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l. INTRODUCTION 

lt is widely known that total factor productivity (TFP) 

is an important determinant of economic growth 

and, thus, of welfare for any country. lt is thought 

to encompass many unobservable (or unmeasured) 

determinants of growth. However, the techniques 

used to estímate this exogenous "factor" have faced 

wide controversy. The first source of disagreement 

comes from measurement errors for the estimates of 

production inputs (capital stock and labor). Given 

that TFP is the part of GDP growth not explained by 

investment on capital or employment growth, it is 

usually considered as "the measure of our igno

rance" . At the same time, it has been claimed that, 

even if inputs are precisely measured, productivity 

numbers are biased downwards because gains in 

product quality are not taken into account. From 

the environmental point of view, the bias is upwards 

since the unmeasured environmental cost of eco

nomic growth is not included in the estimations. 

But despite its flaws and inaccuracies, the residual 

(TFP) has provided a simple and internally consistent 

framework for organizing data on economic growth 

and for understanding growth determinants and 

differences across countries. 

This paper surveys and summarizes both the theoreti

ca l approach and the applied results, for the Colom

bian case, related to the estimation of the evolution 

of TFP and makes an effort to estímate some of its 

determinants. For this last task, the paper analyzes 

some of the variabl es that have been mentioned in 

the literature as key for productivity, but also tests 

new hypotheses, particularly related to labor mar

ket variables and innovation. To accomplish these 

goals, the paper is divided in five sections after this 

introduction. The first presents the recent evolution 

of both TFP and labor productivity for Latín America 

and Colombia. The second contains a revision of 
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app li ed work carried out recently and is intended to 

be a somewhat formal discussion of what can be ex

pected from the exercise. The third section inquires 

about the determinants of TFP growth, emphasizing 

the role of the labor market. In the fourth section, a 

four digit JSJC panel data for the manufacturing sector 

is used to test the main hypotheses. Finally, some 

conclusions are presented in the fifth part. 

The results show that TFP growth decreased sharply 

since the 1980s (the data used in the paper cover 

until 2000 or so). This outcome is robust across me

thodologies and data samples. At the same time, the 

ana lyses of determinants of TFP show that variables 

related to the 1990s reforms have a strong impact. 

In particular, measures intended to reduce hiring 

and firing costs in the labor market, as well as trade 

1 ibera 1 ization i mproved TFP growth. Adverse externa! 

shocks, on the other hand, such as vio lence and poor 

management of public finances, reflected in increa

sing deficits until1998, did not allow the country to 

grow faster dueto their impact on TFP. At the sectora l 

level, the paper finds a negative impact on TFP of 

payroll taxes, even when control ling for education, 

export orientation and industrial concentration. 

11. STYLIZED FACTS FOR COLOMBIA ANO LA TIN 

AME RICA 

lt is well known that Latín American countries ex

perienced a variety of crises during the eighties and 

nineties. They were reflected, among other things, on 

lower growth rates than expected after the market

oriented reforms were implemented (end of the 1980s 

- beginning of the 1990s). Loayza, Fajnzylber and 

Calderón (LFC, 2002), analyze growth performance for 

the region in the period 1960-99, describing the main 

sty li zed facts using a growth accounting approach 

and producing forecasts based on regression ana ly

ses of the determinants of growth. Their results are 



presented below along with our estimates. 

The main styli zed facts for the region and a sample 

of other countries are obtained decomposing per 

capita GDP series, to obtain trends and cycl ical com

ponents4. For La ti n America, growth rate of the trend 

of per capita GDP declined since 1960s, although 

slightly recovering in the 1990s. Cycl ica l volatility5 

has decreased since the seventies across all regions 

of the world. For Latín American countries vo lati lity 

declined during the nineties after experiencing sorne 

years of high GDP volatility in the eighties. The on ly 

exception is Colombia, where the standard deviation 

of the cycl ica 1 component of perca pita GDP i ncreased 

during the nineties as result of the market oriented 

reforms of the period 1989-1994, especia lly the inde

pendence of the central bank (see Echeverry, Escobar 

and Santa María, 2002 for more on this). 

Another important indicator from the seri es is the 

cycl ica l persistence, obtained from a AR(1) regression. 

The coefficient measures the time required for the 

deviations from the trend to return to equi librium. 

The estimates show that cycli cal fluctuations are not 

persistent for the whole sample, but those findings 

differ across regions. lndeed, output per-capita see

ms to be more persistent in industrial countries than 

in developing ones. In the case of Latín American 

countries persistence in output per cap ita fluctuations 

increased in the nineties relative to the eighties. From 

these facts, it is safe to conclude that the recovery 

of growth rates observed in the 1990s cannot be 

attributed complete ly to cyclica l factors, as the trend 

components of perca pita GDP increased. Additionally, 

it seems that volati 1 ity was reduced for Latin American 

countries, but increased in the case of Colombia. 

LFC (2002) use a band pass fi lter to characterize these issues. 

Measured as the standard deviation of a band pass fi ltered 
logarithm of per cap ita GDP. 

LFC (2002) find that, in Latin America, the contribu

tion of TFP growth declined from the 1960s to the 

1980s and experienced a strong recovery during 

the 1990s (See Table 1 and Figure 1 ). However, 

Colombia's figures score worse than the median 

Latin American country, with a decrease of 0,3% 

per year during the 90s. Correcting by human capita l 

and factor utilization, most of the results rema in for 

the region. However, these corrections reinforce the 

fact the decrease in growth rates is attributable to 

Table 1. TOTAL FACTOR PRODUCTIVITY FOR SE
LECTED LATIN AMERICAN COUNTRIES 
(Average yearly rate) 

1961-1970 1971-1980 1981-1990 1991-2000 

Argentina 0.96 0 .24 -2.43 3.05 
Brazil 1.88 3 .11 -1.43 0 .41 
Chile 1.24 1.09 1.62 2.81 
Colombia 1.77 1.68 0.02 -0 .29 
Mexico 1.66 1.25 -1.84 0.42 
Paraguay 1.9 5.27 -0 .5 -1.12 
Peru 1.72 0.04 -3 .42 1.55 
Uruguay 0 .79 1.75 -0.54 1.85 
Venezuela 1.97 -2.64 -1 .58 -0.1 8 
Mean 1.54 1.3 1 -1 .12 0.94 

Source: Loayza. Fajnzylber. Ca lderon (2002). 

Figure 1. SIMPLE GROWTH DECOMPOSITION 
USING MEDIAN COUNTRY BY DECADE 
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Source: Graph taken from LFC (2 002). The median country for 
1961-1970 is Peru, for 1971-1980 is Honduras, for 1981-1990 
is Brazil and for 1991-2000 is M ex ico. 
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the evolution of TFP6
. Colombian GDP and TFP growth 

trend was similar to that observed for the median 

Latin American country until the eighties. lndeed, 

Colombia experienced a drastic 11Structura l change11 

during the eighti es (downwards), which persisted 

in the 1990s (see Table 2 and Grahp 2). During the 

period 1961-1990, TFP growth rates were higher in 

Colomb ia than in the mean country of those included 

in the sample, while in the 1990s Colombia began 

to perform worse than the mean, and worse than 

most of the countries. In fact, the only countries 

that perform worse than Colombia in the 1990s are 

Paraguay and Venezuela. 

Although a complete explanation of that behavior is 

beyond the purpose of th is paper, so me explanations 

have been advanced by other authors. There are two 

types of answers in the literature. First, a standard 

macro exp lanation highlights the role of the debt 

crisis and the reduction in foreign cap ita l inflows 

to the region during the 1980s and the effects of 

fiscal mismanagement during the 1990s (which 

resulted in high interest rates and an appreciated 

exchange rate) . Thi s last explanation, as we will see, 

was cruc ial in the Co lombian case. Second, there is 

a more structural i nterpretation that attr ibutes poor 

economic performance to either the implementation 

Table 2. REAL CDP CROWTH 

Annual Average Latin America Colombia Chile 

1950-1966 5.2 4.6 4.1 
1967-1974 6.4 6.3 2 .1 
1975-1980 5.2 4.7 4.4 
1981-1989 1.2 3.7 3.2 
1990-2 002 2.4 2.6 5.3 

Source: Clavijo (2003). 

See appendix 1 for a summary of the methodological aspects 
of these results. 
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Figure 2. COLOMBIAN TFP CROWTH 
(1970-2000) 

2.0 

1.5 

1.0 

O .S 

0.0 

~ 
-0 .5 

-1.0 

- 1.5 

-2.0 

1970-1980 1980-1990 

• CD .K; L; BIM ~ CD. Clavijo 

• CD. K; L 0 S;mplc LFC 

0 CES. K; l ; BIM 0 CaoHum lFC 
t';J CES. K; L 0 Cap Hum & UCI LFC 

1990-2000 
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of the 'Washington Consensus' (especially trade 

libera lization and central bank independence), or, 

alternatively, to the lack of add itional reforms that 

are necessary for the package to deliver better results, 

particularly in the institutional and fiscal fronts. 

Cárdenas (2002) gives a partial explanation for this 

puzzle using cross-country data and aggregate time 

series. He finds that crime and illegal drug traffic

king are the cu lprits for the poor productivity resu lts 

during the 1980's and 1990's. Decomposing the 

dynamics of GDP growth into human and physical 

capital components, he finds that a fa ll in total pro

ductivity explains most of the structura l change in 

the annual GDP growth since 1979. Befare this year 

productivity was add i ng to growth, wh i le afterwards 

human and physical capital accumulation were 

the main factors behind positive growth rates (see 

Figure 2) . In explai ning the reversa ! of productivity 

growth, the author argues that the surge in crime 

rates, the expansion of drug-trafficking activities and 

the strengtheni ng of the insurgent movements are 

its main determinants. 



In Figure 2 we compare a set of TFP estimates for 

Colombia made by Clavija (2003), LFC (2002) and 

our own calculations. The names in the legends 

stand for the methodological approach used to 

obtain the estimates: co .K;L;BMI and cEs .K;L;BMI are 

TFP obtained from the estimation of Cobb-Douglas 

and CES production functions with capita l, labor and 

imports of intermediate goods. CD.K;L and CES.K;L 

are estimations using the same type of production 

functions, but without using imports of intermediate 

goods. co.Ciavijo is obtained from Clavijo's (2003) 

data and the three versions of LFC (2002) are TFP es

timations from growth accounting equations using 

three versions of the productive factors (simple LFC, 

Human Capital LFC and Humand Capital & capacity 

utilization LFC)l. 

All the estimations show the same striking pattern: 

an expansion in the TFP for the 1970-1980 decade, 

zero or negative growth during the eighties and a 

clear contraction for the nineties (although smaller 

for some estimates than the one observed in the 

1980s). These patterns match those observed for Latin 

American countries for the seventies and eighties but 

are quite below the region's average for the nineties 

(see Figure 1 ). The figure also shows that when the 

inputs are corrected by including the effect of hu

man capital accumulation (CapHum) and capacity 

utilization (uCI) the story is different for the 1970s 

and 19998 . lndeed, the inclusion of these factors 

shows TFP growth after the reforms are implemented 

but an important contraction for the seventies and 

eighties. These results undoubtedly show that in the 

We also used estimates from Rodriguez, JI , Perilla, j.R. and 

Reyes, j .D, (2004). See appendix 1 and next section for an ex
planation of each estimate. 

In the appendix we present the data sources and methodology 
used to obtain our estimates. 

1980s, with an economic policy, brought since the 

1960s, based on closing the economy to international 

competition, financia! repression and persistent two 

digit inflation, among the most important characte

ristics, had dried as a source of dynamic growth. TFP 

as result stagnated and the economy grew as a result 

on ly of growing factors of production. Also, these 

results show that in the 1990s the country was able 

to reap the benefits of the huge investments made in 

education in the 1970s and 1980s (i.e. in the 1990s 

the country had a more educated labor force). 

But if the TFP productivity trends were disappointing 

in the 1990s, labor productivity results were even 

more so. Colombian labor productivity growth was 

low over the 90s, and is even farther away from the 

1980's levels. Table 3 and Figure 3 compare labor 

productivity growth for some Latin American coun

tries along with Korea, Singapore, US and Canada 

for 1990-1996 and 1990-1999 using annua l data 

from the World Development lndicators of the World 

Bank. Colombia is the only country displaying an 

Table 3. LABOR PRODUCTIVITY GROWTH DUR
ING THE 90s* 

Aggregate (%) Industrial (% ) 

1990-1996 1990-1999 1990-1996 1990-1999 

Singapore 5.60 4.50 8.60 7.50 
Korea 5.00 4.60 7.10 7.80 
Chile 5.10 4.40 4.00 4.20 
Argentina 4.40 3.20 8.00 5.40 
Uruguay 2.70 2.40 3.00 3 .10 
Colombia -2.10 -1 .40 0.40 1.80 
Peru 0.60 0.40 4.50 4.60 
Brasil 0.20 0.30 2.00 1.50 
Mexico -0.30 0.60 2.80 2.00 
u.s. 4.70 5.80 
Ca nada 1.60 1.70 
Mean-all 2.60 1.90 4.20 4.00 
Mean-LA 1.80 1.60 3.50 3.20 

* GDP Constan! prices local unit currency over employment figures from 
ILO. 

Source: World Bank's world development indicators-wo1 and U.S. Depar-
tment of Labor. 
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Figure 3. LABOR PRODUCTIVITY 
(1995 = 100) 
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aggregate labor producti vity slump and the lowest 

rate of industri al labor productivity growth for the 

entire selected sample. Industrial labor productivity 

grew 0,4% per yea r in Colombia, while the average 

for Latín American countries was 3,2%. 

We argue that the observed behavior of labor produc

tivity has contributed to the negative performance of 

the country in terms of TFP growth. Thi s is a source 

of concern for a number of reasons, including: i) it 

encourages informality to the extent that it makes 

the opportunity cost of being formal too low; ii ) it 

negative ly impacts ea rnings growth; iii ) it hampers 

competitiveness, therefore jeopardi zing the ability 

of the country to take advantage of the globa lization 

process; and iv) it slows down economic growth 

and thus we lfare. 

Below we present the evolution of quarterly labor 

productivity, measured as the ratio of GDP to emplo

yment in the seven main cities of Co lombia9 . The 

evidence shown differs from that presented in Figure 

3 by the source and scope of the data. While Figure 

The sou rce for data used in this section is DANE and DNP- DEE. 
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3 uses aggregate annual data for employment, we 

present employment estimates for the seven main 

cities included in the national employment survey 10
• 

Two main conclusions can be drawn looking at the 

ava ilable data (See Figure 4, Figure 5 and Figure 

6). First, labor productivity at the end of the data 

remains below its 1984 level and second, after a 

long period of stagnation, the 1990's witnessed an 

important recuperation of labor productivity, but the 

index is still far away from the level recorded since 

the 1980's first quarter. 

lndeed, in Figure 4(a) we can clearly differentiate 

four peri ods11
• In the first one, that goes from 1982 

to 1988 and corresponds to the end of the 1982 eco

nomic cri sis, labor productivity fall s sharply. Then 

from the first quarter of 1988 to the third quarter 

of 1992, labor productivity stagnates, and finall y 

during 1992-1998 an important improvement of 

labor productivity indi cators is observed (which can 

be observed in Figure 3 as well), but onl y to place 

the index in its 1984's level. The last period shows a 

new drop in labor productivity ca u sed (among other 

things) by a new and more severe economic cri sis. 

lt is important to noti ce that the improvement after 

1992 is co incident with the structural reforms of 

1990-1 991, which included trade, financia!, capital 

markets and labor, among the most important. 

Looking at the different sectors, it is easy to observe 

a similar pattern for construction an"d commerce, 

which are labor intensive sectors and represent 

an important portian of GDP. However, the drop in 

10 Encuesta Nacional de Hogares. The seven cities are Barranqui
ll a, Bogotá, Ca li, Medell ín, Bucaramanga, Maniza les and Pasto. 

11 lt is important to notice that the big jump observed in the 
first quarter of 2001 can be explained by the change in the me
thodo logy of the employment survey. 



Figure 4. LABOR PRODUCTIVITY 

A. Aggregate Labor Productivity 
(1984 = 100) 
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productivity is higher than the aggregate, given than 

these sectors were badly hi t by the 1999's cri sis. At 

the en~ of the data, labor productivity represents 

approx imately 70% of the level observed in 1984. 

Manufacturing, publi c utili ties and services12
, on 

the other hand, di splay labor productiv it ies above 

the average and w ith an increas ing trend during 

the 1990s, except for the latest per iod, w here, in 

any case, the drop is smaller in manufacturing than 

12 Hea lth, education, recreation and government services. 

Figure 5. LABOR PRODUCTIVITY 

A. Labor Productivity 
(1984 = 100) 
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in any other sector. lt is also important to note that 

the services sector shows productivity growth rates 

higher than any other sector si nce 1992. To shed 

additionallight on these issues, the evolution of labor 

costs and labor productiv ity for the manufacturing 

sector were also estimated and are avai lable upon 

request. In the majority of sectors labor costs increase 

sharply after 1993 -4, reflecting the enforcement of 

the socia l securi ty reform (Ley 100 de 1993) that 

increased sharply contri butions to the hea lth and 

pensions systems. These costs decrease after 1999 

in every industry due to the recession. Thus, even 
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after massive employment reductions (which, for 

example, shot the unemployment rate from less 

than 1 0% to 20% in urban areas), productivity fell 

indicating the severity of the fall in output. There 

are sectors in which the evolution of productivity 

was positive and should be studied in more detail, 

such as apparel, chemicals, plastic, pottery, iron and 

leather. There are also sectors in which the evolution 

of productivity was especially negative. They include 

footwear, wood, other chemicals, petroleum, rubber 

and non-metallic products. In general, the same 

periods that could be distinguished for the aggregate 

case are not observed in the sectors. 

Figure 6 portrays the evolution of the capital-labor 

ratio. These data show two important facts. lncrea

sing manufacturing labor productivity was driven by 

factor substitution, and less productive workers were 

absorbed by activities with a larger share of informal 

activities. This is shown, among other things, by the 

fact that the capital labor ratio grew in low-skilled 

labor sectors more than in any other type of sectors 

until1993. 

Summarizing, Colombian TFP and labor productivity 

decreased sharply in the 1980s and 1990s at the 

Figure 6. CAPITAL-LABOR RATIO IN MANUFAC
TURING BY FACTOR INTENSITY (1974 = 100) 

350.0r-----------------, 

Source: Own calculations. 
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aggregate leve!, although sorne successful sectoral 

trends call for sorne degree of optimism. We now 

present the explanations found in the 1 itera tu re 

and use our aggregate and sectoral TFP estimates to 

study what factors lie behind these results in arder 

to shed sorne additional light and generate policy 

recommendations. 

111. LESSONS FROM APPLIED RESEARCH 

In the last section, the available data showed that 

Colombian competitiveness has decrease in recent 

years. This section presents a benchmark to think 

about TFP estimates and puts forward sorne hypothe

ses to explain the behavior of TFP and productivity 

in Colombia. Appendix 1 has detailed description 

of the data and the estimation results. Then, a sum

mary of the empirical research is discussed. These 

considerations will be the building blocks of our 

estimations in section three and four. 

To obtain TFP estimates we start with an aggregate 

production function that typically is specified as 

Y(t) = F(K(t), L(t), t) (1) 

Where Y is output, K and L are capital and labor 

inputs and t indicates time. Although highly simple 

and restricted, this function allows the derivation 

of sorne conclusions about the sources of growth. 

Differentiating the logarithm of ( 1) with respect to 

time we obtain 

. . . 
_r_ = i1K K K + j).E_ _L _L + j).E_ _]_ (2) 
Y 8K F K 8F F L 8t F 

where X = dX!dt is the time derivative of the res

pective variable. (1) can be expressed in Hicks 

neutral form as 

Y(t) = A(t)F(K(t), L(t) ) (3) 



Where A(t) 13 is TFP. lt measures the shift in the 

production function at given leve ls of capital and 

labor. As befare, taki ng the lag derivatives of (3) 

with respect to time yields 

. . . 
Y._ = -ªE.. K K + -ªE.. ..L ..L + A 
Y 8K F K 8L F L A 

(4) 

Where the last term represents TFP and can be 

rewritten as 

~rowth ra t~= E [ growth ]+E [ growth ]+ Í growth J (5 ) L of COP J k rate of K L rate of L ra te of TFP 

In (5) EK andEL stand for the elasticity of output with 

respect to capital and labor, respectively. Since most 

of the data in equation (5) is easy to find from na

tional accounts, obtaining TFP estimates is a matter 

of subtracting from GDP growth the weighted sum of 

the growth rates of inputs. However, this procedure 

requires valid values for the weights (the output 

elasticities). 

There are two ways to find estimates for these para

meters. One is calculating them directly and another 

is estimating them econometri ca ll y. In the first case, 

if we assume perfectly competitive factor markets, in 

equi librium, income shares of capital and labor (vL 

and v K) are equal to the elastic ities of output. 

That is, let r and w be the wage and capita l rates, 

defi ned as r =A ·8F lo K and w =A ·oF lo L. From the de

finition of elasticities in (4) EK = (8F/8K) (K/ F) = rK/ Y 

= v K andEL= (8F/8L) (L/F) = wL!Y =ve Al so, under 

constant returns to sea le technology EK +EL= vL + v K 

=1 . This resu lt is known as the "Solow res idual". The 

13 Although this is many times interpreted as techn ica l chan
ge, it is importan! to make a clarification. A is a parameter that 
measures on ly a shift in output due to costless improvements in 
the way L and K are used. R&D is not captured by A unless it is 
previously taken away from the measurement of inputs. 

second approach assumes a particular parametric 

functional fo rm for ( 1) and the estimates for those 

parameters are the elastic ities. TFP is then found as 

a residual, as mentioned above. Variations of this 

setup are the usual building blocks of the papers 

for the Colombian case. 

However, as the research on this tapie has shown, 

growth in conventional inputs exp lains little of the 

observed output growth14
• Usually, most of this 

growth comes from improvements in the quality 

of labor and capital (inc luding infrastructure), 

from formal and informal R&D investment made 

by governments and firms, and, in general, from 

technological advance in the production process. 

Although technologica l change is important in un

derstanding growth, its determinants have not been 

completely understood. One of the most important 

insights to find out how technologica l change affects 

growth was made in Paul Roemer (1986), who fo r

mali zed the following relationship between ideas 

and growth: 

Ideas~ Nonrivalry ~ lncreasing returns ~ lmperfect 

competition 

His main point was that ideas differ from other goods 

because, unlike other factors of production, they are 

nonriva lrous. In other words, once an idea appears, 

it can be used by many people at no additional cost. 

This feature differentiates the way ideas are produced 

and priced. Beca use the appearance of an idea impl ies 

high fixed costs, usually ideas are produced w ith an 

increasing returns to sca le technology. Thi s implies 

that even w ith low costs of producing one additio-

14 See NBER books like, Adam B. )affe, )osh Lerner and Scott Stern 
(2002), lnnovation Po/icy and the Economy, Volume 2, The MIT 

Press. Zvi Griliches (1998), R&D and Productivity, University of 
Chicago Press. 
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nal unit, prices must be fixed above marginal cost. 

Otherwise, no firm will engage in the production of 

ideas. Thus, it entails a framework of positive profits, 

which places this activity away from perfect compe

tition. In this context, patent law enforcement is vital 

when analyzing the production of ideas. That is, the 

incentives to make ideas depend on the inventor's 

expected profits rather than on the social benefit 

generated. This feature has created a necessity for 

institutions that clase the gap between social and 

prívate benefits generated by inventions. The empirical 

production function of ideas is made mainly of one 

input, the amounts of money expend in R&D and one 

output, patents registered. In this research project we 

will not investigate howthesefeatures have influenced 

total factor productivity performance in Colombia15
• 

Although these theoretical advances are irrefutable, 

most of them are hard to test for most developing 

countries given the lack of appropriate data. 

For these reasons the relevance of the TFP exercise 

relies on the definition and structure of A(t). Star

ting from a Cobb-Douglas constant returns to scale 

production function 16 

y = A f<ll [I·P 
t t t t 

(6) 

where all the variables have the same meaning as 

befare, and defining A, as 

A =A é ' t o (7) 

that is, technology grows ata constant exponential 

rateA, we could gather sorne data and estímate the 

output elasticities andA using the following 

15 lt is importan! to note that in the case of a developing eco
nomy imitation activiti es are usuall y more importan!. 

' 6 We also obtain estimates using a CES function. 
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in this context, A can be understood as a disembo

died, exogenous and Hicks-neutral technologica l 

change, i.e. , the contribution of technological change 

to output growth. This implies that any technological 

change embodied in inputs must be correctly mea

sured and taken into account. 

Hicks-neutral technological change has the effect of 

increasing the efficiency of both capital and labor 

to the same extent. On the other hand, Harrod

neutral technologi cal change is labor-augmenting 

and Solow-neutral technological change is capital

augmenting. These qualifications show that (7) is 

a narrow concept of technological change. Even if 

A is small, the role of technology could have been 

important because embodied technological change 

might have been significant. Alternatively, A may 

be small because the production function is not 

specified correctly, fail ing to take into consideration 

the endogenous aspect of technological change and 

alternative forms of neutrality. Conversely, a large 

A may be due to large economies of scale and to 

resource reallocation. Another possible source of 

bias comes from missing variables in the production 

function. lntermediate inputs, energy, education and 

R&D have been considered as inputs that should be 

explicitly included. 

The restrictive assumptions made to link the res idual 

with technologica l change call to be cautious beca use 

there are sources of bias when obtaining TFP estima

tes. First, constant returns to scale must be assumed. 

Second, marginal cost pricing (perfect competition) 

al so should be assumed, which could lead toa biased 

estimation of the Hicksian shift parameter and third, 

this formulation makes sense only if innovation im

proves the marginal productivity of all factors equally. 

After all these considerations are made, we present 



the results from the applied research for the Colom

bian case at the sectoral and firm levels. For the link 

between labor market reform and TFP we present 

sorne evidence from the developed world. 

A. Empirical Studies 

In 1996 a group of Colombian economists produced 

a report about the evolution of productivity befare 

and after the liberalization reforms of the 1990's17
• 

The building blocks of this study were macroecono

mic and sectoral, using as a connecting methodology 

three aspects of the problem: i) a measurement of 

productivity; ii) an analysis oftheir determinants; and 

iii) a diagnosis of the competitive problems either at 

aggregate or at each specific sector level. 

The macroeconomic side of the document cha

racterizes three phases in what has to do with GDP 

growth: i) high growth until1974; ii) stagnation until 

mid 1980s; and iii) partial but unstable recuperation 

until the m id 1990s. Using this time line, they argue 

that during the first phase two factors contributed 

to increasing productivity. In the first place, the in

tensification of the substitution of imports and the 

expansion of exports that took place between 1967 

to 1974. At the same time, macroeconomic stability 

and the favorable exchange of the period are in 

contrast with the crisis and volatil ity observed in the 

1980s and 1990s. Using data from the early post

reform years they found that factors such as the bu

siness cycle and the revaluation of the exchange rate 

are the main macroeconomic elements to explain 

poonFP performance. The manufacturing results can 

be summarized as follows: i) the business cycle is 

important, even correcting by capacity utilization; 

17 DNP-COLCIENC/AS-FONADE (1996), National Study about the Deter-
minants of Productivity Growth coordinated by Ricardo Chica. 

ii) labor saving restructuring seems to be important 

during the period befare the reforms; and iii) invest

ment plans emphasize modernization process as a 

preamble to technical change investment. 

In the agricultura! sector, it is important to mention 

the specialization in crops with a comparative ad

vantage and the intensive use of the resources. In 

services, the Study shows an institutional change 

created by the reforms, i.e., modernization, decrease 

in prices and growth in product variety, combined 

with deregulation in the transport services. However, 

they point out the need for more public investment 

in education and infrastructure in arder to foster 

foreign investment. 

B. Plant level Evidence 

In arder to evaluate sorne of the former hypotheses, 

a couple of plant level studies have been made. Me

léndez, Seim and Medina (2003) analyze the effect 

of trade reforms and tax structure on manufacturing 

TFP. Given that their data set covers a long period 

(1977-99), they are able to analyze the effect of the 

reforms on the rate of firm 's entry and exit and its 

relation with TFP. The empirical strategy follows Olley 

and Pakes (1996) and Leviston and Petrin (2002), 

where a Cobb-Douglas production function is the 

constraint of the firm 's intertemporal maximization 

problem . 

TFP estimation is made using the firm's demand for 

intermediate inputs that results form the maximiza

tion of profits. With these estimates, they are able to 

decompose productivity dynamics across sectors and 

firms. Total factor productivity is then related with va

riables that indicate the degree of trade openness and 

the structure of corporate tax. Although the results are 

in line with those presented in the last section, they 

are more robust given the nature of the data and the 
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estimation procedures. lndeed, trade 1 iberal ization 

policies that took place in Colombia from 1985 to 

1995 increased manufacturing total factor produc

tivity because of reallocation of resources from less 

productive to more productive plants. The evidence 

from th is study al so shows that most of the gai ns from 

resource allocations were reversed by 1999. 

Trade policy is evaluated trough effective tariffs. 

The econometric exercise shows that TFP increases 

with the exposure of firms to international compe

tition. However, trade policy has not been able to 

counteract the general trend of observed producti

vity stagnation observed in the data. Moreover, tax 

exemptions do not affect positively the level and 

growth of total factor productivity, indicating that 

these instruments have failed in allocating invest

ment to more productive activities. 

Eslava, Haltiwanger, Kugler and Kugler (2 003) use 

the same data set to evaluate the evolution of TFP and 

the nature of market selection in Colombia. Their 

focus is different from that of the previous work, in 

that they are interested in the role of demand anda 

broader definition of economic reform. In line with 

previous work for the Colombian case18
, they show 

that entering firms are more productive and exiting 

firms are less productive than incumbents. Additio

nally, they find that not only productivity, but also 

demand is the exp lanation for exiting firms. Econo

mic reform seems to strengthen these findings. 

C. Productivity, lnnovation, Technology Adoption 

and the Role of the labor Market 

The starting hypothesis is that inflexible and burden

some labor legislation, especially in the contracting 

18 Lui and Tybout (1996). 
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stage, may hinder productivity growth because it 

makes very difficult for the firm to adopt (or deve

lop) new technologies. The effect of labor market 

regulations on productivity growth has received little 

attention, and almost no empirical testing. There are 

a number of channels through which labor market 

regulations can affect productivity (labor and total) . 

Among the most important channels, one can think, 

for example, of the difficulties that strict hiring and 

firing regulations impose on the efficient use of the 

labor input along the business cycle, the lack of 

incentives to be productive that those regulations in

troduce for workers, and the fact that they are usually 

thought to discourage training. Thus, it appears that 

labor regulations, especially at the contracting stage, 

may be an important determinant of productivity, 

and thus of economic growth. 

The review of the scarce specialized literature that 

rigorously analyzes the relationship between labor 

regulations and productivity starts with Hopenhayn 

and Rogerson (1993-HR). They find, using a general 

equilibrium model for job creation and destruction, 

that policies that interfere with the natural process of 

job creation/destruction at the firm level are quite cost

ly in terms of average productivity and, more generally, 

in terms of aggregate welfare. One of such polic ies is 

the imposition of legislated costs to dismissals through 

severance payments (tax on dismissals). In effect, HR 

find that a tax on dismissals equal to one year's wages 

reduces average productivity by 2%. Consumption, 

on the other hand, is reduced by about 2.5% (these 

are long run-equilibrium effects). They find thatthe tax 

on job destruction crea tes a distortion that encourages 

firms to use resources less efficiently, with the result 

that productivity drops and fewer resources are devo

ted to the market sector of the economy. 

Being more specific, HR find that the channel through 

which this effect occurs relates to the fact that when 



no dismissal costs are present, firms make their em

ployment decisions based solely on the value of the 

marginal product of labor and the size and sign of 

the idiosyncratic shocks faced by the firm. However, 

when such costs are introduced, firms al so base their 

employment decisions on the amount of labor u sed 

on previous periods, distorting such decision and 

making the aggregate marginal product of labor de

vi ate from its equilibrium value. An importan! point 

is that in these base calculations, in which the tax on 

dismissals is set at 20% of the wage, the total costs 

of such tax are small (about 5% of the payroll ), and 

even then the productivity effects are large. Thus, 

the authors stress the importance of these distortions 

and claim that focusing only on their employment 

effects is a mistake. 

Scarpetta and Tressel (2004) show evidence for meo 
countries aboutthe link between labor market perfor

mance, TFP and economic growth. For this sample of 

countries, labor productivity growth accounts for at 

least half of GDP growth during the last two decades. 

Moreover, differences in labor productivity, and thus 

growth, have been shaped by a deepening in capital 

formation and increasing TFP. However, this pattern 

was not uniform between industries. lncreasing pro

ductivity was driven mainly by high-tech industries 

for the case of United States, and by intermediate 

to low in the case of the EulS. Additionally, cross

country and cross-industry variance is explained by 

institutions and country-specific regulations via its 

impact on the incentives to innovate and to adopt 

new technologies. 

Although it is inappropriate to judge institutions and 

labor market regulations by their ability to improve 

economic growth and labor productivity, it is also 

true that through their influence on the firm's cost 

structure, they can have an important effect on in

novation. There are at least three channels to see the 

influence of legislation on innovation: i) the system 

of industrial relations; ii) the cost of hiring and firing 

workers; and(iii) the possible interactions between 

industry-specific technologica l characteristics and 

employment protection legislation, which lead to 

different human resources strategies. 

The first channel can be seen through the wage 

bargaining regimes. In decentralized wage-bar

gaining regimes, incentives to innovate and adopt 

new technologies depend on the bargaining power 

of workers. That is, innovation is determined by the 

amount of rents and profits shared by employees. 

The second channel may affect the firm's ability to 

innovate, if innovation depends on the pool of labor 

force, but might be neutral if innovation is made 

through training programs or on-the-job learning. 

Finally, employment protection legislation has a 

differentiated effect depending on the i ndustry, type, 

i.e., low-tech firms might be more affected by high 

firing and hiring cost than high-tech firms19
• 

These hypotheses are tested empirically by Scarpetta 

and Tressel (2 004) using data for meo countries. 

Starting from the traditional production function for 

each country and industry (a function like (7 ) and 

specified in a translog form), they testan empirical 

model in which the conventional TFP measures are 

extended to account for industry and country spe

cific characteristic, as well as technological and 

organizational transfer from the technology leader 

country. In this context, TFP growth in the frontier 

country leads to faster TFP growth in the followers by 

widening the production possibility set20 . 

19 A coro llary of this effect is that high firing cost may lead 
to innovation in process or in the production cost rather than 
innovation in new goods that rely on the availability of new 
production factors like skilled labor. Labor market legislation is 
biding in the second case. 
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Capelli (2 000) and Hobjin and jovanovic (2001-Hj) 

al so show that stringent h iring and firing restri ctions 

ra ise the cost of labor adjustments, w hich is often 

required after innovation occurs. That is, those regu

lations negative ly affect processes of technologica l 

upgrade because they tend to increase the often 

unavoidable cost of adjusting the labor force once, 

for example, a new techno logy is adopted in the 

production process. 

Finally, M ontes and Santa M aría (2 006) show a ne

gati ve relationship between non wage costs and TFP 

growth at a sectoral leve! for M éxico. Although, at 

the conceptual leve!, the relationship between non 

wage costs and productiv ity is not so cl ear as the 

one between f iring costs and productivi ty, there ex ist 

some channels through w hich such costs may affect 

productivity growth . Paramount among these is the 

fact that high non wage costs may prevent firms from 

growing and registering (i.e. be informal), prevent ing 

them from achieving economies of scale and making 

more difficult access to some very importan! servi ces 

accessib le to formal firm s, such as cred it. 

Furthermore, at the aggregate leve! (national TFP), our 

results show that the substantial reduction of firing 

costs that occurred in 1990 in Co lombia hada posi

ti ve effect on the evo lution of productivity growth . 

IV. AGGREGATE TFP DETERMINANTS 

After describing the main stylized facts for the region 

and the country of interest and after performing seve

ra! ca lculations of the TFP, the next task is to inquire 

about its determinants. We follow the sp irit of Loayza, 

20 This is achieved by specify ing an autoregressive distri buted 
lag model of the A term in (3) for each country and industry. In 
this mode/ the leve/ of efficiency of a given industry or country 
is co-i ntegrated w ith that of the Jeader. 
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Fajnzy lber and Ca lderón (2002) in arder to choose 

the variables to be included. That is, TFP must capture 

variables that exp lain economic reforms, indicators 

for infrastructure and human capital development, 

GDP cycl e and, in the Colombian case, conf lict and 

crime. Below we presenta list of variables grouped 

in three main categori es: structural reforms, stabili za

tion po i icies and conflict. The division is arbitrary but 

helps us to ident ify the trends and ro les of po lic ies, 

institutions and indicators that affect TF P in the long 

run and that also account for cycl ica l f luctuations. 

Structural Policies and lnstitutions have been recog

nized as a vi ta l source of growth and development, 

not only in the theoretica lliterature but in the applied 

growth research. Although the disappointi ng nineties 

have ri sen a di sagreement on w hich polic ies are the 

most benefic ia! to growth or the sequence in w hich 

poi icy changes must be made, there is no doubt that 

government actions do inf luence long-run growth . 

Following the spirit of most applied research, we 

consider a broad collection of po lic ies and institu

tional determinants of TFP21 such as trade openness, 

education, and infrastructure. 

Trade openness can affect TFP in severa! ways . First, 

trade generales specialization and increases in TFP by 

allowing countries to benefit from their comparative 

advantage; second, by expanding potential markets, 

increas ing exports creates economies of sca le that 

have a positive effect on TFP; third, imports and ex

ports speed up the entry and ex it rate of firms w ith a 

direct increase in productivity, as shown above when 

referring to the paper by Eslava and others; finall y, 

trade accelerates the rate of techno logy adoption 

by ri sing foreign direct investment. We use severa! 

indicators for trade openness, the rati o of exports to 

21 See LFC (2 002). 



GDP (xgdp), imports to GDP (mgdp), Foreign Direct 

lnvestment-FDI to GDP (fd igdp), an index for trade 

openness (tradeopen)22
, the rea l exchange index, 

and Exports plus lmports to GDP (xmgdp). 

As important as trade, education can affectTFP through 

its neutralizing effects aga inst diminishing returns in 

other factors of production23 . Education is a com

plementary factor to physical and natural resources 

by smoothing technological adoption and imitation. 

We use the enrollment rates in primary (cobprim), 

secondary (cobsup) and university education (cobsup) 

as proxies of the effect of education over TFP. 

Financia! depth is al so associated w ith expansion in 

TFP and hence growth. Financia! markets facilitate 

ri sk diversification, identify profitable investment 

projects and mobilize resources to make them a 

reality. We use cred it to GDP ratio (credgdp) as a 

measure of these ideas. 

Another important area of policy invo lves the ava i

lability of public serv ices and infrastructure. Even 

if they are treated as classic public goods, public 

services and infrastructu re can affect growth by en

tering direct ly as inputs of the production fu nction, 

by serving to improve total factor productivity, and by 

encouraging prívate investment as they help protect 

property ri ghts. We include a seri es of indicators 

like installed te lephones (teledenssi ty) lines per 100 

thousand people, kilometers of roads (roads) and 

capacity of electr ic ity generation (e lectri city) . 

As we have seen, governments play a crucial role in 

promoting growth, but also can become a burden to 

22 The index measure imports liberalization, that is, the per
centage if imports that are in the li st of goods and servi ces free 
of restriction or quotas. Clavijo (2 003). 

23 Lucas (1988). 

development if they co llect taxes to finance ineffic ient 

and socia lly unprofitab le projects or if they crowd out 

prívate resources to feed excessive bureaucracies. But 

even if most of the revenues are used in sound and 

thought programs, government burden can distort de

cisions through taxation. We use government income 

tax revenues to GDP (txgdp) and central government's 

operational and interest expendi ture to GDP (cgexp

togdp) as proxies to these effects. 

Although the former li st of va ri ab les is important to 

analyze TFP and growth, stabi lization policies proxies 

were used in arder to captu re how a stable ma

croeconomic envi ronment can contribute to growth 

by avo iding unexpected shocks such as financia! 

and balance-of-payments cr isis. lndeed, by redu

cing uncertainty, this set of vari ables capture how 

macroeconomic stab ility allow economic agents 

to concentrate on productive activ ities, rather than 

trying to manage high risk and ways to redistribute 

rents from uncertain outcomes such as high inflation 

or financia! crises. We used the central government 

deficit/superavit (defgc), the public sector deficit, i.e. 

centra l plus regional government, public enterpri ses, 

exclud ing public banks (defspnf) and inflation to 

captu re this env ironment. 

In Co lombia, the confli ct may have played a ro le 

in hamperi ng economic growth by reducing the 

prosperity of legal act ivi t ies and by increas ing the 

profitability of illega l crops and drug trafficking. 

Additionally, a huge amount of prívate and pu

blic resources has to be dedicated to defense and 

security, reducing the pool of funds that could be 

comm itted with the development of more profitable 

projects. We analyze the impact of the conf lict by 

its effect on the rate of crime. We use homicides 

per 1 00 thousand people (thom), as an index that 

meas u re the intensity of the confli ct and the number 

of offenses to 1 ife, 1 iberty, property reported by the 

National Police24
. 
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Total factor productivity is also affected by the eco

nomic cycle. We include three types of indicators 

for this concept, the index of capacity utilization 

(uci ), the labor force growth rate (g l) and the GDP 

gap (gdpgap). The GDP gap was obtained in the usual 

fashion, as the difference between the GDP and the 

Hodrick!Presscot fi lter tren d. Final! y, to meas u re the 

labor reform, one of the most important reforms of 

the nineties, we included the index of firing cost 

(firingcost) . This index scores 11 % befare 1990 and 

7% afterwards25
. 

A. Results 

The set of variables described above were regressed 

against TFP, testing both the validity of each linear 

specification and the stationarity of the series (see 

Appendix 2). As for stationarity, we found that most 

of the variables have a unit root in levels, but are 

stationary in growth rates. For the specification of 

the model, we present the results of a Leamer test 

for extreme limits in arder to identify the variables 

that are statistica lly significant and w ith the correct 

sign after including and excluding different sets of 

independent variab les. We found that at least one 

variab le for each subset presented above are non fra

gi le to the specification of the model (see Appendix 

2 for the results of the test). 

The determinants of TFP are identified using both 

levels and growth rates of the variables described 

27 We also include a weighted average of the three types of 
crimes. 

25 We used Heckman and Pages methodology where the index 

is, 1 = ¿~'15'- ' ( 1 - g) ~ . Here Y, is severance payment, number 
of wages, when a worker is dismissed with out justified reason. 

T is the highest time expend in the company by an employee. ~ 

is the d iscount factor ando the probability of rema in employed 

in the plant. 

106 COYUNTURA ECONÓMICA 

above. Each variable was selected as a covariate 

after testing its robustness with the model 's speci

fi cation test. Even though most of these covariates 

exhibit a unit root, we used them as determinants 

in the explanation of TFP without providing a test for 

a long term relationship. Two reasons explain our 

procedure. First, our samp le is too sma ll to obtain 

a consistent test for co-integration as it is supposed 

to be a long term relationship and, second, most of 

the variab les included in these regressions are not 

fragile to the change of specification reported in the 

Leamer test. 

The results for the regressions in levels are repor

ted in Table 4. The parameters in these tables are 

the contr ibution of each var iable to TFP growth. In 

particular, variables that are computed as a ratio to 

GDP indicate that a change in one percentage point 

of that ratio would change TFP level by a number 

equal to each parameter. lndex numbers must be 

understood in a similar way. In Table 5 we report 

the results using the growth rates of both the TFP and 

the variables of interest. In this case, the coefficients 

must be interpreted as the contribution of each va

riable to the growth rate of TFP. As mentioned befare, 

these regressions capture the effect of structura l and 

stabi lization policies, the conflict and the business 

cycle. 

Trade openness. As a series of studies have shown26, 

trade openness seems to be important to explain 

the aggregate TFP contr ibution to growth. In Table 4 

we show the coefficients for trade openness index 

(tradeopen), foreign direct investment to GDP (fdigd), 

the real exchange index (itcr) and the su m of exports 

p lus imports to GDP (xmgdp). The sign of exports plus 

26 Peril la, Castro and Gracia (2004); Núñezj., Rodríguez J. and 
Sánchez F. (1996); Clavija (2003) and Cárdenas (2002 ). 



Table 4. REGRESSION RESULTS ' levels, del!endent vatiable: TFPl 

4 6 8 

Exports plus imports to GDP -0,1264 
10. 14151 

FOJ tO GDP 0,3787 0.61 18 ' 0,3 108 
10.33611 10.30711 10.23791 

Trade openness index 0.0630 • 
10.02261 

Rea l exchange index -0.0761 ••• 

10.015551 
Attainmcnt ro te univers ity education 0,0037 0.0069 *** 0,0017 0,0063 

10.00411 10.00211 10.0041) 10.00501 
Attainment rate secundary education 0.0023 *** 

10.00061 
Telephone lines per 100 thousa nd people 0.5685 ... 0.43 11 .. 1.0426 ... 

10. 17791 10.16411 10 15861 
Centra l goverment expendi ture to GDP -0,2958 -0.8018 .... -0.7575 •• -0,2958 -0,4075 -0.5327 .. -0.5602 •• -0.6377 .. 

10.35931 10.263 11 10.27591 10.35931 10.38191 10.25381 10.22341 10.18061 
GDP Gap 0.5268 ••• 0.4621 ••• 0.4795 ... 0.5268 ••• 0.5227 ... 0.6370 *"'* 0.5398 ••• 0.6280 ••• 

10. 13361 10.1 4121 10. 14601 10. 13361 10.13421 [O 13361 10.12251 10.09441 
Labor force growth rate -0.3 131 .. -0.3 131 .. -0.2863 .. -0.2880 •• -0.2668 •• -0.2520 ••• 

10. 11941 10.11941 10.12381 10.11051 10.09751 10.07841 
Credit to GDP 0,3386 0,3386 0, 1991 

10.45561 10.45561 10.48361 
Manufacturing value added to GDP 1.2793 1.2793 1.0936 0.7658 • 0.7594 • 1.4075 ... 

10 89781 10.89781 10.92541 10.4292 1 10.3774] 10.3303] 
Firi ng cost -0.7230 •• -0.4427 -0.4595 -0.7230 •• -0.8354 •• -0.6128 •• 0.0632 -0.4752 .. 

10.2738] 10.30291 10.3137] 10.27381 10.30241 10.25541 10.33071 [0.18271 
Homicides -0,0002 -0.0006 .. -0.0002 -0.0002 -0,0002 -0,0001 -0,0002 0.0003 * 

10.00021 10.0002 1 10.00021 10.00021 10.0002 1 10.00021 10.00011 10.00011 
Constant 0.8156 .. 1.0530 ••• 1.0691 ... 0.8156 .... 0.8961 **' 0.9417 *"'* 0.8497 ••• 0.8484 ..... . 

10.20951 10.04491 10.04681 
Observations 32 33 33 
R-squared 0,8 0,68 0,65 

*significant at 1 O%; **significant at 5%; ***significant at 1%. 
Standard errors in brackets. 

imports to GDP is not the expected but the para meter 

is not stati sti ca lly significant w hen using the variable 

in levels, however when the growth rates are used 

(Table 5) the coeffi c ient is significant. 

Education and in frastructure . An increase in the 

enro llment rate in secondary or terti ary education 

contributes to the TF P index w ith a pos itive sign. 

These set of variabl es w ere the most robust to many 

specifications in terms of sign and stati sti c va lue. 

The number of telephone lines per person is also 

very important to explain the TFP index. How ever, 

this variable was strong only when we correct by 

the labor force growth and w hen used in levels. 

The change in the infrastructure levels was neither 

significant nor stab le in the specifi cation27 . 

10.20951 10.22891 10.08781 10.0840] 10.0649] 
32 32 32 32 32 

0,8 0,81 0,81 0,86 0,91 

Financia / dep th and industrialization . As ment ioned 

befare, w ell-functioning f inancia! systems promote 

long-run growth and an increas ing manufacturing 

share in the G DP is often related with the capacity to 

supply high quality jobs and w ith country's compe

titiveness with respect to others of si mi lar size. These 

vari ables were significant and important onl y w hen 

correcting by the labor force grow th . 

Regulation and government burden . Firing costs 

and central government operational and interest 

payments are related to these concepts. Lowering 

27 The KM of roads was not stat istically signi ficant in any spe
cif ication. Th is series has a drastic change starting 1995 when 
most of the projects were developed by private consort iums. 
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Table 5. REGRESSION RESULTS (Growth rate, dependent variable: TFP) 

Growth rate of 4 6 

Exports plus imports to GDP 0,0422 0.0659 •• 0.0657"' 0.0694 •• 0.0657 •• 0.0581 •• 0.0463 • 

10.0302 1 10.02371 10.02401 10.02361 10.02 401 10.02741 10.02601 
Attainment rate secundary education 0,0702 0. 1002 

10.09051 10.07591 
Attainment rate university education 0,0553 0,0553 0. 122 1" 0.08030 • 

10.04731 10.04 731 10.04581 10.04 741 
Central goverment expenditure to GDP -0,0378 

10.02741 
lncome ta x revenues to GDP -0.0386 • -0.0387 • -0.0365 • -0.0387 • -0.0585" -0.0585 .. 

10.02 131 1002151 10.02121 10.02151 10.02331 10.02 171 
GDP gap(a) 0.2383 .. 0.2992 ... 0.2899 •• 0.2795 •• 0. 2899 .. 

10.10981 10. 10241 10. 10951 10.10871 10. 10951 
Crimes aga inst liberty -0.0333 ... -0.0311" -0.03 13 .. -0.03 11 .. -0.0240 • -0.0284 •• 

10.01141 
Homicides pe r 100 thousand people -0,0185 

10.022 71 
Capacity utiliza tion (a) 

Manufaduring va lue added to GDP 

Constan! 0,0008 -0.001 
10.00561 10 00461 

Observations 32 31 
R-squared 0,4 0,59 

"significan! at 1 0%; *'"s igni fican! at 5%; .. *sign ifican! at 1%. 
Standard errors in brackets. 

the burden for firing and hiring workers was found to 

be robust and important to explai n TFP. lt seems that 

both a smaller government and public debt promote 

growth by a high magnitude. In Tab le 5 the growth 

rate of income taxes to GDP resulted robust to any 

spec ification and with the expected sign. 

Violence and Crime. These set of variables resulted 

to have a small effect when exp laining the leve l of 

TFP, but an important ro le when using the growth 

rates. In parti cular, crimes aga inst liberty have a 

negative effect on the TFP growth . The Cycle, GD P gap 

and the level of capac ity utilization help to explain 

the TFP outcomes. 

Summari z ing, trade openness, measured as the 

growth rate of imports plus exports, increases in edu

cation attainment, especially university, the change 

in income taxes to GDP and the growth rate of crimes 

against liberty were robust to explain changes in TFP 
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10.011 51 10.01151 10.011 61 10.01281 1001241 

0.1685 • 
10.0945 1 

0,0907 
10.07981 

-0.0003 -0,0011 -0.0003 -0.0076 • -0.1243 • 

10.00451 10.00461 10.00451 10.00411 10.0661] 
31 31 31 31 31 

0,59 0,59 0,59 0,47 0,55 

and growth . These findings help to exp lain the de

creasing trend in TFP growth, i.e., the ga ins obta ined 

by trade openness and human capital has been offset 

by the increasing rates of crime and the government 

burden. This also helps in explaining the behavior 

in past decades. During the 80s, the high degree of 

isolation from world markets, combined to high levels 

of financia! repress ion and not much macroeconomic 

stability (approximated for example by two digit in

flation rates) caused TFP and GDP growth to plummet 

as shown in the first section . An important finding is 

that overly strict labor regulations hinder productivity 

growth and thus negatively affect welfare. This is true 

for an unstable macroeconomic environment. Howe

ver, most of the vari ation in total factor productivity 

has been exp lai ned by cycli ca l factors. 

Although the former exercise helped to understand 

sorne features of recent aggregate TFP trends, evi

dence shown in the next section demonstrates that 



there have been sorne gains in TFP at the sectoral 

level. In particular, plant level estimates for the 

manufacturing sector show a gradual improvement 

in TFP explained by trade reform. In the next section 

we calculate and present three concepts of TFP using 

the yearly manufacturing survey at four ISIC digits, 

then with these data we analyze the determinants 

for the results. 

V. TFP AT THE MANUFACTURING LEVEL 

In this section we follow the same steps described 

at the beginning of section 3, that is, first we obtain 

the TFP estimates, and then we explain the rationale 

behind the choice of variables for explaining the 

determinants. In Appendix 3 TFP estimates (Table 1) 

confirman increasing trend after 1995, i. e., after the 

consolidation of trade reforms, and a reversa! with 

the 1999's crisis. lndeed, TFP drops sharply in 1980, 

after that period crisis; stagnates for a decade and 

recuperate vigorously in 1995. This result is robust 

to the three ways of obtaining the TFP estimates (see 

Appendix 3). Although sorne plant level evidence 

has explained this stylized facts, we revisited the 

determinants of TFP in order to test the rsole of labor 

market institutions, innovation activities and trade 

openness variables. 

The baseline specification models the rate of produc

tivity growth as a function of certain covariates. As in 

Bernard and Jones (1996a), we include the maximum 

rate of growth by year as a separate covariate, which 

allows us to control for technological transfers from 

the leading industry to the rest of the manufacturing 

sector. We use severa! specifications in order to test 

the validity of our hypotheses. 

Export and import orientation. We include severa! 

indicators for this concept: i) exports and imports 

by four 1s1c digits to production (xprod and mprod); 

ii) import penetration coefficient (mpc) defined as 

imports /(prodution+imports-exports); and iii) im

ports and exports to total sales (xsales and msales). 

Data for exports and imports are obtained from the 

National Department of Statistics (DANE); because 

these data is not calculated from the establishment 

survey (EAM) it represents the direct competition for 

the national production in the case of imports. 

Techno!ogy adoption. As we mentioned earlier, 

productivity is a key variable for understanding 

technological capacities. Since technology is embo

died in capital goods (machinery and equipment), 

their acquisition may be the cause of productivity 

changes. An interesting question that arises at this 

point is the following: are industries which inves

ted the most also the ones with more productivity 

growth? In general, the ratio of new machinery to 

total production (imeprod) was used to indicate the 

weight of adoption of capital goods to the impor

tance of the sector. Easy as it seems, it is nota trivial 

question, since investment is clearly endogenous 

to productivity growth. That is, a simple regression 

would produce negative results simply by the fact 

that capital is a component in the construction of 

TFP. In order overcome this obstacle, we construct 

the average of the mentioned ratio by industry, and 

we use the mean values as a proxy for INVK!Y. 

Economies of sea/e have also been recognized as 

an important source of TFP growth. We include the 

proportion of the production made by large firms 

as a proxy (sharebigpb). This indicator is taken from 

the EAM, which consideras big firms those with 200 

or more employees. 

Labor costs . Traditionally, it has been established that 

high cost of workforce adjustment has a negative 

impact on the level of employment. For instance, 

Heckman and Pagés (2000) found that the effects 
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on employment levels are negative and substantia l. 

Moreover, a lower level of emp loyment reduces 

the marginal product of capita l and the incentives 

to save and invest, wh ich in turn, affect negatively 

economic growth. 

Labor market regulations and institutions also play an 

important role in the determination of productivity 

growth. By shifting the optimallevel of employment, 

adoption of technologies is also altered. However, 

no clear consensus has emerged about the impact 

of these institutions on lp and TFP growth. On one 

hand, Scarpetta andTressel (2004) argue that incen

tives for innovation are reduced when no inter or 

intra industry mechanisms to offset hiring and firing 

cost exists. On the other hand, substitution of labor 

toward outsourcing and/or capita l intensive techno

logies may have a positive impact on productiv ity. 

Overall , at this stage of ana lysis, empirical evidence 

m ay be very important for guiding future research in 

the tapie. We use the information provided by the 

EAM to construct a variable that will be a proxy for 

labor costs. We consider the ratio of non-wage cost 

to total remuneration (sharebenefits) as a meas u re of 

the weight labor costs other than wages. 

Using the technological innovation survey (m) for 

1996, we also include a var iab le for innovation that 

represents the proportion of firms that innovate in 

each sector. We then use the same proportion for 

the entire samp le in arder to create a specific sector 

characterist ic indicator for this concept. 

Given that some comments to previous vers ions of 

this paper argued that labor costs are endogenous 

to TFP, we use as instrumental variables the average 

years of education from household surveys (ENH) and 

the level concentration by sector, i. e., the estimations 

to correct for this problem. The estimation results 

may be found below (Table 6). 
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The table clearly shows that i) the burden of non 

wage costs has a negative impact on TFP; ii) inno

vation, as defined in this paper, positively affects 

the evolution of TFP; iii) the ratio of new machinery 

to total production, as a proxy of adoption of new 

technologies in the production process has a very 

large impact on TFP, in the direction of improving it; 

and iv) surprisingly, the variables that try to account 

for the degree of openness do not seem to affect the 

evolution of TFP at the sectora l level. 

VI. FINAL COMMENTS 

The main findings of this paper in terms of evolution 

of TFP and labor productivity can be summarized 

as follows: 

o Total factor productivity suffered a downwards 

"structural break" starting in 1980. In effect, TFP 

was growing rapidly in the 1960s and 1970s but 

since 1980 it started to grow slower, trend that 

!asted until the end of the 1990s. 

o This pattern was observed in Latin American 

countries as we ll. The main difference was that 

the majority of these countries showed renewed 

growth of TFP in the 1990s, fact that was not true 

for Colombia. 

o The behavior of labor productivity was very si

milar, but even more disappointing, particularly 

during the 1990s. 

o At the sectora llevel, it was possible to find some 

heterogeneity in the resu lts. Manufacturing pro

ductivity (both TFP and labor) in genera l displayed 

better performance than other sectors and, within 

manufacturing (at 4 digits), there were sectors that 

performed very well duri ng the whole per iod su eh 

as apparel, whi le others saw their productivity 



Table 6. TFP GROWTH FROM A SOLOW RESIDUAL" 

2 3 4 5 

sharebenefits -0.0418 ** -0.0485 ** -0 .0420 ** -0.0485 ** -0.0429 * 
[0.0243] [0.0250] [0.0242] [0.0250] [0.0243] 

innovation 0.0351 * 0.037 * 0.0354 * 0.037 •• 0.0359 • 
[0.0229] [0.0230] [0.0230] [0.0230] [0.0230] 

mpc -0,0054 
[0.0039] 

sharebigpb 0,0028 0,0035 0,0023 0,0035 0,0027 
[0.0176] [0.0176] [0.0176] [0.0176] [0.0176] 

imeprod 0.2322 * 0.2646 ** 0.2302 * 0.2646 ** 0.2336 • 
[0.1270] [0.1301] [0.1266] [0.1301] [0.1269] 

tfp_solow _max 0.0784 *** 0.0767 *** 0.0788 *** 0.0767 ••• 0.0785 *** 
[0.0118] [0.0119] [0.0118] [0.0119] [0.0118] 

d ie -0.0107 ••• -0.0108 *** -0.0107 *** -0.0108 ••• -0.0107 *** 
[0.0010] [0.0010] [0.0010] [0.001 0] [0.0010] 

eoc -0,015 1 
[0.0122] 

mprod -0,0009 
[0.0016] 

mplusxtoprod -0,0011 
[0.0016] 

Constant -0,0132 -0,0085 -0,0135 -0,0085 -0,0129 
[0.013 1] [0.0138] [0.0131] [0.0138] [0.0131] 

xprod -0,0151 
[0.0122] 

Observations 2034 2035 2034 2035 2034 

R-squared 0,11 0,11 0,11 0,11 O, 11 

• sign ifican! at 1 0%; •• significan! at 5%; ***significan! at 1% 
' Ana li tical weigths average share in production by sector IV for sharebenefits: concent eduenh xprod. 
Standard errors in brackets. 

p lummet, even when the economy was growing 

at sound rates. 

At the aggregate level, these resu lts were mainly 

explai ned by the fo llowing ~t_ors, which were 

robust to different econometr ic specifications and 

to diverse functiona l forms in terms of explanatory 

variab les included. 

o Trade openness, measured as the growth rate of 

imports p lus exports, w hich approximated the 

degree of incl usion of the Colombian economy 

in world markets. 

o Financ ia! deepening. 

o Human cap ital, proxied by educational attai n

ment, especia ll y at the university level. 

¡j The "government burden" on the economy, mea

sured by the ratio of income taxes to GDP. 

o The rate of crimes against liberty. 

o These findings help to exp lain the decreasing 

trend in TFP growth across the 1980s and 1990s. 

That is, in the 1980's the isolation of the country 
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from world markets, which lasted at least 30 

years, financia! repression anda somewhat heavy 

government burden explained the sudden slo

wdown in productivity trends. Since the 1990s, 

the gains obtained by trade openness and human 

capital improvement (evident in the first half of 

the decade), were offset by the increasing rates of 

crime and the government burden, which acce

ntuated and manifested in the form of increasing 

fiscal deficits at alllevels of government. 

o A large part of the variation in total factor produc

tivity has been explained by cyclical factors. 

o One of the main findings of the paper is that an 

overly rigid labor market, such as the Colombian 

one has been detrimental for TFP growth. That is, 

excessive labor regulations, summarized in this 

paper by hiring and firing costs, have negatively 

influenced the evolution of TFP growth . In this 

sense, the change introduced by the 1990 labor 

reform increased the pace of TFP growth. 
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o At the sectoral level (for manufacturing), the 

paper finds a similar result. lndeed, non wage 

costs are found to have a negative influence on 

TFP, even when controlling for education, exports 

orientation and industrial concentration, among 

other variables. These two findings have potent 

policy implications, because they show that 

overly regulated or costly labor regulations not 

only influence employment or formality levels, 

as generally thought, but they also tend to redu

ce TFP growth, and therefore economic growth 

and welfare are negatively affected as well. This 

finding alone calls for urgent policy action. 

o lnnovation was found to positively impact TFP at 

the sectoral level in manufacturing, which also 

call for urgent policy action, both in terms of 

resources devoted to this activity and the intro

duction of regulation that fosters innovation and 

Research and development. 
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Appendix 1. DATA AND METHODOLOGY FOR AGGREGATE TFP ESTIMATION 

We reproduce the estimation procedure of Rodriguez, Peril la, and 

Reyes-RPR (2 004). The procedure, described in section 2, starts 

from a production function in order to obtain inputs elasticities 

with respect to output. Then with these estimates TFP is obtained 

as a residual. In Figure A 1 we present three estimates for the TFP. 

The fo llowing production functions are estimated, 

In Y, = !nA , + a /n (K, ) + ~ ln (L,) +E, (A 1) 

and, 

r¡ 
In Y, = /nA, - -pln (aK~ + j3/nLP, + ( 7- a -j3) BMt~) +E, (A2) 

The variables in (A 7) and (A2) are expressed in constant prices 

of 1994 and stand for GDP (Y) , capita l stock (K), labor force (L) 

and intermediate goods imports (BMI). The GDP seri es for 1970 to 

1994 is ca lculated by the Group of Growth Stud ies (GRECO) at the 

Central Bank in Colombia. We complete the series using data 

from the Department of National Statistics (DANE) from 1994 to 

2002 . The base year is 1994. 

The Capita l Stock estimates are obtained using the perpetua! in

ventory methodology. In order to obta in the investment figure we 

u sed two sources. Data for investment (G ross Formation of Fixed 

Capita l) for the period 1925 to 1990 and DANE's National accounts 

for 1990 to 2002 at 1994's prices. We obtain these estimates for 

investment in machinery and equipment, transport equ ipment 

and bui ldings. Applying a depreciation rate of 20%, 8% and 2% 

respectively, we obtain the aggregate capital stock. 

For the BMI we used mil lions of dol lars of intermediate imports 

from the Balance of Payments Accounts. Data in Colombian 

1994's pesos is obtained using the average nominal exchange 

rate and the whole sa les pri ce index for imported goods. 

Finally, the employment data is obtained from Barrios et. al. (1993) 

for 1970 to 1991 . From that po int we use the annual employment 

growth rate from the Nationa l Employment Survey (ENH). 

While Clavijo (2003) uses an equation si milar to (A 1 ), the sample 

period is longer and the time seri es used have d ifferent mean 

growth rates compared w ith our ca lculations. Loayza, Fajnzy lber 

and Calderon-LFC (2002) present three estimations from growth 

accounting. 

In Figure 2, simpleLFc is obtained from a growth accounting 

equation TPF = coPgrowth- s,CapGrowth- ( 1 - s,) LabGrowth with 

sk the share of capita l in income. In CapHumLFC we report the 

ca lculations obtained after LFC (2002 ) adjust by the quality of labor 

assoc iated with the in creases in human capital. They start from a 

production function where.human capital is combined with labor 

and represents an index of the quality of the labor force. That is, 

they ca lculate the TFP after TPF = coPgrowth - skCapGrowth - ( 7 

- s,) (LabGrowth + Schoo!Growth) , where school growth is an 

index that reflects school attainment. Finally, in Cap H um&ucnFc 

they control by the rate of utilization of capital and labor, TPF = 

coPgrowth- skCapCrowthAdj- ( 1 - sk) (LabCrowthA dj + Schooi

Crowth), where CapCrowthAdj is the util ization-adjusted growth 

rate of capital, and LaborCrowthAdj is the employment- and 

hours-adjusted growth rate of labor. 
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Appendix 2. LEAMER TEST FOR EXTREME LIMITS 

Results presented in sect ion 4 are highly sensitive to changes in 

the specification of the model. Here we present the results of a 
Leamer test for extreme 1 imits 1 in arder to identify the variables that 

are statistically significan! and with the correct sign after including 

and excluding different sets of independent variables'. 

This test attempts to establish how the independent covariates 
are influenced by the set of available information. Starting from 
ms estimation: 

TFP = P/ + PmM + P,Z + U (A3) 

The TFP is regressed aga inst a set 1, M and Z variabl es of interest. 

The set of 1 vari ables are always included in the regression (the 

GDP gap and the rate of credit to GDP). M variabl es are grouped 

accord ing to the policy or development indi cator that represen! 
and the set Z (maximum 4) are variables that do not belong to 

M but are complementary to them. 

The set of M variables are grouped in seven subsets that represen! 
indicators of trade openness (-8-), education (-3-), infrastructure 

(-4-), government burden and macroeconomic stability (-6-), 

v iolence and insecurity (-6-), size of the manufacturing sector 
and labor reform. Z is a set of variables not included in M that 

represent indicators of cyclica l fluctuations of the cor. 

Lev ine y Renelt (1992) and Chica (1996). 

The exercise is performed for the rate of growth of the varia 
bles. 
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The procedure works follow ing the next steps: i) an m s regress ion 

ofrFP including 1 and M produce a "basic" coeffi cient -Bm-; ii) TFP 

is ms regressed against M, 1, and all the possible combinations 
of S variables from Z. For all these regressions an estima te of the 

superior (inferior) extreme is ca lcu lated as -Bm- plus (less) twice 

the standard deviation of each coefficient; iii ) The procedure 

reports the maximum superior extreme, the minimum inferior 
extreme and the base coefficient; iv) Jf after severa! iterat ions 

between /, M and Z the coeffic ients of the vari ables included 

in M are not statist ically significan! or change the signs after all 

possible combinations are tested, we say that those variables are 

fragile to changes in the specif ication of the model. The t-stati stic 

of the extreme limits is obtained as, 

@ ± 2cr 
(J 

(A4) 

Resu lts in table S show that at least fi ve variables are not fragile 

to changes in the specifi cation of the model fo llowing three 
cond itions: i) the percentage of cornbinations where the variable 

is statistica l ly significan! is greater than 2S% (see% sig in tabl e 

S), ii ) the coeffi cient shows the expected sign (B(+/-)2 stder) and 
iii ) the p-value is less than 0.1 O. 



Table 1. LEAMERTEST EXTREME LIMITS, DEPENDENTVARIABLETFP FROM COBB DOUGLAS PRODUC
TION FUNCTION 

Variable 

Trade Openness 1 

GX 

GM 

GFDI 

GITCR 

Trade Openness 2 

' GXM 

GXMGDP 

TRADEPPEN 

GFDIGDP 

Education 

CGOBPRIM 

CGOB5EC 

CGOB5U P 

lnfraestructure 

GTELI N5T 

GTELDEN5 

GROAD5 

GELECTRICITY 

% sig 

high 
4% base 
low 

high 
44% base 
low 

high 
14% base 
low 

high 
13% base 
low 

high 
57% base 
low 

high 
19% base 
low 

high 
0% base 
low 

high 
14% base 
low 

hi gh 
1% base 
low 

high 
0% base 
low 

high 
O% base 
low 

high 
6% base 
low 

high 
1% base 
low 

high 
O% base 
low 

high 
O% base 
low 

8(+1·)2stder 

0,099 
0.022 

-0. 11 8 

0.145 
0.047 
0.001 

1.238 
0.002 
0.000 

0.202 
0.047 
0.002 

1.161 
0.063 
0 .001 

0.291 
0.048 

-1.2 50 

0.057 
-0.001 
-0.048 

0.020 
0.002 

-1.283 

1.075 
0. 107 
0.010 

0.401 
0.087 
0.005 

0.280 
0.074 
0.003 

-0.003 
-0.096 
-0.408 

-0,003 
-0.051 
-0.405 

-0 .034 

-0.003 
0 .013 

-0.186 

stder 

0,021 
0.020 
0.028 

0.023 
0 .023 
0 .02 1 

0.14 1 
0 .004 
0.004 

0.033 
0.032 
0.031 

0.264 
0.029 
0.028 

0 .070 
0 .034 
0.242 

0.01 3 
0.01 2 
0 .01 2 

0.004 
0.005 
0. 146 

0.234 
0.230 
0.199 

0.092 
0.098 
0 .097 

0 .060 
0.063 
0.040 

0.068 
0.073 
0.089 

0 .068 
0 .071 
0.076 

0.031 

0.040 
0.042 
0.039 

1-stat 

2,745 
1.058 

-2.230 

4. 1<JS 
2.063 
2.049 

6.803 
0.488 
2.053 

4. 161 
1.454 
2.049 

2.394 
2. 186 
2.050 

2. 162 
1.41 2 

-3. 170 

2.288 
-0. 126 
-2 .052 

2.759 
0.408 

-6.785 

2.588 
0.468 
2.05 1 

2.345 
0 .891 
2.049 

2.673 
1.188 
2.071 

-2.049 
-1.315 
-2 .605 

-2.049 
-0 .716 
-3 .341 

-1.11 7 

-2.064 
0 .308 

-2 .740 

p-value Adj 

0,000 
0.299 
0.000 

0 .000 
0.048 
0.961 

0.000 
0.629 
0.958 

0.000 
0.157 
0 .962 

0.000 
0.03 7 
0.960 

0.000 
0. 169 
0.000 

0.000 
0 .900 
0.000 

0.000 
0.686 
0.000 

0000 
0.644 
0.960 

0.000 
0.381 
0.961 

0 .000 
0.245 
0.944 

0.961 
0. 199 
0 .000 

0.961 
0.4RO 
0.000 

0.274 

0.950 
0.760 
0.000 

p-value 

0,010 
0.299 
0.034 

0.000 
0 .048 
0.050 

0 .000 
0.629 
0.050 

0.000 
0. 157 
0 .050 

0.024 
0.037 
0.050 

0.039 
0. 169 
0.004 

0.030 
0.900 
0 .050 

0.010 
0.686 
0.000 

0.015 
0.644 
0.050 

0.026 
0.381 

0.05 

0.012 
0.245 
0.048 

0.050 
0. 199 
0 .015 

0.050 
0.480 
0.002 

0.274 

0 .048 
0 .760 
0.011 

R"2 

0,493 
0.238 
0.582 

0 .578 
0.3 12 
0 .53 1 

0.757 
0.214 
0.485 

0.606 
0.263 
0.484 

0.629 
0 .323 
0.520 

0.393 
0.260 
0.639 

0 .52 1 
0.208 
0 .540 

0.594 
0.212 
0.757 

0.524 
0.2 14 
0.585 

0.541 
0.229 
0.500 

0.532 
0.245 
0.756 

0.515 
0 .254 
0.448 

0 .515 
0.222 
0.564 

0.24 1 

0 .578 
0.210 
0 .629 

No Fragile/ 
Fragile 

Fragi le 

Not Fragile 

Fragile 

Fragile 

Not Fragile 

Fragile 

Fragil e 

Fragile 

Frag il e 

Fragi le 

Fragile 

Fragi le 

Fragile 

Fragi le 

Fragile 
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Table 1. LEAMERTEST EXTREME LIMITS, DEPENDENTVARIABLETFP FROM COBB DOUGLAS PRODUC-
TION FUNCTION 

Variable % sig B(+/-)2stder stder t-stat p-value Adj p-value R"2 No Fragile/ 
Fragi le 

Government and macro stability 
high -0.001 0.023 -2 .050 0.960 0.050 0.536 

GTXGDP 8% base -0.038 0.026 -1.468 0.1 53 0.153 0.264 Fragile 
low -0 .1 27 0.029 -2 .33 7 0.000 0.027 0.508 

high -0.001 0.025 -2.050 0.961 0.050 0.468 
GCGEXPTOGDP 25% base -0.055 0.026 -2.091 0.046 0.046 0.3 14 Not Fragi le 

low -0.166 0.033 -3.081 0.000 0.005 0.455 

high 
GCGINVTOGDP O% base 0.003 0.012 0.212 0.833 0.833 0.209 Fragile 

low 

high 
GCGOVDEF 0% base 0.000 0.001 0.137 0.892 0.892 0.208 Fragile 

low 

high 0.002 0.000 2.653 0.000 0.013 0.598 
GSPNFDEF 1% base 0.000 0.000 0.031 0.976 0.976 0.207 Fragi le 

low 0.000 0.000 2.050 0.960 0.050 0.642 

high -0.003 0.052 -2.051 0.960 0.050 0.575 
INFLATION 4% base -0.039 0.056 -0.689 0.497 0.497 0.22 1 Fragi le 

low -0 .303 0.064 -2.736 0.000 0.011 0.495 

Violence and lnsecurity 
high -0.001 0.023 -2 .055 0.957 0.049 0.582 

GTHOM 4% base -0.026 0.027 -0.949 0.35 1 0.351 0.232 Fragile 
low -0. 135 0.029 -2.732 0.000 0.011 0.484 

high 0.000 0.001 -2.049 0.961 0.05 0.531 
GTKIDNAP 1% base -0.001 0.001 -0.788 0.437 0.437 0.225 Fragile 

low -0.003 0.001 -2.569 0.000 0.016 0.487 

high 0.000 0.003 -2 .137 0.892 0.041 0.971 
GLIBERTY 54% base -0.028 0.014 -2.004 0.055 0.055 0.3 07 Not Fragile 

low -0.086 0.016 -3.279 0.000 0.003 0.506 

high 
GLIFE O% base 0.007 0.048 0.136 0.892 0.892 0.208 Fragile 

low 

high 0.126 0.026 2.855 0.000 0.008 0.546 
GPROPERTY 4% base 0.031 0.028 1.11 9 0.273 0.273 0.241 Fragile 

low 0.001 0.023 2.049 0.961 0.050 0.592 

high 0.102 0.022 2.546 0.000 0.017 0.496 
GCRIMEAVG 4% base 0.023 0.023 1.004 0.324 0.324 0.235 Fragile 

low 0.001 0.019 2.053 0.958 0.050 0.583 

Labor and others 
high 0.252 0.052 2.796 0.000 0.009 0.450 

GFIRINGCOST 2% base 0.078 0.047 1.673 0.106 0.106 0.279 Fragi le 
low 0.002 0.041 2.049 0.962 0.050 0.558 

high 0.731 0.136 3.372 0.000 0.002 0.492 
GMANGDP 32% base 0.209 0.101 2.065 0.048 0.048 0.312 Not Frag ile 

low 0.004 0.086 2.049 0.961 0.050 0.577 

%sig: number of combinations where the va ri able is statisti ca lly sign ifican!. 
B(+/-)2stder: Max and Min extremes-Coeffi cient (+/-)standard deviation-. 
stder: standars deviation estimated coeffi cient. 
p-va lue Adj: Significance of the extreme limit. 
p-value: statistica l significance of the estimated coefficient used to ca lculate the extreme limit. 
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Table 2. DESCRIPTIVE STATISTICS 

Variable Obs Mean Std. Dev 

cobpri m 33 69,679 9,362 
cobsec 33 37,352 15,766 
cobsup 33 7,433 4,310 
te l_insta lled 33 3,2 11 ,417 2,727,079 
te ledensity 33 0.073 0,049 
roads 33 21,473,850 4,248,799 
electricity 33 7039,602 3,65 1,835 
thom 33 45,848 19,089 
credgdp 33 0. 128 0.039 
fd igdp 33 0.013 0.012 
mgdp 33 0.099 0.028 
xgdp 33 0. 103 0.027 
xmgdp 33 0.202 0.050 
uci 33 0 .715 0.030 
mangdp 33 0 .172 0 .020 
invtogdp 33 0. 192 0.026 
txgdp 33 0.035 0.008 
defgc 33 -0.01 o 0.015 
defspnf 33 -0.028 0.023 
cgexptogdp 33 0. 100 0.040 
cg invtogdp 33 0.037 0 .014 

Table 3. DESCRPTION OF VARIABLES ANO SOURCES 

Variable 

cobpri m 
cobsec 
cobsup 
tel_insta lled 
teledensity 
roads 
roadpc 
electri c ity 
thom 
credgdp 
fdigdp 
xgdp 
xmgdp 
txgdp 
uci 
gdpcapdnp 
mgdp 
mangdp 
defgc 
defspnf 
invtogdp 
cgexptogdp 
cginvtogdp 
tradeopen 
itrc 

N ame 

Pri mary Schooling % 
Secondary Schoo ling% 
University Schooling % 
Telephone Lines lnstal led 
Telephone per capita 
Kms of roads 
Kms of roads pe 
Electric ity Generation Cap 
Homicides per 100 th ousand 
Credit to GDP 
FDI to GDP 
Exports to GDP 
Exports + lmports to GDP 
lncome taxes revenues to GDP 
Capacity Uti lization 
GDP per cap ita 
lmports to GDP 
Manufacturing VA to GDP 
Centra l Gov Deficit 
Public Sector Defic it 
Total investment to GDP 
Central Gov expend iture to GDP 
Central Gov lnvestment to GDP 
lmports openness index 
Real Exchange rate index 

M in 

56,800 
18,000 

2,800 
601,040 

0.024 
13,319,000 

2078,000 
21 ,000 

0.088 
0.002 
0.072 
0.056 
0.136 
0.637 
0.134 
0.141 
0.021 

-0 .043 
-0.076 
0.046 
0.014 

DNP 
DNP 
DNP 
DNP 
DNP 
DNP 
DNP 
DNP 
DNP 

Max 

84,200 
63,400 
15,400 

9,026,070 
0. 175 

25,966,000 
13,469,000 

78,000 
0.218 
0.054 
0. 153 
0. 167 
0.311 
0 .750 
0.198 
0.240 
0.05 1 
0.018 
0.003 
0.189 
0.066 

Source 

DNP·Banco de la República 
DNP·Banco de la República 
DNP 
DNP 
DNP 
Fedesarro llo 
DNP 
DNP 
DNP 
D P 

DNP 
DNP 
DNP 
DNP 
Clavijo (2 003 ) 
DNP-Banco de la Repúbl ica 
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Appendix 3 

TFP estimates at four digits ISIC for the manufacturing sector are 
obtained from the following production function, 

(AS) 

Variables are in logarithms and represent production (y), labor (/), 
capital stock (k), materials (m) anda productivity shock (E), for 
sector i and time t. Estimates for parameters in (AS) are reported 
in Table 1 O and TFP is obtained as, 

(A6) 

Corrections for capacity uti li zation are obtained as, 

(A7) 

(A8) 

Table 1. RESULTS 

2 

1 0.0466 *** 0.0485 *** 
[0.0068] [0.0068] 

m 0.8469 *** 0.8390 *** 
[0.0078] [0.0078] 

k 0.1132 ••• 0.0919 *** 
[0.0076] [0.0082] 

e 0.0094 ••• 

[0.0015] 
Constant 0.8335 *** 0.9507 *** 

[0.0750] [0.0765] 
Observations 2403 2403 
number of isic 89 89 
R-squared 0,91 0,91 

*significan! at 1 0%; **significan! at 5%; ***significant,at 1%. 
Standard errors in brackets. 




