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1 Introduction

A number of firms in the manufacturing sector in Sub-Saharan Africa (SSA) depend on

imported capital equipment for machinery upgrading and adaptation of new production

techniques. To improve the efficiency with which these equipment are employed, there is the

need for firms to possess some degree of technical competencies, since embodied knowledge

sometimes requires modification to local manufacturing conditions (Enos, 1991). As noted by

Findlay (1978) “ ... while the book of blueprints in some abstract sense may be open to the

world as a whole, ... new technology generally requires demonstration in the context of the

local environment before it can be transferred effectively...”

Evidence however shows that while there is increasing reliance on foreign capital equipment,

many firms in SSA lack the technical knowledge required for effective knowledge transfer

(UNCTAD, 2003). On average, not only do they lag behind foreign counterparts in the region

in technical skills, they are also below levels of firms in other developing regions (Biggs et al.,

1995). Consequently, some observers contend that weak absorptive capacity may partly

explain why manufacturing value added in the region remains relatively low even with the

global spread of innovations (UNCTAD, 2003).

In this paper, we use firm level data from three Sub-Saharan Africa (SSA) countries-

Ghana, Kenya and Tanzania, and four manufacturing industries - wood & furniture, food &

bakery, metal & machinery, and textiles & garment to examine how technology gap influences

firms’ ability to absorb knowledge embodied in imported capital goods. In doing so, we

construct firm specific measure of technology gap that shows how far each firm’s technical

competencies deviate from standard best practices in the industry in which the firm operates.

We merge the firm-level data with that of foreign capital goods and calculate the weighted
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share of capital goods in total import in each industry for each country. We then obtain

a measure of total factor productivity (TFP) for each firm by backing up the residual of a

production function estimated by implementing the Levinsohn and Petrin (2003) procedure.

We regress TFP on technology gap interacted with weighted capital goods import and assess

how TFP responds to changes in the interaction terms and discuss the implication of tariff

structure on capital goods for firms with low technical competencies.

The main contributions are the attempt to analyze the effect of technology gap on

productivity in SSA - an issue much discussed in anecdotal reports without strong empirical

support, and doing so through its effect on imported capital equipments. Indeed studies that

analyze technology gap and productivity in other regions do so through the FDI channel, but

in the case of SSA, the use of embodied capital (which now accounts for close to 30 percent

of the regions total import) is an important channel for knowledge transfer that complements

FDI. Using firm and industry level data allow us to minimize the possibility of aggregation

bias and measurement problem, and enable us to employ a measure of TFP that corrects

for the potential correlation between unobserved productivity shocks and input choice that

plague previous firm-level productivity studies.

To preview our results, we find that a reduction in technology gap and an increase in

imported capital goods have a significant positive effect on productivity. However, the

marginal contribution of foreign capital goods to domestic firms’ productivity is higher for

firms who have more room to catch-up to international best practices. The results are robust

to different measures of TFP, estimation strategy and correction for issues of endogeneity.

From a policy standpoint, the results imply that the elimination of tariff on imported capital

goods benefits small firms with low technical competencies that dominate the manufacturing
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sector in the Sub-Saharan Africa region.

The reminder of the paper proceeds as follows. Section 2 reviews prior literature, Section

3 describes the data set. Section 4 lays out the empirical strategy and variable measurements

used in the study. The estimation results are presented and discussed in section 5. A summary

of the key findings and conclusions of the paper are provided in section 6.

2 Literature Review

This paper relates to studies that analyze the relationship between trade, technology and

productivity. Technological innovation is highly concentrated in a handful of developed

countries that also dominate the export market for capital goods to the rest of the world.

Trade liberalization plays an important role in transmitting these innovations to firms in

developing countries (Eaton and Kortum, 2001). In the case of SSA, firm-level empirical

analyses on the effect of capital goods import on productivity are scant. A study of 340

firms in Botswana by Habiyaremye (2013) finds that imported machinery and equipment

increase firm productivity. Evidence from other developing regions especially Latin America

and East Asia however abound. Using data from Chile, Pavcnik (2002) shows that trade

liberalization in the 1970s and 1980s improved the productivity of firms in industries that

were most affected by import liberalization policies. A similar study of Indonesian firms

by Amiti and Konings (2007) find that the liberalization of input tariffs lead to gains in

productivity for domestic establishment in Indonesia. Ferreira and Rossi (2003) find large

and widespread productivity improvement after barriers to trade were drastically reduced for
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Brazilian firms in the 1988-1990.1

Starting with the work of Kokko (1992) who first argued that knowledge transfer is a

function of technology gap between domestic and frontier firms, a series of studies have

emerged to examine the role of technology gap in the knowledge transmission process. Usually,

discussions have focused on knowledge transfer through the FDI channel, but this is true for

knowledge from frontier firms embodied in capital equipment as well. On one hand when the

technology gap between frontier firms and local establishments is too wide, domestic firms

may not be able to absorb foreign knowledge since embodied knowledge may be too advance

for local firms to unwrap for domestic use. On the other hand, if the gap is too small, locally

owned firms are more likely to be equally exposed to advance production techniques and

the benefit from imported capital equipment may be negligible. Hence, in theory, a certain

threshold of technology gap is therefore necessary for knowledge transfer (Bouoiyour and

Akhawayn, 2005; Görg and Greenaway, 2004).

Empirical conclusions are however mixed. Bouoiyour and Akhawayn (2005) finds that

Moroccan firms with medium technology gap benefit more from the presence of foreign firms.

In a study of Portuguese firms, Flores et al. (2000) and Proença et al. (2002) find that

technology gap is a condition of knolwedge transfer but only within a certain range. Using

firm-level data for Uruguay, Kokko et al. (2001) find evidence for productivity spillovers to

domestic firms with moderate technology gaps but not for firms which use considerably lower

levels of technology. Other studies however conclude that firms further way from international

1Other firm-level studies also find similar results of positive relationship between trade and firm-level
productivity. Using firm-level data from Indonesia, Blalock and Veloso (2007) show that importing is a
source of international technology transfer. They also find that firms in industries supplying increasingly
import-intensive sectors have higher productivity growth than other firms. Fernandes (2007)also finds similar
evidence of positive effect of import on the productivity of firms in Columbia.
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frontier benefit the most from foreign knowledge. In a study of Indonesian firms, Sjöholm

(1999) and Blalock and Gertler (2009) find that knowledge transfer through FDI appears to

be higher if domestic firms have a larger technology gap than their foreign counterparts. Our

results are closely aligned with that of Blalock and Gertler (2009) and Sjöholm (1999).

3 Overview of the Data

The primary data for the study is based on a comparative panel survey of firms in four

manufacturing industries: textile & garment, Food & Beverage, metals & machinery and

wood & furniture in three SSA countries including Ghana, Kenya and Tanzania from 1991 to

2003 provided by the Center for the Study of African Economies (CSAE).2 Unless otherwise

stated, all firm-level data for the study come from this survey. For each country and year, the

survey identifies each firm, the manufacturing sector in which the firm operates, its output

per worker, employment, materials, capital and other inputs per worker among other firm

characteristics. Capital, other inputs, materials, wages and output per worker are deflated

such that the values are expressed in real US dollars.

Table 1 presents the number of unique firms by country and industry. The sample consists

of 1054 active firms between 1991 and 2003 inclusive. Kenya has the highest number of firms

(405) in the survey that are almost evenly distributed across the four industries, followed by

Tanzania and Ghana respectively. The metal & machinery sector, the largest among the four

industries, accounts for 27 percent of the total number of firms. Overall, these 1054 unique

firms yield 9255 observations across the sample period. However, not all data is available

2To access this data, visit: http://www.csae.ox.ac.uk/datasets/cfld/cfld-main.html. We exclude data for
firms in Nigeria and South Africa due to insufficient observations.

6



for all firms. For example close to 50% of the data points on output per worker are missing,

and we avoid any attempt at filling in such missing observations. Hence, the total number of

observations that survive our estimation strategies are considerably lower.

4 Empirical Strategy and Variable Measurements

4.0.1 Total Factor Productivity (TFP)

The central question of the paper is to investigate if the productivity of domestic firms increases

as import of capital goods increases and the role that firms’ technology standards play in

transmitting knowledge embodied in imported capital goods to local establishment. Following

the existing literature on knowledge transfer and productivity, we use TFP as the measure

of productivity (we later experiment with productivity per worker).3 Since the TFP and

technology gap measurements rely on the residuals of an initial production function estimate,

it is important that the first stage production model be correctly specified. A key issue is

estimating firm level productivity is the potential correlation between unobserved productivity

shocks and input choice. For instance, a positive productivity shock can induce firms to

increase output supply through input expansion. Such correlation between input choice and

unobserved shocks potentially leads to bias estimates of the relevant slope parameters when

the production function is estimated by OLS. To minimize this possibility, we estimate our

first stage production function using the Levinsohn and Petrin (2003); Petrin et al. (2004)

3See for instance the works of (Keller and Yeaple, 2009; Keller, 2010; Blalock and Gertler, 2004). Söderbom
and Teal (2002) also argue that substantial differences in capital intensity across firms in SSA may make
labor productivity a very poor measure of firm performance. Hence rather than using labor productivity to
measure firm performance, it is desirable to use TFP, which relates output to all inputs in the production
process.
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estimation strategy. To implement this procedure, let the production technology of a firm be

a Cobb-Douglas of the following form:

Yit = β0 + βkKit + βmMit + Uit (1)

where Yit is the logarithm of the firm’s output per worker, Mit is the logarithm of materials

per worker and Kit is the logarithm of capital per worker. i and t represents firm and time

respectively, and βs captures the parameters of the respective explanatory variables. The

error term Uit has two components, such that Uit = ωit +ηit. ηit is the standard iid error term

that is uncorrelated with capital per worker and materials per worker. The other component

ωit, is the state component that is observed by the firm but not the econometrician. It

impacts the firm’s decision rule and consequently its optimal choice of capital and labor,

which leads to inconsistent estimates of the relevant βs since E[Uit|Kit,Mit] 6= 0 .

Levinsohn and Petrin (2003) (L-P) show that one can still obtain consistent estimates

of the parameters of a production function by using intermediate inputs to correct for the

presence of simultaneity bias. In our estimates, we use the logarithm of other inputs as

a proxy for intermediate inputs.4 For robustness and comparison purposes, we also show

results by implementing the Olley and Pakes (1996) (O-P) procedure and OLS results for

comparison purposes. For O-P estimation, we need a variable to capture firm’s exit-rule.

While we do not have data on when firms exit an industry, we observe when firms enter or

exit the export market. Hence, we use data on firms exit from the export market as a proxy

for the exit decision. After obtaining the parameters in equation (1), TFP is obtained by

4Blalock and Gertler (2009), Kasahara and Rodrigue (2008), Pavcnik (2002) and Topalova and Khandelwal
(2011) employ a similar procedure for firm-level production function estimation.
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recovering the residuals using equation (2) below:

TFPit = exp(Yit − β̂kKit − β̂mMit) (2)

4.0.2 Technology Gap

For analytical purposes our definition of technological capabilities follows in the spirit of

Bell and Pavitt (1995) like Tan and Batra (1997). We define technological capabilities to

incorporate those distinct resources such as specialized managerial and technical skills needed

to effectively employ new equipment and machinery to improve productivity and measure it

using a firm’s technology gap. To construct the measure of technology gap that captures how

far a firm’s technology standards differ from the best available practices in the industry in

which the firm operates, we follow the methodology of Blalock and Gertler (2009) that with

minor variations is similar to those of Bouoiyour and Akhawayn (2005) and Aghion et al.

(2005). For each country, we subtract the average TFP for each firm i in the first six years of

the sample (1991 to 1996) from the median TFP for domestic firms with foreign ownership

(frontier firms) operating in the same industry as firm i , and divide by the average TFP

for domestic firms with foreign ownership operating in the same industry as firm i. More

formally,

TechGapi =
MedianTFPF (n)91−96 −MeanTFPi(n)91−96

MeanTFPF (n)91−96

(3)

where F , i, and n represent frontier firms, domestic firm and industry respectively. We

consider deviations of domestic firms with no foreign ownership TFP from that of domestic

firms with foreign ownership since firms with foreign ownership are considered to possess
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technology standards closer to the international frontier than fully owned domestic firms.5

We calculate technology gap using TFP data from 1991 to 1996 and use the same value

for each firm across all years. While this means that our technology gap measure does not

vary across time for each firm and precludes the technology gap variable from fixed effect

estimations, it mitigates the more serious problem of contemporaneous correlation between

TFP and capital goods import that can potentially lead to false conclusion. For instance

using all the 12 years of TFP data to calculate technology gap means that if a firms is

less productive in the early periods of the sample but due to an increase in foreign capital

goods usage the firm’s productivity increases substantially over the remaining sample period.

Then overall average productivity for the firm will be higher and leads to a low technology

gap measure for that firms when the methods in equation 3 is applied. This can lead to

the false prediction that low technology gap firms benefit the most from foreign capital

goods import. Following the definition in equation 3 above, a negative technology gap value

indicates superior technology above the standard practices in the industry, whereas a positive

value indicates inferior technology below standard practices in the industry. For instance, a

gap of +0.15 indicates that a firm’s technology standard is 15% below the median firm with

foreign ownership, whereas a gap of -0.15 indicates that a firm’s technology standard is 15%

above the median firm with foreign ownership.

4.0.3 Weighted Capital Goods Import

We extract data on capital goods import from UN Comtrade SITC Rev 3. As is standard in

the literature, we use SITC Rev. 3 commodity code 7 composed of machinery and transport

5For instance Hu et al. (2005) found argued that domestic firms seem to be insignificant for technology
transfer in the case of China.
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equipment as a proxy for capital goods import. We divide the total capital goods imported

for each year and country by the corresponding year’s total overall import for the respective

country and weight the resulting share by total import of goods in each industry. Doing so

allows for variation in weighted capital goods share across country, year and industry such

that industries with higher import are assigned higher weight in their share of capital goods.

The appendix explains how we convert ISIC Rev 2. 4 digit codes to SITC Rev 3 4-digit

codes in other to obtain data on total import by industry that harmonizes with the ISIC Rev

2 industries and firms in the original survey data. Table 2 presents summary statistics on

capital goods import as a share of total import. Capital goods share is fairly high in all 3

counties, ranging from 29 to 37 percent of total import. This reflects the well-known stylized

feature that investment and production in SSA is highly dependent on imported capital goods

due to the fact that the region has a comparative disadvantage in producing these goods. To

analyze the implication of tariff on capital goods trade and productivity, we use HS 6 digit

data on applied tariff rates on capital goods from the UNCTAD TRAINS for 2009 and 2012.

Table 3 presents summary statistics of the firm-level data used in the study, including

the constructed technology gap and TFP measures discussed in this section. The mean

value of the technology gap is 0.109 suggesting that the average domestic firm’s technology

standard is 11% below that of the frontier firm. Figure 1 plots the relationship between TFP

and technology gap for the sample of firms in the study using the L-P production function

estimation strategy. There is evidence of a negative relationship between TFP and technology

gap, implying that moving closer to the technological frontier by reducing the technology gap

is associated with higher productivity. However, the negative relationship disappears and

even turns positive as a domestic firm’s technology standards get over 300% of the median
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frontier firms.6 This is corroborated when we use either the O-P or OLS estimation methods

to derive the TFP and technology gap measures as shown in figures 3 and 3.

4.0.4 The Model

Using the logarithm of TFP obtained in equation (2), the primary second stage estimation

relates TFP to capital goods import, an interaction of technology gap and capital goods and

other firm characteristics as specified in equation (4) below:

lnTFPit = β1CAPIMPntc + β2TECHGAPi ∗ CAPIMPntc + βX1
it + λnt + δct + εintc (4)

where subscripts i, n, c and t represent firm, industry, country and time respectively.

TECHGAP is technology gap, CAPIMP captures capital goods import. To better isolate

the effects of capital goods import and technology gap on TFP, we take additional steps to

control for other factors in our estimation strategy. X is a wild card that captures a vector of

control variables that include capital labor ratio, materials labor ratio and the log of human

capital which is measured as the log of the weighted average years of schooling of employees

in the firm. λnt is an industry-year fixed effect and δct is a country-year fixed effect. Since

our survey comes from three countries with different macroeconomics and business climate

environment, λnt is important for eliminating any idiosyncratic effects across countries and

time that may contaminate the results. ε is an iid error term.

6For this reason, we later examine the differential effect of capital goods import on TFP for firms in
different technology gap categories by grouping firms into high, low and medium technology gap firms. See
section 5.4
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5 Results

5.1 First Stage Elasticities

The first stage input elasticities obtained by estimating equation (1) are presented in Table

4 below. The dependent variable is the log of output per worker. Column (1) presents

the results using L-P model specification. The input coefficient estimates on the capital

labor ratio and materials labor ratio have the expected signs and are significant at the 1

percent level. We check for robustness using the O-P estimation strategy in column (2) and

OLS for comparison purposes in column (3). The coefficient of determination from OLS

estimation in column 3 indicates that capital and materials per worker explain about 88

percent of the variation in output per worker. Since our preferred estimation strategy is the

L-P specification in column (1), measures of TFP (that forms the dependent variable for

the second stage production function estimation) and technology gap (obtained from the

TFP measures) are performed by the L-P specification in column (1). We also use TFP

and technology gap measures from the OLS and O-P first stage estimation as shown by the

relationships plotted in figures 2 and 3 and second stage estimations are performed using

those measures for robustness check. We note that while the results are not qualitatively

different from those presented here using the L-P methodology, they are not reported here to

save space but are available upon request.

5.2 Productivity and Technology Gap

Before we proceed to test the effect of capital goods on productivity through the technology

gap channel, we first examine briefly the quantitative effect of technology gap on firm level
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productivity. Since the measure of technology gap does not vary across time for firms and

hence cannot be estimated using fixed effect regressions (FE), we rely on random effects

(RE) and pooled OLS. Needless to say, our preferred estimation strategy is the more efficient

RE although pooled OLS results are also reported. To argue that the relationship between

technology gap and productivity may potentially be causal, we take step to control for firms’

human capital, capital labor ratio and materials per worker, in addition to controlling for time

and firm specific effects which are not reported. The results are grouped in Table 5. Columns

(2) to (5) present results using TFP as a measure of productivity, while columns (6) to (9)

present results using output per worker as the dependent variable. Overall, the technology

gap variable shows consistently negative and statistically significant effect on productivity in

all cases, ranging in magnitude from 0.37 to 0.48 when productivity is measured by TFP and

0.03 to 0.18 when productivity is measured by output per worker (OpW).

A possible explanation for this relationship is that an increase in technology gap limits

firms’ ability to employ and use improved production techniques. Especially when the gap

between frontier firms and local establishment is very wide, a new production technique may

be too advance to allow technologically laggard local firms to benefit. For the other control

variables, we observe a positive relationship between human capital, materials per worker

and capital-labor ratio on firm level productivity as expected.

5.3 TFP, Technology Gap and Capital Goods

Next, we examine the effect of capital goods import on productivity and the role of technology

gap in aiding the transmission of knowledge embodied in imported capital goods to domestic

firms by estimating equation 4. The benchmark results obtained by performing different
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specifications are presented in Table 6. All specifications include a full set of industry-

year, country-year indicators that are suppressed. These controls account for the presence

any country-year and industry-year unobserved characteristics not captured by inputs to

production but might have an effect on TFP. We note that the preferred estimation strategy

is the fixed effect regression (FE). The FE has the advantage that any fixed idiosyncratic

firm-effect correlated with the interaction of technology gap and capital goods import would

generate a less efficient but consistent estimates. Again, the technology gap variable is

excluded but importantly, the interaction term which is the variable of interest is validly

estimated.7

Column (1) presents results for the effect of imported capital goods on TFP. The coefficient

is positive and statistically significant indicating that the higher the volume of capital goods

imported in an industry, the higher the productivity of firms that operate in those industries.

Firms learn improved an innovative methods of production, processing and packaging by

absorbing knowledge embodies in imported capital goods. A firm need not necessarily take

part in the importation of these capital goods in its industry, on the other hand, it can learn

from its competitors either through observation, reverse engineering or when workers switch

jobs by moving from a technologically competitive firm to a less competitive one.

In column (3), the model is re-estimated with the interaction term made of technology

gap and capital goods imports included. The coefficient of the interaction term is positive

and significant. This implies that those firms with technology standards farther away

from international best practices benefit more from capital goods imports than those with

technology standards that are closer to international standards. We further estimate the

7 A Hausman test on the relevant time varying variables also confirms our choice of FE estimation. We
present both RE and FE results but we discuss FE results only.
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equation by including the other inputs to the production function. The result is reported

in column (5). The coefficients on capital goods and the interaction term are positive and

significant at the 5% level. We interpret this as evidence in support of the hypothesis that

imported capital goods are an important conduit for learning new and improved methods

of production especially for firm with low technical competencies. In addition, our results

indicate that productivity responds positively to improved human capital, higher capital to

labor ratio and higher materials per worker.8

It is possible that more productive firms tend to import and (or) use more imported

capital goods than less productive firms. For instance, in the Melitz (2003) model, only the

most productive firms access foreign markets. In that case, we expect a positive correlation

between productivity and imports of capital goods, but the causality runs in the opposite

direction. This creates the potential for endogeneity that leads to bias and inconsistent

estimates. We use tariff peaks on capital goods as an instrument for imported capital goods

under the assumption that more productive firms do not lobby to influence tariff rates and

re-estimate the model using IV fixed effects regression. The results are grouped in Columns

(7) to (9). When we include the full set of controls as presented in Column 9, the interaction

of capital goods and technology gap has a positive and statistically significant effect on

productivity, confirming the results obtained earlier from FE that technology lagged firms

benefit more from imported capital goods. While the coefficient on capital per worker is

lower in magnitude that that from Column 5, overall, the results are qualitatively similar to

8We experimented by including a quadratic term for materials per worker and an interaction term between
human capital and imported capital goods in an attempt to capture diminishing returns to materials per
worker and the potential that knowledge from imported capital goods can be transferred through improved
human capital. While the coefficients had the expected signs, they were not significant and the coefficient on
the interaction of technology gap and capital goods was not qualitatively different from those reported here.
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that of column 5.

5.4 High, Medium vs. Low Technology Gap Firms

The results discussed in Table 6 imply systematic differences in the effect of capital goods

import on the productivity of firms with high, medium and low technology gaps. 24 percent

of firms under study have technology standard higher than the average foreign firm. In Table

7, we divide technology gap into various bins and examine how capital goods import affect

firms in different technology set. In column (1) of Table 6, we divide firms into low, medium

and high technology gap firms. Low technology gap firms (high technical competency) are

defined as firms with technology gap below the 25 percentile (less than -0.148). Medium

technology gap firms (medium technical competency) are those with a gap between the 25

and 75 percentiles inclusive (between -0.148 and 0.124 inclusive), and high technology gap

firms (low technical competency) are defined as those with a gap above the 75 percentile

(greater than 0.124).

The results are presented in column (1). The omitted category is low technology gap

firms. We observe that the productivity gains for high technology gap firms are moderately

higher than that of the medium technology gap firms. This supports the hypothesis that the

intensity of knowledge spillover from imported capital goods depends on the technological

distance from frontier firms as first proposed by Kokko (1992). The results in column (2)

confirms this heterogeneous response to capital goods import by firms in different technology

gap sets. In column (5) we estimate the model only for firms with positive technology gap (low

technical competency firms) and compare it to the results for firms with negative technology

gap (high technical competency firms) in column (6). We observe that whereas the interaction
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term has the expected signs, the coefficients are not significant for technically competent

firms as seen in column (6). However, for firms with a positive technology gap, the results in

column (5) show a significant positive effect for the interaction term. These results suggest

that there are diminishing returns to new knowledge embodied in capital goods with respect

to technology gap. As a firm’s technology standard gets closer and closer to the international

frontier, the benefit that accrues to it from additional capital goods imported in the particular

industry in which it operates gets smaller and smaller. The finding is consistent with studies

on FDI and firms’ technology standards for the case of Indonesia where firms with large

technology gap benefit more from FDI (Blalock and Gertler, 2009; Sjöholm, 1999) and the

results of Bouoiyour and Akhawayn (2005) who observed that spillover from FDI increases

with technology gap but only up to a certain threshold for Moroccan firms.

5.5 Implications of Tariff Structure on Technical Competencies

From a policy standpoint, the results imply that the elimination of tariffs on imported capital

goods will improve firm performance in the industries under consideration. In much of SSA,

not only do these industries dominate the manufacturing industry, but are also highly labor

intensive and deemed important for rapid employment creation and poverty reduction. The

average applied MFN tariffs on capital goods have been reduced and are now below 10% in

all the five countries under consideration as shown in Table 8. In Kenya, South Africa, and

Tanzania, more than half of tariff lines now have zero tariffs. For Ghana and Nigeria, the

majority of tariff lines have small tariffs ranging between 0 and 5 percent. Hence, there has

been some progress in trade liberalization of capital goods and our analyses suggest that this

has the potential for increasing firms’ productivity.
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However, peaks in tariff structures exceeding 15% imply that further trade liberalization

is warranted. This can be seen by looking at the HS 6 digit level for capital goods in Table

8, which shows that the percentage of tariff lines with tariff peaks is 6% in Ghana, 11% in

Nigeria, 8% in South Africa, and 9% in Kenya and Tanzania. The maximum applied tariff

on capital goods is well above 15% in all the five countries, and it ranges from 20% in Ghana

to 35% in Nigeria, Kenya, and Tanzania. Our results suggest that further reduction in these

tariff peaks will significantly benefit technically incompetent firms in the region.

6 Conclusion and Policy Implications

This paper uses firm and industry level data to examine how the productivity of domestic

firms in Ghana, Kenya and Tanzania is impacted by the use of imported capital goods, and

the role that a firm’s technology standard plays in transmitting knowledge embedded in

the imported capital goods to local establishments. Our results show that a reduction in

technology gap and an increase in imported capital goods have a significant positive effect on

productivity of firms in labor intensive manufacturing industries.

However, the marginal returns to imported capital goods are higher for firms with

technology standards farther away from international best practices than those with technology

standards that are closer to international best practices. In other words, when firms have

low technical competency, imported capital goods are important conduits for the knowledge

transfer needed for enhancing productivity. In addition, our results indicate that productivity

responds positively to higher capital per worker, materials per worker, and other inputs per

worker. Our main results are robust when we consider various bins of the technology gap.
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From a policy standpoint, these results suggest that further improvements in access to

foreign technology through trade liberalization could significantly improve the productivity

of technically incompetent firms. While average applied MFN tariffs on capital goods have

been reduced and are now below 10% for the countries in this study, there are still peaks

in the tariff structures that impose serious barriers for importing certain capital goods. For

capital goods affected by such high tariffs, further trade liberalization would benefit firms

with low technical competency that relies heavily on them for production and investment.
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7 Tables and Figures

Table 1: Number of Unique Firms by Country and Industry

Wood & Furniture Food & Bakery Metal & Machinery Textiles & Garment Total
Ghana 77 69 63 65 274
Kenya 96 98 107 104 405
Tanzania 109 76 119 71 375
Total 282 243 289 240 1054
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Table 2: Summary of Import Data (Mean Values)

Ghana Kenya Tanzania
Log of Total Import 21.767 21.639 24.011
Log Capital Goods Import 20.698 20.411 23.01
Share of Capital Goods in Total Import 0.347 0.294 0.368

Table 3: Summary Statistics of Data
Mean St. Deviation Minimum Maximum

Technology Gap 0.109 0.730 -5.555 0.811
Log of human capital 2.151 0.323 -0.399 3.049
Log of materials per worker 7.411 1.470 -0.559 12.636
Log of output per worker 8.184 1.284 2.674 12.739
Log of capital per worker 7.378 2.040 0.518 12.569
Log of employment 3.102 1.416 0.000 7.849
Log of total factor productivity 5.236 1.534 0.220 10.963
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Table 4: Inputs Elasticity Estimates
VARIABLES (L-P) (O-P) (OLS)
Log of materials per worker 0.661*** 0.660*** 0.741***

(0.015) (0.016) (0.014)
Log of capital per worker 0.152*** 0.157*** 0.111***

(0.020) (0.025) (0.008)
Observations 3,811 4,010 3,852
R-squared 0.879

Note: Dependent variable is the log of output per
worker. Column (1) uses the Levinsohn-Petrin (L-P)
production function estimation strategy. Column (2)
uses the Olley-Pakes (O-P) production function estima-
tion strategy. Bootstrap standard errors are reported
in parentheses for the O-P estimation. Column (3)
presents OLS estimation that includes time and coun-
try dummies that are not reported. Robust standard er-
rors clustered around firms are reported in parentheses
for OLS estimation. *** p< 0.01, ** p<0.05, * p<0.1.
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Table 5: Technology Gap, TFP and Output per Worker (OpW)
(RE) (RE) (OLS) (OLS) (RE) (RE) (OLS) (OLS)
TFP TFP TFP TFP OpW OpW OpW OpW

Technology gap -0.475*** -0.369** -0.408** -0.435*** -0.164*** -0.032** -0.182*** -0.039***
(0.159) (0.172) (0.161) (0.142) (0.043) (0.014) (0.047) (0.012)

Log of human capital 1.628*** 0.957*** 0.181** 0.131***
(0.276) (0.158) (0.077) (0.041)

Log of capital per worker 0.207*** 0.185*** 0.079*** 0.097***
(0.033) (0.026) (0.017) (0.009)

Log of materials per worker 0.244*** 0.155*** 0.773*** 0.739***
(0.042) (0.034) (0.024) (0.017)

Observations 3,208 3,043 3,208 3,043 3,253 2,971 3,253 2,971
R-squared 0.218 0.391 0.199 0.860
Number of firm 701 694 673 670

Note: For estimation results from columns (2)-(5), dependent variable is log of total factor productivity
obtained using the residual of the O-P production function. For estimations in Columns (6) - (9), dependent
variable is the log of output per worker. All estimations include firm and time dummies that are not reported.
Robust standard errors clustered around firms are in parentheses. *** p< 0.01, ** p<0.05, * p<0.1.
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Table 6: Benchmark Results: Second-Stage Production Function
(FE) (RE) (FE) (RE) (FE) (RE) (IV) (IV) (IV)
(1) (2) (3) (4) (5) (6) (7) (8) (9)

Log of capital goods 0.100*** 0.072*** 0.045*** 0.011 0.033** 0.014 0.048* 0.028 0.065***
(0.030) (0.025) (0.014) (0.014) (0.015) (0.012) (0.027) (0.018) (0.011)

Technology gap -1.973*** -1.691***
(0.553) (0.454)

Tech. gap * Cap. goods 0.030* 0.015 0.037** 0.035** 0.043*** 0.023**
(0.017) (0.018) (0.018) (0.015) (0.008) (0.010)

Log of human capital 0.561* 0.004 0.512***
(0.305) (0.238) (0.150)

Log of capital per w. 1.150*** 0.628*** 0.158***
(0.165) (0.046) (0.020)

Log of materials per w. 0.157* -0.098* 0.312***
(0.080) (0.053) (0.024)

Observations 2,323 2,323 1,788 1,788 1,667 1,667 2,328 1,915 1,689
Number of firm 772 772 503 503 495 495 773 524 501

Notes: The dependent variable is the log of total factor productivity (TFP) obtained from the residuals of
the Levinsohn-Petrin production function estimation. Robust standard errors clustered around firms are in
parentheses. All random effect regressions include firm and year indicators that are not reported. *** p< 0.01,
** p<0.05, * p<0.1.

28



Table 7: High, Medium vs. Low Technology Gap Firms: Productivity Estimation

FE FE RE RE TG >0 TG<0
(1) (2) (3) (4) (5) (6)

Log of capital goods 0.062*** 0.061*** 0.026*** 0.016*** 0.017 0.037**
(0.013) (0.009) (0.004) (0.004) (0.017) (0.018)

Technology Gap -0.333*** -0.363***
(0.038) (0.041)

Tech. gap * Cap. goods 0.220*** 0.018
(0.042) (0.012)

High tech gap * Capital goods 0.152*** 0.063*** 0.104*** 0.063***
(0.013) (0.008) (0.011) (0.008)

Medium tech gap * Capital goods 0.111*** 0.040*** 0.081*** 0.038***
(0.009) (0.006) (0.008) (0.006)

Log of human capital 0.575*** 0.154** 0.578*** 1.451***
(0.159) (0.067) (0.150) (0.364)

log of capital per worker 0.160*** 0.232*** 0.088*** 0.233***
(0.021) (0.016) (0.020) (0.053)

log of materials per worker 0.302*** 0.156*** 0.331*** 0.013
(0.026) (0.015) (0.026) (0.049)

Observations 1,915 1,790 1,915 1,790 1,420 370
R-squared 0.286 0.739 0.664 0.638
Number of firm 524 518 524 518 413 105

Notes: The dependent variable is the log of total factor productivity (TFP) obtained from
the residuals of the Levinsohn-Petrin production function estimation. Robust standard errors
clustered around firms are in parentheses. All RE regressions include firm and year indicators
that are not reported. TG < 0 represent firms with negative technology gap measure (high
tech gap firms) and TG>0 represent firms with positive technology gap (low tech gap firms).
Results in the last two columns are fixed effect regressions. *** p< 0.01, ** p<0.05, * p<0.1.
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Figure 1: Plot of TFP and Tech. Gap
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Note: The measures of TFP and technology gap used in this plot are derived from the

Levinsohn and Petrin production function specification reported in column 1 of 4
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Figure 2: Plot of TFP and Tech. Gap
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Note: The measures of TFP and technology gap used in this plot are derived from the
Olley and Pakes production function specification reported in column 2 of 4
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Figure 3: TFP and Tech.Gap
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Note: The measures of TFP and technology gap used in this plot are derived from the
OLS production function specification reported in column 3 of 4
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Table 9: Mapping of Industry Classification and Trade Data
Industry Sub-Sectors ISIC Rev. 2 Code Number of Unique SITC Rev 3. Products

Food & Bakery 304
Food Products ISIC 3110-3129 (exc. 3117)
Bakeries ISIC 3117
Beverages ISIC 3130-3135

Textiles & Garments 357
Textiles ISIC 3210-3219
Garments ISIC 3220
Footwear ISIC 3240

Wood & Furniture 92
Wood Products ISIC 3310-3319
Furniture ISIC 3320

Metals & Machinery 1478
Fabricated Metals ISIC 3810-3819
Machinery ISIC 3820-3850

Note: Since the original data uses the ISIC Rev 2 commodity classification to classify each industry,
we use the United Nations Statistics Divisions trade concordance to translate the ISIC Rev. 2 to
SITC Rev. 3 so as to merge the 4-digit industry level data to SITC Rev 3 trade data. Because there
is no direct mapping from ISIC Rev. 2 to SITC Rev. 3, we first harmonize ISIC Rev 2 with ISIC Rev
3.1, then to CPC Ver. 1.1 to HS2002, and finally to SITC Rev.3. The table below shows the ISIC Rev
2 4-digit codes that are classified under the 4 broad industrial groups under consideration, and the
number of unique SITC Rev 3 commodities that are in each sector. The final trade data is aggregated
by industry to obtain total import in each industry. Initial ISIC Rev. 2 industry classification data is
provided by the Center for the Study of African Economies at Oxford University.
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