differenced 
equation is free of second and higher order serial 
correlation, this technique proportions unbiased 
and consistent estimates of the desired param-
eters. To justify our empirical strategy, we present 
the Arellano and Bond test statistics to monitor 
the potential serial correlation. Additionally, we 
validate our instruments using the traditional 
Sargan’s test, which allows us to check for over-
identifying restrictions in the regression model.4

4.2 Regression Analysis

4 	 The Sargan test is based on the observation that the residuals should be uncorrelated 
with the set of exogenous variables when the instruments are truly exogenous.	

Table 4

Employment equations for United States manufacturing sector
  (1) (2) (3)

 ln (employmentt-1 ) 0.959*** 0.891*** 0.902***

(0.00851) (0.0307) (0.0479)

 ln (waget ) -0.207*** -0.243*** -0.0157

(0.00883) (0.0562) (0.138)

 ln (waget-1 ) 0.109*** 0.0578 -0.00947

(0.0132) (0.0461) (0.107)

 ln (outputt ) 0.377*** 0.351*** 0.376***

(0.00713) (0.0165) (0.0256)

 ln (outputt-1 ) -0.283*** -0.246*** -0.261***

(0.00768) (0.0160) (0.0228)

 ln (impot ) 0.0893*** -3.081

(0.0198) (2.093)

 ln (impot-1 ) -0.107*** 2.676

(0.0207) (1.822)

 ln (expot ) 0.0451*** 1.335

(0.00965) (1.120)

 ln (expot-1 ) -0.0606*** -1.660

(0.0161) (1.462)

Continues

105Vol. 6, Núm. 3, septiembre-diciembre 2015.

http://www.inegi.org.mx/RDE/rde_16/rde_16.html


Table 4

Employment equations for United States manufacturing sector
  (1) (2) (3)

 ln (impot ) .  ln (waget )  0.296

(0.196)

 ln (impot-1 ) .  ln (waget-1 )  -0.260

(0.171)

 ln (expot ) .  ln (waget )  -0.120

(0.105)

 ln (expot-1 ) .  ln (waget-1 )  0.148

      (0.137)

Observations 268 268 268

Chi2
(29) - Sargan Test 25.59 25.13 20.94

Z - Arellano-Bond Test -1.92 -1.75 -1.82

Standard error in parenthesis. Significance levels: 

Concludes

Table 4 presents the estimates of the coefficients 
for three different specifications. 

Column (1) reports the base specification. As 
expected, output causes increases in the level 
of derived labor demand, whereas wages have 
a negative effect. The lag employment coeffi-
cient is positive, which indicates persistence in 
wage and output effects on the level of employ-
ment. Column (2) incorporates import and export 
penetration to the basic employment equation. 
Coefficients associated with wages and output re-
main unchanged and of similar magnitudes. With 
regards to trade shares, both export and import 
have a slightly positive effect in time t. However, 
the impacts are mitigated since the correspond-
ing lag variables have opposite signs of relatively 
similar magnitudes. Finally, Column (3) explores 
the impact of trade changes on the slope of the 
derived labor demand function. In this specifica-
tion, we evaluate the possibility that increased 
openness could make it easier to substitute for-
eign workers for domestic workers and thus, trade 
variables are interacted with wages. There is no 
clear effect on the wage elasticity and the corre-
sponding variables are not statistically significant 

at conventional levels.

5. Concluding comments

After a period of lower exposure to trade during 
the 1930s and 1940s, the post-war period resulted 
in a growth of world integration. Trade was the star 
variable in most industrialized countries and led 
the economic growth. Even a large economy like 
United States’ that has traditionally had a small 
share of trade in its GDP was part of the globali-
zation process. And more recently, the impact of 
expanding trade on labor markets and the corre-
sponding adjustments throughout the economy 
have generated a renewed interest of many ana-
lysts. One of the main concerns emerged from the 
effect that the rapid expansion of low-wage econo-
mies (especially in East Asia) caused on manufac-
turing jobs. However, a detailed quantification of 
this decline in employment during the last decades 
still needs to be studied in depth. Our paper con-
tributes with a simple empirical model that helps 
to understand the relationship between trade and 
labor markets at the industry level.
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.
Using a sample of 27 manufacturing industries 

for the period 1998-2008, we investigate the impact 
of trade on employment. When trade is introduced 
in the estimating equation, we find that increases in 
export and import penetration generate slight in-
creases in the level of labor demand. However, these 
effects are balanced out in the long run. This evi-
dence seems to be (partially) at odds with the view 
that increased openness serves to increase the effi-
ciency with which labor is used in the firm and then 
reduce employment. Instead, it tends to support the 
idea expressed in Rodrik (1997) that substitution of 
foreign workers for domestic workers increases the 
wage elasticity of labor demand.

Further research should focus on the analysis of 
a richer disaggregation of import and export data 
in order to see whether the country of origin (of 
destination) affects labor demand differentially. 
Additionally, an analysis based on the skill gap 
literature that incorporates some disaggregation 
into different categories of labor might be useful to 
better understand the phenomena observed in U.S. 
manufacturing sector during the last decades.
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