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Abstract: The objective of this article is to measure andralyze total factor productivity —TFP-
growth in the Bogota manufacturing industry ovee theriod 1985-2005. From the early 90s
Colombia applied several policy actions aiming radréasing trade openness of its economy.
Taking this into account, this article analyzesfgenance of several subsectors of the Bogota
manufacturing industry before and after trade Bbization. TFP growth is measured by using
Harberger's Two-Deflator Method, which althoughsta robust method, is not difficult to use,
and the amount of data needed for calculationasgeeto handle with, compared with traditional
methods. The results of the paper show most oftitbsectors analyzed had positive TFP growth
rates during the period 1990-2005, which correspottd a period of more openness of the
Colombian economy, compared to eight out of thentwsubsectors with negative TFP growth
rates in the period pre - trade liberalization, 39890. On this basis, the results suggest a
possible positive effect of trade liberalization dfie Colombian economy on TFP of
manufacturing industry of Bogota.

Keywords. Economic Growth, Growth Accounting, Manufacturimglustry, Total factor
productivity, Two-Deflator Method.

INTRODUCTION

ccording to the literature on economic growth guatticularly, the branch corresponding to whatris\wkn
Aas growth accounting, taking a production functtbat uses capital and labor as inputs, it would be

expected that increases of output were explainethdrgases of these inputs. However, a great amafunt
empirical studies shows that increases of inputproductive factors explains only a part of ecormmiowth,
which is quite often equal to or lower than a half.

The part of the growth of output that is not expéal by the quantitative and qualitative increagdaators
of production is associated with growth of what@mventionally known as total factor productivity=P). The TFP
has been related in the literature to technicahghaand to accumulation of human capital (for exam@olow
[20]), to the presence of externalities and / asneenies of scale. The recent literature establishasthe TFP is
also explained by several factors that do not teavelationship, at least directly, with technolo§pme examples
of those factors are institutions, macroeconomidrenment, etc. (Easterly and Levine [9], Angulala@uillermo
[3], Harberger [16, 17], Hall and Jones [15], Acgucet al, [1, 2])

In agreement with Harberger [16] this 'residualpart of growth that is not explained by changefaators
of production can be associated with ' technicalnge ', 'improvement in TFP' and a 'real costsateaiu (RCR)'.
The author argues that the term ' technical chadg®es most of economists to think about invemgioresults of
research and development, and what can be catiedital innovations. On the other hand, ' improvetsén TFP
', once 'cleaned' of changes in quality of the ispused and/or of the direct contribution of huncapital, can be
explained for the presence of several kinds ofragléies (economies of scale, spillover effeatsl systematic
complementarities). Finally, a ‘real costs reductidrives one to think as an entrepreneur or dysrtion manager.

Among the three options commented above, Harbatgeides to take a RCR as a standard label for the
'residual’ or the part 'unexplained' of growthislivery likely that in some occasions a RCR isha mind of the
majority of the business executives and managepsarfuction. Persons in these charges are geneeslhonsible
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for the design and application of policies for tempany in order to achieve a RCR, that is to aayincrease of
TFP.

This conception of TFP growth as a RCR, which isspnt in every company in different ways, gives us
some evidence of the need to analyze the evolutibrthis important determinant of output growth in a
disaggregated way. Thus, it is possible to analyg@ growth for different branches of economic attjvfor
several sectors of a specific branch or, even dohef the companies of a specific sector. Follgvthis line, this
study aims to evaluate the evolution of TFP in @sgctors of the Bogota manufacturing industryriythe period
1985-2005. During this period, specifically frometkarly 90s, Colombia applied several policy adtiaiming at
increasing trade openness of its economy. On tassspthis study uses Harberger's conception of gileth to
analyze the performance of Colombian manufactundgstry before and after trade liberalization.

As stated by Eslavat al [11], the average nominal tariff declined from @2¥rcent to 10 percent overall,
and from 50 percent to 13 percent in manufactunmtystry, between 1984 y 1998. It happened a censinde
decrease in effective tariffs and in the dispersibthem between 1990 and 1992. The average eféetriff fell
down from 62.5 percent in 1989 to 26.6 percent982L The average and dispersion of effective wrémain
nearly the same after 1992 (Eslatal [11]).

The two-deflator method (2DM)

This study uses the two-deflator method (2DM) depet by Harberger [16] in order to estimate the TFP
for 20 sectors of manufacturing industry in Bogotde 2DM has two important characteristics. Thetfione
consists of deflating all the flows and nominalcét®that are considered in the analysis of growihgithe same
deflator (that of the GDP) in order to expressraminal variables in terms of the same basket afdgoand
services. The other characteristic of the 2DM badat with the utilization of a 'deflator of labowrhich consists of a
standard salary assigned to standard or 'unskileckers.

Thus, the quantity of any worker’s labor, regardlesw qualified he is, is calculated dividing higéme
by the standard salary of an 'unskilled' workere €cess wage of any worker on the standard wage ofskilled'
worker is assumed to be attributable to human abgi{arberger [17]). The return to education, tiragn and
experience is supposed to be included in this &xeeage'. Under these characteristics, the 2DM dedshe task
of ‘cleaning’ the residual that is obtained in¢sgmation of a production function, which is geaigrassociated to
changes of TFP, of effects that come from factdhemothan a real costs reduction, such as traiofngorkforce.
Actions of this type originate an increase of labmarginal productivity and not necessarily TFP gitow

The 2DM departs from a production function, whasputs are capital and labor. Output obtained is
distributed between these two factors, accordintéo respective returns remunerations, as follows

Y=wL+(p+9d)K (1),

where

Y = Real output (value added)
L = Labor

K = Capital stock

w = Wage

p = Return rate of the capital

& = Depreciation rate of capital

If the return of production factors is assumedeaylven by their marginal products, an increasthefreal
output is distributed as follows: one part is atitable to an increase of labor force, anothertoren increase of
capital stock and the other part will be attriblgato TFP growth.In terms of the different sectors of
manufacturing industry that are analyzed in thislgt the previous statement is expressed in thewoig way:

Ay, - WAL + (pjt +0; )AKjt

+TFP,
Yita Yita Yita )
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where:
Yit . . :
—— = Real output (value added) growth rate for induséctorj in periodt.
Yita
WAL,
——— = Contribution of labor to the growth rate of gromior industry sectagrin periodt.
yjt—l

Pj = Return rate of capital for industry sectan periodt.

é'jt = Depreciation rate of capital for industry segtor periodt.

(pjt +9, )AKjt
Yita

TFP, = Total factor productivity growth for industryeterj in periodt.

= Contribution of capital to the growth rate oflurstry sectoy in periodt.

Rearranging terms, an expression for TFP growtke&oh of the sectors to analyze is obtained:

_ Ay, \N:AL*jt _ (lojt + 9y )AKjt 3
Yitr Vit it

TFP

jt

)

As mentioned by Guillermo and Tanka [14], the pipatcomputational characteristics of the 2DM can b
summarized as follows:

" The two-deflator method is characterized by the of a single numeraire-deflator (say, the GDRadlef), by the
treatment of the quantum of output as value addddet! by the numeraire-deflator, and the use sfandard
wage w* and a quantum of labor L* equal to the wab#l divided by w*".

" ... the two-deflator method is rough. But is alemendously robust and easily applied ".
Harberger [17]

With regard to the two deflators used by the Hagbes 2DM, we now describe their main charactesisti

A. Thedeflator of nominal variables

In order to obtain the contribution of capital betgrowth rate of each of the industry sectors tftive part
of the right side of equation 3), it is necessargansider first the capital return rate (CRR), athis defined as the
return obtained due to utilization of a certainc&tof capital divided by that capital stock. Théiraation needs that
both the numerator (monetary units of return) dreldenominator (capital stock) are expressed irséinee units.
To do that, the 2DM proposes that the part of valdded that corresponds to the return attributableapital as
well ashis stock, should be measured up in monetary amitsthen deflated using the same price index, b G
deflator.

Gross CRR{+68) can be obtained by subtracting from real outfiutha payments to other inputs different
from capital, and dividing the result by the cap#Bock expressed in the same units that outpat, ithto say, in
monetary units of the year that is taken as a s using GDP deflator. That is:

th —rm, —w, L].t
K

Pi +5j = 4)

jt

where rmy corresponds to the real payment to raw materiadd s the process of production of segtar period
t, whereas the other variables are defined in threesaay as in equations (1) and (2), with the oriffiecence that in
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this case both the numerator and the denominattheofight side of the equation are measured irséme units,
that is to say in 'baskets of GDP' of any year ihédken as the base.

B. Thedeflator of labor

As mentioned previously, the deflator of laborctis given by the standard wage of an 'unskilkextker.
This deflator is used in order to express all #igol force that is used in each of the industryasedn terms of
standard or unskilled workforce. The quantum ofotaforce of any worker, regardless how skilled ke is
calculated by dividing his income by the above rmevtd standard wage. This procedure constitutedagively
easy and completely understandable way of obviatiegrequent lack of information sufficiently diggegated of
labor force in developing countries, such as Coliamb

Estimation of TFP of different subsectors of the Colombian manufacturing industry
A. The deflator of nominal variables

To estimate the TFP of 20 subsectors of the Bogwaufacturing industry, we start by calculating the
contribution of capital to the growth rate of seqtin periodt, which is given by the third component of the tigh
hand side of equation (3). To do that, it is neagséirst to calculate the gross CRR given by eipmaf4). The
different components of the right hand side of #igiation are obtained directly from the ManufaomirAnnual
Survey (Encuesta Anual Manufacturera) from the dteti Administrative Department of Statistics (DANEDr the
first part of the numerator, value added is thealde to be used. For the second one, the valuesmonding to
intermediate consumption, which includes raw matgriconsumption of electric power and other intiiate
consumption. For the third and last part of the erator, the total payment to workforce is used.quantify the
variable that appears in the denominator, capitatks we take, like in other studies, the valueasfets. This
procedure has been used in some studies becatlszlatk of more accurate estimations of capitatistespecially
at regional level and in a disaggregated way, asctise that corresponds to this study. The estmaif the
contribution of capital needs besides the gross ,RRE stock of capital and value added, variaties tere all
mentioned before. It should be remembered that ti@mumerator and the denominator are measurenbitetary
units (pesos) and that have been considered ineneas, by using the GDP deflator.

B. The deflator of labor

Another necessary step for calculation of TFRuireg an estimation of the contribution of laborthe
growth rate of growth of sectiin periodt, which is given by the second term of the rightdhaide of equation (3).
In order to do that, we need first to calculatdamdard salary (w*) of the ‘unskilled" workforcehiah is done by
dividing total payments to “blue collar” workers sectorj and period by the number of “blue collar” workers of
that sector in the same period. Both variablesyelk as others that are used in this section ataimdd also from

the EAM of DANE. Once obtained the standard safaryevery sector of the industrW\(} ), the second deflator
(W: ) is equal to the median of all tb!l%l . Itis to say:
, _ bcwagebil),

it
ben,

w = Mediar(w; )

Then, it is necessary to express all the laborefofcevery sector in terms of 'unskilled' workeérkis 'standardized'

labor force is denoted ak, , and is calculated by dividing the total wage bill every sector in period t by the

it
deflator of the labor forceV(I: ).

C. Sunrise- Sunset productivity diagrams

Productivity diagrams of this type, proposed bybéager [16], show the distribution of productivdfithe
analyzed sectors. In our case, diagrams show thigilmation of TFP to the growth of each of the sediers of the
Bogota manufacturing industry and allow us to fardeasy way to analyze the aggregated TFP growdghfona
specific period of time. As described in Guillerrand Tanka [14], in order to make these diagranis,iecessary
first to arrange the sectors and their correspandiitial participations in value added, by considg their TFP
growth rates in a descending order.
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Then, we can calculate the contribution of eveotag to TFP growth for the whole manufacturing industich
is equal tc(th_l/Yt_l)PTth. The Sunrise- Sunset productivity diagrams aret lmi a Cartesian plane with

cumulative contribution of TFP of the different s@s to TFP growth of the whole industry on thetieat axis, and
the cumulative contribution of output (value added)the sectors to total output in the horizontaisa These
accumulated contributions for the five-year perl®85-1990 appear in the third and fourth columnisble 1.

During this period, as seen in Figure 1, TFP groeftthe aggregated manufacturing industry (20 dbvis
considered here) was positive (0.6 %). The incngapiart of the graph shows the accumulated cortiwibwf the
industrial divisions with positive TFP growth ratéwelve in total) to TFP of the whole manufactgrimdustry.
The diminishing part, on the other hand, is thetiwouation to TFP growth of the industry of ten diMins with
negative growth rates. It is important to indictitat the four subsectors with major rates of TF&®Mgn generated
27.7% of the value added of the manufacturing itrghend achieved an accumulated TFP growth of 2.5%.

Table 1. Cumulative cintributions of the subsectors of the Manufacturing Industry to TFP growth
and to Value Added, Bogota 1985-1990

Cumulative | Cumulative
Average L L
Subsector annual TEP contribution | contribution

growth to TFP to value

growth added

Equipment of transportation 18.7% 1.7% 9.1%
Oil and petrochemical products and coal 10.4% 1.9% 10.5%
Metal products except machinery and equipment 4.5% 2.1% 15.6%
Other chemical products 3.2% 2.5% 27.7%
Printed products 3.0% 2.6% 33.3%
Furniture production 2.8% 2.7% 34.3%
Dairy products 1.8% 2.7% 36.6%
Production of machines except electric ones 0.7% 2.7% 39.5%
Food products except drinks and sodas 0.4% 2.8% 52.6%
Rubber products 0.4% 2.8% 53.8%
Textiles 0.3% 2.8% 60.2%
Plastic products 0.0% 2.8% 65.5%
Celulose and paper products -0.6% 2.8% 66.8%
Other manufacturing -1.0% 2.7% 72.0%
Leather products except shoes -1.2% 2.7% 72.9%
Basic metal industry -1.2% 2.7% 73.6%
Clothing except shoes -1.4% 2.7% 76.4%
Chemical products -2.4% 2.7% 77.7%
Shoes -6.4% 2.6% 79.2%
Production of machinery and equipment -7.0% 2.1% 85.7%
Soft drinks, water and sodas -10.2% 0.6% 100.0%

Source: Ow n calculations w ith data from the EAM, DANE

The following subsectors, arranged in a descendinder by their TFP growth rates, generated
approximately 50% of the value added of the mariufa industry and, practically, did not do anyntrdbution to
the TFP growth of the manufacturing industry, pded that in this range of cumulative value addexirth
column), cumulative TFP growth reach a maximum.@f2and then, it returned to be located approximate2.1
%. The two remaining divisions (production of may and equipment, and soft drinks) had negatn \eery
high TFP growth rates, -7 % and -10.2%, respegtivEhis implies that they contributed negativelydain a
considerable enough way to the evolution of TFEhefwhole industry. Special attention deservehis ¢ase, the
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soft drinks division, since due to his high papation in the output of the industry (21%) and hégative TFP
growth rate during this period, it dragged the Tfwth rate for the aggregated industry up to aalf 0.6 %.

Figure 1:
Sunrise Productivity Graph for manufacturing industry of Bogota, 1985-1990
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On the other hand, the following five-year peria890-1995, shows a negative TFP growth rate foatiwregated
manufacturing industry, -8% (Figure 2). These nssalre in line with those found by Loayza, Fajneylb&
Calderdn [19], Clavijo [7] and Cardenas [5], sittiee studies found that TFP growth in Colombia wegative for
the 1990’s.

Figure 2 shows that only four industrial subsectadsich generated approximately 15% of value adufed
the industry, showed positive TFP growth rateg, ithto say, real costs reductions (RCR). The ramgisubsectors
contributed in a negative way to the aggregated giemith rate of the manufacturing industry. In otherds, they
had a negative TFP growth rate, which correspomdisctreases in their real costs.

Figure2
Sunset Productivity Graph for manufacturing industry of Bogota, 1990-1995
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During the following five-year period, 1995-2000¢etaggregated TFP of the manufacturing industrywgtel %
(Figure 3). Three quarters of the industrial dimis, which generated approximately 71% of valueeddof the
industry, showed positive TFP growth rates or, imithis framework, real costs reductions.

Figure3
Sunrise Productivity Graph for manufacturing industry of Bogota, 1995-2000
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Finally, the period 2000-2005 shows a negative eggped TFP growth rate of 2.8 % (Figure 4). Jwst findustry
divisions, which generated approximately 24% ofieahdded of the industry, showed positive TFP dnaates, in
other words, real costs reductions (RCR). The raingififteen divisions contributed in a negativeywa the
aggregated TFP growth rate of the manufacturingistrg. In other words, they had a negative TFP tionate,
which corresponds to increases in their real costs.
Figure4
Sunset Productivity Graph for manufacturing industry of Bogota, 2000-2005
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During the whole period 1990-2005, which corresmotala period of more openness of the Colombiamauogy,
the aggregated TFP of the manufacturing industeyvg?2.8 %, as seen in figure 5. Most of the divisishowed
positive TFP growth rates (RCR). Only three of thesd negative ones.

Figureb
Sunrise Productivity Graph for manufacturing industry of Bogota, 1990-2005
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CONCLUSION

This paper uses an understandable and easily usadileod to estimate TFP growth in a disaggregated
way, the Harberger's Two-Deflator Method. In sordpiwe estimate changes in TFP across 20 subseittine
manufacturing industry of Bogota, Colombia. Theutssshow that most of the subsectors considered had
positive TFP growth rates during the period 199080~hich corresponds to a period of more openonéshe
Colombian economy, compared to eight out of thentwsubsectors with negative TFP growth rates égériod
pre - trade liberalization, 1985-1990. On this bagshe results suggest a possible positive efféctrade
liberalization of the Colombian economy on TFP dcdmafacturing industry of Bogota. However, this etaent
should be taken with caution, provided that sudi-& performance could be originated by other factbfferent
from trade liberalization.
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