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Abstract

The economic literature establishes that increases in the exchange rate (i.e., a depreciation) favors a
country's competitiveness by decreasing not only country’s relative prices but also the price of
productive inputs such as labor. Little is known about the causal effect between exchange rate
depreciations and the level of employment in Colombia. This paper explores the effects that changes
in the real exchange rate have on industrial employment for the thirteen major cities of the country.
To do so, we take into account the degree of exposure of each city to exchange rate fluctuations. We
use the industrial composition of each city and its levels of interaction with the rest of the world. The
results suggest that when the export exchange rate depreciates 1% above the average of the sample,
industrial employment increases by 0.2%. This effect is not amplified by a greater export orientation.
Contrarily, when the import exchange rate depreciates 1% above the average of the sample, local
employment is reduced by 0.4%. This last result suggests the existence of complementarities between
local employment and foreign inputs, as not only the demand for imported goods but also for local
employment is reduced when the exchange rate increases. The evidence suggests that the largest
effects of an exchange rate depreciation on industrial employment are mainly due to the increase of
the imports' cost and less due to cheapening exports.
JEL Classification. F31, J21
Keywords. Industrial employment; depreciation
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1. Introduction
In Colombia, the industrial sector generates 16% of the country’s total employment (see Figure A.1),
proportion that is only higher in the sectors of services and retail. The cities concentrating 75% of the
industrial employment are Bogota, Medellin, Cali and Barranquilla. Within the industrial sector, the
subsectors that exhibits the highest turnover rate of workers are: food, wood, textiles, electric and
non- electric machinery, rubber, lingerie and non-metallic products. Similarly, the ones with the least
turnover of workers are chemicals, tobacco, oil derivatives and transport. The industrial sector is
highly heterogeneous. Food, drinks, rubber, plastics, oil, printers, paper and metallics are the ones
that generates most of the employment of the sector.
Due to the high rate of workers’ turnover, the industrial sector is exposed to changes in the
economic cycle. Melo and Ballesteros (2013) report how at the end of the 90s the industrial
employment was reduced mainly due to the job destruction that the whole economy faced. Similarly,
Rodriguez (2013) shows how the demand for blue collar workers is very sensible to changes in the
total costs, opposite to what is observed for white collar workers who are more affected to changes
in the production process mainly in the short run.
The process of export diversification affects also country’s levels of industrial
employment. Echavarría and Villamizar (2006) show that low tariffs and more imports increase
workers’ productivity. Similarly, Rodrik (1998) finds that trade opening reduces the demand for low
skill workers. According to Ocampo, Sánchez, Hernandez and Prada (2004) trade opening increases
the demand of capital goods and the demand for high skill jobs, reducing wages for low skill workers.
This suggest that high skill workers behave as complements of capital goods while low skill workers
behave as substitutes. Evidence for the Colombian case supports both cases: while some studies show
a significant impact on unskilled employment as a consequence of trade opening (Mesa & Gutierrez,
1996), other studies document the greater demand for skilled employment (Birchenall, 1998).
Effects of trade opening on the demand of employment are studied by Arango and Rojas
(2004). The results suggest that companies tend to have a greater elasticity of factorial substitution
(via a greater elasticity of final goods and a greater availability of technology) as a consequence of
trade opening.
In the last decade, the Colombian integration process to the global economy has changed the
structure of the local production and has made the production process highly dependent on
macroeconomic fluctuations such as the ones coming from the exchange rate. In fact, during
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depreciation periods, the production process is affected, and the recent literature has not provided
evidence of the effect on employment levels.
The main purpose of this study is to analyze the effects that changes in the exchange rate
have on industrial employment. Our study is built on the theoretical model of Campa and Goldberg
(2001) and it follows the empirical methodology of Huang and Tang (2015). We hypothesize that a
depreciation of the exports exchange rate increases the demand for domestic goods, and, as a
consequence the demand for local employment. In contrast, a depreciation of the import exchange
rate could either increase or reduce the local employment rates. On the one hand, the employment
would increase in cases where a depreciation of the exchange rate increases the price of foreign goods,
motivating the demand for local goods. This, would push the demand for local workers able to fulfil
such the demand increase. On the other hand, the employment level would be reduced in sectors
where the costs of imported inputs increase and where inputs behave as complements of the local
employment.
We use quarterly data between 2002 and 2013 of the thirteen main cities and metropolitan
areas of the country. The period covers years when the exchange rate varies a lot. This will help to
estimate its effects on the employment rate. We estimate a dynamic panel model (Arellano-Bond)
and as a robustness check we estimate the effects using the Bias Corrected Least Squared Dummy
Variable approach. The results suggests that a 1% export exchange rate depreciation above the
average observed in the period 2002q2-2013q2, increases the employment levels in 0.2%.
Nevertheless, the effects on the employment are not amplified in industries located in cities highly
export oriented. When the import exchange rate depreciates 1%, the industrial employment is reduced
by 0.4%. The negative effect on employment suggest the existence of complementarities between
local employment and imported inputs. Again, the results do not differ when a city is import oriented.
This paper consists of six sections aside from the introduction. The next section review the
main studies that relate changes in the exchange rate with industrial employment. Section 3 describes
the pattern of the exchange rate and industrial employment during the period under analysis. Section
4 presents the theoretical model. Section 5 describes the data and the empirical methodology used,
while Section 6 presents the results. Section 7 concludes.
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2. Exchange rate changes and its effects on industrial employment
The evidence reporting a causal relationship between the exchange rate and employment is mixed.
Branson and Love (1988) find significant effects of an exchange rate appreciation in the US on the
employment levels in sectors of durable goods. Revenga (1992) using data between 1977 and 1987
shows that the appreciation of the dollar reduced the employment levels between 2% and 4.5%, and
decreased wages by 7.5%. Campa and Goldberg (2001) using data for the US find that wages respond
more to changes in the exchange rate than the employment itself. The authors find that the effects
observed on wages are amplified in export oriented industries and in the presence of low mark-ups.
Hatemi and Irandoust (2006) study the long-term relationship between the real exchange
rate and the level of industrial employment in France. The authors find that on average an appreciation
of 1% of the real exchange rate is associated with a 0.88% decrease in the level of employment
between 1975 and 1999. Nucci and Pozzolo (2010) using information of the Italian manufacturing
sector finds that the response of the level of employment and the hours worked in this sector depend
on the share of export earnings in the total income received (income channel), and the amount of
imported inputs used in the production process (cost channel).
Huang et al. (2014) find that an exchange rate appreciation affects the industrial employment
in Canada. The findings suggest that the effect is coming from changes in the export exchange rate
and not from changes in the import exchange rate.
Few studies have explored the relationship between the exchange rate and employment using
data from developing countries. Frenkel and Ros (2006) examine the role of the real exchange rate
explaining the unemployment rate of Argentina, Brazil, Chile and Mexico. The authors use data
between 1980 and 2003. They find that a 10% appreciation (depreciation) of the exchange rate causes
an increase (reduction) of the unemployment rate of about 5.6% two years after the exchange rate
suffers a shock.
Galindo, Izquierdo and Montero (2007) using a balance sheet approach and the level of
exchange rate exposure of nine of the Latin American economies, report positive effects of an
exchange rate depreciation on industrial employment. The authors emphasize that such effect could
be reversed in the presence of large exposure to changes in the exchange rate.
To the best of the authors’ knowledge, the study by Peláez and Sierra (2016) is the only one
exploring the relationship between the exchange rate and industrial employment in Colombia. In
contrast to past studies, the present analysis considers that the employment elasticity to changes in
4

the exchange rate is not constant and depends on the export orientation levels of the industry, the
share of imported inputs and the degree of imported goods among the local sales. We also differentiate
between two exchange rates: one used by exporters and one used by importers. We hypothesize that
if the exchange rate affects employment, such effects might be amplified by whether the industry is
export or import oriented.

3. Exchange rate and industrial employment in Colombia
In this section we describe the evolution of industrial employment between 2002 and 2015. Figure 1
exhibits different phases where the exchange rate changed. The first phase comprises the periods
between 2003q1 and 2010q2. The improvement in the terms of trade explains part of the appreciation
observed during the period. The period is also characterized by higher oil prices that increased the
production level and the exports of the country. All of this increased the foreign investment producing
the appreciation of the exchange rate. The second phase starts in 2010q3 and a more recent one goes
from 2014q3, a period that is characterized by the lower oil prices and a continuous depreciation of
the exchange rate.
Figure 2 shows that in some periods the industrial employment moves together with the
exchange rate. In periods where the exchange rate depreciated (between October and November of
2014), the levels of industrial employment increased. Nevertheless, this relationship is not stable after
2015.
Figures 3 and 4 presents the export and import exchange rate separately. Even though, both
of them follows a similar path, they could have differential effects on the level of industrial
employment (Huang, Pang, & Tang, 2014). This is due to industry’s heterogeneity and the amount of
trade with country’ partners which determines the degree of substitutability or complementary
between local inputs and foreign ones.
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Figure 1. Real exchange rate index (January 2010=100). Source: Banco de la República.

Figure 2. Real exchange rate index and industrial employment (January 2010=100). Source: Banco
de la República and DANE.
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Figure 3. Export exchange rate by industry. Source: Banco de la República, DANE.

Figure 4. Import exchange rate by industry. Source: Banco de la República, DANE.
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4. Economic theory explaining the relationship between exchange rate and employment
The transmission mechanism channel through which the exchange rate affects the industrial
employment is derived from a firm’ maximization problem in an imperfect competitive market. The
labor supply depends on the wage level and the levels of local demand. We built on the theoretical
model developed by Campa and Goldberg (2001) which supports the empirical evidence found by
Huang and Tang (2015) using data from the US.
Changes in the exchange rate affects the demand for labor through changes on the income of
the marginal product of labor. Such changes are transmitted either through the channel of income or
costs. The effects through the income channel depends on the share of exports on total income (export
orientation rate), the import penetration ratio, and the degree of pass-through between the exchange
rate and traded goods. The costs’ channel depends on the share of inputs goods that are imported and
its degree of substitutability with local inputs.
The results of the model are presented in Appendix B. After some algebra, the results show
that the employment elasticity to changes in the exchange rate can be expressed as follows:
̃𝑡 𝐿̃𝑡
𝜕𝐿
⁄
𝜕𝑒𝑡 𝑒𝑡

=

𝑝𝑡
((1
𝛽

+ 𝜂 −1 )𝑘𝑀𝑡 + (1 + 𝜂 ∗−1 )𝜒𝑡 − (𝜕𝑄𝑡 ⁄𝜕𝑍𝑡∗ )−1 𝛼)

(1)

where 𝑒𝑡 is the level of exchange rate; 𝑝𝑡 is the price of domestic goods, 𝛽 is the labor share
used in the production process; 𝜂 y 𝜂 ∗ are the demand price elasticities for domestic and foreign
goods, respectively. 𝑘 is a proportionality factor; 𝑀𝑡 is the import penetration ratio; 𝜒𝑡 is the export
orientation rate; 𝑄𝑡 is the production structure; 𝑍𝑡∗ is the level of imported inputs used in the
production process, and 𝛼 is the share of imported inputs used in the production process.
From equation (1) we identified three channels through which changes in the exchange rate
affects the employment levels. First, increases in the import penetration ratio increases the labor
demand elasticity to changes in the exchange rate. Second, the higher export orientation rate, the
higher the labor demand response to changes in the exchange rate. Finally, an exchange rate
depreciation can either increase or decrease the demand for local employment. On the one hand it can
increase the demand for local employment when imported inputs have increased their price and they
can be substitutes with local employment. On the other hand, an exchange rate depreciation can
reduce the demand for local labor in cases where labor is complement of imported inputs.
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5. Empirical methodology and data

5.1 Empirical methodology
Based on the implications of the theoretical model, we follow the empirical specification proposed
by Huang and Tang (2015) to estimate the effects that variations in the exchange rate have on local
employment as follows:
𝑥
𝑚
∗
∆𝐿𝑇𝑐,𝑡 = 𝛾1 + 𝛾2 ∆𝐺𝐷𝑃𝑐,𝑡
+ (𝛾3 + 𝛾4 𝐸𝑂𝑅𝑐,𝑡 )∆𝑒𝑐,𝑡
+ (𝛾5 𝐼𝑃𝑅𝑐,𝑡 + 𝛾6 𝛼𝑐,𝑡 + 𝛾7 )∆𝑒𝑐,𝑡
+

𝛾8 ∆𝐿𝑇𝑐,𝑡−1 + 𝛾9 𝐸𝑂𝑅𝑐,𝑡 + 𝛾10 𝐼𝑃𝑅𝑐,𝑡 + 𝛾11 𝛼𝑐,𝑡 + 𝛿𝑐 + 𝜏𝑡 + 𝑢𝑐,𝑡

(2)

where ∆𝐿𝑇𝑐,𝑡 is the percentage variation of employed workers in the tradable industry (T) in city c.
∗
The tradable industry corresponds to the manufacturing industry. The external demand ∆𝐺𝐷𝑃𝑐,𝑡

corresponds to the percentage variation of production of the main commercial partners by industry,
added by city.
𝑥
𝑚
The exchange rate 𝑒𝑐,𝑡
is the specific exchange rate of the export industry (x) in each city, and 𝑒𝑐,𝑡

corresponds to the specific exchange rate of the import industry (m). 𝐸𝑂𝑅𝑐,𝑡 and 𝐼𝑃𝑅𝑐,𝑡 are the export
orientation rate, and the import penetration ratio, respectively. Although 𝐸𝑂𝑅𝑐,𝑡 and 𝐼𝑃𝑅𝑐,𝑡 are
available by industry, they are added at the city level. 𝛼𝑐,𝑡 is the share of imported inputs in the
industrial sector by city.
Following Huang and Tang (2015), the export orientation and import penetration ratios
𝐸𝑂𝑅𝑐,𝑡 and 𝐼𝑃𝑅𝑐,𝑡 , as well as the share of the imported inputs 𝛼𝑐,𝑡 , are interacted with the exchange
rate to measure two of the channels through which a variation of the exchange rate could affect
employment. According to the authors, an increase in the exchange rate, or a real depreciation, could
affect employment in two ways: on the one hand it could increase the demand of the export sector,
and therefore employment. On the other hand, it could make imports more expensive and reduce
demand. The latter, in turn, would affect employment in different ways: by increasing the demand for
domestic inputs and local employment when foreign inputs and local employment are substitutes, or,
decreasing them, in the case of complementarities between local employment and the foreign input.
Unlike Huang and Tang (2015), Eq. (2) is estimated including a lag of independent
variables (EOR, IPR, alpha), and interacted with contemporary changes of the exchange rate. This
methodology is used to control for the effects that the exchange rate can have in the export or import
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orientation of the industry. The lags of employment variation are included to capture previous
adjustments in employment that could affect changes in the current effect. On the other hand δc and τt
are the city fixed effects and time effects, respectively, while the disturbance term is described by uc,t .
The data is aggregated by city since we want to exploit the differences in the industrial
composition between cities, and from there determine the impact of the exchange rate on the variation
of employment at the national level. It is assumed that the industrial structure observed at the national
level is the same for each city.
The Arellano-Bond estimator for dynamic panel is used to calculate the effect of a real
depreciation on local employment. This estimator uses the conventional variance estimator derived
by the generalized method of moments. The panel uses the lags of the endogenous variables and the
independent variables included in the specification as instruments, and does not require the inclusion
of exogenous instruments. A particularity of this estimator is that cannot be second order
autocorrelation in the first differences of the errors. In order to verify if this condition is met, the
Arellano-Bond test is applied. In our specification we include two lags of the dependent variable
given that the null hypothesis of no second-order autocorrelation is not rejected. Likewise, we
estimate the generalized estimator of moments in one stage, as the evidence shows that the two-stage
estimator loses efficiency in finite samples. Finally, standard errors are estimated robustly.
As a robustness check, Eq. (2) is estimated using the least squares bias correction of dummy
variables for autoregressive panel models (Bias-corrected Least Squared Dummy Variable). This
estimator repeatedly calculates the standard errors (bootstrapping) to avoid sample size bias as
suggested by Bruno (2005). The reason why we use this estimator is because the results of the
Arellano-Bond estimator could be biased when the sample size is not large enough. Recent literature
finds that this estimator can achieve better results in models with few panels and finite periods of
time.

5.2 Data
We use data from the second quarter of 2002 to the second quarter of 2013. 5 We choose this period
because the availability of information and the comparability of the sources. To calculate the variation
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We choose that period because the availability of data of the EOR and the IPR calculated by the national
statistics office. In addition, in the following years, the industry classification was modified making the
subsectors used in this period incomparable.
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of industrial employment, we used the number of employed persons in the manufacturing industry
for the 13 main cities6 from the National Administrative Department of Statistics (DANE) Continuous
Household Survey between 2002q2 and 2007q2, and the Great Integrated Household Survey between
2007q3 and 2013q2. The classification of the manufacturing industry used was the ISIC revision 4 at
the 2-digit level. 7 On the other hand, the series of employment correspond to seasonally quarterly
averages aggregated by city.
The exchange rate data is based on Colombia's bilateral real exchange rate index with each
of the 22 main trading partners available at Banco de la República. 8 The value of exports and imports
with the main commercial partners and for each industry is also obtained from this source. 9 In both
cases, the FOB value was considered in real terms, taking December 2010 as the base period.
Following Huang and Tang (2015), the specific exchange rate for the export industry was
calculated as an aggregation by industry of the average changes (the last five quarters) of the bilateral
exchange rates weighted by the exporting share of each country in the industry, as presented below:
5

𝑥
𝑥
𝑒𝑖,𝑡
− 𝑒𝑖,𝑡−1
𝑒𝑥𝑝𝑜𝑟𝑡𝑖,𝑗,𝑡−𝑘 𝑒𝑗,𝑡 − 𝑒𝑗,𝑡−1
1
=∑ ∑
.
𝑥
𝑒𝑖,𝑡−1
5
𝑒𝑥𝑝𝑜𝑟𝑡𝑖,𝑡−𝑘
𝑒𝑗,𝑡−1
𝑗

𝑘=1

where 𝑒𝑗,𝑡 is the exchange rate of Colombia with country j. 𝑒𝑥𝑝𝑜𝑟𝑡𝑖,𝑗,𝑡−𝑘 corresponds to
exports from industry i to country j in period t-k and 𝑒𝑥𝑝𝑜𝑟𝑡𝑖,𝑡−𝑘 are the total exports of industry i.
As in Huang and Tang (2015), the lags of export participation are included to control for
contemporaneous correlation between the exchange rate and that ratio. The analogous procedure was
performed to calculate the import exchange rate of the industry.
The export orientation rate and the import penetration ratio (EOR and IPR, respectively),
are taken from DANE foreign trade competitiveness indicators from 2002 until the second quarter of

6

We include: Bogotá, Barranquilla, Medellín, Cartagena, Manizales, Montería, Villavicencio, Pasto, Cúcuta,
Pereira, Bucaramanga, Ibagué, Cali.
7
This classification considers the following industries: food, tobacco, textiles, clothing, leather, wood, paper,
publishing, petroleum refining, chemical substances and products, rubber and plastic, non-metallic minerals,
basic metallurgical products, metal products, machinery and equipment, office machinery, electronics,
communication equipment, vehicles, furniture.
8 We include: EEUU, Canada, Japan, England, Germany, Netherlands, Spain, France, Italy, Belgium,
Switzerland, Sweden, Mexico, Panama, Venezuela, Ecuador, Peru, Brazil, Chile, Argentina, China, and South
Korea.
9
The main trading partners correspond to the 22 countries on which the real exchange rate index in Colombia
is calculated, which is equivalent to more than 80% of the country's trade.
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2013. 10 The calculation of export orientation rates reported by DANE is standard and in line with the
literature:
𝐸𝑂𝑅𝑖,𝑡 =

𝐼𝑃𝑅𝑖,𝑡 =

𝑒𝑥𝑝𝑜𝑟𝑡𝑠𝑖,𝑡
𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛𝑖,𝑡

𝑖𝑚𝑝𝑜𝑟𝑡𝑠𝑖,𝑡
𝑖𝑚𝑝𝑜𝑟𝑡𝑠𝑖,𝑡
=
𝑑𝑜𝑚𝑒𝑠𝑡𝑖𝑐 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛𝑖,𝑡 𝑖𝑚𝑝𝑜𝑟𝑡𝑠𝑖,𝑡 + 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛𝑖,𝑡 − 𝑒𝑥𝑝𝑜𝑟𝑡𝑠𝑖,𝑡

where 𝐸𝑂𝑅𝑖,𝑡 y 𝐼𝑃𝑅𝑖,𝑡 are the export orientation rate and the import penetration rate for
industry i, at date t, respectively.
The share of the imported inputs of each industry was taken from the input-output matrix of
DANE for 2010, in which, each of the industries reports the used inputs of other industries as well as
the imported ones. In order to have a share of imported inputs changing over time, we follow Huang
and Tang (2015), who multiply the share of the inputs used by each industry by the import penetration
of each period. Thus, 𝛼𝑖,𝑡 is calculated following previous studies as follows (see Campa & Goldberg,
1997; Huang & Tang, 2015):
𝛼𝑖,𝑡 =

𝑖
∑𝑛−1
𝑗=1 𝑚𝑗,𝑡 𝑝𝑗,𝑡 𝑞𝑗,𝑡

𝑉𝑃𝑖,𝑡

𝑖
where 𝑚𝑗,𝑡 is the share of the imported input from industry j used by industry i. 𝑝𝑗,𝑡 𝑞𝑗,𝑡
is

the value of the inputs of industry j used by industry i, and 𝑉𝑃𝑖,𝑡 is the production cost of industry i,
which as in Huang and Tang (2015) corresponds to the sum of intermediate inputs and salary
remuneration. The ratio

𝑖
𝑝𝑗,𝑡 𝑞𝑗,𝑡

𝑉𝑃𝑖,𝑡

describes the proportion of inputs of industry j, used by industry i.

We use the quarterly real production11 growth of each of the main trading partners in each
∗
period to calculate the external demand (∆𝐺𝐷𝑃𝑗,𝑡
), and weighted it by the average participation of

each country in the total exports of each industry (using the moving average of the last 5 periods):
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From 2015 it is not possible to construct the indicators due to revision 5 of the ISIC classification, making
comparison difficult.
11
The information was taken from the OECD in the case of member countries, and local statistical offices in
the case of Latin American countries.
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5

∗
∗
∗
∗
− 𝐺𝐷𝑃𝑗,𝑡−1
𝑒𝑥𝑝𝑜𝑟𝑡𝑠𝑖,𝑗,𝑡−𝑘 𝐺𝐷𝑃𝑗,𝑡
𝐺𝐷𝑃𝑖,𝑡
− 𝐺𝐷𝑃𝑖,𝑡−1
1
=
∑
∑
.
∗
∗
𝐺𝐷𝑃𝑖,𝑡−1
5
𝑒𝑥𝑝𝑜𝑟𝑡𝑠𝑖,𝑡−𝑘
𝐺𝐷𝑃𝑗,𝑡−1
𝑗

𝑘=1

Although the trade information, the exchange rate and the external demand were reported
by industry, the data was subsequently added at the city level. The variation of the exchange rate is
thus a weighted average of the changes in the exchange rate for a group of manufacturing industries
by city, weighted by the lagged employment of each industry in each city. Additionally, all of the
independent variables (eg, EOR, IPR, share of imported inputs, external demand) are demeaned to be
subsequently interacted with the variation of the exchange rate.
We could not include the local demand in the empirical specification, as suggested in the
theoretical model (Appendix B), due to the absence of data at city level. Instead, fixed time effects
can capture macroeconomic patterns such as those generated by local demand.

6. Results

We use the Arellano-Bond estimator for dynamic panels to estimate the effect of real
exchange rate depreciation on local manufacturing employment. The results of equation (2)
are presented in Table 1. Each column includes in a different way the percentage variation
of the exchange rate. As mentioned above, the independent variables that are interacted are
expressed in relation to the sample mean, so a depreciation must be interpreted with respect
to the period average.
In the first column we estimate a model that uses the average exchange rate between
the export and import exchange rate. The coefficient of the average exchange rate is
statistically significant and negative. However, in this specification the mechanism of the
impact on employment is not clear since there could be different effects from the export or
import exchange rate, respectively.
Column (2) only includes the export exchange rate. It shows a negative and
significant effect on employment. In column (3) only the import exchange rate is included,
with a negative effect on employment. According to this last result, a depreciation of the
import exchange rate of 1% above the average of the sample decreases local employment in
0.2%. This coefficient reflects two different channels through which the exchange rate affects
13

employment. On the one hand, the channel of substitution of imported products implies that
a depreciation of the import exchange rate makes foreign products more expensive, the
demand for domestic goods increases, and therefore the demand for local employment. On
the other hand, the channel of imported inputs suggests that a depreciation of the import
exchange rate increases the cost of these inputs, reducing their demand. In the case where
local employment complements imported inputs, the effect on employment would be
negative. Thus, a negative coefficient suggests that the effect of depreciation on the costs of
imported inputs has a significant impact on manufacturing employment in Colombia.
However, by separating each of these effects, captured with the IPR and the share of imported
inputs (alpha) weighted by the import exchange rate, they do not turn out to be statistically
significant.
Finally, column (4), which includes both the export and import exchange rates, is
our preferred specification, as it is for the study by Huang and Tang (2015). The results
suggest a negative and significant effect of a depreciation on local manufacturing
employment. When the depreciation, measured with a variation of the export exchange rate
is 1% higher than the average of that observed in the period analyzed, the magnitude of the
coefficient suggests that employment in the cities increases by 0.2%. In contrast, when
depreciation is measured with a variation of the import exchange rate, a negative effect of
0.4% on local manufacturing employment is observed. Contrary to what was observed for
the case of the US, we did not find evidence of an additional variation in employment related
to the export/import orientation of each city. In effect, the coefficients for the export or import
orientation rates do not turn out to be statistically significant.
The share of imported inputs in the local industry (alpha) has a negative sign
suggesting that, in the presence of a depreciation, industries with high participation of
imported inputs reduce the employment of the city. The results are statistically significant.
The Arellano-Bond test presented at the end of the table suggests that there is no
serial correlation in the differentiated errors of order 2, which indicates that the estimated
model is well specified. The Arellano Bond estimator is designed for datasets with many
panels and few periods. For our estimations, the panel may seem limited, 13 cities (and 45
quarters). As a robustness test columns (5) to (8) report the previous specifications using the
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bias correction estimator (Bias-corrected LSDV) with bootstrapped standard errors to avoid
sample size bias.
The coefficients of the export exchange rate suggest again a positive but not
significant effect of a depreciation in local employment. The magnitude of the coefficient
suggests that a depreciation of the export exchange rate of 1% above the depreciation of the
period increases local employment by 0.14%, although the effect is not statistically
significant. On the other hand, the effect of the depreciation measured with the import rate is
related to a reduction in local employment of 0.31%. The coefficient is statistically
significant. Again, no additional effect is observed due to a depreciation depending on the
export orientation or import penetration of the city measured.
The alpha, or the importing share of the inputs have a negative effect although it is
not statistically significant. One of the reasons why the alpha is not statistically significant
could be explained by the fact that we use the input-output matrix of 2010 to calculate the
share of inputs used by each industry and the import penetration of each as a proxy of the
importing participation in each period, which may have added some measurement error to
the estimate.
Overall, the results suggest that the largest effects of an exchange rate depreciation
on industrial employment are mainly due to the increase of the imports' cost and less due to
cheapening exports. Given that the weightings of changes in the export and import exchange
rates reflect the participation of exports and imports in the industry, this result could be
determined by the high importing presence of the industrial sector. While in 2013, 21,659
million dollars were exported (corresponding to 37% of total exports), imports from the
manufacturing sector reached 56,500 million dollars (corresponding to 95% of total imports).
Likewise, the DANE reports that in 2014 the ratio between imported inputs and the total
production of the productive units in that sector was equal to 13.5% compared to an average
level of 6.2% for the total of economic activities. On the other hand, the ratio between inputs
of imported origin and intermediate consumption in the same sector was equal to 19.8%
compared to an average level of 13% for total economic activities. It is possible that at the
city level, the greater proportion of industrial imports remains above the proportion of
exports, partly explaining that the depreciation of the import exchange rate has a greater
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effect in cities where the industry imports the most. In this way, the negative effect on
employment will be greater since the quantity imported is higher in that sector.

7. Conclusions
The manufacturing industry in Colombia has been characterized by a high dynamism in line with
international trade. In this way, it is expected that variations in factors related to the external sector
will have a significant effect on production and employment in the sector. In the last decade,
Colombia has experienced a period of generalized appreciation of its exchange rate with a
considerable depreciation since the end of 2014, hence the importance of studying how much local
employment has been affected. In this study we seek to answer this question for the manufacturing
sector considering the export orientation of each industry for the 13 main cities and metropolitan areas
of the country. According to the literature, a real depreciation would affect employment in a positive
way via greater export demand and the substitution of imported products for domestic goods, while
the effect is ambiguous if one thinks of the increase in the cost of imported inputs. The latter is due
to the fact that the variation of local employment in the face of lower demand for imports could be
positive or negative depending on the degree of substitutability or complementarity between local
employment and external input.
Following the methodology proposed by Huang and Tang (2015), we find that a
depreciation of the export exchange rate increases local employment by 0.2%. On the other hand, the
variation of the import exchange rate generates a negative effect of 0.4%. This last result suggests
that local employment behaves as a complement to the imported input.
The manufacturing industry has a high import participation in both product and inputs,
which makes it more exposed to changes in the import exchange rate in contrast to the exposure due
to variations in the export exchange rate. This reinforces the greater sensitivity of local manufacturing
employment to changes in the import exchange rate in contrast to what happens with local
employment in the face of variations in the export exchange rate.
Although this paper does not analyze the role of the fragility of infrastructure, particularly
logistics in terms of roads and ports, this factor surely plays a crucial role in the evidence found.
Something to explore is wages, then, it is possible that depreciation has a greater effect on wages than
on employment. Likewise, the impact of real depreciation on each type of industry could be analyzed.
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Table 1. Estimates of the effect of variation in the rate of change in employment

Arellano-Bond
Change in local employment (t-1)
Change in local employment (t-2)
External demand
Average exchange rate

(1)
-0.55***
(0.03)

(2)
-0.54***
(0.03)

(3)
-0.55***
(0.03)

(4)
-0.55***
(0.03)

-0.32***
(0.03)

-0.32***
(0.03)

-0.31***
(0.03)

-0.32***
(0.03)

-0.04
(0.19)

-0.02
(0.17)

0.04
(0.16)

0.04
(0.17)

-0.20***
(0.06)

Export exchange rate
Import exchange rate

EOR(t-1)*Average exchange rate

-0.01
(0.01)

EOR(t-1)*Export exchange rate

0.04
(0.04)

-0.09
(0.14)

IPR(t-1)*Average exchange rate

0.01
(0.02)

0.95
(0.92)

Alpha(t-1)*Average exchange rate

-0.14
(0.10)

-0.12*
(0.07)

-0.01
(0.18)

0.14
(0.17)
-0.16**
(0.07)

0.06
(0.08)

-0.00
(0.01)
0.00
(0.13)

-0.31*
(0.17)

0.04
(0.06)

0.06
(0.08)

-0.00
(0.01)

0.00
(0.01)

-0.09
(0.14)

-0.11
(0.21)

-0.04
(0.16)

-0.10
(0.21)

0.00
(0.01)

0.01
(0.01)

0.00
(1.21)

0.54
(1.65)

-0.07
(0.13)

-0.11
(0.14)

6.83***

6.86***

0.00
(0.02)
0.01
(0.01)

0.01
(0.02)

0.19
(0.74)

0.86
(0.96)

0.62
(1.65)
-0.06
(0.13)

Alpha(t-1)*Import exchange rate
5.84***

-0.04
(0.16)

-0.00
(0.01)

IPR(t-1)*Import exchange rate
Alpha, proxy imported inputs (t-1)

-0.04
(0.18)

-0.37***
(0.10)
0.08
(0.05)

-0.00
(0.01)

Import Penetration Rate, IPR (t-1)

q==2

0.15*
(0.09)
-0.22***
(0.06)

0.08
(0.05)

-0.07
(0.17)

(8)
-0.41***
(0.04)

-0.15**
(0.07)
-0.17***
(0.06)

Export Orientation Rate, EOR (t-1)

Bias Corrected LSDV
Estimator
(5)
(6)
(7)
-0.41*** -0.40*** -0.41***
(0.04)
(0.04)
(0.04)

5.73***
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-0.10
(0.09)

-0.17*
(0.09)

5.74***

5.77***

6.93***

6.91***

(2.07)

(2.03)

(2.05)

(2.08)

(1.27)

(1.24)

(1.26)

(1.27)

q==3

6.27***
(2.27)

6.53***
(2.29)

6.43***
(2.30)

6.04***
(2.25)

9.49***
(1.38)

9.66***
(1.33)

9.52***
(1.34)

9.25***
(1.37)

q==4

10.60***
(2.59)

10.71***
(2.60)

10.57***
(2.59)

10.38***
(2.58)

10.76***
(1.10)

10.81***
(1.10)

10.73***
(1.10)

10.60***
(1.10)

Constant

-5.26**
(2.16)

-5.40**
(2.11)

-5.55***
(2.12)

-5.44***
(2.11)
559

559

Observations
533
533
533
533
559
559
P-value Z AB Test Order 1
0.00
0.00
0.00
0.00
P-value Z AB Test Order 2
0,2164
0,2454
0,2461
0,2934
Note: Robust standard errors in parentheses for the Arellano-Bond estimation and bootstrapped errors in the case
of the LSDV estimator. The rates of import and export penetration as well as the participation of imported inputs
are demeaned before interacting them by the variation of the exchange rate. All specifications include fixed city and
time effects. *, ** and *** correspond to the levels of significance of 10%, 5% and 1%, respectively.
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Appendix A

Figure A.1. Employment by sector (% of total employment). Source: DANE, National Household
Survey.
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Appendix B
Theoretical model
We consider the dynamic model developed by Campa and Goldberg (2001) in which firms or
producers maximize the present value of current and future profits flows, π, and take as given the
level of technology. The production process uses three factors: domestic labor 𝐿𝑡 , production
factors other than work produced domestically 𝑍𝑡 , and imported factors 𝑍𝑡∗ . The prices of the
factors of production are expressed in local currency and equal to 𝑤𝑡 , 𝑠𝑡 and 𝑒𝑡 𝑠𝑡∗ , respectively. The
aggregate demand in the local market 𝑦𝑡 and in the foreign market 𝑦𝑡∗ , and the exchange rate 𝑒𝑡 that
is defined as the local currency per unit of foreign currency, are the variables not observed for the
representative producer at time t.
The variables of choice of the representative firm are: i) the quantity of goods sold in domestic
markets 𝑞𝑡 , and international markets 𝑞𝑡∗; ii) the volume of domestic factors other than work 𝑍𝑡 ,
and imported inputs 𝑍𝑡∗ ; and iii) the amount of work contracted 𝐿𝑡 .
The firm´s problem can be represented as:
𝜋(𝑦𝑡 , 𝑦𝑡∗ , 𝑒𝑡 ) =

max

𝑞𝑡 ,𝑞𝑡∗ ,𝐿𝑡 ,𝑍𝑡 ,𝑍𝑡∗

∗ ∗ ∗
∗
∑∞
𝑡=0 𝜙𝑡 [𝑝(𝑞𝑡 : 𝑦𝑡 , 𝑒𝑡 )𝑞𝑡 + 𝑒𝑡 𝑝 (𝑞𝑡 : 𝑦𝑡 , 𝑒𝑡 )𝑞𝑡 − 𝑤𝑡 𝐿𝑡 − 𝑠𝑡 𝑍𝑡 −

𝑒𝑡 𝑠𝑡∗ 𝑍𝑡∗ ]

(B.1)
𝛽

1−𝛼−𝛽

subject to technological restriction 𝑄𝑡 = 𝑞𝑡 + 𝑞𝑡∗ = 𝐿𝑡 𝑍 ∗ 𝛼𝑡 𝑍𝑡

, together with the inverse

−1/𝜂

demand functions in the local market 𝑝(𝑞𝑡 : 𝑦𝑡 , 𝑒𝑡 ) = 𝑎(𝑦𝑡 , 𝑒𝑡 )𝑞𝑡
−1/𝜂∗

𝑒𝑡 𝑝∗ (𝑞𝑡∗ : 𝑦𝑡∗ , 𝑒𝑡 ) = 𝑎∗ (𝑦𝑡∗ , 𝑒𝑡 )𝑞 ∗ 𝑡

, and in the foreign market

, where the parameters 𝜂 y 𝜂 ∗ are the elasticities of domestic

and external demand faced by firms, respectively.
Taking into account the first-order conditions of the maximization problem and applying Euler's
theorem, the optimal value of the demand for labor is:
𝑄
𝐿̃𝑡 = 𝑤𝑡 (𝑝(𝑞𝑡 : 𝑦𝑡 , 𝑒𝑡 )(1 + 𝜂 −1 ) (1 − 𝜒𝑡 ) + 𝑒𝑡 𝑝∗ (𝑞𝑡∗ : 𝑦𝑡∗ , 𝑒𝑡 )(1 + 𝜂 ∗ −1 )(𝜒𝑡 ) −
𝑡

𝜕𝑄

−1

𝑒𝑡 𝑠𝑡∗ 𝛼 (𝜕𝑍∗𝑡 )
𝑡

𝜕𝑄

− 𝑠𝑡 (1 − 𝛼 − 𝛽)(𝜕𝑍𝑡 )−1 )

(B.2)

𝑡

where 𝜒𝑡 = 𝑝𝑡∗ 𝑞𝑡∗ /(𝑝𝑡 𝑞𝑡 + 𝑝𝑡∗ 𝑞𝑡∗ ) is the share of the value of exports in total income.
The elasticity of the demand for labor with respect to the exchange rate is:
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̃𝑡 𝐿
̃
𝜕𝐿
⁄ 𝑡
𝜕𝑒𝑡 𝑒𝑡

1

∗

= 𝛽 (𝑝𝑡 (∙)(1 + 𝜂 −1 ) 𝜂 𝑝𝑒 + 𝜒𝑡 (𝑒𝑡 𝑝´𝑡∗ (∙)(1 + 𝜂 ∗ −1 )(1 + 𝜂 𝑝 𝑒 ) − 𝑝𝑡 (∙)(1 +
𝜕𝑄

−1

𝜂 −1 )𝜂𝑝𝑒 ) − 𝛼𝑒𝑡 𝑠𝑡∗ (𝜕𝑍∗𝑡 ) )

(B.3)

𝑡

where 𝜂 𝑝𝑒 y 𝜂 𝑝

∗𝑒

are the domestic and foreign price elasticities with respect to the exchange rate,

respectively. The elasticity of the demand for labor with respect to the exchange rate depends on
the elasticities of the demand of the firm in the domestic and foreign markets. According to Campa
and Goldberg (2001), these elasticities can be understood in the framework of the pass-through
theory of the exchange rate.
For imperfectly competitive markets, the domestic price elasticity with respect to the exchange rate
𝜂 𝑝𝑒 is proportional to the import penetration rate 𝑘𝑀𝑡 , where 𝑘 is a factor of proportionality.
Likewise, the external price elasticity with respect to the exchange rate is proportional to the
penetration of the local market in foreign markets 𝑀𝑡∗ . We asume that the law of one price holds ex
ante (𝑒𝑡 𝑝𝑡∗ = 𝑝𝑡 ), that the real cost of the factors of production

𝑠𝑡∗
𝑝𝑡∗

is equal to 1, and that the product

of two shares of trade terms is close to zero (𝜒𝑡 𝑀𝑡 = 0 𝑦 𝜒𝑡 𝑀𝑡∗ = 0). Under these assumptions, the
elasticity of labor demand with respect to the exchange rate is reduced to the following expression:
̃𝑡 𝐿̃𝑡
𝜕𝐿
⁄
𝜕𝑒𝑡 𝑒𝑡

=

𝑝𝑡
((1
𝛽

+ 𝜂 −1 )𝑘𝑀𝑡 + (1 + 𝜂 ∗−1 )𝜒𝑡 − (𝜕𝑄𝑡 ⁄𝜕𝑍𝑡∗ )−1 𝛼)

(B.4)

Using equations B.2 and B.4 and log-linearizing the optimal demand for labor we get the following
reduced expression:
𝐿̃𝑡 = 𝑏0 + 𝑏1 𝑦𝑡 + 𝑏2 𝑦𝑡∗ + (𝑏3,0 + 𝑏3,1 𝜒𝑡 + 𝑏3,2 𝑀𝑡 + 𝑏3,3 𝛼𝑡 )𝑒𝑡 + 𝑏4 𝑤𝑡 + 𝑏5 𝑠𝑡 + 𝑏6 𝑠𝑡∗

(B.5)

Campa and Goldberg (2001) and Nickell (1986) show that after an exchange rate shock, the level
of employment follows a path of partial adjustment:
𝐿𝑡 = 𝜇𝐿𝑡−1 + (1 − 𝜇)𝐿̃𝑡

(B.6)

Equation B.6 says that employment depends on the level of the previous period and the current
level of equilibrium in the absence of adjustment costs. 𝜇 describes the speed of adjustment to the
optimum level. Inserting equation B.5 in equation B.6:
𝐿𝑡 = 𝑐0 + 𝑐1 𝐿𝑡−1 + 𝑐2 𝑦𝑡 + 𝑐3 𝑦𝑡∗ + (𝑐4,0 + 𝑐4,1 𝜒𝑡 + 𝑐4,2 𝑀𝑡 + 𝑐4,3 𝛼𝑡 )𝑒𝑡 + 𝑐5 𝑤𝑡 + 𝑐6 𝑠𝑡 +
𝑐7 𝑠𝑡∗

(B.7)
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where 𝑐0 = (1 − 𝜇)𝑏0 , 𝑐1 = 𝜇, 𝑐2 = (1 − 𝜇)𝑏1 , 𝑐3 = (1 − 𝜇)𝑏2 , 𝑐4,0 = (1 − 𝜇)𝑏3,0 , 𝑐4,1 = (1 −
𝜇)𝑏3,1 , 𝑐4,2 = (1 − 𝜇)𝑏3,2 , 𝑐4,3 = (1 − 𝜇)𝑏3,3 , 𝑐5 = (1 − 𝜇)𝑏4 , 𝑐6 = (1 − 𝜇)𝑏5 , 𝑐7 = (1 − 𝜇)𝑏6 .
We include the supply in the labor market to complete the analysis. We assume that labor supply
is a function of wages and aggregate demand:
𝐿𝑡 = 𝑎0 + 𝑎1 𝑤𝑡 + 𝑎2 𝑦𝑡

(B.8)

Equaling B.7 and B.8, we find the solution of the equations for employment and salary:
𝑤𝑡 = 𝜔0 + 𝜔1 𝐿𝑡−1 + 𝜔2 𝑦𝑡 + 𝜔3 𝑦𝑡∗ + (𝜔4,0 + 𝜔4,1 𝜒𝑡 + 𝜔4,2 𝑀𝑡 + 𝜔4,3 𝛼𝑡 )𝑒𝑡 +𝜔5 𝑠𝑡 + 𝜔6 𝑠𝑡∗
(B.9)
𝐿𝑡 = 𝜗0 + 𝜗1 𝐿𝑡−1 + 𝜗2 𝑦𝑡 + 𝜗3 𝑦𝑡∗ + (𝜗4,0 + 𝜗4,1 𝜒𝑡 + 𝜗4,2 𝑀𝑡 + 𝜗4,3 𝛼𝑡 )𝑒𝑡 +𝜗5 𝑠𝑡 + 𝜗6 𝑠𝑡∗

(B.10)

Equation (B.10) is the basis of our empirical specification. In this document we do not model
industry wages. Similarly, domestic GDP, the prices of domestic inputs (cost of capital) and
external inputs other than labor (oil prices) are not included in the econometric estimation since
they do not vary between cities and are incorporated in the fixed quarter effects.
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