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Abstract: In the framework of the structural reforms in Colombia one of the most important policy pro-
posals was reducing rigidities in the labor market. A perspective to assess the results of such reforms is the 
analysis of the relationship between firm employment and wage differentials in manufacturing before and after 
the reforms. If the labor reforms reached the intended objective of making more flexible the labor market, the 
employment levels must change faster, along with the behavior of wages and other labor costs, given some 
characteristics of firms and the economy.  This paper addresses this topic proposing a model of wage differential 
and employment growth and testing its propositions before and after the structural reforms and controlling 
for industry and firm characteristics. A first finding is the confirmation of the positive relationship proposed 
between intra-industry wage differential and employment. In the inter-industry wage differential estimation, 
we find heterogeneous responses depending on the industry and a reduction in the autonomous labor turnover.
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Introduction
The purpose of this paper is twofold: first, to formulate a model that relates 

employment levels with intra and inter-industry wage differentials at firm level 
with respect to the firm’s industry and to other industries. Secondly, to test 
empirically the model’s implications for Colombian manufacturing. As part 
of the structural reforms undertaken in the economic and political landscape 
of Colombia in the early 1990s, changes to the labor-industrial relations were 
introduced with several objectives in mind. One of the goals of this reform was 
to reduce exogenous rigidities in the labor market. For the purpose of this study 
both the reduction in payments for unfair dismissals and the omission of an 
administrative legal process in the settlement of alleged unfair dismissals are 
important. These two factors were used as influential variables over the payroll 
plant size, since the penalties and the length of judiciary decisions discourage the 
optimization of the number of workers and distort wage policy.

In the structural adjustment reforms of the 1990s, achieving labor market 
flexibility was considered an important requirement for restoring economic 
growth in developing countries (World Bank, 1987; Williamson, 1990). In many 
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economies labor markets are usually subject to several institutional arrangements 
and laws that hinder a fast adjustment once the economies are opened to 
international trade. Some countries attempted to improve labor market flexibility 
by undertaking major labor reforms, but many countries, including Colombia, 
left aside more ambitious reforms1.

Hiring and firing costs, especially the latter, have usually been treated as an 
exogenous variable since they are usually regulated by contract laws. But they 
can also be considered endogenous if employers take them into account when 
deciding on plant size (payroll size, in terms of number of workers) as part of the 
objective of minimizing costs. This interplay between creation and destruction 
of labor, as well as its costs, seems to be one source of intra and inter-industry 
wage differentials arising from specific characteristics of industries and firms. 
In other words, different firms and industries face idiosyncratic costs associated 
with labor turnover.

Another approach in the literature addressing these issues focuses on the 
causal relationships between wage differentials, efficiency wages and downward 
wage rigidity. In this case, the efficiency wages hypothesis offers a link between 
labor turnover costs and plant size (in terms of number of workers). Firms will 
be willing to pay wages above the marginal productivity of workers in order 
to retain them and reduce turnover and its costs (Stiglitz, 1974; Salop, 1979; 
Weiss, 1990) or as a discipline device (Shapiro and Stiglitz, 1984). In the same 
fashion, firms find it costly to pay wages below marginal productivity. In this 
case, workers who feel under-valued would try to find a new job, giving firms a 
reason to pay higher wages, and avoid the costs of resignations and replacements.

Empirical studies testing efficiency wage hypothesis are sparse mostly due 
to the fact that data on labor productivity and turnover costs (labor demand) are 
not readily available, as most data sources are household surveys (labor supply 
focus). Among the few available studies, Krueger and Summers (1988) address the 
issue directly, studying on wage differentials among industries in United States. 
Konings and Walsh (1994) test the efficiency wage hypothesis relating employees 
and firms’ rent sharing behavior, postulating an alternative efficiency wage model 
than maintains the concept of high wages paid by firms. Campbell (1993) and 

1	 Despite the fact that the country undertook another labor reform in 2002, unemployment 
rate is one of the highest in Latin America. For an assessment of the state of labor markets 
in Latin America after labor reforms see IADB (2003). Also, Heckman and Pages-Serra (2000) 
account for the reform effects on job security.
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Campbell and Kamlani (1997), working with firm-level surveys, found that firms 
with higher turnover costs pay higher wages, thus supporting the efficiency wage 
- turnover model predictions, which is one of the many theoretical considerations 
supported by Bewley (1999).

As the first explicit attempt of providing flexibility to the labor market, the 
1990’s labor reform aimed to reduce specific rigidities regarding labor turnover, 
specially related with payment due to unfair dismissal and the introduction of 
temporary labor contracts (Echeverry and Santamaría, 2004). The empirical 
evidence related with the specific impact of this reform over labor market 
outcomes (Kugler, 2000, 2004; Cardenas and Bernal, 2003) suggests that both 
informality and unemployment got reduced. Nonetheless, two points must be 
made regarding these studies. Firstly, there is not a consensual study that has 
managed to completely isolate the specific effect of the labor reform from the 
structural features of the Colombian economy and the specific conditions of 
economic growth that our country faced through the early nineties (Guataquí 
and García, 2009). Second, as far as now, data for these studies have been based 
on time series (Cardenas and Bernal, 2003) and labor supply oriented - household 
surveys. This is the first study to provide empirical evidence based on labor 
demand oriented data2.

The empirical findings reported here are consistent with the proposed 
relationship between firm’s job rotation and wage differentials. More precisely, 
a positive relationship between intra-industry wage differential and firm’s job 
rotation is found. In the case of inter-industry wage differentials it is not clear 
whether the wage differential increases or decreases firm’s employment: in some 
industries it seems to decrease it, contrary to the relationship stated in the model 
and found in the intra-industry evidence. It is also found that for blue-collar 
ones, employment growth is higher when compared to white-collar workers. 
Although unemployment level is not significant for blue-collar workers, it is so 
for white-collar workers.

The remainder of this paper presents the model in section I. Section II 
describes the data and variables used, section III presents the econometric 
methodology, and last section concludes.

2	 An alternative data source is the one compiled by Iregui et al. (2010) after undertaking a 
survey among human resource managers in Colombia, finding evidence that supports efficiency 
wages theory, from its turnover costs application.
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I. A job rotation model
The model developed in this section begins with the concept of wage 

differentials in a dual economy (Stiglitz, 1974). The conditions of rural and urban 
wage differentials from the Stiglitz model are modified as firm and industry wage 
differentials, and these are used in a job rotation function that maps employment 
and wage differentials. It is also assumed that employment costs are a function of 
wage differentials.

A. The job rotation function

The employment growth (q) is a function of the wage differential between 
the wage paid in firm (i) belonging to industry (j) with respect to the average 
wage paid by its corresponding industry (j) and other industries (k).

		  			
(1)

where:

 qi :	 Job rotation (or net employment growth) in firm i.

 wij :	 Wage of firm i in industry j. 

 wj : Average wage of industry j. 

 wk :	  Average wage of industry k.

  :	  wage ratio for firm in industry with respect to industry j.

  :	  wage ratio for firm in industry with respect to industry k.
 wE :	  Equilibrium wage

The following assumptions are used on the job rotation function:

1.	  

2.	   

3.	  

4.	  

5.	  

 for  

 for  
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The logic behind the employment growth function and the additional 
assumptions goes as follows. The employment growth rate of the firm will be 
negative if wages in firm (i) are below the average wage of its industry (j) or 
an alternative industry (k) (to the left of wE in Graph 1). Workers with similar 
characteristics will be willing to switch jobs if they observe that their wages are 
below the industry average. Firms, however, want to minimize their employees 
rotation in order to reduce the associated costs (T) and thereby will be willing 
to pay higher wages that are closer to the industry average, in order to induce 
its workers not to quit. The opposite goes to the case with firms whose wages 
are above the industry average (right hand-side of w^E in Graph 1). In this case 
job rotation will be positive (that is, workers from other firms would be eager 
to work in firms with wages above the average) and such firms would tend to 
reduce their wages toward the industry average in order to reduce employment 
rotation costs (T).

Figure 1. Job rotation function and wage differential

                               Source: Elaborated by the authors.

The assumption made on the second order condition of the job rotation 
function is important for two reasons. Firstly, it ensures that the optimization 
problem of the firm (cost minimization) will obtain a minimum. Second, the 
function is concave (convex) for negative (positive) values of the job rotation 
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rate, that is, for wages below (above) the industry average. As shown in section 
I.C the equilibrium is defined by the wages of the firm being equal to the wages 
in the industry (and other related industries). Therefore firms want to set wages 
closer to the industry average, but the convexity / concavity of the function 
implies that in order to reduce the job rotation rate, they will have to make a 
further effort in increasing / reducing wages as long as firms reach a zero job 
rotation rate. This second feature is consistent with the fact that firms pay wages 
that are different to the industry average.

The model yields the following propositions. First, job rotation is a function 
of inter and intra-industry wage differentials, and, a) it will take negative values if 
a firm’s wages are below industry average; b) it will take positive values if a firm’s 
wages are above industry average. Second, job rotation and wage differential are 
related in a non-linear way that makes it increasingly difficult for firms to reach 
equilibrium wages. Therefore, there will be firms paying wages above as well as 
below the industry average wage.

The unemployment rate, firm’s output growth and the industry’s output 
growth are included in the model as explanatory variables. An inverse relation 
between the job rotation rate and unemployment is expected. Job rotation will 
decrease if the unemployment rate of the economy increases; workers will not 
try to change jobs if there is a high rate of unemployment, regardless of the wage 
differential in their firm. Firm and industry output growth are also important 
and reflect the business cycle dynamics and its effect on job rotation. A decreasing 
output in firm (i) would mean there is less need for variable input and therefore 
layoffs will occur. The effect of an increase in firm’s output (i), however, is not 
clear. Expansion of production can come from both input –labor and capital– or 
a combination of both. The sign of the relationship will depend on whether they 
are strong or weak substitutes.

The equation to be estimated is:

			   	 (2)

Where:

 u:	 Unemployment rate of the economy.

 DQi :	 Growth in output of firm i.

 DQj : 	Growth in output of industry j.

 DQk : 	Growth in output of industry k.
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B. 	Firm’s Labor Costs and Optimization

Assuming labor is homogeneous and all firms within a sector are identical. 
Total labor costs are defined as wages plus specific training, hiring and firing 
costs in the economy.

			   	 (3)
	                                
Where:

 Cij 
:
	
Total labor cost per employee of firm i of industry j.

 Lij 
:	Number of workers of firm i of industry j.

 qi 
:	 Job rotation in firm i.

 Ti 
=T( j ) 

:
  
Training, hiring and firing costs.

These costs are fixed within a firm but are a decreasing function of the wage 
differential. In other words, the higher the wage differential paid to a worker 
(or the higher the wage), the lower the effect of such a fixed cost on total labor 
cost. Furthermore, this implies that even in equilibrium when there is no wage 
differential, and therefore no job rotation, these costs still exist. This also means 
that   and  

For simplicity, replace equation    in equation (3) and rewrite the 
total labor cost in terms of wage differentials:

		              		  (4)

Firms minimize equation (4), the first order conditions for the wage 
differential wj

, is:

		       	
(5)

or

		                		
(6)

where   and  : 

the second order condition is:
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(7)

            Since  ; and    are negative, then:
			 
    

			            		
(8)

A condition that can be expressed in terms of elasticities emerges from the 
job rotation function and its interaction with rotation costs in an optimization 
problem. The responsiveness of job rotation to wage differential should be equal 
to the responsiveness of job rotation costs to wage differential minus wages 
weighted by (inverse) total rotation cost. This also implies that rotation’s cost 
elasticity is higher than labor turnover elasticity. Finally, equation (5) states that 
job rotation from wage differential comes through job rotation costs, but these 
costs are unobservable. Therefore the estimation strategy for the relationship 
between labor turnover and wage differential is the one of fixed effects under 
panel data econometrics. The second order condition is satisfied given the 
assumptions of the job rotation and job rotation cost functions.

C. Equilibrium

The economy-wide equilibrium (zero job rotation) and the target of reaching 
minimum associated costs to wage differentials, requires wages in firm (i) to be 
equal to wages of its corresponding industry (j) and an alternative industry (k):

		             	 (9)

This equilibrium condition comes from the assumptions in the construction 
of the turnover function.

From this equilibrium condition, firms that minimize labor costs set their 
wages below theirs and other industries’ average wages. Firms that do not 
minimize costs are setting wages above the equilibrium. From construction of the 
job rotation function (assumption 5) and the definition of the equilibrium, both 
industry and off-industry job rotation functions will cross only in wE*

 (see Graph 
2), i.e. no firm can have wages above (below) its industry (j) and at the same 
time below (above) the industry (k). Furthermore, from first order condition 
equation (5), an optimum exists when wi j = wj. This optimum is a minimum 
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only when second order condition is negative. This condition is met since second 
derivative of the job rotation function is negative in the interval (0, w 

e).

Figure 2. Job rotation function and equilibrium in one industry

                             Source: Elaborated by the authors.

The industry-wide equilibrium condition in the job market requires firm (i) 
wages to be equal only to wages paid in its corresponding industry (j), that is, 
industries set different equilibrium wages.

 		                    		  (10)

In the industry-wide equilibrium, firms that minimize costs have set their 
wages below their industry’s average wage and above or equal to other industries’ 
average wage. To reach this equilibrium a relationship between wages in each 
industry and industry characteristics must be set. With homogeneous workers, 
as in our model, the only difference in equilibrium wages comes from the rent-
sharing hypothesis, where industry characteristics are the source of different 
wages for homogeneous workers. If this is the case, then each industry will have 
its own job rotation function, but the intra-industry wage equilibrium will be 
higher for some industries than for others. For simplicity, let’s assume there are 
only two industries (j) and (k), where wEK  < wEj; the case is depicted in Graph 3.



Taborda, Guataquí: Manufacturing Employment and Wage Differentials...

98

Figure 3. Job rotation function and equilibrium in two industries

                             Source: Elaborated by the authors.

From the equilibrium condition 9 we know that for firms to minimize cost, 
they will pay wages equal to their industry’s average. However firms will not pay 
wages below other industries’ average, otherwise the homogeneous worker will 
switch industry. This argument can be reinforced if, despite being homogeneous, 
workers do have a combination of sector- specific skills (specific training) and 
generic skills, something that makes them more valuable to the employer3. The 
latter would allow them to work in any industry (for example, the job of a 
secretary might be the same in a university as in the petrochemical industry), but 
the former would imply that firms do want to retain them since their on-the-job 
learning would have a negative impact if the worker happens to leave or is fired. 
Homogeneous workers that have acquired industry / firm - specific knowledge 
are more costly to be laid-off (for example, firing a secretary with 10 years tenure 
can be more costly in terms of the learning costs of the new secretary than firing 
one with only one year tenure).

3	 For a treatment of sector-specific skills and generic-skills, wages and turnover, see Neal (1997). 
Neal develops a model in which the unit of analysis is individuals that choose certain generic/
specific combination of training, then face labor demand and from wage level and non-
pecuniary aspects (job satisfaction) of the workplace, decide to change their job or to remain 
on it.



99

Lecturas de Economía  –Lect. Econ.– No. 74.  Medellín, enero-junio 2011

Graph 3 depicts the case where firms set wages between wEK, the equilibrium 
wage in other industry, and wEj  the equilibrium wage in their corresponding 
industry. Thus, in summary, for both definitions of equilibrium in the economy 
and industry-wide, firms minimizing labor costs will not set wages above their 
industry average. For the industry-wide equilibrium there will be a lower bound 
constraint defined by an alternative industry’s average wage.

II. Data and variable construction
The data used for the estimation represents a sub sample of incumbent firms 

of Colombia’s Annual Manufacturing Survey (AMS) for 23 years (from 1976 
to 1999, excluding 19774). These firms have been selected because their wage 
setting behavior is typical of a long-run profit maximizing firm, as assumed in 
the model. The wage policy of a new firm or one about to close down would be 
different. Survival theory of the firm suggests that new firms in the industry may 
offer higher wages to attract good workers who would help them to succeed in 
their recent entry into the industry and firms about to close might be reducing 
their pool of workers and wages more quickly than the optimal.

Data on employment and wages of permanent and temporary workers 
employed directly by the firm, in both white and blue-collar categories, are used. 
Blue-collar workers (BC) are those involved directly in the production processes. 
The data set allows to split them between laborers, technicians and apprentices. 
White-collar workers (WC) are those employed in administrative, sales and 
management duties. Given the disaggregated structure of the information and its 
time dimension, the preferred measure of change in labor as an input from year 
t to t  + 1 is a Törnqvist quantity index in logarithmic form.

Wages for white and blue-collar workers are obtained by dividing the total 
wage bill by the number of workers. Output is measured using the Törnqvist 
quantity index. Output is deflated using Consumer Price Index (CPI) 1998=100, 
and both blue and white-collar workers’ wages are deflated using low and high 
income CPI, respectively5. CPI is obtained for each city, allowing a more accurate 
measure of city wage differentials. The CPI is taken for September instead of end 
of the year, to avoid the seasonality factor common in Colombia’s time series, 
due to the Christmas season.

4	 1977 was omitted because of serious data attrition, therefore for any calculation regarding 
1977, 1976 is used.

5	 When variables are expressed in natural logarithm this was taken over the Törnqvist quantity 
index
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Wage differential is calculated as in equation (1) taking natural logarithm 
to the ratio of wages between firm (i) of industry (j) and average wage in the 
respective industry and the average wage of the alternative industry (k). Finally, 
unemployment rate is also measured by city, for the month of September. Data 
for December is excluded for seasonal reasons, as it is heavily biased due to the 
Christmas season that boosts output, employment and labor supply. Table 1 
shows the descriptive statistics of the variables used in the estimation. By 
restricting the sample to firms that have remained active for the chosen time span 
as a whole, the data set ends up having only firms located in the cities of Bogotá, 
Medellín and Cali, the main three industrial cities. Graph 4 shows the percentage 
of firms paying wages above the industry average.

Table 1. Summary statistics

Variable Mean Std. Dev. Min Max N

BC Job rotation -0.0003 0.416 -3.118 3.718 25,862

WC Job rotation 0.0006 0.338 -3.207 3.272 25,862

Total Job rotation 0.0003 0.595 -6.326 5.975 25,862

BC Wage-diff (ISIC 2) -0.464 1.477 -11.859 3.946 27,987

WC Wage-diff (ISIC 2) -0.78 1.874 -12.401 4.364 27,835

Total Wage-diff (ISIC 2) -0.453 1.399 -6.168 3.96 27,767

Output growth 0.003 4.309 -13.049 14.051 26,360

Unempl (City) 2.305 0.346 1.589 3.106 28,589

Elect cons (KWh) 12.047 1.873 0 19.4 27,991

Note: All variables are expressed in natural logarithms. BC stands for blue-collar workers, WC stands for 
white-collar workers and Total for all workers in the firm. Job rotation is the creation or destruction 
of labor by firm from year t to t + 1. After taking the natural logarithm the variable reads as the 
percentage change in job rotation between both periods, or net change in employment. Wage differential 
refers to the ratio of the wage paid by firm i to the average wage paid in its industry j. Industries 
are aggregated around ISIC 2. After taking the natural logarithm the variable is the percentage wage 
differential of the firm with respect to its industry.

Source: Authors’ calculation.
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Figure 4. Percentage of firms paying wages above the average wage 
of its corresponding industry

Note: The Graph shows the percentage of firms (in the sample) that pay wages above 
its corresponding industry average each year.

Source: AMS, authors’ calculation.

III. Econometric approach
The empirical strategy involves two estimations. The first estimation is for 

the relationship proposed in the equation for intra-industry wage differential 
(Equation 11). The second estimation involves estimating the full specification of 
intra and inter-industry wage differential effects on job rotation (Equation 2). In 
both specifications the presence of a time structural change in job rotation due to 
the labor reform of 1990 and differences among industries at ISIC 2 level is tested.

Equation (11) includes the wage differential of firm i with respect to its 
International Standard Industrial Classification (ISIC) 2 industry, and is squared 
to capture nonlinearity between job rotation and the wage differential proposed 

(11)
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in section I.A; output growth of firm i and output growth of industry to which 
firm belongs, for the city where the firm is located; unemployment in the city 
where firm i is located; and electricity consumption in KWh as a proxy variable 
for capital intensity.

Fixed Effects (FE) estimator is the econometric method chosen for the 
estimation. In using Fixed Effects the unobserved (fixed) components correlated 
with the explanatory variables are taken away, reducing the bias which could arise 
from using a different estimation method. Besides this, FE method is preferred over 
Ordinary Least Squares (OLS) in order to acknowledge the existence of different 
characteristics among industries, furthermore characteristics that are idiosyncratic 
and not randomly assigned to the firms belonging to an industry activity.

For the purpose of this paper, the FE specification assumes that there is 
a firm-specific non-observed component in job rotation associated with the 
independent variables, specifically with wage differentials. Furthermore, in 
relation to the current model, training, hiring and firing costs are firm-specific, 
unobserved factors. Although economy-wide regulations on labor standards 
and industrial relations are the same for all firms, industries and firms do face 
idiosyncratic costs related to job rotation, and strongly associated with wage 
differential. It is also being assumed that firms respond in different ways with 
respect to changes in the legal and economic framework. This is the case for 
the current estimation, specifically from 1990 onwards, when Colombia’s 
firms were presented with a new set of legal and economic rules in labor-
industrial relations. The Fixed Effects estimation for blue-collar, white-collar 
and all workers is presented in Table 2 (Table 7 in the Appendix shows this 
specification for pooled regression)6.

6	 The pooled estimation shows the expected sign and the variables are significant for the labor 
classification.
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Table 2. Intra-industry wage differential and job rotation (Fixed effects)

Coefficient BC WC All workers

Wage-diff (ISIC 2) 0.469a 0.263a 0.716b

-0.0361 -0.00827 -0.0941

Wage-diff (ISIC 2) sq 0.0251a 0.0168a 0.0136
-0.00168 -0.000229 -0.00515

Output growth 0.00208a 0.0285a 0.0315a

-0.00221 -0.000294 -0.00264

Output growth ISIC2 -0.00277 -0.00367c -0.00496
-0.00138 -0.00086 -0.0022

Unempl (City) -0.00196 -0.0615 -0.0487
-0.047 -0.0321 -0.0772

Elect cons (KWh) 0.0389a 0.0129c 0.0445b

-0.00369 -0.00334 -0.00666

Constant -0.319c 0.115 -0.141
-0.105 -0.0682 -0.0944

Observations 25,685 25,685 25,685

Number of groups 1,243 1,243 1,243

R2 0.34 0.35 0.39

F-test all coeff = 0 2,076 2,226 2,563

F-test poolability all ui=0 7.453 4.923 8.58

Note: Heteroscedasticity–corrected and clustered (by city) standard errors in parentheses. a, b, 
c denote significance levels: a. p<0.01, b. p<0.05, c. p<0.1. All variables are expressed in 
natural logarithms. BC stands for blue-collar workers, WC stands for white-collar workers and 
Total for all workers in the firm.

Source: Authors’ calculation.

IV. Estimation Results
Both the coefficients from the FE estimation, and their change in respect 

of the pooled one (OLS), imply that there are unobserved factors which bias 
the pooled regression. For blue-collar workers, the fixed effects results suggest 
that when the wage differential of a firm with respect to the average wage of the 
industry (ISIC 2) changes by 10%, the job rotation of the firm will increase by 
4.69%; for white-collar workers job rotation will increase by 2.63% and for all 
workers 7%. From the model and the estimation it may be seen that job rotation 
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is related to wage differentials among firms within their own industry and city. 
Likewise, the significance of the squared term supports the hypothesis of a non-
linear relationship between the wage differential and job rotation.

The corresponding level of unemployment in the city where the firm is 
located, shows the expected sign, i. e., at higher levels of unemployment lower 
job rotation. This follows the logic that workers will be less willing to change 
jobs if the regional level of unemployment is high. For blue-collar workers the 
coefficient is low and non-significant (a feature observed in further estimations). 
For white-collar workers the effect is higher: a 10% increase in the level of 
unemployment means a reduction of 0.6% rotation rate, and for all the workers 
this, means a 0.48% reduction. These results are interesting regardless of the 
varying nature and causes of unemployment in Colombia. For instance, the 
unemployment rate of the country increased sharply after 1995, from 8.71% to 
20% in 1999. Between 1995 and 1996, the unemployment rate increased by 37% 
(3.23 percentage points, from 8.71% to 11.94%). This percentage change would 
mean a reduction in the rotation rate of 11%.

The additional variables used –firm’s output, firm-industry’s output, and 
electric power consumption– are used mostly to control for individual and industry 
features. Firms with high output growth and high electric power consumption 
seem to have higher rotation rates. The coefficient on the corresponding industry 
output is negative and relatively small: a 100% increase in output of the industry 
would be required to reduce job rotation by 0.3% for all workers.

In order to test whether the positive relationship between job rotation and 
industry wage differential differs along ISIC classification, a dummy variable at 
ISIC 2 level, which inter-acts with the wage differential coefficient (the parameter 
of interest) is used (Table 3)7. Although the results of the basic parameters do not 
change from the ones presented in table 2, the test for statistical significance 
in the industry dummies suggests this is a sensible estimation, since there are 
differences between industries regarding the effect of wage differential and job 
rotation. Table 8 in the appendix shows the coefficient for the ISIC dummies 
interacting with the wage differential (the reference group is “other industries” 
(ISIC 39)). For blue-collar workers the wage differential effect on job rotation 
in textiles and wood manufacturing industry (ISIC 32 and 33, respectively) is 
higher, whereas it happens to be lower for chemicals and petroleum (ISIC 35). 

7	 Since industry classification does not change over time, in order to capture the effect it is 
necessary to create the interaction variable.
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In the case of white-collar workers, the wage differential effect on job rotation is 
negative for the basic metal industries (ISIC 37), and positive for chemicals and 
oil. For all workers, the only significant difference is observed in the basic metals 
industry (ISIC 37), which shows a lower compared to sector “other industries”.

Table 3. Intra-industry wage differential and job rotation (ISIC dummies)

Coefficient BC WC All workers

Wage-diff (ISIC 2) 0.485a 0.268a 0.749a

-0.0364 -0.0114 -0.089

Wage-diff (ISIC 2) sq 0.0239a 0.0173a 0.0138

-0.00203 -0.00038 -0.00532

Output growth 0.00236 0.0283a 0.0315a

-0.00203 -0.00037 -0.00262

Output growth ISIC2 -0.00254 -0.00385b -0.00489

-0.00136 -0.00082 -0.00225

Unempl (City) -0.00075 -0.0627 -0.048

-0.0478 -0.0319 -0.0769

Elect cons (KWh) 0.0413a 0.0114c 0.0438b

-0.0037 -0.0036 -0.0068

Constant -0.356c 0.143 -0.13

-0.0968 -0.0537 -0.0876

Observations 25,685 25,685 25,685

Number of groups 1,243 1,243 1,243

R2 0.35 0.37 0.39

F-test all coeff = 0 923.6 1038 1104

F-test poolability all ui=0 7.522 5.587 8.485

F-test ISIC dummy = 0 39.75 95.39 5.825

F-test ISIC dummy equal 44.79 109 6.419

F-test ISIC dummy equal 44.79 109 6.419

Note: All variables expressed in natural logarithms. BC stands for blue-collar workers, WC stands 
for white-collar workers and all workers by firm. The remaining coefficients are shown in table 8. 
Heteroscedasticity – corrected and clustered (by city) standard errors in parentheses. a, b, c denote 
significance levels: a. p<0.01, b. p<0.05, c. p<0.1.

Source: Authors’ calculation.
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The next set of results tests whether or not a structural change in the relationship 
between job rotation and wage differential took place as a consequence of the 
economic reforms of 1990, especially the labor reform. Introducing a time dummy 
variable for the period after the reform would show the autonomous change in job 
rotation, and at the same time the time dummy variable interacting with the wage 
differential would show the effect of the reform over the relationship between 
job rotation and wage differential after the reform. Since the basic assumption of 
the Fixed Effects estimation is the existence of an unobserved, firm idiosyncratic 
component, that is, the costs associated with job rotation, the inclusion of this time 
dummy can be interpreted as the change in these costs after the labor reform.

Results of the time dummy variable for the period 1991 to 1999, using the 
period 1976 to 1990 as the base dummy, are shown in Table 4. The coefficients 
and basic relationships found previously do not change, but the dummies bring 
additional information about the effect of wage differentials and job rotation 
through the period after the labor reform. For this period, which coincides with 
the implementation of several other economic reforms in the early 1990s, job 
rotation is higher –in all labor categories with respect to the previous regime– from 
3.5% for white-collar workers to 2% for all workers. The change over time of the 
unobserved component is also significant, based on the specification: labor costs 
associated with hiring and firing rose 1.6% for blue-collar workers, 4.4% for white-
collar workers and 6% for all workers. In other words, the unobserved idiosyncratic 
variables associated with paying wages above / below the industry average (hiring 
and firing costs) increased the job rotation of firms after the labor reform of 1993.

The next step in the empirical strategy is to inquire about inter-industry 
wage differentials being a source of job rotation and employment. To do so, 
equation (12) is estimated including the wage differential of firm (i) against other 
industries (k), in which its own industry (j) is included8. This specification allows 
us to enquire on the effect of inter-industry wage differential and job rotation, 
and, as previously, the wage differential is measured by industries in the same 
city, as well as by output and unemployment. Table 5 and 6 show the estimation 
results with and without the time structural break.

  
(12)

8	 The initial estimation included output of other industries, but this variable was not included 
in the tables below since neither significant results were obtained after its inclusion, nor were 
other parameters of interest affected by its exclusion.
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Table 4.  Intra-industry wage differential and job rotation with time effects

Coefficient BC WC All workers

Wage-diff (ISIC 2) 0.487a 0.263a 0.752b

-0.0361 -0.0083 -0.094

Wage-diff (ISIC 2) sq 0.0241a 0.0173a 0.0153

-0.002 -0.00035 -0.0058

Output growth 0.00162 0.0274a 0.0291b

-0.0026 -0.00114 -0.0038

Output growth ISIC2 -0.00322 -0.00439c -0.00697

-0.002 -0.00131 -0.0033

Unempl (City) 0.0014 -0.0604 -0.0404

-0.0485 -0.0307 -0.0758

Elect cons (KWh) 0.0400a 0.00407 0.0376c

-0.0037 -0.0042 -0.0091

d91-99 x W. Diff 0.000844 0.0355a 0.0198b

-0.0033 -0.00213 -0.0031

d91-99 0.0165 0.0445 0.0604

-0.0208 -0.0155 -0.0339

Constant -0.351c 0.212c -0.0949

-0.0873 -0.0509 -0.0657

Observations 25,685 25,685 25,685

Number of groups 1,243 1,243 1,243

R2 0.35 0.38 0.39

F-test all coeff = 0 808.7 940.5 971.1

F-test poolability all ui=0 7.385 5.699 8.35

F-test ISIC dummy = 0 40.02 95.27 95.27

F-test ISIC dummy equal 45.07 108.8 6.454

F-test ISIC dummy equal 45.07 108.8 6.454

Note: Heteroscedasticity – corrected and clustered (by city) standard errors in parentheses. a, b, c denote 
significance levels: a.  p<0.01, b. p<0.05, c. p<0.1. All variables expressed in natural logarithms. 
BC stands for blue-collar workers, WC stands for white-collar workers and all workers in the firm. The 
remaining coefficients of industry dummies interaction with wage differential are shown in table 9.

Source: Authors’ calculation.
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Table 5. Inter-industry wage differential and job rotation (Fixed effects)

Coefficient BC WC All workers

Wage-diff (ISIC 31) 0.231a 0.124a 0.551a

Wage-diff (ISIC 32) -0.143a -0.0563a -0.289a

Wage-diff (ISIC 33) 0.0199 0.0513a 0.0797a

Wage-diff (ISIC 34) 0.150a 0.0565a 0.0932a

Wage-diff (ISIC 35) -0.0906a -0.0522b 0.0954b

Wage-diff (ISIC 36) 0.0436 0.0185 -0.0547

Wage-diff (ISIC 37) 0.0487a 0.0104 0.110a

Wage-diff (ISIC 38) 0.0515 -0.103a 0.130b

Wage-diff (ISIC 39) 0.00141 0.107a 0.0495b

Output growth 0.00609a 0.0308a 0.0338a

Output growth ISIC 2 -0.00018 -0.00203a -0.00224b

Unempl (City) -0.0149 -0.0502a 0.01

Elect cons (KWh) 0.0791a 0.0357a 0.0320a

Constant -0.792a -0.220a 0.0488

Observations 25,685 25,685 25,685

Number of groups 1,243 1,243 1,243

R2 0.31 0.32 0.42

F-test all coeff = 0 840.7 897.4 1363

F-test poolability all ui=0 6.172 3.621 10.23

Note: a, b, c denote significance levels: a. p<0.01, b. p<0.05, c. p<0.1. All variables expressed in 
natural logarithms. BC stands for blue-collar workers, WC stands for white-collar workers and all 
workers in the firm. Heteroscedasticity – corrected and clustered (by city) standard errors omitted 
for brevity.

Source: Authors’ calculation.
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Table 6. Inter-industry wage differential and job rotation (year dummies)
Coefficient BC WC All workers
Wage-diff (ISIC 31) 0.281a -0.0720a 0.441a

Wage-diff (ISIC 32) -0.191a -0.0613a -0.338a

Wage-diff (ISIC 33) 0.0406b 0.00728 -0.0305
Wage-diff (ISIC 34) 0.132b 0.129a 0.530a

Wage-diff (ISIC 35) 0.252a -0.160a 0.0601
Wage-diff (ISIC 36) 0.0596 0.101a 0.106c

Wage-diff (ISIC 37) -0.0401b 0.00895 -0.0973a

Wage-diff (ISIC 38) -0.137b 0.157a 0.152c

Wage-diff (ISIC 39) -0.0628a 0.0363b -0.0591b

d91-99 -0.198a 0.329a -0.404a

d91-99 x W. diff (ISIC 31) -0.0651 0.312a -0.133
d91-99 x W. diff (ISIC 32) -0.0361 -0.142a 0.313a

d91-99 x W. diff (ISIC 33) 0.0309 0.107a 0.233a

d91-99 x W. diff (ISIC 34) 0.147c -0.144a -0.770a

d91-99 x W. diff (ISIC 35) -0.336a 0.261a 0.199c

d91-99 x W. diff (ISIC 36) -0.153a -0.167a -0.434a

d91-99 x W. diff (ISIC 37) 0.0893a 0.0603a 0.262a

d91-99 x W. diff (ISIC 38) 0.232b -0.348a 0.0597
d91-99 x W. diff (ISIC 39) 0.0618 0.101a 0.275a

Output growth 0.00647a 0.0314a 0.0347a

Output growth ISIC2 0.0000756 -0.00120b -0.00141
Unempl (City) -0.0119 -0.0659a -0.0676a

Elect cons (KWh) 0.0810a 0.0283a 0.0333a

Constant -0.710a -0.251a 0.303a

Observations 25,685 25,685 25,685
Number of groups 1,243 1,243 1,243
R2 0.31 0.34 0.42
F-test all coeff = 0 487.4 546.8 782.2
F-test poolability all ui=0 6.123 3.791 9.986
F-test ISIC time dummy = 0 21.79 68.79 17.67
F-test ISIC time dummy equal 15.49 24.8 19.49

Note: a, b, c denote significance levels: a. p<0.01, b. p<0.05, c. p<0.1. All variables are expressed 
in natural logarithms. BC stands for blue- collar workers, WC stands for white-collar workers and 
total workers in the firm. Heteroscedasticity – corrected and clustered (by city) standard errors are 
omitted for brevity.

Source: Authors’ calculation.
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The changes in coefficients the intra-industry estimation should be 
interpreted carefully. A negative coefficient is found in the wage differential 
of firms with respect to the textile industry (ISIC 32), so the higher the wage 
differential of firms, the lower the job rotation. The same result occurs for 
blue and white-collar wages in the chemical and petroleum industry (ISIC 35) 
and for metal products (ISIC 38) for white-collar workers. The coefficients for 
output and electricity behave as in previous estimations. It is noteworthy that 
unemployment is not significant for all workers, although it continues to hold 
the expected relationship for white-collar workers and as previously, it does not 
happen to be significant for blue-collar ones9. Unemployment remained non-
significant for blue-collar workers.

Results for the estimation which included a dummy variable to capture the 
effects of the labor market reform and introduction of other economic policies in 
the early 1990s is shown in Table 6. Under this specification the wage differential 
is found again, with the textile industry exerting an effect that is contrary to 
the expectations. However, the coefficient after the labor reform is positive, 
significant and higher, which acknowledges the fact that after the reforms, the 
unobserved component of labor costs associated with job rotation rose for this 
industry (similar to the finding for intra–industry wage differentials)10.  For the 
wood manufacturing industry (ISIC 33) there seems to be a very weak relationship, 
which is not surprising since the importance of this particular industry is not high 
in industry as a whole. For the period after the reform, the variable is significant 
for both white-collar and total workers, capturing the effect of the labor reform 
over the relationship between wage differential and job rotation.

The coefficient associated with the intercept-dummy ‘d91-99’ is statistically 
significant and negative for blue-collar workers. This can be interpreted as a 
change respect to the previous period of the autonomous unobserved component 
of the Fixed Effects estimation, that is, labor costs associated with the creation 
and destruction of labor. Thus it can be concluded that there was a reduction 
of 20% in rotation costs. But for white-collar workers the coefficient is positive 

9	 A previous estimation included intra–industry wage differential, it seemed reasonable to have 
it to compare the variable in respect of the inter–industry estimation, although the results 
do not differ much, this regression is omitted since we suspect a collinearity problem. The 
intra-industry wage differential for ISIC sectors with many firms would be estimated twice 
and would create a bias.

10	 This is an industry that happened to be highly affected by higher trade openness to imported 
goods.
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and higher, with an increase of 32% in rotation costs. The previous estimation 
of this parameter (Table 4) where only intra-industry wage differentials were 
considered, gave a positive sign. For the manufacture of chemicals (ISIC 35) and 
the manufacture of non-metallic mineral products (ISIC 36) the relationship 
between wage differential and job rotation for blue-collar workers decreased 
after the reforms; this is also the case for white-collar workers in textiles (ISIC 
32), paper products (ISIC 34), mineral products (ISIC 36) and metal products, 
machinery and equipment (ISIC 38). For basic metal industries (ISIC 37), metal 
products, machinery and equipment (ISIC 38) among blue-collar workers and 
food and beverages (ISIC 31), manufacture of wood products (ISIC 33) and 
manufacture of chemicals (ISIC 35) for white-collar workers, this relationship 
increased. These results are an indication that in these industries, the reform had 
an effect on the costs associated with the creation and destruction of labor, with 
mixed results and intensities.

Conclusion
This paper has examined the impact of structural adjustment reforms on 

employment in Colombian manufacturing. Since job rotation costs are not 
observable at firm level, a relationship between job rotation and intra / inter-
industry wage differentials is proposed. There is evidence of a positive, non-
linear relationship between wage differential and employment, supporting the 
idea that firms pay wages above (or below) their industry average to reduce the 
associated costs with job rotation, which is a variant of efficiency wage theory. 
This is a notable result, as firm-level rigidities have not been inquired as possible 
explanations for aggregate involuntary unemployment in the Colombian 
literature.

In the empirical testing of the job rotation function the Fixed Effects (FE) 
estimation was used to reduce the bias from the unobserved – fixed – variable, 
this is the firm’s job rotation costs. The results of the estimation are consistent 
with the model proposed, for blue-collar and white-collar workers, and also for 
the total number of workers. The estimation is robust for additional specification 
variables such as industry dummies and structural breaks. As the results show, 
blue-collar workers’ rotation is more responsive (4.6%) to intra–industry wage 
differentials in comparison to white-collar workers (2.6%), to a 10% increase in 
the wage differential. Testing for structural change after the labor reforms of 
the early 1990s, provided evidence of changes in the relationship between job 
rotation and the intra–industry wage differential, and resulted in a measure of the 
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percentage change in autonomous job rotation (associated with the unobservable 
variable) compared to the pre-reform period. In this case a 4.5% increase was 
found for blue-collar workers, a 1.6% increase for white-collar workers and 6% 
for all workers.

It was found that the impact of inter-industry wage differentials on job 
rotation varies significantly across industries. The wage differential with respect 
to the textiles industry seems to have quite a strong effect on job rotation. One 
important message from the results found in the inter-industry estimation is that 
the heterogeneity in responses among industries and firms must be taken into 
account. Also in this estimation, the magnitude of the structural break shows 
a reduction in the autonomous job rotation after the labor reform of 1990 for 
blue-collar workers and positive for white-collar ones, with mixed results for 
different industries.

For the post-reform period in the job rotation of blue-collar workers 
associated with the non–observable variable, the labor creation / destruction 
costs, and a corresponding increase in the rotation of white-collar workers. In the 
context of structural reforms aiming for more competitive and open economies, 
the labor market reforms undertaken in developing economies have become an 
important area of debate. In the light of the model and empirical estimation, 
the wage differential takes a significant role in the creation or destruction of 
labor in different industries. Although industry wage differentials are difficult 
to examine from the perspective of the structural reforms, this paper has shown 
how important this factor is in the level of manufacturing employment.
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Appendices

Appendix 1. Additional estimation results

Table 7. Intra-industry wage differential and job rotation (Pooled estimation)

Coefficient 
BC WC All workers

Pooled Pooled Pooled

Wage-diff (ISIC 2) 0.0859a 0.0413a 0.0961a

-0.003 -0.0018 -0.0041

Wage-diff (ISIC 2) sq -0.00720a -0.0000949 -0.0239a

-0.00049 -0.00028 -0.0014

Output growth 0.00765a 0.0336a 0.0408a

-0.00066 -0.00051 -0.00093

Output growth ISIC2 -0.00417a -0.00328a -0.00755a

-0.00067 -0.00052 -0.00095

Unempl (City) -0.0487a -0.0653a -0.110a

-0.0074 -0.0056 -0.01

Elect cons (KWh) -0.0304a -0.0173a -0.0299a

-0.0021 -0.0015 -0.003

Constant 0.533a 0.392a 0.709a

-0.029 -0.021 -0.041

Observations 25,687 25,687 25,687

R2 0.09 0.2 0.12

F-test all coeff = 0 430.2 1077 609.7

Note: Heteroscedasticity corrected standard errors in parentheses. a, b, c denote 
significance levels: a. p<0.01, b. p<0.05, c. p<0.1. All variables are expressed in 
natural logarithms. BC stands for blue- collar workers, WC stands for white-collar 
workers and Total for all workers in the firm.

Source: Authors’ calculation.
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Table 8. Intra-industry wage differential and job rotation with industry effects

Coefficients BC WC All workers

ISIC 31 xW. Diff -0.0666a 0.0809a -0.0121

-0.015 -0.0093 -0.032

ISIC 32 xW. Diff 0.0142 -0.0567a -0.0655b

-0.013 -0.009 -0.03

ISIC 33 xW. Diff 0.0914a -0.0543a -0.0840c

-0.029 -0.014 -0.045

ISIC 34 xW. Diff -0.0549a -0.0309a -0.0753b

-0.016 -0.011 -0.035

ISIC 35 xW. Diff -0.111a 0.0791a -0.0297

-0.014 -0.0095 -0.03

ISIC 36 xW. Diff 0.0277 -0.0384a -0.0361

-0.017 -0.01 -0.039

ISIC 37 xW. Diff -0.138a -0.0832a -0.297a

-0.038 -0.023 -0.063

ISIC 38 xW. Diff 0.0291b -0.0317a 0.0106

-0.014 -0.0093 -0.03

Constant -0.356a 0.143a -0.130c

-0.048 -0.037 -0.068

Observations 25,685 25,685 25,685

Number of id rt 1,243 1,243 1,243

R2 0.35 0.37 0.39

F-test all coeff = 0 923.6 1,038 1,104

F-test poolability all ui=0 7.522 5.587 8.485

F-test ISIC dummy = 0 39.75 95.39 5.825

F-test ISIC dummy equal 44.79 109 6.419

Note: Heteroscedasticity corrected standard errors in parentheses. a, b, c denote significance levels: 
a. p<0.01, b. p<0.05, c. p<0.1. All variables are expressed in natural logarithms. BC stands 
for blue- collar workers, WC stands for white-collar workers and Total for all workers in the firm.

Source: Authors’ calculation.
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Table 9. Intra-industry wage differential and job rotation (ISIC and time dummies)

-0.03 -0.014 -0.047

ISIC 34 x W. diff -0.00297 -0.00243 -0.0208

-0.016 -0.011 -0.035

ISIC 35 x W. diff -0.0867a 0.0969a 0.0275

-0.014 -0.0096 -0.031

ISIC 36 x W. diff 0.00287 -0.0166 -0.0675c

-0.018 -0.011 -0.039

ISIC 37 x W. diff -0.0740c -0.0952a -0.201a

-0.038 -0.022 -0.063

ISIC 38 x W. diff 0.0277b -0.0151 0.0419

-0.014 -0.0093 -0.03

d94 99 x W. diff 0.0171a 0.0384a 0.0437a

-0.0035 -0.0024 -0.0051

d94 99 0.0542a 0.0340a 0.0939a

-0.0068 -0.0054 -0.0094

Constant -0.180a 0.283a 0.137b

-0.049 -0.039 -0.07

Observations 25,687 25,687 25,687

Number of id rt 1,243 1,243 1,243

R2 0.34 0.38 0.38

F-test all coeff = 0 788.1 924.6 943.3

F-test poolability (all ui=0) 7.113 5.371 7.93

F-test ISIC dummy = 0 27.93 97.64 97.64

F-test ISIC dummy equal 31.9 110.7 6.608

Note: Standard errors in parentheses. a, b, c denote significance levels: a. p<0.01, b. p<0.05, 
c. p<0.1. All variables are expressed in natural logarithms. BC stands for blue- collar workers, 
WC stands for white-collar workers and all workers in the firm.

Source: Authors’ calculation.
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