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Abstract

The presence of Weak Links can hurt economic growth as shown
by Jones (2011). In this paper we test this proposition. We first build
an empirical measure of Weak Links that identifies sectors with low
productivity that tend to be non tradeable and that are heavily used
as intermediate inputs by other sectors. We then estimate a growth
regression to quantify the impact of Weak Links on growth. A 10 per-
cent increase in the probability of observing a Weak Link sector leads
to almost a 1 percentage point loss in annual growth. The lower is the
productivity of Weak Link sectors, the lower is economic growth, and
the more statistically significant becomes the impact of those Weak
Links on economic growth.
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1 Introduction

In a recent paper Jones (2011) builds on two old ideas in development eco-

nomics, i.e. linkages between activities and complementarities in chain pro-

ductivity1, to help explain the observed large differences in income levels

across nations beyond the productivity differentials of primary factors such

as capital and labor. Take the example of textile production. Knitting

machines and (skilled) operators are essential to achieve production but it

would not be possible to produce if electricity supply is nonexistent or its

price is not affordable. Provision of electricity and its cost of production will

implicitly determine the feasibility of textile industry and the productivity

that this sector might attain. Furthermore, electricity is not the only com-

plementary good or service requested and for example, transport services

will have a similar impact on the sales’ perspectives. Indeed, there is a long

list of services or activities affecting productivity of other sectors and we

know this sequence of activities as a production chain. Several activities in

this production chain might lower the productivity of a particular sector or

even underpin the failure of that activity.

Thus, a complex list of intermediate goods and services, e.g electricity, fuel

supply and transport services among others, can have an impact on the

productivity achieved by other sectors. This suggests that complementarity

across production activities should be carefully considered if we seek to

explain differentials in industrialization and development across countries.

Jones (2011) integrates this rationale and shows that the aggregate output
1Hirschman (1958) was the first to consider the role played by linkages and comple-

mentarities and more recently, Kremer (1993) showed that small differences in quality and
worker skills lead to large differences in output.
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level depends positively on the composite aggregate of complementarities.

Sectors with low productivity will be the Weak Link of the aggregate of

complementarities and consequently, lower levels of aggregate productivity

will be associated with the presence of relatively low sectors in the economy.

The objective of this paper is twofold. First, we build a measure that helps

identify the presence of Weak Link sectors using internationally comparable

data for manufacture productivity for more than 100 countries covering the

period 1963-2001. Sectors with low productivity tend to be non-tradeable

and their substitution by similar products manufactured in the rest of the

world is not straightforward. Weak Link sectors are used as an intermediate

inputs by other sectors in the economy which makes them complementary

to production in other sectors. Second, we quantify the impact on economic

growth of the presence of Weak Link sectors in an economy using a simple

growth regression framework.

Results suggest that a 10 percent increase in the probability of observing a

Weak Link sector leads to almost a 1 percentage point loss in annual growth.

The lower is the productivity of Weak Link sectors relative to the average

productivity in the economy, the lower is economic growth and the more

statistically significant becomes the impact. The impact of Weak Links on

growth does not seem to vary with income levels as there are no statistically

significant differences for developed and developing countries. Results are

also robust to instrumenting for Weak Links using measures that do not

depend on their tradeability or their use as an intermediate input.

The paper is organized as follows. The next section presents the most im-

portant features of the model in Jones (2011). Section 3 presents how the
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proxy for low productivity in intermediate goods is built and summarizes

some of its characteristics. Section 4 evaluates the impact of productivity

deviations on annual growth rates in different setups. The last section sum-

marizes the conclusions of the empirical analysis and gives some economic

policy implications regarding industrialization and development.

2 Theoretical framework

Jones (2011) models an economy where a continuum of goods is produced

using combination of a nested Cobb-Douglas function of physical capital,

human capital and intermediate goods. Goods can be used as an intermedi-

ate inputs for the production of other goods or as final consumption goods.

The gross domestic production is the aggregation of all final uses as a sin-

gle final good using a CES-aggregator for the continuum of goods with an

elasticity of substitution higher than one (0 > θ > 1):

Y =
(∫ 1

0
cθi di

)1/θ

(1)

Intermediate goods can be similarly aggregated but the elasticity of substi-

tution between intermediate (1/(1− ρ)) is less than one (−∞ < ρ < 0) and

this assumption can be explained by the easiness to replace a good in final

consumption with respect to production. In fact, the possibility of substitu-

ability exists but it is imperfectly operational or less efficient while replacing

intermediate goods.

For a given level of human capital, physical capital and using standard in-

tertemporal preferences U =
∫∞
0 e−λtu(Ct)dt, the expression of the domestic
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gross production can be solved. Before studying the competitive equilibrium

and for clarification purposes, we show the expression of the GDP using a

symmetric allocation of resources where each sector i uses the same amount

of human capital and physical capital and a constant proportion of their

production is used as intermediate inputs2:

Y = φ(z̄)(S1−σ
θ Sσρ )

1
1−σKαH1−α (2)

with Sρ =
(∫ 1

0
Aρi di

) 1
ρ

and φ(z̄) =
(
(1− z̄)1−σ z̄σ

) 1
1−ρ .

σ measures the importance of intermediate inputs in the production func-

tion, α is the capital’s share of output if linkages between sectors do not

exist (σ = 0) and Sθ is defined in a way analogous to Sρ. φ(·) is a concave

function controlling for the amount of goods used as intermediate inputs

which maximizes at z̄ = σ. The total factor productivity of the country

depends on the combination of these three terms.

If substitution of intermediate goods is not possible (ρ → −∞), the total

factor productivity of the country depends crucially on the lowest produc-

tivity across all sectors of the economy through Sρ which corresponds to

a Leontieff-typed aggregate production function. Sθ is comprised between

the geometric and the arithmetic means of sectoral productivities and in

the extreme case, the TFP of the country depends on the product of the

geometric mean and the minimum productivity.

The competitive equilibrium with extractive distortions at the micro-level3

2All sectors use the same composite of intermediate goods, the share of production of
each good that is used as intermediate good is equal to z̄ and savings are a fixed.

3Potential distortions are taxes, theft, labor restrictions or any form of expropriation
that is taken from firms without compensation.
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yields a similar expression for the GDP:

Y = ψ(τ)(B1−σ
θ Bσ

ρ )
1

1−σKαH1−α (3)

with Bρ =
(∫ 1

0
(Ai(1− τi))

ρ
1−ρdi

) 1−ρ
ρ

and ψ(τ) =
1− σ(1− τ)

1− τ
σ

σ
1−σ .

Bρ still measures the complementarity of total factor productivities in pro-

duction but there is less complementarity in Bρ compared to Sρ given that

the exponent is now equal to ρ/(1 − ρ) which ranges between (−1, 0]. Bθ

is defined analogously to Bρ and ψ(·) is evaluated at the average distortion

with respect to gross production.

In the competitive equilibrium, a very low productivity can be compensated

by allocating more resources in that sector4 and finally the TFP of the coun-

try will be less driven by the lowest productivity. Assuming no extractive

distortion (∀τi = 0), the competitive equilibrium increases the TFP of the

country with respect to the symmetric allocation of resources and in the ex-

treme case, the TFP depends on the product of the maximum productivity

(θ → 1) and the harmonic mean of productivities (ρ→ −∞).

The previous framework shows that the total factor productivity of the coun-

try will depend on an aggregate of productivities due to linkages between

sectors and through substitution of final consumption of goods. The use

of intermediate goods in production (σ) is crucial since it determines the

magnitude of the multiplier and several studies5 have estimated this share

to be around 1/2 regardless of the level of development of countries.
4Jones (2011) shows that this compensation can be decomposed in two effects, the

substitution and the complementarity effects which have opposite signs.
5See Basu (1995) and Ciccone (2002).
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Values for θ and ρ are also relevant since they deter the level of substitu-

ability that exists in consumption and production. In this section, it has

been shown that specific values of these parameters would lead to different

averaged productivity across sectors but we lack of precise estimations of

these parameters at the country level. Moreover, it would be naive to im-

pose the same degree of substitution across all sectors. It might be possible

to replace steel by other materials or even wood in some cases but it is

hard to see petroleum being replaced by wood neither in consumption nor

in production.

Jones (2011) considers the possibility of distortions such as theft or taxes

but excludes trade and protectionism which do not necessarily appear as

an expropiation rate. In fact, trade is particularly relevant for Weak Links

which are a bottleneck for aggregate productivity only if substituability of

inputs is not possible. In fact, trade might help circumventing such low

productivities by replacing domestic inputs by imported ones. Thus, trade

policy plays a significant role in preventing productivity losses and given the

variety of trade policies (quotas, permissions, licensing, etc.), it would be

difficult to capture them as a unique distortion6.

Therefore, the objective of this paper is to propose a measure that assess

the probability of observing low productivity in intermediate inputs. This

measure should particularly take into account the mix of intermediate goods

used by the production structure of each country and the tradeability of such

intermediate goods. Finally, we use this measure to estimate the impact

of low productivity in intermediate goods on aggregate growth by using a
6Lobbying for protection by low productive sectors would be another component of the

trade policy in those cases.



Weak Links and Growth 7

standard growth regression framework. Next section presents the variable

used in the empirical analysis.

3 Weak Links: measurement and characterization

Our objective is that the proxy proposed here focuses on measuring relative

productivity and its contagion at the sectoral level by country (Bρ in the

theoretical model). Therefore, we use data for 287 sectors provided at the

3-digit level of the ISIC classification by UNIDO in INDSTAT rev. 2. This

homogeneous source of data for the period 1963-2001 allows us to compare

data across countries and time periods however its coverage is limited to

manufacture production8. A second caveat concerning the data is that per

se the sample is an unbalanced panel of countries and partial misreport of

series might further decrease the number of observations9.

Among the different alternatives to measure Weak Links, I will use labor

productivity namely the ratio of value-added produced by sector s in country

c in year t and the number of workers employed by the sector. In order to

avoid shortcomings associated with sectoral labor productivity and factor

endowments of countries, residuals of the regression of labor productivities

on country-year and sector-year fixed effects are used as adjusted measures
7The number of sectors may vary per country and year due to misreport in the data

or nonexistent sectors in a given economy.
8Table A.1 lists countries included in this study.
9A condition on the number of sectors reporting information is imposed by country and

year. The minimum is fixed to eight sectors reporting full information (value-added and
employment), otherwise the observation (country year) is not considered in the analysis.
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of labor productivities:

Labor productivityc,s,t = prodLc,s,t =
Value addedc,s,t

Laborc,s,t
(4)

prodLc,s,t =
∑
c,t

λc,t +
∑
s,t

γst + r.prodLc,s,t (5)

Differences between the mean or median residual productivity, the mini-

mum level of residual productivity across sectors in a country, or simply

use the minimum level of residual productivity in the economy across time

are some of the potential indicators of Weak Links that can be considered.

However, minimum levels will capture an extreme case of Weak Link where

substitution is not possible and the less productive sector creates a bottle-

neck for production at the national level10. Pure differences as suggested

by the first example will be adapted in cases where intermediate sales are

uniformly distributed across sectors and sectoral output levels are of similar

magnitudes.

Indeed, it is preferable to use a measure that captures the underlying dis-

tribution of productivity among intermediate goods and their importance

as inputs in the production of other goods. The reason of this choice is

that ratio or differences between two points will not capture the probability

of observing these points or differences which is given by the frequency or

weight of each sector in the economy. The same minimum level of produc-

tivity can be similar between two countries, but almost never observed in

one of them or its relevance as intermediate good in production might dif-

fer across countries. This will be missed by the simple use of a ratio or a

difference which does not take into account the shape of the distribution of
10See Jones (2011).
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productivity among intermediate goods.

The measure proposed here will then be given by the probability of observing

a productivity lower than a certain threshold in a given country and year

taking into account the structure of the economy and the observed openness

of the economy by sector. OECD input-output tables11 are used to capture

the needs of sectoral production as intermediate inputs and this information

is available for 48 countries12. This source is privileged given similarities

in the sectoral disaggregation to INDSTAT data but also because of the

distinction between foreign and domestic inputs used as intermediate goods

which allows to control for the substituability by imports. To consider all

features related to our proxy, a kernel density of residual productivities is

estimated for each country in each year13. Sector s is weighted after its

share of the domestic intermediate sales in the economy and an index of

tradeability for sector s14. Specifically, the weights used are:

ωs =
int salesdom,s∑
s=1 int salesdom,s

×
[

int salesdom,s
int salestot,s

]
. (6)

The first part of ωs rescales the occurrence of productivity according to

the production needs of the whole economy for each sector and the second

part lowers the weight to extent that substitution of national production by

imports is taking place.
11http://www.oecd.org/sti/inputoutput/
12Whenever an input-output table is not available for a country, an averaged table by

region is used to capture the structure of the economy.
13In order to improve the accuracy while calculating statistics, each kernel density is

estimated using 1′000 points.
14This ensures a measure that takes into account the importance of a sector as input in

the production of other sectors and the level of substitutability/tradeability for the goods
produced by the sector. Not including those weights will give the same weight to sectors
with different economic relevance.

http://www.oecd.org/sti/inputoutput/
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Figure 1 shows two examples of the estimations of kernel densities for the

residuals of labor productivities. The first example is for United States

in 1985 and the second one is for Germany in 2000. In both graphs, the

(blue) solid line is the estimated kernel density without applying weights,

the (red) dashed line corresponds to the densities estimated using sectoral

shares in intermediates sales as weights and the (green) long-dashed line

adds the tradeability index to weights in the previous estimations. For the

United States, shares in intermediate sales reduce the role of (very) low

productive sectors by shifting the distribution to the right but the index of

tradeability gives more importance to intermediate goods in the lower part

of the distribution of residual productivity15. For Germany, the distribution

of productivity is not significantly affected while using intermediate sales’

shares but the index of tradeability show that domestic producers with low

productivity tend to be less protected and can be more easily replaced.

Given that the distribution of adjusted productivities is now “known” for

each country and each period, different characteristics of the distribution

can be drawn, e.g. mean and median adjusted productivity or standard

deviation. The proxy for Weak Links proposed in this paper will capture

the likelihood of observing low productive sectors used as an intermediate

input by other sectors in country c and year t. Therefore, a threshold for

abnormal low productivities with respect to the mean productivity in the

country and year is defined using the standard deviation of the distribution:

weakc,t = Prob
[

̂r.prodL < meanc,t( ̂r.prodL)− λ× stdc,t( ̂r.prodL)
]

(7)

15This might be interpreted as protectionism to low productive sectors by the United
Statess.
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Results in this paper use two values for λ = {1, 1.5} but other values could

have been used instead and there is no clear way to determine a proper cutoff

besides the obvious fact that the probability is monotonically decreasing in λ.

Figure 2 shows the histograms for proxies using the two values of λ metioned

before. Values of proxies range between 0 and 0.25 and in both cases, the

most frequent interval of values is [0, 0.01[. Table 1 provides some descriptive

statistics for different periods of time in the sample. On average, a country

has 7% of chances of detecting low productivity in intermediates and the

probability of observing significantly/extremely low productive sectors is

equal to 5%. 1’292 among 2’818 observations in our sample are subject to

low productivity in downstream sectors i.e. probability equal or higher than

5% while controlling for most severe deviations

Usual concerns on the way Weak Links is measured in (7) refer to sudden

economic boom of a particular sector that might affect the shape of the

distribution or the sensitivity of characteristics used in the proxy to outliers

in the distribution of adjusted productivity. Using manufacture data pre-

vents from sudden productivity changes given that such behavior is mainly

related to changes in commodities prices which are not included in these

calculations. Moreover, we check for correlation between the likelihood of

low productivity and the standard deviation which would be jointly evolving

if an outlier would influence the shape of the distribution. Our result shows

a significant but still low correlation (-0.23) between the proxy for Weak

Links and standard deviations in the sample.

Table 2 looks further on what is being captured by the proxy. It shows how

frequently each sector is detected as having a relative productivity lower
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than the threshold established for a country in a year16. These frequencies

are evaluated with respect to number of times each sector was observed in

the sample used in our regressions. Observing a Weak Link seems to be

related to two different types of low productivity in the economy; the first

being related to very basic manufactures as food, beverage and tobacco and

the second to the manufacture of chemicals, petroleum, coal and related

products17. This is the result of the mix of conditions that our proxy cap-

tures but it is already convenient to notice that the presence of a particular

sector in an economy does not necessarily imply the appearance or exis-

tence of Weak Links. The proxy considers the exposure of sectors to foreign

substitutes and low levels of tradeability describe some of the sectors found

as frequently related to Weak Links. It also controls for the demand of in-

termediate goods addressed to each sector and we find evidence that Weak

Links are found in relevant downstream sectors18.

Despite this satisfying behavior, a shortcoming of the measure is that by

definition, it captures the existence of low productive sectors regardless how

these sectors interact with the rest of the economy19. Finally, the proxy

captures low productivity in a crucial downstream input in the economy

and in this empirical exercise, petroleum refineries seem to be the only sector

fulfilling all characteristics of a Weak Link.

The measure built here is not exactly the term Bρ in the theoretical model

but it is strongly and negatively correlated with it. If low productivity
16Descriptive statistics are run over the proxy using λ = 1.
17Non-ferrous metal basic industries also show a high incidence of low productivity.
18It is important to highlight that high values in weights included in the kernel density

estimation will not mechanically lead to higher propensity of Weak Links and relatively
low productivity remains the necessary condition.

19It will keep doing so unless no intermediate sales were recorded for that sector.
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in intermediates is affecting a particular country, our proxy will capture a

higher probability while the term Bρ will be lower. A lower value for the

composite of complementarities implies a lower level of development and our

proxy will tend to be negatively correlated with the income level of countries.

Next Section explores the growth effects of the probability of observing low

productive sectors for a large sample of countries.

4 Weak Links and Growth: any costs?

For the empirical analysis of Weak Links on aggregate growth, we use data

from the World Development Indicators such as GDP per capita in constant

prices and information on physical and human capital formation. Table 3

presents the pairwise correlations of common growth determinants20 and the

level of development of countries and all correlations have the expected sign.

The correlation of the two Weak Link proxies considered here and the level

of development is negative. Indeed, the existence of a Weak Link necessarily

implies a loss of productivity which is spread all over the economy and sums

up at the aggregate level. Moreover, losses of efficiency by reallocation of

resources in order to counter the Weak Link might generate further distor-

tions as a suboptimal use of resources which reinforces the negative impact

on the level of development.

It would have been suitable to confront the effect of Weak Links with other

growth determinants used in the literature in order to create a comparative

analysis, but scarcity of complete series is a major issue. In that case, two

thirds of the sample for which the Weak Links proxy is calculated would
20See Barro (2000).
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not be considered and in terms of policy perspectives, it would have been

cumbersome to extend conclusions to developing countries given that the

empirical evidence would mainly rely on countries with higher data quality.

Table A.2 shows the results using a specification similar to Barro (2000):

lnGDPc.t = α0 + αHHuman capital controls

+αKCapital formation and investment controls

+αWLWeak Links + εc,t,

where GDPc,t stands for the GDP per capita of country c in year t in thou-

sands US$ at constant prices. Given the limits of the traditional specifica-

tion, we prefer a diff-in-diff version of the previous specification as Welch

and Wacziarg (2008) implemented while testing the impact of liberalization

on growth and the most complete version is the following:

∆ lnGDPc,t = ∆Weak Linksc,t +
∑
c

δc +
∑
t

γt + νc,t

First differences will also neutralize most of country characteristics that

remain relatively stable over time and allows us to keep the complete sample

for which the proxy for low productivity in intermediate goods has been

calculated.

Table 4 shows the results obtained by regressing annual growth rates on

changes on the likelihood of Weak Links. Annual growth rates are used

aiming to keep a coherent and uniform endogenous variable instead of dif-

ferences of income levels (in log) because series are not continuous over time

for all countries. Increases in the probability of relatively low productive sec-

tors have a negative impact of annual growth rates and this result is robust
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to the inclusion of year fixed effects which combined with the country fixed

effects control for a large set of characteristics such as factor endowments

and global external shocks. The estimated impact is more pronounced when

the measure controlling for larger deviations is used. Undoubtedly, large

deviations would imply higher costs due to complementary in the use of

intermediate inputs.

A second version of the specification is tested to check the robustness of

results and the explanatory variable is the change in logs of the probability

of observing a Weak Link plus one (lnP−σ = ln(Weak(−σ) + 1)). Results

are consistent with the previous results and show similar magnitudes of

estimates with respect to the extent of deviations21.

Table 5 splits our sample for selected thresholds on the level of development.

The first split is around 3 thousand US$ of income per capita which corre-

sponds to the median value of the variable. Severe deviations of productivity

in richest countries is the only specification where the estimate of the proxy

achieve statistical significance. While splitting at 10 thousand US$, three of

four coefficients on Weak Links’ proxies are significant. Indeed, the lack of

significance among the poorest countries (below 3K US$) is certainly related

to the complexity of the production in these countries. If most of national

production is generated by a single export-oriented sector as agriculture or

mining, the dissemination of low productivity in intermediate goods is al-
21Tables A.3 and A.4 address potential concerns on our explained variable which use

observations not uniformly spanned over time while creating annual growth rate of income
per capita. The first control consists of a dummy variable taking the value 1 whenever the
growth is not calculated on two consecutive observations over time and zero otherwise.
The second one includes the span of time between the two observations as a control. In
almost all cases, estimates for these control variables do not reach statistically significance.
We conclude that results discussed previously are not driven by any lacunary collection
of information.



Weak Links and Growth 16

most unnoticed given that the country does not create a complex chain of

production but it is devoted to the extraction or production of a unique

good. In such countries, growth performance is determined by the evolution

of the most relevant sector in the economy.

In fact, the preferred split creates overlapping samples and its results are

shown in next Table. It shows two important facts: productivity deviations

in intermediate goods have a higher impact in economies having reached

a certain level of development (above 10K US$). Severe deviations matter

for all countries and in the case of developing countries, this kind of devia-

tions impedes development by reducing chances to develop industries with

higher value-added that might lift people out of poverty. Addressing the

need for productivity improvements is another tool to foster growth and

should be carefully considered by policymakers in a coherent framework of

industrialization.

4.1 Beyond short-term results

All previous results show the short-term effects of an increase of the likeli-

hood of observing low productivity and this section will try to analyze its

impact on medium-term growth. Table 7 is the first try to evaluate the

impact on annual growth rates calculated over longer periods of time, i.e

three and five years. Given the discontinuity of series for several countries,

picking selected years would reduce significantly the sample size. Instead of

that, the following procedure to span observations over time for each coun-

try is implemented. Once ordered over time, the first observation of each

country (tc0) is kept and given the time span imposed between observations
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(τ), all observations in each country that belong to the interval ]tc0, t
c
0 + τ [

are dropped. Separately by country, the first of remaining observations is

denoted tc1 and the procedure is repeated until the last observation of each

country.

Regardless the time span imposed to country observations, severe drops of

sectoral productivity have an impact on growth whereas moderate drops

do not have a statistically significant effect. Its estimate ranges between

−0.1 and −0.07 and in the case of an decrease of 10% in the probability of

observing a low productivity in intermediate goods, growth of income per

capita would be boosted by 0.83% annually. Suppose an economy where the

5-year growth has been near to zero, the decrease mentioned before would

have ensured a 4.2% (= 1.00835 − 1) growth of the income per capita over

the period.

Table A.5 shows the results while picking selected year-observations for the

empirical analysis. This procedure which is not data driven as the one

presented before generates a different sample for testing the impact of Weak

Links on medium-term growth. Results are consistent between this Table

and previous ones and once again, most marked deviations of productivities

have the most of impact on growth.

4.2 Endogeneity of trade policy/protection

Low productive sectors might try to obtain protective measures from the

government such as trade restrictions which allow them to counter substi-

tution by imports and ensure their survival despite extremely high costs of

production. If protectionism is an outcome of lobbying activities at the sec-
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toral level, endogeneity of protection through trade policy might explain to

some extent previous results. Trade policy will be driven by sectoral behav-

iors and trade policy is relevant in explaining the growth pattern followed by

countries. It has been shown that outward-oriented countries have a better

growth perfomance (Dollar (1992), Frankel et al. (1999)) and more recently,

Wacziarg et Welch (2008) show that liberalization has a positive impact on

growth. Consequently, our measure would partially capture effects related

to trade restrictiveness and not only pure effects of sectoral productivity and

complementarity.

Table 8 addresses this issue using the instrumental variable approach where

our explanatory variable is instrumented by an analogous proxy which ig-

nores levels of tradeability in intermediate sales while defining weights ω̃s

for the kernel density of residual productivities. The instrumental variable

is called Weaknotrade. A second instrumental variable (Weaknoweight) is the

proxy obtained without using weights in the estimation of the kernel den-

sity. This is equivalent to consider that intermediate sales of all sectors are

equally important22. The first stage in all specifications is the following

linear regression estimated by OLS:

∆Weak Linksc,t = β1∆Weak Linksnotrade,c,t + β2∆Weak Linksnoweight,c,t

+
∑

c µc +
∑

t φt + ξc,t.

The two stages of the IV procedure for all the specifications are shown in

Table 8. The instrumental variable that ignores the tradeability of inter-

mediate goods is the most accurate instrument in predicting our proxy for

Weak Links and the reason for it relies on the fact that the consumption
22Analogous to the symmetric allocation of resources studied in section 2.
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structure of intermediate inputs is a relevant information while trying to es-

timate the effects of complementary in production. Estimates in the second

stage are statistically significant and of similar magnitudes to our previous

results. The estimates here confirm the effects found previously in Table

423.

Results concerning medium-term effects of Weak Links on growth are also

confirmed using the 3-year and 5-year span between observations. Instru-

mental variables are the same as those used in Table 8 and results are pre-

sented in Tables 9 and 10. Nonetheless, the exogeneity of instruments is

often rejected for the proxy controlling for severe deviations when year fixed

effects are not included in the estimation procedure.

5 Conclusions

This paper aimed at integrating the rationale developed by Jones (2011)

in an empirical exercise enabling to quantify the impact of Weak Links

on growth. In that sense, we proposed a measure that controls for low

productivity in intermediate goods by taking into account the production

structure of economies and the heterogeneous level of tradeability at the

sectoral level. The measure presented here uses information based on the

underlying distribution of productivity by country and year and we use a

rich dataset for 128 countries around the world to estimate a probability of

observing Weak Links. Furthermore, we are able to identify crucial sectors

that might generate important productivity losses at the aggregate level by
23The test for weak instruments and for the exogeneity of instruments validate our

results.
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analyzing the characteristics of the proxy.

In a second stage, we use two versions of the proxy for moderate and severe

deviations in productivity to assess their impact on aggregate growth. We

found that changes on the probability of observing Weak Links have a sig-

nificant impact on annual growth rates. As expected, severe deviations are

those having a larger impact on development perspectives and even though

developing countries seem to be less affected due to their simplified economic

structure, Weak Links do matter for the development of all countries.

For instance, severe deviations in terms of relative productivity do not only

affect short-term growth rates but have a significant impact on growth per-

spectives for longer periods (3- and 5-year periods). A decrease of 10 per-

centage points in the probability of observing severe Weak Links implies a

boost of 1% in annual growth. These results are consistent across different

specifications and we use instrumental variables to control for endogeneity

concerns related to trade policy.

The empirical evidence in this paper points out the need of an inclusive

and coherent development strategy by policymakers. Such strategy should

prevent abnormal productivity deviations particularly for goods intensively

used as intermediate inputs. Promoting productivity improvements would

generate large and positive spillovers across the economy. Finally, trade pol-

icy but also public investment are relevant policies to address the potential

shortcoming of a productivity bottleneck and policymakers should carefully

consider their use.
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Figure 1: Kernel densities of productivity in manufactures and intermediates
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Figure 2: Distribution of the Weak Links’ proxy
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Table 1: Summary statistics of Weak Links proxies
Mean Std. Dev. Min. Max.

in 1960s
Observations 372
Weak Links(-1.5σ) 0.051 0.038 0 0.189
Weak Links(-σ) 0.079 0.048 0 0.19

in 1970s
Observations 736
Weak Links(-1.5σ) 0.048 0.04 0 0.16
Weak Links(-σ) 0.07 0.049 0 0.211

in 1980s
Observations 812
Weak Links(-1.5σ) 0.048 0.041 0 0.173
Weak Links(-σ) 0.077 0.054 0 0.253

in 1990s
Observations 898
Weak Links(-1.5σ) 0.049 0.044 0 0.236
Weak Links(-σ) 0.078 0.055 0 0.26
Observations from 2001 and 2000 are included in the last panel of this table.
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Table 2: What is behind the Weak Links proxy ?
ISIC Description of the sector Low prody Tradeability Share
Sector Freq. Obs. Median Mean Int. Sales

311 Food manufacturing 1.3 35 82.0 81.1 6.6
313 Beverage industries 15.4 414 82.0 81.1 2.5
314 Tobacco manufactures 53.4 1’286 82.0 81.1 1.7
321 Manufacture of textiles 2.3 64 62.7 60.6 1.4
322 Manufacture of wearing apparel, except footwear 6.3 162 62.7 60.6 0.7
323 Manufacture of leather, except footwear and wearing apparel 3.9 95 62.7 60.6 0.2
324 Manufacture of footwear 5.4 129 62.7 60.6 0.2
331 Manufacture of wood 2.2 60 81.8 78.4 4.6
332 Manufacture of furniture and fixtures 1.7 44 76.0 74.6 1.6
341 Manufacture of paper 1.0 27 80.3 76.5 5.5
342 Printing, publishing and allied industries 0.4 11 80.3 76.5 7.0
351 Manufacture of industrial chemicals 9.8 262 53.9 53.4 5.1
352 Manufacture of other chemical products 6.1 153 53.9 53.4 6.3
353 Petroleum refineries 63.8 1’285 76.4 69.4 7.3
354 Manufacture of miscellaneous products of petroleum and coal 29.9 424 76.4 69.4 1.9
355 Manufacture of rubber products 4.0 100 68.8 66.1 3.0
356 Manufacture of other plastic products 0.5 12 68.8 66.1 3.9
361 Manufacture of pottery, china and earthenware 8.8 199 85.1 82.1 1.5
362 Manufacture of glass and glass products 1.4 31 85.1 82.1 1.5
369 Manufacture of other non-metallic mineral products 0.6 16 85.1 82.1 6.7
371 Iron and steel basic industries 4.1 95 61.9 60.9 7.4
372 Non-ferrous metal basic industries 12.2 234 61.9 60.9 3.1
381 Manufacture of fabricated metal products 0.6 17 80.8 76.0 9.7
382 Manufacture of machinery except electrical 0.9 22 56.7 53.6 5.4
383 Manufacture of electrical machinery 0.7 18 41.7 45.1 5.3
384 Manufacture of transport equipment 3.1 80 53.5 50.0 3.4
385 Manufacture of professional, scientific, measuring and controlling equip. 4.4 90 38.8 41.2 1.2
390 Other Manufacturing Industries 2.2 55 76.0 74.6 1.2
Low productivity counts how many times a sector is characterized as a low productive sector and the frequency of those events given all observations for that

sector. Tradeability measures the share of national productiom in intermediate sales by sector across countries. Share in intermediate sales is the average

component of goods produced by the sector that are used as inputs by other industries.
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Table 3: Cross-correlation table
Second. Prim. Gover. Pop. Weak Weak

GDP lnGDP enroll. enroll. consump. density (−σ) (−1.5σ)

GDP 1.00
lnGDP 0.85 1.00
Secondary enrollment 0.68 0.82 1.00
Primary enrollment 0.17 0.41 0.45 1.00
Government consumption in GDP 0.26 0.25 0.29 -0.05 1.00
Population density 0.15 0.17 0.04 0.03 -0.17 1.00
Weak(−σ) -0.11 -0.13 -0.07 -0.09 0.05 0.05 1.00
Weak(−1.5σ) -0.29 -0.26 -0.19 -0.06 -0.00 -0.06 0.72 1.00

Table 4: Growth regressions

∆ lnGDP (1) (2) (3) (4) (5) (6) (7) (8)

∆Weak (−σ) -0.046* -0.040*
(0.025) (0.024)

∆Weak (−1.5σ) -0.085** -0.083**
(0.035) (0.034)

∆ lnP−σ -0.053** -0.046*
(0.027) (0.026)

∆ lnP−1.5σ -0.091** -0.089**
(0.037) (0.036)

Constant 0.021*** 0.021*** 0.021*** 0.021*** 0.047*** 0.048*** 0.047*** 0.048***
(0.001) (0.001) (0.001) (0.001) (0.007) (0.007) (0.007) (0.007)

Country FE X X X X X X X X
Year FE X X X X
Observations 2689 2689 2689 2689 2689 2689 2689 2689
R2 0.171 0.172 0.172 0.172 0.240 0.241 0.240 0.241
∆ lnGDP stands for annual growth rate of per capita GDP at constant prices. ∆Weak (−σ) is the change in the

probability of observing Weak Links between two observations. Standard errors in parentheses. *** p<0.01, ** p<0.05,

* p<0.1.
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Table 5: Productivity losses in developing and developed countries
Splitting around 3K US$ Splitting around 10K US$

∆ lnGDP Below Above Below Above

∆Weak (−σ) -0.035 -0.041 -0.022 -0.053*
(0.039) (0.027) (0.031) (0.032)

∆Weak (−1.5σ) -0.083 -0.099** -0.072* -0.116**
(0.051) (0.044) (0.041) (0.056)

Constant 0.018 0.018 0.038*** 0.039*** 0.050*** 0.051*** 0.050*** 0.050***
(0.012) (0.012) (0.008) (0.008) (0.008) (0.008) (0.012) (0.012)

Country FE X X X X X X X X
Year FE X X X X X X X X
Observations 1349 1349 1340 1340 1932 1932 757 757
R2 0.215 0.216 0.338 0.340 0.242 0.243 0.361 0.362
∆ lnGDP stands for annual growth rate of per capita GDP at constant prices. ∆Weak (−σ) is the change in the

probability of observing Weak Links between two observations. Standard errors in parentheses. *** p<0.01, ** p<0.05,

* p<0.1.

Table 6: Weak Links in overlapping sub-samples

∆ lnGDP Below 20K US$ Above 10K US$ Below 20K US$ Above 10K US$

∆Weak (−σ) -0.030 -0.053* -0.027 -0.093***
(0.025) (0.032) (0.026) (0.033)

∆Weak (−1.5σ) -0.086** -0.116** -0.082** -0.162***
(0.035) (0.056) (0.036) (0.057)

Constant 0.047*** 0.048*** 0.050*** 0.050*** 0.034*** 0.034*** 0.034*** 0.034***
(0.007) (0.007) (0.012) (0.012) (0.003) (0.003) (0.006) (0.006)

Country FE X X X X X X X X
Year FE X X X X
5-year FE X X X X
Observations 2457 2457 757 757 2457 2457 757 757
R2 0.240 0.242 0.361 0.362 0.211 0.212 0.251 0.251
∆ lnGDP stands for annual growth rate of per capita GDP at constant prices. ∆Weak (−σ) is the change in the

probability of observing Weak Links between two observations. Standard errors in parentheses. *** p<0.01, ** p<0.05,

* p<0.1.
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Table 7: Growth regressions for longer periods
Annual growth over 3-year periods

∆ lnGDP (1a) (2a) (3a) (4a) (5a) (6a)

∆Weak (−σ) -0.022 -0.006 -0.005
(0.024) (0.023) (0.023)

∆Weak (−1.5σ) -0.096*** -0.079*** -0.083***
(0.032) (0.030) (0.030)

Constant 0.021*** 0.020*** 0.051** 0.050** 0.018*** 0.018***
(0.001) (0.001) (0.023) (0.023) (0.004) (0.004)

Country FE X X X X X X
Year FE X X
Period FE X X
Observations 879 879 879 879 879 879
R2 0.308 0.316 0.422 0.427 0.389 0.395

Annual growth over 5-year periods
∆ lnGDP (1b) (2b) (3b) (4b) (5b) (6b)

∆Weak (−σ) -0.032 -0.022 -0.020
(0.024) (0.023) (0.023)

∆Weak (−1.5σ) -0.083** -0.088*** -0.074**
(0.033) (0.031) (0.031)

Constant 0.021*** 0.021*** 0.015 0.012 0.022*** 0.021***
(0.001) (0.001) (0.022) (0.022) (0.003) (0.003)

Country FE X X X X X X
Year FE X X
Period FE X X
Observations 518 518 518 518 518 518
R2 0.421 0.428 0.577 0.585 0.521 0.527
∆ lnGDP stands for annual growth rate of per capita GDP at constant prices. ∆Weak (−σ) is

the change in the probability of observing Weak Links between two observations. Standard

errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table 8: Addressing trade policy endogeneity
(1a) (1b) (2a) (2b) (3a) (3b) (4a) (4b)

Stage of IV procedure 2nd 1st 2nd 1st 2nd 1st 2nd 1st
Explained variable ∆ lnGDP ∆Weak (−σ) ∆ lnGDP ∆Weak (−1.5σ) ∆ lnGDP ∆Weak (−σ) ∆ lnGDP ∆Weak (−1.5σ)

∆Weak (−σ) -0.047* -0.041*
(0.024) (0.024)

∆Weak (−1.5σ) -0.078** -0.076**
(0.036) (0.035)

∆Weak (−σ)notrade 0.962*** 0.963***
(0.005) (0.005)

∆Weak (−σ)noweight 0.027*** 0.027***
(0.006) (0.006)

∆Weak (−1.5σ)notrade 0.997*** 0.997***
(0.005) (0.005)

∆Weak (−1.5σ)noweight 0.004 0.003
(0.006) (0.006)

Constant -0.023 -0.000 0.086* -0.000 -0.022 0.002 -0.017 0.002**
(0.044) (0.000) (0.045) (0.000) (0.043) (0.001) (0.043) (0.001)

F-statistics 3.8e+04 2.6e+04 3.7e+04 2.6e+04
Sargan test (p-value) 0.251 0.428 0.432 0.319

Country FE X X X X X X X X
Year FE X X X X
Observations 2689 2689 2689 2689 2689 2689 2689 2689
R2 0.171 0.968 0.172 0.954 0.240 0.968 0.241 0.955
Columns (Xa) correspond to the second stage of the IV procedure and columns (Xb) to the first stage. ∆ lnGDP stands for annual growth rate of per capita GDP

at constant prices. ∆Weak (−σ) is the change in the probability of observing Weak Links between two observations. Standard errors in parentheses. *** p<0.01,

** p<0.05, * p<0.1.
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Table 9: Addressing trade policy endogeneity (growth spells over 3 years)
(1a) (1b) (2a) (2b) (3a) (3b) (4a) (4b) (5a) (5b) (6a) (6b)

Stage of IV procedure 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st
Explained variable ∆ lnGDP ∆Weak (−σ) ∆ lnGDP ∆Weak (−1.5σ) ∆ lnGDP ∆Weak (−σ) ∆ lnGDP ∆Weak (−1.5σ) ∆ lnGDP ∆Weak (−σ) ∆ lnGDP ∆Weak (−1.5σ)

∆Weak (−σ) -0.016 -0.002 -0.000
(0.023) (0.021) (0.021)

∆Weak (−1.5σ) -0.084*** -0.066** -0.068**
(0.030) (0.028) (0.029)

∆Weak (−σ)notrade 0.967*** 0.971*** 0.968***
(0.010) (0.010) (0.010)

∆Weak (−σ)noweight 0.015 0.015 0.016
(0.011) (0.011) (0.011)

∆Weak (−1.5σ)notrade 1.011*** 1.010*** 1.010***
(0.009) (0.009) (0.009)

∆Weak (−1.5σ)noweight -0.010 -0.007 -0.006
(0.011) (0.011) (0.011)

Constant -0.089*** -0.000 0.007 -0.000 0.049 -0.006 0.047 -0.003 0.028 0.000 0.040 0.001
(0.030) (0.000) (0.029) (0.000) (0.037) (0.007) (0.036) (0.005) (0.028) (0.001) (0.028) (0.001)

F-statistics 550.5 295.1 505.9 289.1 533.9 298.6
Sargan test (p-value) 0.144 0.023 0.358 0.168 0.406 0.091

Country FE X X X X X X X X X X X X
Year FE X X X X
Period FE X X X X
Observations 879 879 879 879 879 879 879 879 879 879 879 879
R2 0.308 0.969 0.316 0.965 0.422 0.971 0.427 0.966 0.389 0.970 0.395 0.965
Columns (Xa) correspond to the second stage of the IV procedure and columns (Xb) to the first stage. ∆ lnGDP stands for annual growth rate of per capita GDP at constant prices. ∆Weak (−σ) is the change in the probability of

observing Weak Links between two observations. Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table 10: Addressing trade policy endogeneity (growth spells over 5 years)
(1a) (1b) (2a) (2b) (3a) (3b) (4a) (4b) (5a) (5b) (6a) (6b)

Stage of IV procedure 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st
Explained variable ∆ lnGDP ∆Weak (−σ) ∆ lnGDP ∆Weak (−1.5σ) ∆ lnGDP ∆Weak (−σ) ∆ lnGDP ∆Weak (−1.5σ) ∆ lnGDP ∆Weak (−σ) ∆ lnGDP ∆Weak (−1.5σ)

∆Weak (−σ) -0.032 -0.022 -0.019
(0.022) (0.020) (0.020)

∆Weak (−1.5σ) -0.081*** -0.083*** -0.069**
(0.030) (0.027) (0.027)

∆Weak (−σ)notrade 0.957*** 0.960*** 0.957***
(0.012) (0.012) (0.012)

∆Weak (−σ)noweight 0.041*** 0.040*** 0.044***
(0.013) (0.013) (0.013)

∆Weak (−1.5σ)notrade 1.009*** 1.024*** 1.012***
(0.014) (0.014) (0.014)

∆Weak (−1.5σ)noweight 0.013 0.003 0.011
(0.017) (0.017) (0.016)

Constant 0.020 -0.000 0.056** -0.000 0.073** 0.000 0.073** 0.003 -0.020 -0.003** 0.028 -0.002**
(0.024) (0.000) (0.023) (0.000) (0.030) (0.008) (0.029) (0.007) (0.022) (0.001) (0.022) (0.001)

F-statistics 323.1 193.1 274.2 170.3 312.3 192.7
Sargan test (p-value) 0.416 0.032 0.930 0.124 0.839 0.067

Country FE X X X X X X X X X X X X
Year FE X X X X
Period FE X X X X
Observations 518 518 518 518 518 518 518 518 518 518 518 518
R2 0.421 0.980 0.428 0.964 0.577 0.982 0.585 0.968 0.521 0.980 0.527 0.965
Columns (Xa) correspond to the second stage of the IV procedure and columns (Xb) to the first stage. ∆ lnGDP stands for annual growth rate of per capita GDP at constant prices. ∆Weak (−σ) is the change in the probability of

observing Weak Links between two observations. Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.



Weak Links and Growth 31

References

[1] Barro, Robert J., 2000. Inequality and Growth in a Panel of Countries.

Journal of Economic Growth, 5(1), pp. 5-32, March.

[2] Basu, Susanto, 1995. Intermediate Goods and Business Cycles: Im-

plications for Productivity and Welfare. American Economic Review,

85(3), pp. 512-31, June.

[3] Ciccone, Antonio, 2002. Input chains and industrialization. Review of

Economic Studies, 69(3), pp. 565-87, July.

[4] Dollar, David, 1992. Outward-Oriented Developing Economies Really

Do Grow More Rapidly: Evidence from 95 LDCs, 1976-1985. Economic

Development and Cultural Change , 40(3), pp. 523-544, April.

[5] Frankel, Jeffrey A., and David Romer. 1999. Does Trade Cause Growth?

American Economic Review 89(3), pp. 379- 99.

[6] Hirschman, Albert, 1958. The strategy of economic development. Yale

studies in economics, 10, Yale University Press, New Haven.

[7] Islam, Nazrul, 1995. Growth Empirics: A Panel Data Approach. The

Quarterly Journal of Economics, 110(4), pp. 1127-70, November.

[8] Jones, Charles I., 2011. Intermediate Goods and Weak Links in the The-

ory of Economic Development. American Economic Journal: Macroe-

conomics, 3(2), pp. 1-28.

[9] Kremer, Michael, 1993. The O-Ring Theory of Economic Development.

The Quarterly Journal of Economics, 108(3), pp. 551-75, August.



Weak Links and Growth 32

[10] Levine, Ross, and David Renelt. 1992. A Sensitivity Analysis of Cross-

Country Growth Regressions. American Economic Review 84(4), pp.

942-63.

[11] Wacziarg, Romain, and Karen Welch, 2008. Trade Liberalization and

Growth: New Evidence. World Bank Econ Rev, 22(2), pp. 187-23.



Weak Links and Growth 33

Appendix

A.1 A model with linkages and complementarities

Jones (2011) models an economy where a continuum of goods is produced

using physical capital, human capital and intermediate goods. All goods

produced by the economy can be used as an intermediate good for the pro-

duction of other goods or as a final consumption good and the production

of good i is given by the following Cobb-Douglas function:

Qi = Ai(Kα
i H

1−α
i )1−σXσ

i , (A.1)

where σ is the share of intermediate goods used in the production of good

i and as long as σ > 0, low productivity in one sector is conveyed from one

sector to the rest of the economy through intermediate goods’ consumption.

All production of each good i is absorbed by the two purposes mentioned

before:

Qi = ci + zi. (A.2)

The gross domestic production is the aggregation of all final uses and rep-

resents a single final good:

Y =
(∫ 1

0
cθi di

)1/θ

(A.3)

and intermediate goods used by all sectors are aggregated as follows:

X =
(∫ 1

0
zρi di

)1/ρ

. (A.4)
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1/(1 − θ) is the elasticity of substitution between final goods and it is as-

sumed to be higher than one which implies that 0 < θ < 1 and 1/(1 − ρ),

the elasticity of substitution between intermediate goods in production, is

less than one (ρ < 0). The condition imposed to the latter elasticity of sub-

stitution can be justified by the fact that the possibility of substituability

exists but it is imperfectly operational or less efficient while replacing inter-

mediate goods. Goods or varieties imply a certain level of complementary

while used as intermediate goods however their substituability is higher in

consumption.

There is an exogenous level of human capital per worker (h̄) and the amount

of human capital (H) is constrained by the number of workers (L̄). Physical

capital is a temporal constraint but it is possible to cumulate it over periods

as usual and preferences are standard:

U =
∫ ∞

0
e−λtu(Ct)dt. (A.5)

Jones (2011) integrates distortions at the micro-level which might be related

to taxes, theft or market regulations. Each sector loses a fraction τi of

its production and therefore, each suffers a loss in productivity given this

expropriation rate. Consequently, distortions in the economy will affected

complementarities at the aggregate level as we will see next.

The solution of the model gives the following formulation of the gross do-

mestic production:

Y = ψ(τ)(B1−σ
θ Bσ

ρ )
1

1−σKαH1−α (A.6)
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where

Bρ =
(∫ 1

0
(Ai(1− τi))

ρ
1−ρdi

) 1−ρ
ρ

, (A.7)

Bθ =
(∫ 1

0
(Ai(1− τi))

θ
1−θ di

) 1−θ
θ

, (A.8)

and ψ(τ) =
1− σ(1− τ)

1− τ
σ

σ
1−σ . (A.9)

Bθ is a measure of the substituability of total factor productivities driven

by the elasticity of substitution in consumption and Bρ is a measure of

the strength of complementarity of the same TFPs in production. Thus,

total factor productivity of the country is affected by the extent of comple-

mentarities, the relative importance of intermediate goods and the average

distortion in the economy (τ).
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A.2 Supplementary tables

Table A.1: Sample coverage

Albania (3), Algeria (28), Argentina (14), Australia (35), Austria (37),
Bahamas (8), Bangladesh (28), Barbados (28), Belgium (35), Belize (2),
Benin (7), Bhutan (1), Bolivia (31), Botswana (12), Brazil (5),
Bulgaria (11), Burkina Faso (10), Burundi (17), Cameroon (25),
Canada (39), Central African Republic (16), Chile (38), China (22),
Colombia (38), Congo, Rep. (14), Costa Rica (21), Cote d’Ivoire (21),
Croatia (3), Cyprus (27), Czech Republic (2), Denmark (29), Dominican
Republic (23), Ecuador (37), Egypt, Arab Rep. (35), El Salvador (29),
Eritrea (10), Estonia (2), Ethiopia (21), Fiji (25), Finland (38), France (31),
Gabon (8), Gambia (8), Germany (3), Ghana (28), Greece (36),
Guatemala (19), Guyana (1), Honduras (26), Hong Kong (29),
Hungary (38), Iceland (29), India (39), Indonesia (32), Iran, Islamic
Rep. (36), Ireland (38), Israel (39), Italy (34), Jamaica (28), Japan (39),
Jordan (27), Kenya (39), Korea, Rep. (39), Kuwait (30), Latvia (9),
Lesotho (4), Luxembourg (38), Macao, China (20), Macedonia, FYR (7),
Madagascar (22), Malawi (32), Malaysia (33), Malta (39), Mauritius (19),
Mexico (31), Mongolia (6), Morocco (24), Namibia (1), Nepal (9),
Netherlands (38), New Zealand (34), Nicaragua (21), Nigeria (28),
Norway (39), Oman (9), Pakistan (30), Panama (37), Papua New
Guinea (27), Paraguay (6), Peru (14), Philippines (34), Poland (11),
Portugal (38), Puerto Rico (16), Qatar (2), Romania (12), Russian
Federation (9), Saudi Arabia (1), Senegal (24), Sierra Leone (1),
Singapore (39), Slovak Republic (5), Slovenia (12), South Africa (30),
Spain (38), Sri Lanka (28), Sudan (1), Swaziland (16), Sweden (38),
Switzerland (11), Syrian Arab Republic (35), Tanzania (9), Thailand (18),
Togo (10), Tonga (1), Trinidad and Tobago (32), Tunisia (28),
Turkey (33), Uganda (1), United Arab Emirates (4), United Kingdom (34),
United States (38), Uruguay (31), Venezuela, RB (34), Vietnam (1),
Yemen, Rep. (4), Zambia (18), Zimbabwe (34).
In parenthesis, the number of observations per country.
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Table A.2: Growth regressions

lnGDP (1) (2) (3) (4)

Secondary enrollment 0.011*** 0.011*** 0.011*** 0.011***
(0.001) (0.001) (0.001) (0.001)

Primary enrollment -0.001 -0.001 -0.001 -0.001
(0.001) (0.001) (0.001) (0.001)

Government consumption in GDP -0.006*** -0.006*** -0.006** -0.006***
(0.002) (0.002) (0.002) (0.002)

Population density 0.000*** 0.000*** 0.000** 0.000**
(0.000) (0.000) (0.000) (0.000)

Weak(−σ) 0.137 0.137
(0.160) (0.160)

Weak(−1.5σ) -0.068 -0.068
(0.218) (0.233)

Constant 0.533*** 0.547*** 0.533*** 0.547***
(0.082) (0.083) (0.082) (0.083)

Observations 930 930 930 930
R2 0.989 0.989 0.989 0.989
GDP stands for the per capita GDP at constant prices. Country fixed effects included.

Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Table A.3: Does measuring growth over different periods create a bias?

∆ lnGDP (1) (2) (3) (4) (5) (6) (7) (8)

Dummy 0.007 0.008 0.007 0.008 0.011 0.012* 0.011 0.012*
(0.007) (0.007) (0.007) (0.007) (0.007) (0.007) (0.007) (0.007)

∆Weak (−σ) -0.046* -0.040*
(0.025) (0.024)

∆Weak (−1.5σ) -0.087** -0.085**
(0.035) (0.034)

∆ lnP−σ -0.053** -0.046*
(0.027) (0.026)

∆ lnP−1.5σ -0.093** -0.091**
(0.037) (0.036)

Constant 0.021*** 0.021*** 0.021*** 0.021*** 0.047*** 0.048*** 0.047*** 0.048***
(0.001) (0.001) (0.001) (0.001) (0.007) (0.007) (0.007) (0.007)

Country FE X X X X X X X X
Year FE X X X X
Observations 2689 2689 2689 2689 2689 2689 2689 2689
R2 0.172 0.173 0.172 0.173 0.241 0.242 0.241 0.242
∆ lnGDP stands for annual growth rate of per capita GDP at constant prices. ∆Weak (−σ) is the change in the probability of

observing Weak Links between two observations. Dummy takes value 1 if annual growth rate is measured using non-consecutive

observations over time. Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table A.4: Does measuring growth over different periods create a bias? (v2)

∆ lnGDP (1) (2) (3) (4) (5) (6) (7) (8)

ln(Time span) 0.004 0.005 0.004 0.005 0.006 0.007 0.006 0.007
(0.006) (0.006) (0.006) (0.006) (0.006) (0.006) (0.006) (0.006)

∆Weak (−σ) -0.046* -0.040*
(0.025) (0.024)

∆Weak (−1.5σ) -0.086** -0.085**
(0.035) (0.034)

∆ lnP−σ -0.053** -0.046*
(0.027) (0.026)

∆ lnP−1.5σ -0.093** -0.091**
(0.037) (0.036)

Constant 0.018*** 0.017*** 0.018*** 0.017*** 0.043*** 0.043*** 0.043*** 0.043***
(0.004) (0.004) (0.004) (0.004) (0.008) (0.008) (0.008) (0.008)

Country FE X X X X X X X X
Year FE X X X X
Observations 2689 2689 2689 2689 2689 2689 2689 2689
R2 0.172 0.172 0.172 0.172 0.241 0.242 0.241 0.242
∆ lnGDP stands for annual growth rate of per capita GDP at constant prices. ∆Weak (−σ) is the change in the probability

of observing Weak Links between two observations. Time span is the number of years separating observations used to calculate

the growth rate. Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Table A.5: Growth regressions for selected years (1965, 1970, ..)

∆ lnGDP (1) (2) (3) (4)

∆Weak (−σ) -0.042* -0.016
(0.024) (0.023)

∆Weak (−1.5σ) -0.085*** -0.052*
(0.032) (0.030)

Constant 0.020*** 0.020*** 0.036*** 0.036***
(0.001) (0.001) (0.003) (0.003)

Country FE X X X X
Year FE X X
Observations 472 472 472 472
R2 0.461 0.467 0.546 0.549
∆ lnGDP stands for annual growth rate of per capita GDP at constant

prices. ∆Weak (−σ) is the change in the probability of observing

Weak Links between two observations. Standard errors in parentheses.

*** p<0.01, ** p<0.05, * p<0.1.
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