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I.	 Introduction

Measuring the evolution of income distribution over time and/or across regions and 
assessing the effect of policy measures on income concentration are topics of re-
search that have historically received a great deal of attention. To address these top-
ics, authors typically provide comparisons based on the ranking of estimated Gini 
coefficients without acknowledging the fact that, being a sample statistic, these coef-
ficients have associated sampling distributions; see e.g., Baer and Maloney (1997), 
Caselli and Battini (2000), and Ezcurra and Pascual (2009).

A number of authors have considered different methodologies to estimate the stan-
dard error of the Gini coefficient: Zheng and Cushing (2001), Giles (2004 and 2006), 
Ogwang (2000, 2004 and 2006), and Modarres and Gastwirth (2006). However, in a 
recent paper Davidson (2009) points out that the estimators available in the literature 
are either mathematically complex to calculate or quite unreliable. For example, Da-
vidson (2009) shows that the jackknife estimator of the variance is not a consistent 
estimator of the asymptotic variance of the Gini coefficient, and therefore does not 
give reliable inference. Davidson (2009) presents a procedure to compute an asymp-
totically correct standard error for the Gini coefficient based on a relatively simple 
expression. The work by Davidson has at least three main contributions. First, it 
provides a bias-corrected estimator of the Gini coefficient. Second, it derives an 
approximation for the standard error of the Gini coefficient that expresses it as a 
sum of independent and identically distributed (iid) random variables. Third, it il-
lustrates how bootstrap methods can be used to yield reliable inference about the 
Gini coefficient.
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This paper uses Colombian household survey data collected over the 1984-2005 
period to estimate the Gini coefficient for labor income in the urban labor market, 
as well as for the labor markets in the main seven urban areas. Rankings of Gini 
coefficients based on income distributions for Colombia have been undertaken by 
Berry and Urrutia (1976) and Birchenall (2001, 2007), among others. In sharp con-
trast to this literature, in this paper we estimate standard errors on Gini coefficients. 
This enables us to test for statistical variation across urban areas and over time. The 
chosen sample period is interesting because the Colombian government instituted 
a series of major liberalizing reforms during the early 1990s, although this was fol-
lowed by the deepest recession experienced by the country in the last century and the 
subsequent years of recovery.

The paper is organized as follows: Section II briefly describes the methodology used 
for the estimation of the Gini coefficient and its corresponding standard error. Section 
III describes the data set and summarizes the main results. Section IV concludes.

II	 METHODOLOGY

The Gini coefficient, defined as twice the area between the equidistribution line 
(i.e., the 45o line) and the Lorenz (1905) curve, is perhaps the most commonly used 
measure of inequality. It ranges between zero (perfect equality) and one (perfect 
inequality). Recently, Davidson (2009) expressed the Gini coefficient as:

1

Ĝ =
2

µ̂n2

n∑
i=1

y(i)

(
i − 1

2

)
− 1, (1)                                                                    (1)

where, 

1

y(i), i = 1, 2, .., n, is the series of order statistics of the income variable 

1

y (that is, the original series sorted in increasing order), and 

1

µ̂  is the estimated 
mean of 

1

y . Davidson (2009) finds an approximate expression for the bias of

1

Ĝ,, 
from which he derives the following bias-corrected estimator of the Gini coefficient, 
denoted

1

G̃,, which is given by:
1

G̃ =
n

(n − 1)
Ĝ. (1)

										                      (2)
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While the estimator (2) is still biased, its bias is of order smaller than 

1

n−1.. Equation 
(2) can be used to obtain an estimate of the standard error of 

1

G̃.. Using:

1

Z̃i = −(G̃ + 1)y(i) + 2(wi − vi), (1)							        (3)

where 

1

wi = (2i − 1) y(i)/ (2n)  and   


  . The standard error of 
the bias-corrected Gini coefficient is denoted as:

1

SE
(
G̃

)
=

√√√√ 1

(nµ̂)2

n∑
i=1

(Z̃i − Z̄)2. (1)

							     
												                       (4)

Davidson (2009) shows, via simulation experiments, that the asymptotic distribution 
of the Gini coefficient is reliable even for sample sizes of around 100 observations. 
However, in case the underlying income distribution follows a lognormal distribu-
tion with a large variance or when the distribution has heavy tails, reliable inference 
can be obtained by applying the bootstrap method. In particular, Davidson (2009) 
suggests implementing the bootstrap method as follows. First, let 

1

τ ≡ (G̃ − G0)

SE
(
G̃

) , (1)
										                (5)

be the test statistic required to test the null hypothesis that the bias-corrected Gini 
coefficient is equal to

1

G0.. Then, one generates 

1

b = 1, ..., B  bootstrap samples of 
size n by resampling with replacement from the observed income data (which is 
also of size

1

n ). For bootstrap sample

1

b,, one computes a bootstrap statistic 

1

τ ∗
b  as in 

(5), but with

1

G0  replaced by

1

G̃,, that is the value of the statistic computed from the 
observed sample. This is required so that the hypothesis tested should be true of the boot-
strap data-generating process. To calculate an interval at nominal confidence level

1

(1 − α),, one estimates the

1

α/2  and 

1

1 − α/2  quantiles of the empirical distribu-
tion of the bootstrap statistics 

1

τ ∗
b ..

III	 DATA AND MAIN RESULTS

We use data from the nationwide household surveys periodically undertaken by 
the Departamento Administrativo Nacional de Estadística (DANE). Our period of 
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analysis, i.e., 1984 to 2005, is characterized by the implementation of two different 
surveys, namely the Encuesta Nacional de Hogares (ENH) and the Encuesta Con-
tinua de Hogares (ECH). The former was applied quarterly from 1979 to 2000, and 
up until 1983 it included the four main cities of Colombia: Bogotá, Medellín, Cali, 
and Barranquilla. In 1984 three more cities were added to the ENH: Bucaramanga, 
Manizales, and Pasto. In 2001, the ENH was superseded by the ECH, which is a 
monthly survey of thirteen cities: the original seven plus Ibagué, Montería, Carta-
gena, Pereira, Villavicencio, and Cúcuta1. 

The dataset used in the analysis consists of the hourly wage per worker (in constant 
prices of 2005) during the 1984-2005 period, which is used as a proxy for labor in-
come. The choice of this variable has three important implications for the analysis. 
First, hourly wage per worker exhibits less variation than personal income. Indeed, 
over the period from 1984 to 2005 the coefficient of variation of the former 
ranges from 1.1 to 2.4, while the corresponding coefficient of variation of the 
latter ranges from 1.2 to 3.2. This implies that Gini coefficients based on hourly 
wage per worker will be lower than those based on personal income. Second, calcu-
lations not reported here suggest that problems of censored and truncated data are 
more frequent when dealing with personal income than with our measure of hourly 
wage per worker. For example, in 2001 and 2002 the percentage of individuals who 
do not report income amounts to approximately 43% and 44%, respectively, while 
the corresponding percentages for the individuals who do not report wage are 19% and 
21%, respectively. Third, the use of hourly wage per worker offers the advantage that it 
controls for the fact that an individual may earn several wages from different jobs.

The unit of analysis is the employed individuals. This means that individuals who 
report having worked during the previous week but do not report labor income are 
excluded from the sample. One might be inclined to think that individuals in the 
upper tail of the income distribution do not tend to report their income. However, 
results not reported here indicate that there is no statistical difference between indi-
viduals who report labor income and those who do not report it, once one controls 
for human capital variables, such as education and experience. Furthermore, given 
that in this paper we are interested in assessing changes in Gini coefficients over 
time and across cities, it is likely that underreporting will be randomly distributed 
within the sample.

1	  The ECH also introduced changes in the phrasing of questions aimed at measuring 
labor market indicators, such as the concept of unemployment, and unpaid workers, etc. These 
methodological differences do not affect our measure of wage income.
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The data for each year in the 1984-2005 period were obtained by aggregating the 
surveys of every given year. We use the seven main cities that are available through-
out the sample period: Bogotá, Medellín, Cali, Barranquilla, Bucaramanga, Man-
izales, and Pasto. These account for more than seventy percent of the country’s total 
urban population.

Table 1 reports bias-corrected Gini coefficients for the main seven cities and for 
the country2. 

This table also contains the corresponding standard errors based on equation (4), 
which can be used to construct confidence intervals using the quantiles of the stan-
dard normal distribution. The standard errors that result from implementing the 
bootstrap procedure outlined in the previous section (using 9.999 bootstrap replica-
tions) are reported in the Appendix. At this point it is also worth mentioning that the 
application of the jackknife method results is much larger estimates of the variance of 
the bias-corrected Gini coefficients; indeed, when using the data for all seven cities the 
estimated jackknife variance is almost 1.8 times the estimated asymptotic variance 
derived by the formula given in Davidson (2009)3. 

Table 2 reports the number of times the bias-corrected Gini coefficients between 
pairs of cities are statistically the same over the sample period under consideration, 
1984-2005. For example, when looking at Bucaramanga and Barranquilla, in 11 out 
of the 21 possible cases the coefficients between these two cities do not appear to be 
statistically different. This table shows that there are only three pairs of cities, namely 
Bogotá-Medellín, Medellín-Pasto and Bucaramanga-Pasto, for which the estimated 
coefficients always appear to be statistically different throughout the sample period.

2	  All the calculations were performed in the econometrics software RATS 6.1 and Stata SE 9.2.

3	  In the case of the city of Pasto, the estimated jackknife variance is almost 3 times the 
estimated asymptotic variance. Jackknife estimates of the standard errors are not reported here for 
brevity, but are available from the authors upon request.
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Table 1
Estimates and standard errors of the Gini coefficient

Year
Total Bogotá Barranquilla Bucaramanga Cali Medellín Manizales Pasto

Gini (s.e.) Gini (s.e.) Gini (s.e.) Gini (s.e.) Gini (s.e.) Gini (s.e.) Gini (s.e.) Gini (s.e.)

1984 0.405 0.0021 0.413 0.0028 0.396 0.0087 0.387 0.0075 0.402 0.0051 0.375 0.0056 0.436 0.0076 0.464 0.0096

1985 0.420 0.0032 0.429 0.0043 0.408 0.0076 0.400 0.0076 0.424 0.0125 0.393 0.0088 0.437 0.0092 0.455 0.0058

1986 0.406 0.0033 0.428 0.0048 0.411 0.0070 0.379 0.0060 0.392 0.0056 0.367 0.0113 0.403 0.0079 0.445 0.0069

1987 0.389 0.0024 0.416 0.0039 0.363 0.0062 0.376 0.0053 0.409 0.0078 0.322 0.0044 0.404 0.0110 0.454 0.0078

1988 0.396 0.0022 0.432 0.0045 0.355 0.0053 0.396 0.0055 0.395 0.0052 0.336 0.0038 0.401 0.0072 0.447 0.0060

1989 0.398 0.0032 0.430 0.0075 0.377 0.0053 0.406 0.0104 0.398 0.0053 0.328 0.0052 0.393 0.0065 0.449 0.0069

1990 0.395 0.0022 0.434 0.0044 0.352 0.0061 0.389 0.0054 0.397 0.0061 0.341 0.0039 0.374 0.0055 0.459 0.0062

1991 0.412 0.0028 0.462 0.0051 0.369 0.0044 0.388 0.0052 0.418 0.0116 0.349 0.0049 0.379 0.0066 0.453 0.0070

1992 0.419 0.0037 0.453 0.0046 0.412 0.0221 0.376 0.0050 0.418 0.0055 0.372 0.0042 0.407 0.0097 0.449 0.0063

1993 0.456 0.0057 0.513 0.0117 0.414 0.0112 0.396 0.0063 0.475 0.0186 0.414 0.0104 0.406 0.0070 0.443 0.0062

1994 0.465 0.0046 0.513 0.0079 0.478 0.0163 0.395 0.0094 0.425 0.0072 0.421 0.0106 0.427 0.0104 0.451 0.0060

1995 0.434 0.0033 0.478 0.0071 0.414 0.0055 0.393 0.0058 0.431 0.0106 0.378 0.0048 0.409 0.0057 0.458 0.0064

1996 0.442 0.0033 0.466 0.0063 0.418 0.0050 0.426 0.0064 0.408 0.0060 0.430 0.0100 0.446 0.0076 0.475 0.0109

1997 0.458 0.0034 0.517 0.0109 0.426 0.0056 0.432 0.0058 0.441 0.0096 0.426 0.0074 0.451 0.0064 0.469 0.0061

1998 0.466 0.0029 0.514 0.0080 0.434 0.0053 0.445 0.0089 0.451 0.0077 0.437 0.0067 0.456 0.0055 0.481 0.0052

1999 0.462 0.0027 0.503 0.0067 0.436 0.0048 0.409 0.0064 0.476 0.0079 0.416 0.0053 0.466 0.0075 0.488 0.0085

2000 0.486 0.0043 0.538 0.0133 0.468 0.0071 0.464 0.0194 0.456 0.0068 0.466 0.0075 0.469 0.0091 0.504 0.0057

2001 0.458 0.0026 0.505 0.0083 0.420 0.0054 0.449 0.0060 0.449 0.0065 0.418 0.0067 0.454 0.0065 0.489 0.0047

2002 0.457 0.0048 0.530 0.0190 0.416 0.0051 0.403 0.0062 0.453 0.0072 0.413 0.0056 0.441 0.0049 0.488 0.0047

2003 0.449 0.0025 0.490 0.0061 0.411 0.0083 0.426 0.0056 0.429 0.0068 0.448 0.0064 0.433 0.0056 0.478 0.0054

2004 0.450 0.0037 0.511 0.0076 0.379 0.0064 0.418 0.0060 0.446 0.0078 0.434 0.0067 0.454 0.0173 0.456 0.0049

2005 0.442 0.0025 0.502 0.0065 0.383 0.0077 0.444 0.0061 0.449 0.0065 0.398 0.0053 0.407 0.0054 0.473 0.0059

Note: Standard errors are based on equation (4).

Table 3 compares the evolution of the Gini coefficients for each city and for the 
country, with respect to three different base years: 1984, 1990 and 1999. The first 
base year is chosen simply because it is the beginning of our sample period. The sec-
ond base year allows us to compare with respect to the year when the government 
introduced a series of structural policy measures aimed at liberalizing Colombian 
trade and foreign exchange transactions, which were also accompanied by legisla-
tion to free the labor market while granting greater protection to union rights (see 
Urrutia (1994) for a review of these policy reforms). The third base year allows us to 
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Table 1
Estimates and standard errors of the Gini coefficient

Year
Total Bogotá Barranquilla Bucaramanga Cali Medellín Manizales Pasto

Gini (s.e.) Gini (s.e.) Gini (s.e.) Gini (s.e.) Gini (s.e.) Gini (s.e.) Gini (s.e.) Gini (s.e.)

1984 0.405 0.0021 0.413 0.0028 0.396 0.0087 0.387 0.0075 0.402 0.0051 0.375 0.0056 0.436 0.0076 0.464 0.0096

1985 0.420 0.0032 0.429 0.0043 0.408 0.0076 0.400 0.0076 0.424 0.0125 0.393 0.0088 0.437 0.0092 0.455 0.0058

1986 0.406 0.0033 0.428 0.0048 0.411 0.0070 0.379 0.0060 0.392 0.0056 0.367 0.0113 0.403 0.0079 0.445 0.0069

1987 0.389 0.0024 0.416 0.0039 0.363 0.0062 0.376 0.0053 0.409 0.0078 0.322 0.0044 0.404 0.0110 0.454 0.0078

1988 0.396 0.0022 0.432 0.0045 0.355 0.0053 0.396 0.0055 0.395 0.0052 0.336 0.0038 0.401 0.0072 0.447 0.0060

1989 0.398 0.0032 0.430 0.0075 0.377 0.0053 0.406 0.0104 0.398 0.0053 0.328 0.0052 0.393 0.0065 0.449 0.0069

1990 0.395 0.0022 0.434 0.0044 0.352 0.0061 0.389 0.0054 0.397 0.0061 0.341 0.0039 0.374 0.0055 0.459 0.0062

1991 0.412 0.0028 0.462 0.0051 0.369 0.0044 0.388 0.0052 0.418 0.0116 0.349 0.0049 0.379 0.0066 0.453 0.0070

1992 0.419 0.0037 0.453 0.0046 0.412 0.0221 0.376 0.0050 0.418 0.0055 0.372 0.0042 0.407 0.0097 0.449 0.0063

1993 0.456 0.0057 0.513 0.0117 0.414 0.0112 0.396 0.0063 0.475 0.0186 0.414 0.0104 0.406 0.0070 0.443 0.0062

1994 0.465 0.0046 0.513 0.0079 0.478 0.0163 0.395 0.0094 0.425 0.0072 0.421 0.0106 0.427 0.0104 0.451 0.0060

1995 0.434 0.0033 0.478 0.0071 0.414 0.0055 0.393 0.0058 0.431 0.0106 0.378 0.0048 0.409 0.0057 0.458 0.0064

1996 0.442 0.0033 0.466 0.0063 0.418 0.0050 0.426 0.0064 0.408 0.0060 0.430 0.0100 0.446 0.0076 0.475 0.0109

1997 0.458 0.0034 0.517 0.0109 0.426 0.0056 0.432 0.0058 0.441 0.0096 0.426 0.0074 0.451 0.0064 0.469 0.0061

1998 0.466 0.0029 0.514 0.0080 0.434 0.0053 0.445 0.0089 0.451 0.0077 0.437 0.0067 0.456 0.0055 0.481 0.0052

1999 0.462 0.0027 0.503 0.0067 0.436 0.0048 0.409 0.0064 0.476 0.0079 0.416 0.0053 0.466 0.0075 0.488 0.0085

2000 0.486 0.0043 0.538 0.0133 0.468 0.0071 0.464 0.0194 0.456 0.0068 0.466 0.0075 0.469 0.0091 0.504 0.0057

2001 0.458 0.0026 0.505 0.0083 0.420 0.0054 0.449 0.0060 0.449 0.0065 0.418 0.0067 0.454 0.0065 0.489 0.0047

2002 0.457 0.0048 0.530 0.0190 0.416 0.0051 0.403 0.0062 0.453 0.0072 0.413 0.0056 0.441 0.0049 0.488 0.0047

2003 0.449 0.0025 0.490 0.0061 0.411 0.0083 0.426 0.0056 0.429 0.0068 0.448 0.0064 0.433 0.0056 0.478 0.0054

2004 0.450 0.0037 0.511 0.0076 0.379 0.0064 0.418 0.0060 0.446 0.0078 0.434 0.0067 0.454 0.0173 0.456 0.0049

2005 0.442 0.0025 0.502 0.0065 0.383 0.0077 0.444 0.0061 0.449 0.0065 0.398 0.0053 0.407 0.0054 0.473 0.0059

Note: Standard errors are based on equation (4).

provide a comparison with respect to the lowest point of the most serious recession 
recorded during the last century.

Let us consider first the results when using 1984 as base year. The cities of Barran-
quilla, Medellín and Manizales exhibit a downward trend in their Gini coefficients 
during the 1980s and early 1990s, which is subsequently reversed starting in the mid-
1990s. In the case of Pasto, wage income distributions appear not to have changed 
with respect to the level observed in 1984. In the cases of Bogota and the aggregate 
of the seven cities, the corresponding Gini coefficients appear to have moved upwards. 
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Using 1990 as base year, we find that most of the Gini coefficients exhibit an increase. 
This suggests that the liberalizing policy reforms of the early 1990s led to a worsening 
distribution of income. Lastly, when looking at the period that followed the deepest 
recession of the last century, evidence is somewhat mixed. The years of recovery 
do not appear to have had an effect on wage income distribution in 21 out of the 48 
comparisons provided, whereas in 18 cases there is a statistically significant fall in 
the Gini coefficients.

Table 2
Number of times the Gini coefficients are equal (1984 - 2005)

City Barranquilla Bogotá Cali Medellín Manizales Pasto

Bucaramanga 11 1 12 14 10 0

Barranquilla  3 9 11 7 2

Bogotá   4 0 2 8

Cali    6 16 3

Medellín     7 0

Manizales      3

Note: The tests of hypotheses reported in Tables 2 and 3 are at the 5% level.

Overall, when assessing variations in the distributions of wage income with respect to 
1990 and 1999, the picture that emerges is not particularly optimistic in the sense that 
most of the observed variations in the Gini coefficients are in the positive direction (re-
flecting a worsening in inequality). It appears that the best-case scenario is that which 
reflects no statistically significant variation at all.

IV.	 CONCLUDING REMARKS

This paper analyses the evolution of the Gini coefficient in Colombia across cities, as 
measured by the hourly wage per worker, over a period of more than two decades. To 
provide valid inference on the observed variations of the estimated Gini coefficients, 
we implement the Davidson (2009) methodology to compute asymptotically correct 
standard errors. The estimated standard errors were used to perform hypotheses 
tests on wage income distribution equality across cities and over time. Focusing first 
on the cross section dimension, we find several years during which the observed 
differences in the Gini coefficients at the city level do not appear to be statistically 
different from zero. This highlights the importance of taking into account the coef-
ficient estimated standard errors when performing comparisons. As to the time se-
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ries dimension, we compare the corresponding Gini coefficients for each city with 
the values observed in 1984, 1990 and 1999, and find that in most cases inequality 
has worsened.

Table 3
Statistically significant variations in Gini coefficients

Year Total Bucaramanga Barranquilla Bogotá Cali Medellín Manizales Pasto

Variation measured with respect to 1984

1985 - - - - - -

1986 - - - - - -

1987 - - - -

1988 - - -

1989 - - - - -

1990 - - -

1991 - - -

1992 - - - -

1993 - - -

1994 - - -

1995 - - - -

1996 - - -

1997 - -

1998 -

1999 -

2000

2001 -

2002 - -

2003 - - -

2004 - - -

2005 - -

Variation measured with respect to 1990

1991 - - - - -

1992 - -

1993 - -

1994 - -

1995 - -

1996 - -

1997 -
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1998

1999 

2000

2001

2002

2003

2004 -

2005 -

Variation measured with respect to 1999

2000 - - -

2001 - - - - -

2002 - - - - -

2003 - - -

2004 - - -

2005 - -

Table 3 (continued)
Statistically significant variations in Gini coefficients

Variation measured with respect to 1990
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