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Abstract
This paper develops new estimates of export quality, based on bilateral data, which are far more
extensive than previous efforts. The data cover 166 countries and more than 800 products over the
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1.

INTRODUCTION

Economic development requires the transformation of a country’s economic structure. This
involves diversifying into new sectors; reallocating resources towards more productive firms; and,
critically, improving the quality of goods produced. Producing higher-quality varieties of existing
products helps build on existing comparative advantages to boost export revenues and
productivity. Yet the potential for quality upgrading varies by product (Khandelwal, 2010), and
has been found to be higher in manufactures than in agriculture and natural resources. For countries
at an early stage of development, diversification into new products may therefore be a precondition
to reaping large gains from quality improvement.
This paper makes three contributions to the debate on quality upgrading. First, we develop new
estimates of export quality, based on bilateral trade data, which are far more extensive than
previous efforts, covering 166 countries and more than 800 products over the period 1962–2014.
Second, we use this large data set to analyze basic trends about how product quality varies along
the development path, and how it changes over time. Third, we analyze the potential for
convergence, both conditional and unconditional, in product quality. Throughout, we examine
separately the quality of primary goods and of manufactures, and we disaggregate manufacturing
into several sub-sectors. Our data set is uniquely suited to analyzing these issues, owing to its
greater coverage both across countries and over time than existing data sets.
The paper is related to a rapidly expanding literature on diversification and quality upgrading.
Schott (2004) finds significant within-product quality differences among exporters, based on
shipment-level U.S. customs data. 2 In particular, quality varies systematically with exporters’
relative factor endowments and production techniques. He argues that intra-industry trade is
largely trade in goods of different quality. Sutton and Trefler (2011), elaborating on Hausmann et
al. (2007), find that between 1980 and 2005 low-income countries moved into more
“sophisticated” products, 3 but produced them at low quality levels. As a result, diversification has
not led to a significant boost in GDP per capita. Put differently, diversification and quality
upgrading should be viewed as complementary in the development process. Hwang (2007) argues
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For instance, unit values for cotton shirts imported from Japan are 30 times higher than those from the
Philippines.
3

Defined as those products predominantly produced by high-income economies. While higher-income
countries also tend to produce higher-quality varieties, the concepts of quality and sophistication are quite
different. Quality refers to the relative price of a country’s varieties within their respective product lines.
Product sophistication, as in Hausmann et al. (2007), assesses the composition of the aggregate export
basket.
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that countries need to enter sectors with long “quality ladders” that they can climb. 4 Relatedly,
Hausmann and Hidalgo (2010) demonstrate that, if production of any given good requires a
combination of capabilities, then the returns to acquiring new production capabilities can increase
with the number of a country’s existing capabilities. Thus, quality upgrading underpins the growth
process to the extent that it implies new capabilities—particularly if the goods already being
produced are close in “capabilities space” to higher value-added goods (Hausmann and Klinger,
2006). 5 At the macro level, Koren and Tenreyro (2007, 2013) argue that diversification along the
development path reduces aggregate volatility, as countries specialize in a wider range of less
volatile sectors and make use of a broader range of inputs into production.
The paper is also related to the literature on economic convergence. In particular, Rodrik (2013)
identifies rapid, unconditional cross-country convergence in labor productivity within
manufacturing. Our estimates suggest that cross-country convergence in product quality may be
one key mechanism behind this observation.
Existing papers on export quality face a key challenge: quality cannot be directly observed and
needs to be estimated. Unit values, deﬁned as the ratio of export values to quantity for any given
product category, are observable. Schott (2004) and Hummels and Klenow (2005) showed that
these unit values increase with GDP per capita. However, unit values are at best a noisy proxy for
export quality, because they are also driven by other factors, including production cost differences.
The strategies recently developed for quality estimation (including Khandelwal, 2010; Hallak and
Schott, 2011; and Feenstra and Romalis, 2014) typically model demand, and in some cases also
supply, using explicit microeconomic foundations. However, these methodologies do not allow
calculation of a set of quality estimates with large country and time coverage, owing to their
significant data requirements.
As a result, much work remains to be done in establishing stylized facts about product quality and,
in particular, in linking growth in quality to economic development. Existing work has focused
mainly on other questions. For instance, Khandelwal’s (2010) primary aim in calculating quality
ladders is to show that U.S. sectors with short quality ladders are exposed to larger employment
and output declines resulting from low-wage competition. Hallak (2006) focuses on showing that
higher-income economies import more from countries producing high-quality goods. Hallak and
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Starting production of higher-quality varieties need not imply abandoning production of lower-quality
varieties, particularly if the latter are better suited to some destination. Mukerji and Panagariya (2009) note
that the United States produces goods at a large variety of quality levels. Nonetheless, the average quality
within 4-digit product categories, which is the focus of our study, tends to be higher in higher-income
economies.
5

Regarding proximity, Bahar, Hausmann, and Hidalgo (2014) documents that the probability of a country
exporting a new type of good is significantly (over 50 percent) larger if a neighboring country is a successful
exporter of the same good.
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Schott (2011) and Feenstra and Romalis (2014) are mainly concerned with decomposing changes
in unit values into changes in quality and pure trade-price changes.
This paper yields a series of notable findings, many of them worthy of further research. Quality
upgrading is particularly rapid during the early stages of development. There is significant crosscountry heterogeneity in the growth rate of quality. Within any given product line, quality
converges over time to the world frontier. Institutional quality, liberal trade policies, FDI inflows,
and human capital all promote quality upgrading, although their impact varies across sectors. The
results suggest that reducing barriers to entry into new sectors can allow economies to benefit from
rapid quality convergence over time.
2.

ESTIMATING PRODUCT QUALITY: METHODOLOGY AND DATA

Unit values are used by much of the literature to measure product quality because they are readily
observable, but they suffer from three shortcomings. First, unit values may reflect production costs
or pricing strategies (that is, firms’ choice of mark-up) rather than quality. Second, changes over
time in unit values may reflect changes in quality-adjusted prices, in response to supply or demand
shocks, rather than changes in quality. 6 Third, if the composition of goods within a product
category varies across exporters, the cross-country differences in unit values among the exporters
may reflect these differences in composition, rather than differences in quality. 7 The quality
estimates presented here address the first two shortcomings; the last one cannot be addressed if we
are to maintain broad country and time coverage. 8
The literature that goes beyond unit values does not provide a set of quality estimates that are well
suited for analyzing developments in developing countries. Khandelwal (2010) requires data on
market shares of imports relative to corresponding domestic varieties. These are only available for
few countries and for limited time periods. Hallak and Schott (2011) require extensive data on
tariffs, which are unavailable even for many relatively large countries before 1989. 9 Feenstra and
Romalis (2014) require for each product two different unit-value observations, one derived from
importer-reported (CIF) and one from exporter-reported (FOB) data. However, exporter-reported
6

Hallak and Schott’s (2011) results suggest for instance that Malaysia continually upgrades quality, but
this does not show in unit values because of falling world prices for electronics, the country’s main export.
7

Similarly, quality measures will be affected by introduction of new products, if the initial quality level
produced in these new products varies substantially from the average quality of existing products in the
category.
8

Other papers that focus exclusively on U.S. data (such as Khandelwal, 2012) can address this last issue
by using HS 10-digit data. However, data at such a high level of disaggregation are not widely available
for developing countries.
9

Also, data on tariffs in the Long Time Series TRAINS database, which goes back to the 1970s, do not
cover low-income countries well.
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data are not available for many developing-country exports, especially for early years, limiting
their analysis to the 1984–2008 period. Consequently, a reduced-form approach, which
circumvents data constraints, is more suitable for our purposes.
Our methodology estimates quality based on unit values, but with important adjustments to capture
the impact of production costs and pricing strategies. The methodology is a modified version of
Hallak (2006), which sidesteps data limitations to achieve maximum country and time coverage. 10
First, for any given product, the trade price (equivalently, unit value) p mxt is assumed to be
determined as follows:
ln 𝑝𝑝𝑚𝑚𝑚𝑚𝑚𝑚 = 𝜁𝜁0 + 𝜁𝜁1 ln𝜃𝜃𝑚𝑚𝑚𝑚𝑚𝑚 + 𝜁𝜁2 ln𝑦𝑦𝑥𝑥𝑥𝑥 + 𝜁𝜁3 ln𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑚𝑚𝑚𝑚 + 𝜉𝜉𝑚𝑚𝑚𝑚𝑚𝑚 ,

(1)

where the subscripts m, x, and t denote, respectively, importer, exporter, and time period. Prices
reflect three factors. First, unobservable quality θ mxt . Second, exporter income per capita y xt ; this
is meant to capture cross-country variations in production costs systematically related to income.
With high-income countries typically being capital-abundant, we expect 𝜁𝜁2 < 0 for capitalintensive sectors and 𝜁𝜁2 > 0 for labor-intensive sectors. 11 Third, the (great circle) distance between
importer and exporter, Dist mx . This accounts for selection bias: typically, the composition of
exports to more distant destinations is tilted towards higher-priced goods, because of higher
shipping costs. 12
Next, we specify a quality-augmented gravity equation:
Ln(𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼)𝑚𝑚𝑚𝑚𝑚𝑚 = 𝐹𝐹𝐹𝐹𝑚𝑚 + 𝐹𝐹𝐹𝐹𝑥𝑥 + 𝛼𝛼 ln 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑚𝑚𝑚𝑚 + 𝛽𝛽𝐼𝐼𝑚𝑚𝑚𝑚𝑚𝑚 + 𝛿𝛿 ln𝜃𝜃𝑚𝑚𝑚𝑚𝑚𝑚 ln𝑦𝑦𝑚𝑚𝑚𝑚 + 𝜀𝜀𝑚𝑚𝑚𝑚𝑚𝑚

(2)

Here, FE m and FE x denote, respectively, importer and exporter fixed effects. Dist mx is as defined
above. The matrix 𝐼𝐼𝑚𝑚𝑚𝑚𝑚𝑚 is a set of standard trade determinants from the gravity literature. 13 The
exporter-importer-specific quality parameter 𝜃𝜃𝑚𝑚𝑚𝑚𝑚𝑚 enters interacted with the importer’s income per
capita 𝑦𝑦𝑚𝑚𝑚𝑚 . If 𝛿𝛿 > 0, then greater income increases the “demand for quality”. This equation is
10

The key difference is that we directly use unit values at the SITC 4-digit level, whereas Hallak gathers
unit values at the 10-digit level and then normalizes them into a price index for each 2-digit “sector”.
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This approach builds on Schott (2004), who showed that unit values for any given product vary
systematically with exporter relative factor endowments, as proxied by GDP per capita.
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Hallak (2006) uses distance to the United States instead of distance to the importer, because it only
focuses on prices of exports to the United States. Harrigan, Ma, and Shlychkov (2011) find that the
correlation between export prices and distance is due to a composition, or “Washington apples”, effect.
They also find that U.S. firms charge higher prices to larger and richer markets.

13

It includes indicator variables for a common border, a common language, the existence of a preferential
trade agreement, a colonial relationship, and a common colonizer.
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estimated separately for each product, because preference for quality and trade costs may vary
across products.
The estimation equation is obtained by rearranging (1) to express the unobservable quality
parameter (ln 𝜃𝜃𝑚𝑚𝑚𝑚𝑚𝑚 ) in terms of observables, and substituting this into (2), yielding:
ln(𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼)𝑚𝑚𝑚𝑚𝑚𝑚 = 𝐹𝐹𝐹𝐹𝑚𝑚 + 𝐹𝐹𝐹𝐹𝑥𝑥 + 𝛼𝛼 ln 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑚𝑚𝑚𝑚 + 𝛽𝛽𝐼𝐼𝑚𝑚𝑚𝑚𝑚𝑚 + 𝜁𝜁1′ ln𝑝𝑝𝑚𝑚𝑚𝑚𝑚𝑚 ln𝑦𝑦𝑚𝑚𝑚𝑚 +
𝛿𝛿

where 𝜁𝜁1′ = 𝜁𝜁 , 𝜁𝜁2′ = −
1

𝛿𝛿𝜁𝜁2
𝜁𝜁1

𝜁𝜁2′ ln𝑦𝑦𝑥𝑥𝑥𝑥 ln𝑦𝑦𝑚𝑚𝑚𝑚 + 𝜁𝜁3′ ln𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑚𝑚𝑚𝑚 ln𝑦𝑦𝑚𝑚𝑚𝑚 + 𝜉𝜉 ′ 𝑚𝑚𝑚𝑚𝑚𝑚

, 𝜁𝜁3′ = −

𝛿𝛿𝜁𝜁3
𝜁𝜁1

, and 𝜉𝜉′𝑚𝑚𝑚𝑚𝑚𝑚 = −

𝛿𝛿𝛿𝛿0 +𝛿𝛿𝜉𝜉𝑚𝑚𝑚𝑚𝑚𝑚
𝜁𝜁1

(3)

ln𝑦𝑦𝑚𝑚𝑚𝑚 + 𝜀𝜀𝑚𝑚𝑚𝑚𝑚𝑚 .

This equation is estimated separately for each of the 835 product categories (SITC 4-digit level)
in the data set, yielding 835 sets of coefficients. The equation is estimated using two-stage least
squares. 𝜉𝜉𝑚𝑚𝑚𝑚𝑚𝑚 is a component of 𝑝𝑝𝑥𝑥𝑥𝑥𝑥𝑥 , so that the regressor ln𝑝𝑝𝑥𝑥𝑥𝑥𝑥𝑥 ln𝑦𝑦𝑚𝑚𝑚𝑚 is correlated with the
disturbance term 𝜉𝜉′𝑚𝑚𝑚𝑚𝑚𝑚 . We therefore use ln𝑝𝑝𝑥𝑥𝑥𝑥𝑥𝑥−1 ln𝑦𝑦𝑚𝑚𝑚𝑚 as an instrument for ln𝑝𝑝𝑥𝑥𝑥𝑥𝑥𝑥 ln𝑦𝑦𝑚𝑚𝑚𝑚 . 14

The results are used to calculate a set of bilateral quality estimates for each country’s exports.
Rearranging (1), and using the estimated coefficients, quality is calculated as the unit value
adjusted for differences in production costs and for the selection bias stemming from relative
distance: 15
𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑚𝑚𝑚𝑚𝑚𝑚 = 𝛿𝛿 ln 𝜃𝜃𝑚𝑚𝑚𝑚𝑚𝑚 +

𝛿𝛿𝛿𝛿0
𝜁𝜁1

= 𝜁𝜁1 ′ ln 𝑝𝑝𝑚𝑚𝑚𝑚𝑚𝑚 + 𝜁𝜁2 ′ ln 𝑦𝑦𝑥𝑥𝑥𝑥 + 𝜁𝜁3 ′ ln𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑚𝑚𝑚𝑚 (4)

This estimation yields quality estimates for more than 20 million product-exporter-importer-year
combinations. 16 As is standard, the underlying quality 𝜃𝜃𝑚𝑚𝑚𝑚𝑚𝑚 and importers’ preference for quality
δ are not separately identified. 17 As mentioned, even this level of disaggregation may be
14

Where a unit value for the preceding year is not available (for instance, because the good was not
traded), we use the unit value in the closest available preceding year, going back up to 5 years. If unit
values are not available in any of the preceding 5 years, the observation is excluded from the estimation.

15

In (4), the term −

𝛿𝛿𝜉𝜉𝑚𝑚𝑚𝑚𝑚𝑚
𝜁𝜁1

is set to its expectation of zero: it cannot be separately identified, as it constitutes

part of 𝜉𝜉′𝑚𝑚𝑚𝑚𝑚𝑚 . As pointed out in Hallak (2006), 𝜉𝜉𝑚𝑚𝑚𝑚𝑚𝑚 may reflect omitted factors affecting export prices in
(1), such as sector-specific technological advantages not well proxied by GDP per capita, and could persist
over time. This should be borne in mind when interpreting the results.
16

This number is smaller than the 45.3 million potential combinations in the data set because of: (i) missing
observations for other regressors, primarily per capita income; and (ii) elimination of outliers (see fn. 20).

17

The preference for quality parameter δ will vary across sectors. Therefore, when quality estimates are
later aggregated across sectors, the procedures necessarily also aggregate across these heterogeneous
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insufficient to allow for precise estimates in all sectors; however, this makes it more impressive
that we subsequently find such strong results on convergence.
Since we are primarily interested in analyzing quality convergence, we focus in what follows on
relative quality, that is, quality relative to the world frontier, rather than absolute quality.
Specifically, all quality estimates are normalized by the “world frontier”, defined as the 90th
percentile in the relevant product-year combination. As a corollary, changes in quality over time
are all defined relative to the world frontier.
This normalization has two additional benefits. First, it enables cross-product comparisons and
aggregation into a multi-level database. After normalization, the quality estimates are aggregated
across all importers for each country, using current trade values as weights. The estimates are then
aggregated to higher SITC levels (SITC 4-, 3-, 2-, and 1-digit, as well as country-level totals);
aggregations are also produced based on the BEC classification, as well as for the 3 broad sectors
of agriculture, non-agricultural commodities, and manufactures. 18 At each aggregation step, the
normalization to the 90th percentile is repeated, and trade values are used as weights. Second, the
normalization sidesteps the complication that, even conceptually, changes in absolute quality over
time are not separately identified from changes in preferences for quality.
The data set is a significantly extended version of the UN–NBER data set. Starting with the
COMTRADE database, we construct a trade data set for 1962–2014 by supplementing importerreported data, generally considered more reliable, with exporter-reported data where the former do
not exist. 19 We ensure consistency over time and in aggregating to broader categories by using the
methodology of Asmundson (forthcoming). The data set contains 45.3 million observations on
bilateral trade values and quantities at the SITC 4-digit (Revision 1) level. Any given importerexporter-product-year combination will have more than one observation for the same 4-digit
category whenever import quantities are reported using more than one unit of measurement. In this
case, the multiple sets of import quantities are considered distinct “SITC 4-digit-plus” products,
so that comparable unit values may be obtained within each product category. The total number of

preferences for quality. The level term −

the quality estimates.

𝛿𝛿𝛿𝛿0
𝜁𝜁1

is of no significance, given our subsequent normalization of

18

Changes in the higher-level (including country-level) quality estimates will in general reflect both quality
changes within disaggregated sectors, and reallocation across sectors with different quality levels. If the
composition of exports is shifting toward product lines characterized by low quality levels, it is possible for
the quality of any given product to be rising sharply, but country-level quality to rise slowly (or indeed
decline).
19

The only exceptions to this methodology are export flows as reported by the United States, which take
precedence over importer-reported flows.
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“SITC 4-digit-plus” products is 835, based on 625 underlying SITC 4-digit categories.20
Information on preferential trade agreements is drawn from the World Trade Organization’s
Regional Trade Agreements database, and other gravity variables are drawn from CEPII (Head
and Mayer, 2013). Data on income per capita are drawn from the Penn World Tables version 9.0
(Feenstra et al., 2015).
Reassuringly, the estimates are in line with expectations, and robust to tests for the validity of
important assumptions. First, the estimation results mirror closely those of Hallak (2006). For each
coefficient, the median value across products has the expected sign, and is statistically significant
in the majority of specifications (Table 1). Coefficients are closely comparable to those in Hallak
(2006), except for those on the price-importer income interaction, which is as expected because
our trade price vector is defined differently. 21
Second, estimating export quality over the full sample and separately over different sub-periods
yields comparable results. We test this in two ways (see Annex A for details). For the U.S. car
sector, we compare the estimates obtained using the full sample and using three sub-periods of
about 14 years each. And, for each country and sector, we compute the difference between the
results estimated over the full sample and over the 1968–1982 sub-sample, and then average this
across all countries and sectors for each year between 1968 and 1982. The results suggest that the
estimated coefficients are stable over time, and that the data set can indeed be used to obtain a
measure of export quality that is comparable over time—a key contribution of the paper.
Third, as mentioned, the estimation relies on ln𝑝𝑝𝑥𝑥𝑥𝑥𝑥𝑥−1 ln𝑦𝑦𝑚𝑚𝑚𝑚 being a valid instrument for
ln𝑝𝑝𝑥𝑥𝑥𝑥𝑥𝑥 ln𝑦𝑦𝑚𝑚𝑚𝑚 , so that the errors in equation (1) are uncorrelated through time. We test for the
robustness of this instrument by creating an alternative instrument and verifying that this does not
change the results significantly. 22

20

SITC 4-digit-plus products were dropped if they met either of two criteria for smallness. First, the product
comprised less than 1 percent of total observations or trade value of the corresponding SITC 4-digit product.
Second, the product had less than 1,000 observations, and comprised less than 25 percent of total
observations or trade value of the corresponding SITC 4-digit product. In addition, outliers were eliminated
by excluding any observation with: (i) a quantity of 1; or (ii) a total trade value of less than $7,500 at 1989
prices; or (iii) a unit value above the 95th or below the 5th percentile in 1989 prices within any given product.

21

Hallak (2006), using U.S. data only, computes Fisher price indexes for each SITC 2-digit sector starting
from 10-digit sectors. In this paper, we use directly the unit values of SITC 4-digit-plus products.
22

Specifically, we use a longer lag on the unit value: instead of using the unit value in the closest available
preceding year, going back up to 5 years, we use the unit value in the furthest available preceding year,
going back up to 10 years. Annex B documents that the results do not change significantly, focusing on two
of the sectors discussed further below—the automotive and clothing sectors. This test is admittedly not
conclusive. That said, other tests, such as controlling for exporter-year fixed effects, would not be feasible
due to collinearity with other covariates defined at the export-year level.
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3.

EXPORT QUALITY ACROSS PRODUCTS, COUNTRIES, AND TIME

This section illustrates some stylized facts about export quality and provides a flavor of the
richness of the data set, both across countries and over time. First, we focus on a couple of specific
sectors to highlight how informative it is to examine jointly developments in quality, unit values,
and market share. Second, we discuss how our measure of quality varies along the development
path. Third, we show how a country’s position on “quality ladders” may indicate large quality
upgrading potential or, conversely, an increased need for horizontal diversification.
A. Export Quality over Time: Examples from Specific Sectors
We now illustrate our export quality estimates using examples drawn from the car and apparel
sectors. We focus on cars because most readers are likely to recognize the brands and have some
intuition as to their relative quality. We consider apparel because it is a key export for many
developing countries, particularly during the early stages of development, and typically constitutes
one of the first beachheads in the manufacturing sector.
Estimates of quality in the passenger motor cars sector (SITC 7321) are intuitive and, combined
with price movements, help explain developments in market shares. 23 The quality of U.S. exports
has on average been at the world frontier, but has displayed some slight fluctuations over time
(Figure 1). Meanwhile, prices oscillated around 90 percent of the world frontier, and the U.S. world
export market share has been stable since the early 1990s after a long-term decline up to this point.
German car exports have featured high quality and high prices throughout since the late 1970s.
During the 2000s, German car exports regained much of the market share that they lost during the
1980s. Some countries boosted the quality of their car exports as they developed. For instance,
Japanese cars experienced strong quality upgrading through 1990, reaching world frontier levels.
Meanwhile, prices rose only moderately during this period, allowing for increases in market share.
Since then prices have risen slightly higher with constant quality, possibly explaining some loss
of market share to competitors. Quality of Korean cars was low until the early 1980s. Since then
Korean autos have experienced ongoing and substantial quality upgrading. As Korean prices
remained relatively low, their market share increased.
Analysis of the apparel sector (SITC 84) also shows how the relationship between quality and
prices influences market shares. China increased its relative quality of apparel exports substantially
since 1980, from 75 percent to 95 percent of the world frontier (Figure 2). This was accompanied
by a similarly drastic increase in export market share, and enabled prices to rise slightly, although
they remain low at 40 percent of the world frontier value. Bangladesh also recorded a strong
increase in its market share, but given that quality increases were much smaller than in China, no
price increases could be realized. India mirrors Bangladesh closely. Italy maintained world frontier
quality throughout the sample period, but its market share declined as prices rose. Finally, the
23

Market share is measured as a country’s exports as a percentage of total world exports of that product.
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Republic of Korea and Thailand are examples of countries which in the past increased their market
shares against a backdrop of rising quality and mostly stable prices. Subsequently, however, these
countries have been diversifying away from the textile sector. They now retain higher-quality
segments of the apparel market, as quality remains stable or continues to increase, but record
falling market shares.
B. Export Quality along the Development Path
Overall, export quality is correlated with income per capita. This holds both at the aggregate level,
and for manufacturing, agriculture, and non-agricultural commodities separately (Figure 3). 24 It
also holds across different country groups, including small states and commodity exporters (Figure
4). These findings are consistent with Hummels and Klenow (2005) and Sutton and Trefler (2011).
Quality increases with income particularly sharply during the early stages of development, until
GDP per capita reaches $10,000. Quality convergence then continues at a diminishing rate.
Among high-income countries, average export quality levels only vary within a narrow band. In
contrast, among and within developing countries, and in particular low-income countries, average
quality levels vary widely, even when controlling for income. This suggests that some economies
could reap particularly large gains from quality upgrading, while for others diversification may be
a priority. Those countries with low average quality have considerable scope to upgrade quality
even within existing export sectors. Other developing countries may already enjoy relatively high
export quality but, consistent with their low incomes, this is in sectors with short quality ladders
or low productivity. These economies could benefit from diversification into sectors with new
opportunities for quality upgrading.
These broad facts hold also when focusing on two subsamples: small states, and commodity
exporters (Figure 4). 25 Small states follow patterns similar to those in other countries: quality rises
with income, and particularly sharply at income levels below $10,000. In commodity exporters,
there also is potential for quality upgrading during the development process, as countries shift
toward more processed products within each commodity category. However, the process may be
more constrained by exogenous factors (such as the grade of available minerals) than in
manufacturing.

24

The correlation between income and unit values for non-agricultural commodities is relatively weak.

25

Countries are classified as small states if their population is smaller than 1.5 million in either 2010 or
2011, using Penn World Tables (2010) and World Development Indicators (2011) data. This classification
does not include fuel exporters that are high income (as per World Bank definition), including in particular
Bahrain, Brunei, and Equatorial Guinea. Countries are classified as commodity exporters, following the
IMF World Economic Outlook classification, if commodities on average exceed 50 percent of total exports.

(continued…)
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The results indicate significant scope for quality upgrading in not just manufacturing, but also
agriculture. As countries develop, the quality of agricultural products on average increases
substantially. Further, the length of quality ladders varies substantially across subsectors in both
agriculture and manufacturing (Figure 5). 26 All this suggests that early development need not be
driven by the establishment of a manufacturing base. Although soil and climate may impose some
limitations, the finding that sharp increases in quality can be registered in agricultural and
commodity exports is particularly important since in many developing countries a large share of
the labor force remains concentrated in agriculture.
C. Quality Ladders: Potential for Quality Upgrading
A country’s position on sectoral world quality ladders indicates the potential for further quality
upgrading in its existing product basket. To illustrate, we analyze the position of China, Malaysia,
Tanzania, and Vietnam on these quality ladders, alongside the composition of their current export
baskets (Figure 6). Overall, both the length of the quality ladder, and a country’s relative position
on the ladder, can vary considerably across sectors.
Tanzania and Vietnam are examples of countries with considerable quality upgrading potential
within existing export sectors. Tanzania has experienced strong growth during the last decade. Yet,
Tanzania’s exports are concentrated in primary and agricultural exports, and within those sectors
the country is generally in the bottom half of the quality ladder, suggesting large potential for
quality upgrading. Horizontal diversification, for instance towards manufactures, may create
additional opportunities for quality upgrading. Vietnam’s exports, on the other hand, are already
heavily tilted towards manufactures, particularly the miscellaneous manufactures sector, which
includes apparel and footwear. However, as in Tanzania, there is still much potential for further
quality upgrading in these sectors.
Some of the more mature Asian countries may require horizontal diversification to enable further
quality upgrading. Malaysia is heavily specialized in exports of electronics, a subcategory of the
machinery and transport equipment sector, but is already coming close to the world frontier in this
sector. To enable further quality upgrading, it may first need to diversify. This diversification could
occur across SITC 1-digit sectors, as well as within the machinery and transport equipment sector.
China’s position in most sectors lies between Vietnam and Malaysia. Some quality upgrading
potential has already been realized, but more remains.
4.

CONVERGENCE IN EXPORT QUALITY

This section takes advantage of our newly constructed data set’s comprehensive nature, both over
time and across countries, to test whether and how quickly export quality converges across
countries. We employ product-level cross-country panel regressions, and examine both conditional
26

For instance, red wine, Arabica coffee, and shrimp and prawns constitute examples of agricultural
products with particularly long quality ladders (cf. Lederman and Maloney, 2012, Box. 5.1).
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and unconditional convergence in quality. The analysis helps shed light on the role of export
quality in broader economic development. The issue is conceptually related to, but distinct from,
the literature on productivity convergence (see for instance Rodrik, 2013).
A. Estimation Strategy and Data
We first analyze unconditional convergence in quality, through panel regressions analogous to
those used in the growth literature (see Johnson and Papageorgiou, forthcoming):
𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺ℎ_𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑖𝑖𝑖𝑖𝑖𝑖 = FE + 𝛿𝛿1 ln 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼_𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑝𝑝𝑝𝑝 ,

(5)

where i, p, and t index, respectively, the exporting country, product, and time period; throughout,
we use 10-year non-overlapping periods (1962–71, 1972–81, 1982–91, 1992–2001, and 2002–
2010). 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺ℎ_𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄 denotes the annualized growth rate of quality, calculated as the difference
between (the logarithms of) quality levels in the initial and final years of the 10-year periods. FE
relates to different sets of fixed effects, discussed below. Initial_Quality denotes the product
quality level at the start of the period.
We also test for conditional convergence, using the following equation:
𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺ℎ_𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑖𝑖𝑖𝑖𝑖𝑖 = FE + 𝛿𝛿1 ln 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼_𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛿𝛿2 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖 ,

(6)

Determinants denotes the vector of other potential determinants, which in our baseline
specification include GDP per capita, FDI inflows, institutional quality, human capital, and
indexes measuring trade and agricultural liberalization (see Table 2 for all summary statistics). All
variables describe initial conditions, as measured at the start of the relevant period. GDP per capita
is drawn from the World Bank’s World Development Indicators. FDI inflows are measured as a
percentage of GDP, and the data are drawn from the IMF’s International Financial Statistics.
Institutional quality is measured using the “Constraints on the Executive” variable from the Polity
IV data set. 27 Human capital is measured using the secondary-school completion rate from the
World Bank’s World Development Indicators. The indexes measuring initial trade and agricultural
liberalization are de jure indicators drawn from Prati et al. (2013). Both indexes vary between zero
and unity. The trade liberalization measure is based on average tariff rates: zero means the tariff
rates are 60 percent or higher, while unity means the tariff rates are zero. The agricultural
liberalization index measures the extent of public intervention in the market of each country’s main
agricultural export commodity; it includes the presence of export marketing boards and the
incidence of administered prices.
To contain any omitted variable bias, we include sets of fixed effects to control for any other
observables or unobservables that may drive quality growth. The baseline specification includes
27

Similar results are obtained using the Kaufmann-Kraay-Mastruzzi indicators.
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fixed effects for country, product, and time. Country fixed effects control for quality growth being
faster in some countries, for instance owing to unobserved institutional circumstances, such as the
quality of business organizations or other mechanisms to exploit knowledge spillovers. Product
fixed effects allow for quality improvements being easier to attain in some products. Time fixed
effects detect changes over time in the global average speed of quality growth, for instance
reflecting advances in information and communications technology or reductions in transportation
costs. Results refer to this baseline specification unless otherwise stated.
We also consider an extended specification which instead includes country-product and producttime fixed effects. 28 Country-product effects account, for instance, for unobserved institutional
circumstances in a specific country favoring quality upgrading, but only in some types of products.
Similarly, product-time fixed effects allow global developments to have different impacts on
average quality growth in different products.
B. Results
The first key finding is that the quality of individual products converges unconditionally across
countries over time. Specifically, in a bivariate regression, the growth rate of product quality
depends negatively on the initial quality level (Table 3 and Figure 7). This implies that new, lowquality entrants into a sector see their quality rise over time relative to other countries. The speed
of unconditional convergence toward the world quality frontier equals 3.5 percent per year when
fixed effects are not included. The convergence speed tends to increase as more detailed fixed
effects are introduced. It rises to 6.3 percent per year under our baseline specification including
country, product, and time fixed effects. It more than doubles to 13.3 percent when we control for
country-product and time-product fixed effects. Evidence of within-product quality convergence
suggests that managing to enter ‘long quality-ladder’ sectors today could increase a country’s
future potential to climb up the value chain, supporting growth. That said, quality convergence for
individual products need not imply quality convergence for countries’ overall export baskets,
owing to the presence of country or country-product fixed effects.
Next, we test for unconditional quality convergence separately within each of the three main
sectors: agriculture, manufacturing, and (non-agricultural) natural resources. In all sectors, there
is statistically significant evidence of rapid, unconditional quality convergence; it is fastest in
manufacturing, at 7.3 percent per year, followed by agriculture and natural resources at around 6
percent (Table 4). Given the large number of regressions, only the results from the baseline
specification (with country, product, and time fixed effects) are reported here. Similarly, rapid
unconditional convergence holds within each of the ten broad product categories identified at the
SITC 1-digit level (Table 5). However, there is also significant heterogeneity in the speed of
convergence: machinery and transport equipment, which are relatively complex products, display
28

We do not include country-time fixed effects, because the determinants we are primarily interested in
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13
the most rapid convergence (12.2 percent per year), whereas chemicals and related products
display slower convergence (5.2 percent per year).
The basic finding of rapid, unconditional convergence continues to hold when product quality is
measured not at the fine, SITC 4-digit level, but at coarser levels of aggregation (SITC 3-digit, 2digit, and 1-digit; Table 6). Indeed, coarser levels of aggregation result in faster estimates of
convergence (20.5 percent per year at the SITC 1-digit level, 8.4 percent at the 2-digit level, and
7.8 percent at the 3-digit level). Again, rapid, unconditional convergence is observed within each
of three main country income groups: High-Income Countries (HIC), Upper Middle-Income
Countries (UMIC), and Lower Middle-Income & Low-Income Countries (LMIC & LIC) (Table
7).
C. Robustness
Next, we examine whether the key finding of unconditional quality convergence is robust to
alternative specifications and subsamples. We first test for conditional convergence (equation 6),
under specifications which incorporate the control variables discussed above and various
combinations of fixed effects. For the sample as a whole, in all specifications, the initial quality
level is the most significant determinant of quality growth (Table 8). It explains some of the large
heterogeneity in the speed of quality convergence across country-product combinations.
Likewise, within each of the three broad sectors (agriculture, manufacturing, and natural
resources), quality convergence is robust to the introduction of other determinants (Table 9). It
remains fastest in manufacturing (7.4 percent per year) and is slowest in natural resources (5.6
percent per year). Again, rapid conditional convergence holds within each of the ten broad product
categories identified at the SITC 1-digit level and is fastest in machinery and transport equipment
(Table 10).
Institutional quality matters for quality upgrading both in the sample as a whole, and within
manufacturing and agriculture separately, but not within natural resources. That said, the
magnitude of the impact is quite small: in the baseline, a one-standard-deviation improvement in
institutions leads to a 0.3 percentage point increase in the annual speed of quality convergence.
Human capital has no statistically significant impact in the baseline specification. However, in the
extended specification, which controls for country-product and product-time fixed effects, a onestandard-deviation increase in human capital raises the annual speed of quality convergence by 0.7
percentage points. An increase in initial-year FDI inflows of 1 percentage point of GDP is
associated with a 0.8 percentage point increase in the speed of quality convergence for the sample
as a whole. The effect is three times larger in the natural resource sector; therefore, this effect can
be truly economically significant in resource-dependent developing countries, where naturalresources FDI is high relative to GDP.
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Trade liberalization leads to faster quality upgrading, particularly in agriculture but also in
manufacturing. A one-standard-deviation increase in trade liberalization accelerates quality
convergence by 0.8 percent per year in agriculture and 0.4 percent per year in manufacturing.
Likewise, agricultural liberalization also boosts the quality of exports (a one-standard-deviation
increase raises the annual speed of quality convergence by 0.4 percentage points).
The main findings on the conditional convergence of export quality continue to hold when product
quality is measured at coarser levels of aggregation (Table 11), and within individual country
income groups (Table 12).
We also undertake two more robustness checks. First, we vary the time period over which quality
growth is calculated. Adopting a single cross-section covering the entire sample period, as well as
using observations on 5-year (rather than 10-year) non-overlapping periods, yields no qualitative
changes in the results for unconditional and conditional convergence, although the goodness of fit
is slightly lower. Second, in the conditional convergence regressions, we include as additional
controls two measures of de jure financial openness: a domestic financial liberalization index, and
an external capital account openness index, drawn from Prati et al. (2013). These indices are only
available from 1973 onwards, and correspondingly reduce our estimation sample. Once again, the
baseline results are robust to inclusion of these additional controls. 29
5.

CONCLUSION

We develop a new data set on export quality. This data set is far more extensive than previous
efforts, covering 166 countries over 1962–2014, and providing breakdowns up to the SITC 4-digit
and BEC 3-digit levels, for a total of more than 20 million quality estimates. Our estimates, based
on sector-specific quality-augmented gravity equations, explicitly recognize that high product
prices are not necessarily an indicator of high quality, but may rather reflect supply-side
considerations such as high production costs. The estimates also control for selection bias, such
that typically only higher-priced items are shipped to far-away destinations.
Average country-level quality is strongly correlated with income per capita. Further, quality
upgrading is particularly rapid during the early stages of development, until a country reaches a
GDP per capita of about $10,000. Convergence in export quality continues at a slower pace until
GDP per capita reaches $20,000, and levels off thereafter.
Analysis of countries’ position on sectoral quality ladders shows that some middle-income
countries that have increased quality sharply in the past, such as Malaysia and to a lesser extent
China, may now have less scope left to upgrade quality within existing export sectors. These
countries may profit from horizontal diversification, which would also enable future upgrading.
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Other countries, such as Tanzania or Vietnam, still have considerable quality-upgrading potential
within existing export sectors.
Diversification and quality upgrading can thus be thought of as complementary. Removing barriers
to entry into new sectors could boost growth in many developing countries by increasing the
potential for future quality upgrading. Sectors with long “quality ladders” may hold particular
potential given our finding that, within any given product line, quality converges across countries
over time at a rapid pace. Importantly for low-income countries, there is also substantial potential
for quality upgrading in agriculture, where large parts of their labor force are concentrated.
Countries’ policies as well as their underlying characteristics affect the speed of quality upgrading,
with an impact that varies across sectors. Institutional quality and trade liberalization are important
for quality upgrading in both manufacturing and agriculture. FDI inflows are associated with
quality upgrading in manufacturing as well as in natural resources, while increased education
mainly promotes quality upgrading in manufacturing. However, the impact of these policies is
quantitatively small relative to the impact of unconditional quality convergence.
Finally, there is much country- and product-level heterogeneity in the pace of quality upgrading,
even controlling for a wide range of observables. Future research should focus on identifying more
clearly the drivers of this heterogeneity.
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ANNEX: ROBUSTNESS OF PRODUCT-QUALITY ESTIMATES
A. Consistency of Quality Estimates over Time
Export quality was estimated separately over three sub-periods, each covering 14 or 16 years:
1968–82, 1983–97, and 1998–2014. The estimates obtained using these sub-periods imply trends
that follow closely those generated by the estimates obtained using the full sample, 1962–2014.
This suggests that the coefficients are stable over time, and that the data set can indeed be used to
obtain a measure of export quality that is comparable over time. For instance, compare the
estimates obtained using the full sample and using the three separate sub-periods for the U.S.
Passenger Motor Cars sector (SITC 7321) and for the Argentine Pumps & Centrifuges sector
(SITC 7192) (Figure A1).
Figure A1. Quality Estimates over Different Sub-Periods

More systematically, for each country, sector, and year, we also compute the absolute value of the
difference between the quality values estimated using the full sample and using the 1968–1982
sub-period. We then average this across all countries and sectors for each year between 1968 and
1982. The results do not show substantial differences; in each year, the average difference is less
than 0.1 (Table A1).
Table A1. Quality Estimates: Differences between Full Sample and Sub-Sample 1968–82
Year Mean deviation in export quality
1968
0.096
1969
0.096
1970
0.093
1971
0.093
1972
0.092
1973
0.091
1974
0.090
1975
0.089
1976
0.089
1977
0.089
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1978
1979
1980
1981
1982

0.086
0.089
0.088
0.088
0.089

B. Instrument Validity
Export quality was estimated using as the main instrument (a) the nearest lag of unit values; or (b)
the furthest lag of unit values (see Section 2 in main text for details). The estimates were
comparable across the two procedures, as illustrated below for the automotive and the clothing
sectors (Figures A2 and A3). The only exception is the car sector in Germany; here, the significant
differences likely reflect differences in the data before and after the unification of East and West
Germany.
Figure A2. Automotive Sector.
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Figure A3. Clothing Sector.
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TABLES AND FIGURES
Table 1. Imports: quality-augmented gravity equations
In percent of SITC 4-digit-plus sectors
Positive Coefficients

Negative Coefficients

Median
coefficient value

Significant

Insignificant

Significant

Insignificant

This
paper

Hallak
(2006)

Common preferential
trade agreement

82

9

6

3

0.45

0.38

Colonial relationship

80

11

6

3

0.43

0.79

Common colonizer

50

20

16

14

0.20

0.29

Common language

71

14

9

5

0.28

0.53

Common border

82

9

6

3

0.38

0.33

Ln (distance)

6

8

10

76

-1.02

-1.04

Ln (distance) *
Ln (importer GDP
per capita)

61

14

10

16

0.04

-0.02

Ln (exporter GDP per
capita) *
Ln (importer GDP
per capita)

90

5

4

2

0.10

0.08

Ln (unit value) *
Ln (importer GDP
per capita)

28

10

51

11

-0.01

0.19

Note: All equations estimated using two stage least squares.
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Table 2. Quality growth: summary statistics of data
Variable

Mean

Standard
Deviation

Minimum

Maximum

0.001268

0.089368

-5.608547

5.964081

-0.201023

0.280277

-8.454018

1.044727

Ln Initial GDP per capita

7.723025

1.585803

3.565800

11.626510

Initial Institutional Quality

2.080978

14.636410

-88

7

19.153060

13.310290

0.027734

69.751091

Initial Trade Lib. Index

0.715041

0.231503

0

1

Initial Agricultural Lib. Index

0.471090

0.382185

0

1

FDI inflows as % of GDP

2.362129

4.948364

-34.756802

136.193100

Initial Domestic Fin. Lib. Index

0.520379

0.298308

0

1

Initial Ext. Capital Account Lib.

0.599943

0.373698

0

1

Growth Rate of Quality
Ln Initial Quality

Initial Human Capital

Note: The annualized growth rate of (product) quality is expressed in annualized natural units. The
indexes of liberalization of trade, agriculture, the domestic financial sector, and the external capital
account are de jure indicators that range between 0 and 1, with higher values corresponding to
greater liberalization (see Prati et al., 2013, and Abiad et al., 2010). Institutional quality is proxied
by the “Constraints on the Executive” variable from the Polity IV data set. GDP per capita and
human capital, as proxied by the secondary-school completion rate, are drawn from the World
Bank’s World Development Indicators. Foreign Direct Investment as a percentage of GDP is
drawn from the IMF’s International Financial Statistics.

24
Table 3. Unconditional quality convergence: panel regressions
Fixed effects:

None

Ln(Initial Quality) -3.49***
[0.03]

Country
-4.38***
[0.03]

Country,
Product
-6.33***
[0.04]

Basic Spec. Country-Prod
1/
-6.33***
-14.51***
[0.04]
[0.07]

Country-Prod,
Prod-Time
-13.30***
[0.06]

Observations
244,742
244,742
244,742
244,742
244,742
244,742
R-squared
0.06
0.07
0.10
0.11
0.45
0.66
Notes: All equations estimated using observations averaged over 10-year non-overlapping periods. The
dependent variable is the annualized growth rate of product quality. *, **, and *** denote statistical
significance at the 10 percent, 5 percent, and 1 percent level, respectively. All coefficients and standard
errors are multiplied by 100 for presentation purposes.
1/ Includes country, product and time fixed effects.

Table 4. Unconditional quality convergence: panel regressions by sector
Ln(Initial Quality)

Agriculture
-6.13***
[0.07]

Manufacturing
-7.32***
[0.05]

Natural Resource
-6.42***
[0.15]

Observations
68,455
160,606
14,334
R-squared
0.11
0.12
0.15
Notes: All equations estimated using observations averaged over 10-year non-overlapping periods.
Country, product, and time fixed effects are included. The dependent variable is the annualized growth rate
of product quality. *, **, and *** denote statistical significance at the 10 percent, 5 percent, and 1 percent
level, respectively. All coefficients and standard errors are multiplied by 100 for presentation purposes.

Table 5. Unconditional quality convergence: panel regressions by SITC 1-digit category

Ln(Initial Quality)
Observations
R-squared

Food and live animals

Beverages and tobacco

-6.13***
[0.10]

-6.38***
[0.32]

Crude materials,
inedible, except fuels
-6.04***
[0.11]

35,274
0.12

4,597
0.18

32,187
0.11

Chemicals and related
products
Ln(Initial Quality)
-5.19***
[0.10]

Manufactured goods
classified chiefly
-6.17***
[0.08]

Mineral fuels, lubricants Animal and vegetable
and related materials
oils, fats and waxes
-9.19***
-6.27***
[0.28]
[0.35]
5,075
0.23

Machinery and transport
Miscellaneous
equipment
manufactured articles
-12.15***
-6.73***
[0.13]
[0.12]

4,714
0.16
Others
-7.15***
[0.49]

Observations
21,462
66,547
43,263
29,334
2,289
R-squared
0.15
0.10
0.18
0.12
0.23
Notes: All equations estimated using observations averaged of 10-year non-overlapping periods. Country, product, and time fixed effects are
included. The dependent variable is the annualized growth rate of product quality. *, **, and *** denote statistical significance at the 10 percent, 5
percent, and 1 percent level, respectively. All coefficients and standard errors are multiplied by 100 for presentation purposes.

Table 6. Unconditional quality convergence: aggregation to different SITC levels
Ln(Initial Quality)

SITC3
-7.80***
[0.07]

SITC2
-8.39***
[0.12]

SITC1
-20.46***
[0.45]

Observations
84,642
35,252
7,212
R-squared
0.13
0.14
0.30
Notes: All equations estimated using observations averaged over 10-year non-overlapping periods.
Country, product, and time fixed effects are included. The dependent variable is the annualized growth rate
of product quality. *, **, and *** denote statistical significance at the 10 percent, 5 percent, and 1 percent
level, respectively. All coefficients and standard errors are multiplied by 100 for presentation purposes.

Table 7. Unconditional quality convergence: panel regressions by income group
Ln(Initial Quality)

HIC
-7.87***
[0.06]

HMIC
-7.03***
[0.08]

LMIC & LIC
-8.17***
[0.10]

Observations
123,278
61,979
59,485
R-squared
0.14
0.14
0.14
Notes: All equations estimated using observations averaged over 10-year non-overlapping periods.
Country, product, and time fixed effects are included. The dependent variable is the annualized growth rate
of product quality. *, **, and *** denote statistical significance at the 10 percent, 5 percent, and 1 percent
level, respectively. All coefficients and standard errors are multiplied by 100 for presentation purposes.
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Table 8. Conditional quality convergence: panel regressions
Fixed effects:

None

Country

-4.02***
[0.05]

-4.16***
[0.05]

Country,
Product
-6.52***
[0.06]

Ln(Initial GDP p.c.) 0.2309***
[0.0114]

-0.0481
[0.0299]

0.0059
[0.0295]

-0.0005
[0.0466]

0.2058***
[0.0271]

0.3272***
[0.0350]

Initial Instit. Quality

0.0027**
[0.0012]

0.0016
[0.0013]

0.0025*
[0.0013]

0.0027**
[0.0013]

0.0064***
[0.0012]

0.0061***
[0.0009]

Initial Human
Capital

0.0080***

-0.0002

0.0014

-0.0012

0.0050*

0.0066***

[0.0011]

[0.0029]

[0.0028]

[0.0031]

[0.0026]

[0.0021]

Initial FDI Inflows

0.0040***
[0.0014]

0.0047**
[0.0020]

0.0049**
[0.0020]

0.0076***
[0.0030]

0.0046***
[0.0018]

0.0100***
[0.0030]

Initial Trade Lib.

-0.1031
[0.0703]

0.5276***
[0.0955]

0.5095***
[0.0937]

0.4704***
[0.1047]

0.4717***
[0.0893]

0.5493***
[0.0775]

Initial Agriculture
Lib.

0.0824**

0.2394***

0.1458**

0.1036

-0.1870***

-0.1212**

[0.0359]

[0.0709]

[0.0695]

[0.0748]

[0.0679]

[0.0570]

Ln(Initial Quality)

Basic Spec. 1/ Country- Country-Prod.,
Prod.
Prod.-Time
-6.52***
-15.43***
-13.79***
[0.06]
[0.11]
[0.09]

Observations
112,941
112,941
112,941
112,941
112,941
112,941
R-squared
0.07
0.07
0.12
0.12
0.50
0.73
Notes: All equations estimated using observations averaged of 10-year non-overlapping periods. The
dependent variable is the annualized growth rate of product quality. *, **, and *** denote statistical
significance at the 10 percent, 5 percent, and 1 percent level, respectively. All coefficients and standard
errors are multiplied by 100 for presentation purposes.
1/ Includes country, product and time fixed effects.
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Table 9. Conditional quality convergence: panel regressions by sector
Agriculture
-6.60***
[0.10]

Manufacturing
-7.35***
[0.08]

Natural Resource
-5.62***
[0.21]

Ln(Initial GDP p.c.)

-0.0166
[0.1125]

0.068
[0.0493]

-0.1976
[0.2119]

Initial Instit. Quality

0.0057*
[0.0031]

0.0024*
[0.0014]

-0.0045
[0.0060]

Initial Human Capital

0.001
[0.0074]

-0.002
[0.0032]

-0.0019
[0.0138]

Initial FDI Inflows

0.0157**
[0.0071]

0.0029
[0.0031]

0.0244*
[0.0136]

Initial Trade Lib.

0.7674***
[0.2512]

0.3691***
[0.1109]

-0.5019
[0.4754]

Initial Agriculture Lib.

0.3488**
[0.1767]

0.0181
[0.0796]

-0.7923**
[0.3451]

Ln(Initial Quality)

Observations
30,117
75,858
6,457
R-squared
0.14
0.12
0.15
Notes: All equations estimated using observations averaged of 10-year non-overlapping periods. Country,
product, and time fixed effects are included. The dependent variable is the annualized growth rate of
product quality. *, **, and *** denote statistical significance at the 10 percent, 5 percent, and 1 percent
level, respectively. All coefficients and standard errors are multiplied by 100 for presentation purposes.

Table 10. Conditional quality convergence: panel regressions by SITC 1-digit category
Food & live animals Beverages & tobacco
Ln(Initial Quality)

-6.27***
[0.13]

-4.91***
[0.36]

Crude materials,
inedible, except fuels
-6.81***
[0.15]

Mineral fuels, lubricants Animal and vegetable
and related materials
oils, fats and waxes
-7.37***
-7.34***
[0.53]
[0.50]

Ln(Initial GDP p.c.)

-0.0819
[0.1293]

-0.1311
[0.2385]

0.0074
[0.1877]

0.1357
[0.3894]

0.2674
[0.3813]

Initial Instit. Quality

0.0024
[0.0035]

-0.0011
[0.0070]

0.0056
[0.0053]

-0.0135
[0.0105]

0.0021
[0.0100]

Initial Human Capital

0.0010
[0.0087]

-0.0064
[0.0153]

-0.0009
[0.0122]

0.0032
[0.0252]

-0.0256
[0.0229]

Initial FDI Inflows

-0.0055
[0.0081]

0.0536***
[0.0144]

0.0312**
[0.0127]

-0.0171
[0.0248]

-0.0052
[0.0188]

Initial Trade Lib.

0.5202*
[0.2887]

0.6926
[0.5585]

0.6842*
[0.4150]

-1.2678
[0.8758]

1.7281**
[0.8773]

Initial Agriculture Lib.

0.2258
[0.2016]

-0.094
[0.3778]

0.4774
[0.3009]

-1.5317**
[0.6422]

0.0843
[0.5839]

Observations
15,111
2,166
14,369
2,239
2,259
R-squared
0.16
0.25
0.16
0.20
0.21
Notes: All equations estimated using observations averaged of 10-year non-overlapping periods. Country, product, and time fixed effects are
included. The dependent variable is the annualized growth rate of product quality. *, **, and *** denote statistical significance at the 10 percent, 5
percent, and 1 percent level, respectively. All coefficients and standard errors are multiplied by 100 for presentation purposes.

2
Table 10 (cntd). Conditional quality convergence: panel regressions by SITC 1-digit category

Ln(Initial Quality)

Chemicals & related Manufactured goods classified
Miscellaneous
products
chiefly by material
manufactured articles
-5.74***
-6.53***
-7.33***
[0.13]
[0.12]
[0.17]

Machinery &
transport equipment
-11.09***
[0.21]

Others
-6.26***
[0.58]

Ln(Initial GDP p.c.)

0.0522
[0.0521]

0.0328
[0.0867]

0.0005
[0.0750]

0.2803**
[0.1112]

0.4316
[0.8176]

Initial Instit. Quality

-0.0002
[0.0014]

0.0015
[0.0024]

0.0017
[0.0021]

0.0053*
[0.0030]

0.0315
[0.0222]

Initial Human Capital

-0.0006
[0.0034]

-0.0071
[0.0056]

0.0001
[0.0049]

0.0046
[0.0071]

-0.0462
[0.0559]

Initial FDI Inflows

0.0084**
[0.0036]

-0.0188***
[0.0057]

0.0067
[0.0049]

0.0183***
[0.0064]

0.1598***
[0.0483]

Initial Trade Lib.

0.4182***
[0.1157]

0.3921**
[0.1951]

0.2206
[0.1704]

0.3785
[0.2480]

2.5337
[1.8106]

-0.0525
[0.0826]

0.1270
[0.1408]

0.0096
[0.1213]

-0.1976
[0.1782]

-0.0859
[1.3302]

Initial Agriculture Lib.

Observations
9,892
31,901
13,861
20,204
939
R-squared
0.21
0.12
0.15
0.14
0.31
Notes: All equations estimated using observations averaged of 10-year non-overlapping periods. Country, product, and time fixed effects are
included. The dependent variable is the annualized growth rate of product quality. *, **, and *** denote statistical significance at the 10 percent, 5
percent, and 1 percent level, respectively. All coefficients and standard errors are multiplied by 100 for presentation purposes.

Table 11. Conditional quality convergence: aggregation to different SITC levels
SITC3
-6.84***
[0.10]

SITC2
-7.19***
[0.16]

SITC1
-6.00***
[0.26]

Ln(Initial GDP p.c.)

0.1149
[0.0721]

0.152
[0.1090]

0.042
[0.1268]

Initial Instit. Quality

0.0019
[0.0021]

-0.0034
[0.0032]

0.0006
[0.0038]

Initial Human Capital

-0.0025
[0.0050]

-0.0046
[0.0078]

-0.0029
[0.0094]

Initial FDI Inflows

-0.0158***
[0.0053]

0.0093
[0.0087]

0.0067
[0.0193]

Initial Trade Lib.

0.7803***
[0.1595]

0.7289***
[0.2385]

0.0158
[0.2762]

0.0875
[0.1128]

0.2336
[0.1696]

0.1645
[0.1977]

Ln(Initial Quality)

Initial Agriculture Lib.

Observations
33,467
12,610
2,257
R-squared
0.14
0.18
0.27
Notes: All equations estimated using observations averaged of 10-year non-overlapping periods. Country,
product, and time fixed effects are included. The dependent variable is the annualized growth rate of
product quality. *, **, and *** denote statistical significance at the 10 percent, 5 percent, and 1 percent
level, respectively. All coefficients and standard errors are multiplied by 100 for presentation purposes.
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Table 12. Conditional quality convergence: panel regressions by income group
HIC
-7.88***
[0.09]

UMIC
-7.66***
[0.11]

LMIC & LIC
-8.99***
[0.14]

Ln(Initial GDP p.c.)

-0.0566
[0.0780]

0.1069
[0.0762]

0.1652
[0.1534]

Initial Instit. Quality

-0.0081
[0.0068]

0.0023
[0.0014]

0.0061**
[0.0026]

Initial Human Capital

-0.0063
[0.0040]

0.0191***
[0.0057]

0.0019
[0.0108]

0.0126***
[0.0043]

0.0254*
[0.0144]

-0.0081
[0.0220]

Initial Trade Lib.

0.3415
[0.2874]

0.155
[0.1338]

1.1438***
[0.2591]

Initial Agriculture Lib.

-0.0020
[0.1353]

-0.1443
[0.1050]

0.1893
[0.1644]

Ln(Initial Quality)

Initial FDI Inflows

Observations
57,115
28,806
27,020
R-squared
0.14
0.23
0.20
Notes: All equations estimated using observations averaged of 10-year non-overlapping periods. Country,
product, and time fixed effects are included. The dependent variable is the annualized growth rate of
product quality. *, **, and *** denote statistical significance at the 10 percent, 5 percent, and 1 percent
level, respectively. All coefficients and standard errors are multiplied by 100 for presentation purposes.
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Figure 1. Quality and unit values for passenger motor car exports (SITC 7321)

4
Figure 2. Quality and unit values for apparel exports (SITC 84)
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Figure 3. Quality and GDP per capita

6
Figure 4. Quality and GDP per capita: small states and commodity exporters

Figure 5. Quality in selected agricultural and manufacturing sectors

7
Figure 6. Quality ladders: China, Malaysia, Tanzania, and Vietnam
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Figure 7. Unconditional quality convergence

