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ABSTRACT

Since the year 2000, employment in manufacturing in the US has declined at a rapid pace. Several
factors have been cited as responsible for this decline. Politicians and commentators have focused
on cheap imports of goods from China and Mexico. Other factors cited are the North American
Free Trade Agreement (NAFTA), China’s admission to the World Trade Organization (WTO),
and technology in manufacturing.

There is a lack of empirical quantitative studies on what affects employment in manufacturing. In
this study, we use time series analysis to determine if a relationship exists between imports of
goods from China or Mexico and employment in manufacturing in the US. In addition, we
determine if NAFTA or China’s admission to the WTO affect US employment in manufacturing.
Results show that imports from China and Mexico have a positive effect on US employment in
manufacturing. China’s admission to the WTO has a negative effect on US employment in
manufacturing. On the other hand, NAFTA has no effect on employment in manufacturing.

INTRODUCTION

Employment in manufacturing in the United States has been on the decline for decades. In the
1960s, one in three jobs in the US was in manufacturing; in 2013 less than 9% of jobs were in
manufacturing. This loss of manufacturing jobs has contributed to income inequality (Autor, Katz,
& Kearney, 2008). Since 2000, the decline in manufacturing jobs has been at a rapid pace. This
has been attributed to several factors: import competition from countries such as Mexico and
China, NAFTA, China’s admission to WTO, and technology (Autor et al., 2008; Acemoglu, Autor,
Dorn, & Hanson, 2016; Krugman, 2008; Mullen & Panning, 2009). NAFTA, which was signed
into law in 1994, has been blamed for loss of manufacturing jobs in the United States. The
elimination of tariff on trade between Mexico and the US through NAFTA and the lower labor
cost in Mexico was an inducement for manufacturing firms in the US to move across the border
into Mexico.
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Another factor that was blamed for loss of manufacturing is China’s admittance to the WTO in
2001. Other factors mentioned are the trade deficit in the US and the increase of technology in the
workplace (Edwards & Lawrence, 2013). Technological innovation in the form of robotics and IT
could have had an effect on reducing jobs in manufacturing. Increase in labor efficiency, induced
primarily by new technology, decreased employment in a number of industries: chemical, electric,
and electronic (Kuehn & Braschler, 1986). However, according to Chang and Hong (2013), the
majority of the manufacturing industries hire workers when there is improvement in technology.
Contrary to common belief, technological innovation was found to create more jobs in the short
and long run.

Of interest is the fact that while unemployment in manufacturing has been on the rise, there is no
evidence that unemployment at the national level has been affected by loss of jobs in
manufacturing. This could imply that lost jobs in manufacturing were recreated in different sectors
of the economy (Jensen, 2016).

Politicians cite imports of cheap goods from China and Mexico as the cause for loss of jobs in
manufacturing. There are few recent quantitative studies in the literature dealing with cause or
causes for the rise of unemployment in manufacturing. In this study, we determine, using statistical
time series analysis on economic data over years, if a relationship exists between employment in
manufacturing in the US and the following factors: NAFTA, China’s admission to the WTO, and
U.S. import of goods from China and Mexico.

REVIEW OF LITERATURE

Brynjolfsson and McAfee (2011) argued that technological innovation and information technology
(IT) will continue to replace workers in all sectors, but particularly in IT-intensive sectors such as
manufacturing. Acemoglu et al. (2014) pointed out that IT-intensive industry show increased
productivity, which could translate into reduced employment. US manufacturing data for the
period 1980 — 2009 were used in their study. The authors utilized multiple linear regression relating
productivity to IT. Their findings did not support the argument that IT-intensive industry show
increased productivity.

Krugman (2008) pointed out that through free trade, low-wage countries had a disruptive effect on
labor in high-wage countries. This effect can be quite significant as the low-wage country share of
US imports increased substantially. As reported by Autor, Dorn, and Hanson (2013) low-wage
country share of US imports climbed from 15% in 2000 to 28% in 2007 due largely to imports
from China. The authors studied the effect of import competition between 1990 and 2007 from
China, a relatively low-wage country, on the labor market in the US. The authors concluded that
rising imports contributed to a decrease in employment and lower wages in the manufacturing
industry. A quarter of the decline in manufacturing employment in the US was attributed to import
competition.

Jensen (2016) pointed out that presidential nominees and administrations in the US love the
manufacturing sector and have come up with programs to create manufacturing jobs. He argues
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that a rebound in manufacturing is not likely to have an impact on the national employment since
manufacturing accounts for only about 8% of the labor force. The author was of the opinion that
the US would benefit from focusing attention on trade in services. He presented statistics showing
that global trade increased seven times during the period 1980-2010 and the US services share of
this world trade increased from about 10% in 1980 to about 20% in 2010. He stated that the US
had a significant opportunity for increasing economic growth through exports in business services.

Acemoglu et al. (2016) reported that imports from China after 2000 was a major contributor to the
reduction in employment in manufacturing and to weak overall job growth in the US. The authors
estimated that 2.0 — 2.4 million job losses in the period 1999-2011 occurred because of imports
from China.

Mullen and Panning (2009) studied empirically the effect of outsourcing and investment in
technology on the employment of unskilled workers in manufacturing in a sample of US
manufacturing industry from 1997 to 2002. Outsourcing was measured by the imports of
intermediates by the manufacturing industries. Technology investment was measured by the
spending by firms on research and development (data obtained from the National Science
Foundation) and by US Bureau of Economic Analysis data on the component of the total
investment spending by the manufacturing firms that was allocated to information and
communication technology. Results of their regression analysis showed that both outsourcing and
technology investment contributed significantly to a decrease in the employment of unskilled
workers in manufacturing.

Logan (2008) studied the effect of trade liberalization through NAFTA between Mexico, US, and
Canada and proximity to international borders on employment and wages in the US manufacturing
sector between 1980 and 2000. Results indicated that location or proximity to borders had no
effect, while trade liberalization with Canada had a positive effect in the sense that it increased
employment in manufacturing and contributed to wage growth. It was estimated that a 1%
reduction in U.S. tariffs on imports from Canada and Mexico led to a 2.35% and a 4.31%
employment growth in manufacturing, respectively. However, a 1% increase in manufacturing
imports from Mexico led to a 0.16% reduction in employment growth.

Silva and Leichenko (2004) reported that trade liberalization, although it had an overall beneficial
effect, had a negative effect on industries with less skilled labor.

Using US bilateral imports and exports in manufacturing for the period 1989-2001, Datta and
Kouliavtsev (2009) studied the effects of labor wages, tariffs and exchange rates on the
composition of US imports of textiles before and after NAFTA. The authors found little evidence
of any effect of NAFTA on textile trade diversion. There was an effect on trade creation. Tariffs
and exchange rates were found to have significant effects on US import composition.

Using regression methodology, Kemeny et al. (2015) examined the effect on job loss in
manufacturing of trade in the form of low-wage imports, taking into consideration individual and
firm characteristics, in particular adoption of technology. They found that imports from low-wage
countries had a negative effect on employment of low-skilled workers, those that did not have a
full high-school education. Low-wage imports had no effect on job loss for workers that had at
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least a Bachelor’s degree. Technology was not related to job loss. It was found that investment in
computer equipment was associated with job retention.

Several studies in the literature show that job loss due to plant closure and lay-offs are related to
import competition or import from low-wage countries, but not to trade in intermediaries
(Addison et al., 2000; Haveman, 1998; Kletzer, 2000).

Baily and Bosworth (2014) presented data, which showed that manufacturing share of the GDP in
the US was stable since 1960, while employment in manufacturing was on a steady decline. The
fact that manufacturing value was stable is due to improvement in productivity attributed to
technology, such as computers and electronics. The authors pointed out that 90% of manufacturing
firms that are not technology-intensive showed slow growth in productivity and their share of the
GDP decreased substantially.

METHODS

Quarterly economic data for U.S. imports of goods from China and Mexico and employment in
manufacturing in the US were obtained online from the St. Louis Federal reserve
(https://www.stlouisfed.org). Data were available for the period 1985-2016.

In order to determine if NAFTA or China’s admittance to the WTO had any effects on U.S.
employment in manufacturing a time series intervention analysis was used. In addition, the time
series transfer function analysis was used in order to determine the relationship between imports
from Mexico or China and employment in manufacturing in the U.S. The SAS software was used
in the analysis. Time series analysis is the correct method of analysis for time series data where
the errors are auto correlated. Regression analysis for time series data is known to give spurious
results (Granger & Newbold, 1974).

Intervention Analysis

Intervention analysis (Box & Tiao, 1975) is used to study the effect of an intervention on a time
series response variable, when the time (T) of the intervention is known. For instance, if the
intervention is NAFTA, it is entered in the model as a step function (0 before 1994 and 1 at and
after 1994). If the response due to the impact is felt b periods after the intervention at time T, the
impact of the intervention on the response variable is

WBPS,", (1)

where, b is the time delay for the impact of the intervention to be felt, w is the impact coefficient
and
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S'=0, t<T
1, t>T

However, if the response due to the impact is gradual, the impact can be specified, in general, as

wBPS{T/(1-YB) 2
Where Y is between 0 and 1 (Wei, 2006).

The intervention model is written as

yi= Xt +WBPST or yi = x+wB" S{"/(1-YB) (3)

where vyt is the observed series and x; is the series before the intervention. The time series must be
stationary. If a series is not stationary, then differencing is used to make it stationary.

Time Series Transfer Function Model

A time series transfer function model relating a stationary output series y: to a stationary input
series X;ls

Yt =V(B) Xt + a 4)
where v(B) = w(B)B®/d(B).

Here, w(B) = wo — w1B - ...-wsB®

d(B) = 1-d:B- ... -d:B".

and c represents the time delay (or lag) until the input variable x: produces an effect on the output
variable yt,

The function v(B) with its lags is determined from the cross correlations between the pre-whitened
input series x:and filtered output series yt, namely the significance at a given lag and the pattern of
the cross correlations over lags (Wei, 2006). For instance, if the correlation is significant at only
lag O, then Equation (2) becomes

Yt = WoXt + at.

Once v(B) is identified, one can express a: in Eq. (4) as

at =Yyt — V(B) Xt (5)

and identify the appropriate time series model for Eq. (5). With a: known, one can determine the
final model in Eq. (4).
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RESULTS

Mexico

Transfer Function Model

The best model fit from Equations (4) and (5) to the observed import data from Mexico (impm)
and employment in manufacturing in the U.S. (empl) was found to be

(1-B)(1-B*empl; = (0.048 + 0.072B + 0.043B?)(1-B)(1-B*)impm; + (1+0.439 — 0.269)e (6)
Here, B is the backshift operator and e is the random error.

Equation (6) indicates that import from Mexico is positively related to employment in
manufacturing in the United States. This positive relationship was significant Also, the cross
correlation between the two series (impm and empl) was positive and significant. This seems to
be contrary to the expectation that cheap import has a negative effect on employment. As will be

explained later, if import includes raw materials and intermediate products or goods used for
manufacturing, then the effect on employment can be positive.

Intervention Analysis

The cross correlation between the step function Si' representing NAFTA and employment in
manufacturing was not significant. This implies that NAFTA was not related to employment in
manufacturing in the U.S. Likewise, w in Equation (3) was not significantly different from zero
indicating no effect of NAFTA on employment.

China

Transfer Function Model

The cross correlation between import of goods from China (cimport) and employment in
manufacturing in the U.S. (empl) was positive and significant. The best transfer function model fit
to the observed import and employment data was found to be

(1-B)(1-B*empl;= (0.0247 + 0.0184B)(1-B)(1-B*)cimport; + ((1-0.61B*)/(1-0.693B))e (7)

Here, B is the backshift operator and e is the random error.
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In agreement with the positive cross correlation between employment and imports from China,
equation (7) shows that imports from China have a significant positive effect on employment as
indicated by the positive coefficients of the cimport independent variable. This is in agreement
with the results for Mexico and can only be explained by the import of raw material and
intermediate goods for use by firms in the U.S. to manufacture finished products for the market.

Intervention Analysis

The cross correlation between the step function Si™ representing China’s admittance to the WTO
and employment in manufacturing in the U.S. was negative and significant. Likewise, the
intervention model in Equation (3) showed a significant negative effect (w = -285.08) for S;". The
final estimated model is

empl = (1 + 0.494B)(1- 0.754B* — 0.168B°)((e/(1-B)(1-B%)) - 285.08B2S;"/(1-0.885B) (8)

Here, e¢ is the random error term and B is the backshift operator. The impact of the intervention
was felt after a time delay of two quarters (b=2).

DISCUSSION

Of interest is the finding that imports of goods from China and Mexico are positively related to
employment. In other words, imports from China and Mexico benefit employment in
manufacturing and are good for the economy. These results can only be explained if a substantial
proportion of imports are used by firms and factories to produce finished products at a competitive
rate. Perry (2016), in an interesting article on imports being beneficial for US employment, states
that “The lower the price of inputs for US businesses (whether sourced internationally or
domestically), the more competitive those companies are, the more of their products they can sell
(both internationally and domestically), the greater market share they can achieve, and the more
US workers they can hire.”

Perry presents data showing that more than one half of US imports are raw materials or
intermediate components that are used by US firms in manufacturing and are not goods for direct
consumption by households. He even makes the point that nearly all imports are inputs for US
firms, retailers and factories. Perry is of the opinion that we should be reporting the total volume
of trade rather than focus on trade balance. The total volume of trade is the real measure since both
exports and imports help the economy. An increase in total volume of trade is indicative of an
expanding economy.

Our results, based on the statistical analysis, are in agreement with Perry’s conclusion that cheap

imports are beneficial to employment. Perhaps future data on imports should distinguish consumer
goods from raw materials and intermediate goods.
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Results from the intervention analysis indicate that NAFTA has no significant effect on reducing
employment in manufacturing in the US. This is in spite of the fact that some firms moved part of
their operations south of the border. On the other hand, admittance of China to the WTO has a
negative effect on employment in manufacturing in the US. This may be due to increased
competition with US firms on the world markets.

CONCLUSION

In this study, we investigated the effects of imports from China and Mexico on the employment in
manufacturing in the United States using the transfer function time series modeling approach. In
addition, we ran an intervention analysis to determine if NAFTA or China’s admittance to the
WTO had any significant effect on employment in manufacturing in the US. Results showed that
imports from Mexico and China had a positive effect on employment. This was attributed to the
fact that over 50% of imports were raw materials and intermediate goods, which served as low
price inputs for firms, and factories in the US and which helped them to gain a larger market share
and hire more employees.

The intervention analysis did show that China’s admittance to the WTO had a negative effect on
employment in manufacturing in the US. In addition, there was negative cross correlation between
employment and China’s admittance to the WTO. This was attributed to more competition on the
World markets because of China’s admittance. On the other hand, the intervention analysis did not
show that the creation of NAFTA had any effect on employment in manufacturing. Also, there
was no significant cross correlation between NAFTA and employment.
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