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Abstract

The Policy Research Working Paper Series disseminates the findings of work in progress to encourage the exchange of ideas about development 
issues. An objective of the series is to get the findings out quickly, even if the presentations are less than fully polished. The papers carry the 
names of the authors and should be cited accordingly. The findings, interpretations, and conclusions expressed in this paper are entirely those 
of the authors. They do not necessarily represent the views of the International Bank for Reconstruction and Development/World Bank and 
its affiliated organizations, or those of the Executive Directors of the World Bank or the governments they represent.

Policy Research Working Paper 9619

This paper examines whether a country’s participation in 
global value chains supports spatial convergence in the 
domestic economy. In theory, production disintegration 
through “unbundling” makes industrial development less 
lumpy, providing opportunities for smaller cities to plug and 
play in niche spaces while not having to fight the agglomer-
ation economies offered by large metropolitan areas. Using 
data on the size distribution of cities within countries and 
the Organisation for Economic Co-operation and Devel-
opment’s Trade in Value Added database, the paper finds 

that integration in global value chains is strongly associated 
with greater concentration in large urban agglomerations, 
not less. A unit standard deviation increase in domestic 
value added in exports of intermediate products is associ-
ated with a decline of 0.1 standard deviation in the Zipf 
coefficient, an index measuring spatial dispersion. Spatial 
concentration is strongest for global value chains involving 
knowledge-intensive business services and high-technology 
manufacturing.

This paper is a product of the Urban, Disaster Risk Management, Resilience and Land Global Practice and the Finance, 
Competitiveness and Innovation Global Practice. It is part of a larger effort by the World Bank to provide open access to 
its research and make a contribution to development policy discussions around the world. Policy Research Working Papers 
are also posted on the Web at http://www.worldbank.org/prwp. The authors may be contacted at agrover1@worldbank.org 
and slall1@worldbank.org.  
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1. Introduction 

Economic activity is highly concentrated. Coastal areas have always been favored for regional and 
international commerce, and the centripetal forces of agglomeration economies drive a virtuous cycle of 
economic concentration and higher productivity (Duranton and Puga 2020). Economic activity increases 
with population density.  Even in the poorest countries,  industry and services tend to be concentrated in 
dense metropolitan areas and productivity rises with the density of economic activity. Grover, Lall, and 
Maloney (2021) show that night light intensity, a measure of economic activity, is on average 2.5 times 
higher in cities of more than 5 million people compared to cities with populations between 500,000 and 1 
million.  

Along with high spatial inequalities in living standards and slugging domestic labor mobility, the spatial 
concentration of economic activity has raised increasing concern among policy makers about “places left 
behind” (Grover, Lall and Maloney 2021; Rodriguez-Pose 2018; World Bank 2008). In this context, policy 
makers may find global value chain (GVC) integration appealing as production disintegration through 
“unbundling” of tasks and products makes industrial development less lumpy (Baldwin 2011a), providing 
opportunities for smaller cities to plug and play in niche spaces while not having to fight agglomeration 
economies offered by large metropolitan areas. 

Some studies suggest that cross-country cooperation in GVCs could provide opportunities for secondary 
cities and help mitigate spatial inequalities. For example, cooperation between Singapore and secondary 
cities in Malaysia (Johor Baru) and Indonesia (Bintan Batam) have shown that collaboration on integrated 
supply chains in manufacturing, where each city is assigned a specialized role in production, could boost 
the global competitive advantage of secondary cities (Toh Mun 2006).1  

In this paper, we examine the impact of a country’s participation in GVCs on spatial inequality, measured 
by the domestic size distribution of cities. For example, the assembly of parts through the maquiladora 
program boosted Mexico’s participation in global production networks that accounted for half of Mexico's 
exports in 2006; yet most exporting firms remain clustered around the US-Mexico border (Mia and Austin, 
2008; Hanson, 1996). Vietnam’s participation in GVCs is driven by firms located around Ho Chi Minh City 
that account for nearly 83 percent of apparel and textile exports. Even after several decades following its 
establishment, these activities of global production networks are confined to the city and its contiguous 
agglomerations (Pham et al., 2013). Further, clustering is more likely when production on integrated 
networks is intensive in technology, knowledge and skills -- if a country plugs into the higher end of the 
value chain, agglomeration forces are likely stronger.2 

We organize our analysis in two stages. We first estimate a measure of city size distribution for each country 
and year using demographic data on urban agglomerations. By regressing the log rank of each urban 
agglomeration in a given country on the log of the agglomeration’s population size, we estimate the 
country’s Zipf coefficient, a parameter generally used as a summary statistic of city size distribution.  Next, 
we examine the determinants of city size distributions, with participation in GVCs being the focus of our 
analysis. 

 
1 The three city triangle is known for GVCs related to production of chemicals and the manufacture of technology-based equipment.  
2 Duranton and Puga (2001) and Desmet and Rossi-Hansberg (2009) argue that knowledge spillovers in new industries (such as 
business services) motivates clustering  in city centers, while more mature industries such as standardized or low-tech 
manufacturing tends to relocate to less expensive places (e.g. urban periphery or secondary cities).  
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GVC participation data are from the OECD’s Trade in Value Added database (TiVA). We find that a unit 
standard deviation (SD) increase in domestic value added (DVA) in exports of intermediate products (an 
index of participation in GVCs) is associated with a 0.1 SD decline in the Zipf coefficient. Spatial 
concentration is strongly and significantly correlated with GVCs involving knowledge-intensive business 
services and high-tech manufacturing. Even with low-tech manufacturing, the correlation with spatial 
dispersion is negative, albeit not statistically significant, implying that participation in GVCs does not help 
with the spatial dispersion of economic activity. The findings on the service sector are particularly important 
for public policy given their rising shares in GVCs.3 These findings are consistent with alternative measures 
of participation in GVCs (DVA in foreign exports; ratio of forward to backward linkages) and spatial 
concentration (e.g. inverse of the Gini coefficient).  

An important econometric challenge is to address the potential endogeneity of GVCs with the urban size 
distribution. The point here is that changes to the urban system come from unobserved sources which are 
associated with country level decisions to integrate in global supply chains. Consider “infrastructure 
readiness”, which is a key driver of participation in GVCs. In China, the government pumped four trillion 
yuan (about US$ 520 billion) in 2008 towards promoting the development of inland regions through rural 
infrastructure projects including construction of roads, railroads and airports, as well as the supply of 
affordable housing (WTO, 2011). Such investments that deeply alter the spatial allocation of domestic 
economic activity also make global production more attractive in these locations, suggesting the possibility 
of reverse causality. Using real effective exchange rates and net FDI inflows as instruments to address the 
endogeneity between GVCs and the urban size distribution, our results confirm the strong and positive 
relationship between spatial concentration and GVC participation. 

Our findings are consistent with an emerging body of evidence showing that economic integration across 
borders is associated with greater spatial concentration within national borders (Dagupta and Grover, 2021; 
Redding and Fagjelbaum, 2018; Cosar and Fagjelbaum, 2016). As the nature of linkages are upgraded from 
assembly tasks to adding greater value in manufacturing and services, spatial concentration is likely to rise. 
Policy makers may well want to reorient their efforts to enabling a lot more people with the necessary skills 
needed to move and find opportunities in urban agglomerations; the cities themselves may need more 
attention to relieve congestion in land, housing and commuting.  

The rest of this paper is organized as follows. We discuss the relevant literature on trade and cities in section 
2. Section 3 describes the empirical strategy and Section 4 provides the main empirical findings. Section 5 
concludes.  

2. Cities, GVCs and trade in tasks 

The focus of our investigation is on global value chains and its implications for the system of cities/ urban 
system in countries. The neoclassical urban systems theory introduces agglomeration as an outcome of the 
tension between the centripetal force arising from pure external economies and the centrifugal force arising 
from urban congestion costs (e.g. Henderson, 1974, 1977, and 1988). Because spillovers are assumed to be 
industry specific, the neoclassical theory predicts the emergence of specialized cities. This approach 
explains the existence of an urban system with different city sizes because the relative strength of external 
economies is presumably stronger in some industries vis-à-vis others.  

The neoclassical urban systems theory is, however, aspatial and does not provide information on the 
location of cities. This shortcoming is addressed by the “New Economic Geography” (NEG) framework 
(Krugman, 1991a, b, 1993; Fujita et al. 1999). The NEG literature opened up the black box of agglomeration 
economies by deriving these externalities from an interaction of economies of scale at the plant level with 

 
3 Over 40% of the world’s cross-border trade in value added terms comes from services. In some countries such as Singapore, 
Iceland, India and the EU27, the services content of exports is above 50% (Lanz and Maurer, 2015). 
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transportation costs and factor mobility. An interaction of demand for product variety and scale economies 
in their production motivate agglomeration, while the demand for consumption goods produced by 
dispersed agricultural populations induces the dispersion of industries. The tension between these forces 
produces a hierarchical system of cities where the city at the top produces a broad range of urban products 
and lower order cities successively fewer products.  

A further body of literature on city size distribution models urban system formation as a random process. 
Starting with Zipf (1949) this approach has hypothesized a smooth mathematical relationship between the 
rank of a city in the urban hierarchy and the size of the city. A number of studies have found evidence in 
support of such a regularity in city-size distribution for many countries (e.g. Gabaix, 1999; Ioannides and 
Overman,2003), while others have explored the improved fits to city size distribution beyond Zipf’s original 
Pareto distribution function (Giesen et al., 2010). Finally, there is ample evidence to support systematic 
departures from this law, especially pointing that the law, at best, holds only in the tail (e.g. Rozenfeld et 
al., 2011; Ioannides and Skouras, 2013) or adopts a different functional form (e.g. Nitsch, 2005; Eeckhout, 
2004).4  

Recent research explores how, rather than seeing these approaches as in competition, the NEG literature 
may help explain the statistical relationships found by the likes of Zipf. The NEG literature has attempted 
to explain variations in the spatial distribution through several factors. For instance, the impact of increasing 
returns in encouraging greater agglomeration constitutes the so-called ‘folk theorem of spatial economics’ 
since, by definition, they stimulate economic production to cluster in space. Thus, larger economies of scale 
are associated with a more uneven distribution of city sizes. The impact of trade and transport cost is 
predictably ambiguous. On the one hand, a decline in these costs encourages dispersion because the benefits 
from clustering are lower (e.g. Baldwin, 2011b; Krugman, 1996). However, if industries are knowledge or 
interaction intensive it encourages greater clustering (Michaels et al. 2013; Fujita et al., 1999). Finally the 
share of manufacturing also plays a role in explaining the city size distribution. A smaller share of 
manufacturing induces a more even urban structure as the desire to serve the agricultural periphery, or 
economize on congestion costs induces firms to locate away from existing cities.  

Recent research has attempted to use the NEG models to explain variations in the Zipf’s exponent in a 
cross-country framework. Cross-country variation in the Zipf’s coefficient is associated with per capita 
GDP, total population and railroad density (Rosen and Resnick, 1980; Mills and Becker, 1986), government 
share of GDP, the share of manufacturing value added in GDP (Alperovich, 1993), institutions and the 
degree of democratization (Henderson and Wang, 2007). Other studies have explained the variation in 
Zipf’s coefficient via recent changes in technology and use of internet or ICT (Ioannides et al., 2008).   

We focus on examining the size distribution of cities through the lens of GVC participation. Although trade 
in intermediates is not a new phenomenon, there are no studies linking globalized production and the urban 
system. Trade in parts and components has been long recognized in empirical as well as theoretical work. 
Since the nature, extent and complexity of unbundling of production have evolved over the last few decades, 
it has been recognized with a different terminology each time. In the 1980s, the phenomenon was called 
“trade in middle products” (Sanyal and Jones, 1982) while in the 1990s the geographic separation of 
production was referred to as “fragmentation” (Deardorff, 1998; Venables, 1999) or “production sharing” 
(Yeats, 1998). In the 2000s it was called “vertical specialization” (Hummels et al., 2001) or “offshoring” 
and “trade in tasks” (Grossman and Rossi-Hansberg 2008), while in the most recent decade it is termed 
“trade in value added” or “global value chains” (Baldwin, 2011a, 2011b).  

 
4 Zipf’s law is usually referred to as the rank-size rule because the Pareto relationship with parameter 1 is approximated by a 
regression of city rank on its size (Gabaix and Ioannides, 2004). However, the rank-size rule approximates Zipf’s law well only 
when large cities are taken into account, but not the smallest ones. A related concept to Zipf’s law is Gibrat’s law or the 
proportionate growth process, which postulates that urban growth is independent of city size (Dobkins and Ioannides, 2000; Gabaix 
and Ioannides, 2004). There is mixed evidence in support of Gibrat’s law as well (Black and Henderson, 2003; Córdoba, 2008). 
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Developing countries that hope to transform their economies structurally by anchoring themselves to GVCs 
are often disappointed by the quality of jobs offshored. The so-called ‘smile curve’ logic asserts that 
developing countries are mainly being offshored low value added per worker jobs while those with high 
intellectual and value added content are retained in the industrialized and advanced countries.5 Thus, there 
is a rising concern among developing nations that not only are the ‘good jobs’ retained in advanced 
economies while the ‘bad jobs’ are shuffled to developing countries, but also that this trend is deepening 
(Baldwin et al., 2014). For example, in the well documented case study for Apple iPod, of a total value of 
USD 150, only USD 4 can be attributed to local producers in China while the rest of the value accrues to 
the United States, Japan and the Republic of Korea (Dedrick et al. 2010). Recent work using the OECD 
Trade in Value Added (TiVA) database suggests that 67% of VA trade accrues to OECD countries while 
other countries contribute minimally (11% Asian newly industrialized countries such as Singapore; Hong 
Kong SAR, China; Taiwan, China; Korea; Malaysia; Thailand; the Philippines; 9% for China; 5% for the 
remaining BRICS countries and only 8% for all other developing economies covered by the database) (e.g. 
Banga, 2013). 

Baldwin (2012) summarizes the location decision of firms in a supply chain context as a trade-off between 
dispersion (e.g. direct factor costs such as wages) and agglomeration forces (e.g. ‘separation’ costs such as 
transmission and transport costs).  Clustering is a natural outcome in certain sectors and stages such as 
fashion clothing that involves local or technological spillovers while in others where such benefits are 
limited, a geographical separation of stages is observed. Dispersion is generally explained by the relatively 
higher wages of low-skill labor in the ‘headquarter’ economies (e.g. the United States, Germany, Japan) 
vis-à-vis nearby ‘factory’ economies, which results in a spatial sorting of skill-intensive stages to high-
wage nations and labor-intensive stages to low-wage nations (Feenstra and Hanson, 1996). Given the 
skewed distribution of global trade in value added, there are obvious concerns regarding their impact on 
regional development. The next section sets the stage for examining this more formally.  

3.  Empirical  Strategy 

To assess the impact of participation in GVCs on the city size distribution, we organize our estimation in 
two stages. In the first stage, we estimate the Zipf’s coefficient, through the following well-known rank-
size equation:6 

𝑙𝑙𝑙𝑙𝑅𝑅𝑖𝑖,𝑐𝑐,𝑡𝑡 = 𝐴𝐴𝑐𝑐,𝑡𝑡 − 𝛾𝛾𝑐𝑐,𝑡𝑡 𝑙𝑙𝑙𝑙𝑃𝑃𝑖𝑖,𝑐𝑐,𝑡𝑡 + 𝜀𝜀𝑖𝑖,𝑐𝑐,𝑡𝑡          (1) 

Where 𝑅𝑅𝑖𝑖,𝑐𝑐,𝑡𝑡 is the rank of city i in country c at time t and 𝑃𝑃𝑖𝑖,𝑐𝑐,𝑡𝑡 is the population of the given city i in country 
c at time t and 𝐴𝐴𝑐𝑐,𝑡𝑡  is a country-year specific intercept term. In sum, an estimate of the Zipf’s coefficient, 
𝛾𝛾𝑐𝑐,𝑡𝑡 , is generated by running a regression of log rank on log city size. The assumption of Pareto distribution 
is useful in assuring that the Zipf’s coefficient is consistent even when estimated by running a regression 
only on the sample of the larger cities, that is, the upper tail of the distribution.  

In the second stage, we follow Rosen and Resnick (1980), Soo (2005) and Ioannides et al. (2008) in 
delineating the determinants of city size distribution as measured by the Zipf’s coefficient, 𝛾𝛾𝑐𝑐,𝑡𝑡 : 
 
𝛾𝛾𝑐𝑐,𝑡𝑡 = 𝜑𝜑𝑐𝑐,𝑡𝑡 + 𝛽𝛽 𝑙𝑙𝑙𝑙𝑋𝑋𝑐𝑐,𝑡𝑡 + 𝑒𝑒𝑐𝑐,𝑡𝑡         (2) 
where 𝜑𝜑𝑐𝑐,𝑡𝑡 is a vector of time and/or country specific fixed effect, as appropriate. Time fixed effects capture 
the linear time trend in city size distribution that affects all countries and may have nothing to do with any 

 
5 “Smile curve” was introduced by Acer founder and CEO Stan Shih in the early 1990s. There are only a few studies on the smile 
curve in the economics literature (e.g. Mudambi 2008; Baldwin et al., 2014), although the concept is widely used in the International 
Business literature (e.g. Yan and Islam, 2011). 
6 We follow Soo (2005) and Ioannides et al. (2008) in assuming that the city size distribution is Pareto. 
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specific country trait. Country fixed effects capture the changes in city size distribution due to factors that 
are invariant over time (e.g. geographical location) and affect a given country in all years. 𝑋𝑋𝑐𝑐,𝑡𝑡 is a vector 
of country specific characteristics at time t when the Zipf’s coefficient is measured while the vector of 
parameters 𝛽𝛽 measures the effect of changes in these variables on city size distribution. 

Defining a city  

Gabaix and Ioannides (2004) highlight that there is no universally accepted definition of a city for statistical 
purposes. Differences in definition of cities and the available data on such arbitrarily and non-uniformly 
demarcated administrative boundaries worldwide may make international comparisons tricky. The 
definition of cities would be an issue even if official statistics are reliable because it is based on the statistical 
authorities’ definition of city boundaries (Soo, 2005). First, statistical authorities’ definition of a city may 
not necessarily be an economically meaningful definition of ‘city’ (e.g. Rosen and Resnick, 1980). Second, 
the definition of a city adopted by these authorities across a set of countries is also not uniform, so we 
cannot really expect a city in, say, Africa, to be similar to the definition of a city in Europe. We use 
WorldPop’s definition of urban agglomeration in our work to map out spatially concentrated regions.  

Estimating size distribution 

Gabaix and Ioannides (2004) explain some of the pitfalls of measuring city size distribution using the Zipf’s 
coefficient. The most important challenge is that this rank-size regression is only an approximation and it 
is reasonably accurate in estimating the Zipf’s coefficient in large samples only, but not recommended for 
cities, as it is inefficient and biased in small samples. To counter this, we support our results with the 
following estimates of size distribution of urban agglomerations in robustness checks. 

(i) Some studies prefer using a Gini coefficient for measuring spatial inequality (e.g. Henderson 
and Wang, 2007) instead of the Zipf’s coefficient. Inspired by Duranton (2007), who suggests 
significant deviations of actual distribution of city size from the Zipf’s Law, this preference for 
Gini coefficients is clearly due to the flexibility it allows with respect to the specific size 
distribution. The Gini coefficient is the mean absolute deviation among all pairs of cities, 
relative to the mean city size. To check for the robustness of our results on the impact of 
participation in GVCs on spatial concentration, we use the Jasso-Deaton formulation for 
calculating the Gini coefficient:  

𝐺𝐺𝐺𝐺𝑙𝑙𝐺𝐺𝑐𝑐,𝑡𝑡 =
𝑙𝑙𝑐𝑐,𝑡𝑡 + 1
𝑙𝑙𝑐𝑐,𝑡𝑡 − 1

−
2

𝑙𝑙𝑐𝑐,𝑡𝑡 �𝑙𝑙𝑐𝑐,𝑡𝑡 − 1�
�𝑅𝑅𝑖𝑖,𝑐𝑐,𝑡𝑡𝑃𝑃𝑖𝑖,𝑐𝑐,𝑡𝑡

𝑛𝑛𝑐𝑐,𝑡𝑡

𝑖𝑖=1

 

 
where 𝑙𝑙𝑐𝑐,𝑡𝑡 is the sample of cities in country c and time t. 
 

(ii) Gabaix and Ioannides (2004) recommend using a Hill estimator (Hill, 1975). For a sample of 
𝑙𝑙𝑐𝑐,𝑡𝑡 cities in country c and time t, with sizes 𝑃𝑃1 ≥ 𝑃𝑃2 ≥ ⋯⋯⋯ ≥ 𝑃𝑃𝑛𝑛  the Hill (maximum 
likelihood) estimator under the null of perfect power law is given as:  

𝛾𝛾�𝑐𝑐,𝑡𝑡 =
𝑙𝑙𝑐𝑐,𝑡𝑡 − 1

∑ 𝑙𝑙𝑙𝑙𝑃𝑃𝑖𝑖,𝑐𝑐,𝑡𝑡 − 𝑙𝑙𝑙𝑙𝑃𝑃𝑛𝑛,𝑐𝑐,𝑡𝑡
𝑛𝑛
𝑖𝑖=1

 

Dobkins and Ioannides (2000) and Soo (2005) use the Hill estimator for estimating Zipf’s Law. 
Both these studies find that the Hill estimate of the Pareto exponent is always smaller than the 
OLS estimate. Black and Henderson (2003)  reconcile the apparent appropriateness of the Hill 
estimator by suggesting that the reliability of this estimate is dependent on the curvature of the 
log rank–log population relationship. Soo (2005) deals with a comparison of the Hill and the 
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OLS estimate of the Zipf’s coefficient in linear and quadratic formulation in much greater 
detail, we simply use the Hill estimator to check for the robustness of our results.  

 
Measuring participation and the knowledge content of GVCs   

Besides domestic content, the value added in gross exports of a country can be decomposed into the 
following three categories (Koopman et al., 2010):  

(i) Value added exported in intermediates directly to the importers  
(ii) Value added exported in intermediates re-exported to third countries, and,  
(iii) Valued added exported in intermediates that are re-imported home.  

 

Each of these categories represents a measure for capturing a country’s participation in GVCs. The OECD 
TiVA database offers several indices for measuring participation in GVCs. Some examples include the 
following measures (as a percent of gross exports): (i) DVA in exports of intermediate products, (ii) DVA 
embodied in foreign exports, and (iii) re-imported DVA. These indices are defined in Annex table A.1. 

Participation in GVCs is, however, not an indicator of the knowledge content of participation. We rely on 
sectoral measures to measure knowledge content. Within manufacturing, we follow Banga (2013) in 
defining the high-tech manufacturing to include the following sectors: Electrical and optical equipment; 
Machinery and equipment, nec; Transport equipment; and Chemicals and non-metallic mineral products. 
Low-tech manufacturing includes the following sectors: Textiles, textile products, leather and footwear; 
Food products, beverages and tobacco; Agriculture, hunting, forestry and fishing; Mining and quarrying; 
and Manufacturing nec; recycling. For services, we use the extent of forward participation in GVCs in the 
services sector, in general, and in highly knowledge intensive R&D and business services, in particular, to 
draw comparison within and across the sectors.  

Endogeneity of GVCs with city size distribution  

We are interested in capturing the causal effect of GVCs on city size distribution -- however, it is possible 
that changes to the urban system come from some other unobserved sources  and countries respond to this 
by integrating their economies in global supply chains. For instance, analysis of firms in the Italian 
automotive industry (Bacchiocchi and Florio 2012) shows that being located in a high-density industrial 
district and producing more research-intensive automotive-specific goods increases the probability of 
internationalization of supplier firms. Thus, we expect that some exogenous factors can drive spatial 
dynamics of cities within a country which in turn affect the participation in GVCs, making the latter an 
endogenous determinant.  

Similarly, location of firms in urban clusters improves their probability of participating in GVCs and 
perhaps also impacts the knowledge content of their participation. If this is so, our regression of city size 
distribution on variables measuring the participation and knowledge content of GVCs will capture the 
association between GVCs and urban system that includes not only the direct causal effect (from GVCs to 
urban system) but also any indirect feedback effect (from urban system to GVCs). In the worst case where 
participation in GVCs does not impact the urban system at all, our estimations could pick the reverse 
feedback effect from the urban system.  

To address endogeneity of GVCs with urban structure, we adopt an instrumental variables approach. 
Certain factors affect the general environment for trade but are less likely to be spatially consequential. For 
instance, the real effective exchange rate (REER), defined as the nominal exchange rate deflated by an 
index of price or index of costs, takes account of price level differences between trading partners and 
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provides an indication of the evolution of a country’s aggregate external price competitiveness. Thus, REER 
is critical to participation in GVCs across all sectors and measures (see Ahmed et al., 2015). By contrast, 
we are unaware of any channel by which a country’s REER could directly impact urban systems. Thus, 
REER is potentially a good instrument for the participation index in GVCs across all sectors.  

Likewise, studies suggest that foreign direct investment (FDI) is important for a country’s participation in 
international value chains because multinationals use FDI as a successful business strategy to drive the 
growth of GVCs (e.g. OECD-WTO-World Bank, 2014). Further, research also points to the presence of 
foreign affiliates being an important factor influencing both imported content in exports and participation 
in international production networks (UNCTAD, 2013). A number of studies underscore the strong 
complementarity between FDI and trade in services (Grunfeld and Moxnes, 2003; Fillat Castejon et al. 
2008). Measuring FDI inflows as a percent of GDP and as volume of FDI, we expect the instrument to be 
a good predictor of participation in GVCs, particularly in services. For robustness of our IV results, we 
experiment with additional instruments - research expenditure (% of GDP)  and the number of researchers 
(per million) and the Heritage Foundation’s index on fiscal freedom, defined as a measure of the tax burden 
imposed by government as a percentage of GDP. These instruments change the cost of supplying tasks in 
a global production network, especially if the tasks are re-exported/imported, are spatially neutral.7  

4. Main Findings 
 

Size Distribution of Cities and Agglomerations 

Using China, India and the United States as examples, we illustrate the interpretation of the Zipf’s 
coefficient. Figure 1 presents the scatter plot of Log Rank against Log population for cities in these countries 
for the year 2010/11. Among the three countries considered, Figure 1 suggests that the slope of log rank –
log size relationship is highest for the United States, while it is the lowest for India. A higher absolute value 
of the slope indicates lower spatial concentration of the population. Thus, the plot suggests that of the three 
countries, the United States has the highest dispersion in population, while India has greater concentration. 
Further, the plot for China is furthest to the right, implying that city sizes are larger in China relative to 
those in India and the United States. 

Figure 1: Rank-size relationship for China, India and USA (2010/11) 

 

Does Zipf’s law hold? 

For most countries in our sample, we do not find the Zipf’s coefficient to be close to 1. Most often, it is 
greater than 1 using the city level data and less than 1 for urban agglomerations. In only 15 of the 51 

 
7 Data sources are listed in the Annex. 
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countries for which we have city data, do we find the value of Zipf’s coefficient to be less than 1. This 
implies that cities in our sample are more evenly distributed relative to predictions by the rank-size rule.  
For urban agglomerations however, we find that for 20 of the 39 countries which report their populations 
in urban agglomerations, we observe a Zipf’s coefficient lower than 1, implying that urban agglomerations 
present greater concentration in economic activity of a country relative to that predicted by the Zipf’s law.    

Do urban agglomerations represent higher spatial concentration? 

In the last few years, administratively defined cities have become less meaningful as most of the growth is 
occurring through expanding suburbs, especially in developed countries. Table A.3 presents a comparison 
of the estimated Zipf’s coefficient from regression in equation (3) for a subset of countries across 
administratively defined cities with that in their urban agglomerations. Gabaix and Ioannides (2004) note 
that the Zipf’s coefficient for administratively defined city is higher than urban agglomerations. This point 
was made first by Rosen and Resnick (1980) and has been revisited by Soo (2005) who finds that the mean 
value of the Pareto exponent is lower for agglomerations than for cities. Our results suggest that this pattern 
continues to hold for most countries in our sample. Since urban agglomerations tend to be larger relative to 
the core city, they tend to show greater statistical dispersion in size distribution, that is, in economic terms 
have a greater concentration in economic activity.  

Participation in GVCs and Size Distribution: Some Motivating Correlations 

Although we use four indicators to measure participation in GVCs, here we show an association between 
participation in GVCs and spatial dispersion using the “Re-imported domestic value added (DVA)”. Figures 
2a and 2b show an added variable (AV) plot of this index with the city and UA level Zipf’s coefficient, 
respectively, after controlling for population density, GDP per capita (linear and square terms) and an 
indicator for membership in the OECD group.   

Figure 2a suggests that higher participation in GVCs is correlated with higher spatial dispersion across 
cities. However, in the corresponding plot for urban agglomerations shown in figure 2b, we see a reverse 
pattern. A negative slope of this plot implies that an enhanced engagement in GVCs, is associated with 
higher spatial concentration. The two figures together imply that participation in GVCs is associated with 
a de-concentration of population from the city core to urban periphery, but not greater decentralization to 
places far from agglomerations.  

Does a higher knowledge content GVCs participation intensify spatial concentration? Figure 2c presents 
the AV plot between Re-imported DVA in knowledge intensive R&D services and spatial dispersion of 
urban agglomerations. Figure 2c shows that the magnitude of this negative relationship is larger when 
participation in GVCs is based on knowledge intensive sectors. 
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Figure 2a: Participation in GVCs and size distribution of cities 

(a) Participation in GVCs and size 
distribution of cities 

(b) Participation in GVCs and size 
distribution of Urban agglomerations 

  

(c) Participation in R&D intensive GVCs and size distribution of urban agglomerations 

 
 

Findings from econometric analysis 

We first present results from second stage estimation of equation (2). Using the absolute value of the Zipf’s 
coefficient as a measure of spatial dispersion, we regress it on a set of explanatory variables, including our 
measures of GVC participation. While our conceptual framework does not predetermine the sign on GVC 
participation, it does predict a negative sign when engagement is through knowledge intensive activities. 
Our main results pertain to urban agglomerations due to their better fit in measuring urban interactions. 
Table 1 presents the descriptive statistics for our main indices measuring spatial dispersion and participation 
in GVCs. The table suggests that the magnitude of indices measuring participation in GVCs varies widely. 
For instance, the mean Re-imported DVA, as a percent of gross exports is only 0.16% while the mean DVA 
in exports of intermediates as a percent of gross exports is 44.4%. To facilitate comparison of coefficient 
estimates across these indices, we transform our explanatory variables into unit standard deviation.  
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Table 2 presents the results from estimating equation (2) using the four indices of GVC participation: Re-
imported DVA, DVA in exports of intermediates DVA embodied in foreign exports and the ratio of forward 
to backward linkages respectively. The first three measures are shares of gross exports while the last one is 
a ratio. These specifications control for a variety of factors influencing size distribution of UAs: population 
density,8 log of GDP per capita in linear and squared form (economic size),9 government consumption 
expenditure,10 and indicator for membership to the OECD. All explanatory variables are in unit standard 
deviation (SD), while the dependent variable on spatial dispersion is in levels. Further, all our indices on 
participation in GVCs as well spatial dispersion are winsorized at the top and bottom 2%. All estimations 
include time fixed effects and report robust standard errors associated with each coefficient estimate.  

 
8 Existing studies have most often controlled for land and total population rather than density (e.g. Soo, 2005) while others have 
found it useful to control only for total population (e.g. Henderson and Wang, 2007). 
9 Countries with higher GDP per capita are associated with better institutions and infrastructure and therefore are expected to 
have lower concentration level. See Henderson and Wang (2007). 
10 A larger government could also imply higher population concentration if it has a rent seeking behavior (e.g. Ades and Glaeser, 
1995). Both Soo (2005) and Ioannides et al. (2008) find a flattening of distribution with higher government consumption 
expenditure. 
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Our results suggest a strongly negative and significant association between spatial dispersion and 
participation in GVCs across all measures, thereby suggesting that joining international production 
networks is associated with an increased concentration in size distribution of cities. For instance, using the 
share of re-imported DVA in gross exports as the measure of participation in GVCs, a unit standard 
deviation (SD) increase in this index is associated with a decline in Zipf’s coefficient by 0.033. Using other 
indices of participation in GVCs, such as DVA in intermediate products exports or the DVA embodied in 
foreign exports, both as a percent of gross exports, we find that a unit SD increase in these indices is 
correlated with a decline in Zipf’s coefficient by approximately 0.09. Our results with regard to other 
controls, suppressed in the table presentation, are broadly consistent with theory and with other cross-
country studies estimating the correlates of spatial concentration (e.g. Alperovich, 1993; Soo, 2005; 
Ioannides et al., 2008).   

 

These results are robust to including additional controls on transport costs (road density),11 trade openness 
(trade as a share of GDP),12 size of the manufacturing sector (manufacturing as a share of GDP)13 and ICT 
penetration (number of mobile subscribers per 100 people),14 quality of institutions (voice and 
accountability indicator from World Governance indicators)15 and the percent of urban population. These 
results are presented in Annex Table A.4.  

To examine if economic upgrading is associated with increase in concentration, we repeat the estimations 
in Table 2 using DVA in exports of intermediates as a measure of participation in GVCs by the following 
sectors: services, high-tech and low-tech manufacturing. The results of these estimations are presented in 
Table 3 (panel a). In panel b of Table 3, we separately show results for two knowledge intensive services -  

 
11 Road density is used as a proxy for transport costs within the country. Higher density of roads is indicative of a lower transport 
cost and hence encourages de-concentration if transport costs are in the medium range (Balwin, 2012). On the other hand, if the 
transport costs are high or in the low range, we would expect an increased spatial concentration, that is, observe a negative 
coefficient for road density. 
12 The traditional NEG models predict a decline in spatial concentration with trade openness as trade weakens agglomeration 
forces (e.g. Fujita et al., 1999), while recent works suggest that the rate of dissipation of agglomeration economies, transport 
costs, factor productivity crucially determine the impact of openness to trade (e.g. Rossi-Hansberg, 2005). 
13 For example, see Soo (2005). A higher share of manufacturing is likely to disperse economic activity while that of services is 
likely to encourage concentration (e.g. Kim, 1995; Desmet and Ross-Hansberg, 2009). 
14 Ioannides et al. (2008) suggest that  the use of ICT could weaken the forces of agglomeration if it substitutes for the proximity 
of productive factors or it could encourage greater concentration if changes industrial composition in favor of sectors such as 
services that tend to cluster more heavily. 
15 See Soo (2005) and Henderson and Wang (2007). We expect that more democratic countries are likely to have less 
concentrated size distribution of cities. 
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business services and R&D services using re-imported DVA as an index of participation in GVCs. We find 
that irrespective of technology intensity, participation in GVCs is correlated with a concentrated urban 
structure. However, the magnitude of the coefficients in high-tech manufacturing is higher than aggregate 
services or low-tech manufacturing, suggesting that economic upgrading is associated with higher urban 
concentration (Table 3 panel a). Likewise, within services, the coefficient size is larger for knowledge 
intensive services, relative to aggregate economy or aggregate services (Table 3, panel b).   

  

Robustness Checks 

Alternative measures of spatial dispersion 

We consider alternate measures of spatial dispersion - Gabaix and Ibragimov (GI) correction,  Gini 
Coefficient, Coefficient of Variation, and the Hill estimator. These results broadly corroborate our earlier 
findings of a strong association of participation in GVCs with higher concentration in urban system and 
especially so when this engagement is in knowledge intensive activities. The GI correction for example 
sharpens our base results as the magnitude of the association between integration with GVCs and urban 
concentration is larger (Annex Table A.5).  
 
Alternative Estimation Methods 

Instrumental variable estimations 

Our results, so far, have been interpreted as suggesting a strong association between participation in GVCs 
and higher concentration in urban agglomerations. We now turn to addressing the endogeneity of 
participation in GVCs to validate the direction of the hypothesized effect. As outlined in the empirical 
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strategy, we use the REER, FDI inflows (% of GDP) and the volume of FDI as instruments to predict 
participation in GVCs through our core measures. The first stage F-stats for most of the specifications using 
these sets of 3 instruments are over 10 and we reject the null hypothesis using the Cragg-Donald Wald 
statistic for the instrument selection being weak. The IV estimations in table 4 suggest that our OLS results 
remain robust, that is, participation in GVCs is associated with increased concentration. The magnitude of 
the estimated coefficient is larger, implying that if anything our OLS results were biased downwards 
(although we cannot reject the exogeneity of participation in GVCs). More specifically, a unit SD increase 
in Re-imported DVA leads to a decline in the absolute value of the Zipf’s coefficient by 0.045 (as compared 
to 0.042, see Annex table A.4) in the full specification, while the decline when using DVA in exports of 
intermediates is 0.164 (compared to 0.1, see Annex table A.4). 

 

To confirm for the robustness of our IV results, we experiment with other alternative instruments as well. 
For example, for the GVC index based on Re-imported DVA we replace FDI volume as an instrument with 
one of the following alternative instruments: R&D expenditure (% GDP), researchers per million, and the 
Fiscal freedom index of the Heritage foundation.16 The results of these IV estimations are presented in 
Annex table A.6. Overall, our results remain consistent with our earlier findings and the coefficients are 
comparable across various instruments.  

 

5. Conclusions 

GVCs are transforming the process of industrialization. Developing countries can now connect to the 
specific segments of global production networks that match their comparative advantage. By reducing the 
need to make lumpy investments to develop a vibrant business eco system, policy makers see the potential 
for tapping economic potential of secondary cities. Suzhou in China and Bintan Batam in Indonesia provide 
inspiring examples. However, our analysis shows that participation in GVCs is strongly and significantly 
associated with an increase in spatial concentration. 

Our research shows that economic upgrading and a higher knowledge intensity of participation in GVCs 
leads to a higher concentration in urban agglomerations. A unit SD increase in DVA in exports of 
intermediates in high-tech manufacturing GVCs is associated with a 0.09 point decline in spatial dispersion, 
measured by the absolute value of the Zipf’s coefficient. The decline is smaller in low-tech manufacturing. 
These results are broadly consistent across a number of robustness checks that include alternative indices 

 
16 Additional IV results with respect to DVA in export of intermediates are available upon request.  
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for measuring participation in GVCs and spatial dispersion as well as accounting for the endogeneity of 
GVC participation. 
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Annex 

Data Sources: 

Global Value Chains 

The value added data are obtained from the OECD-WTO TiVA database.17  Although several other 
institutions provide data on trade in value added across different range of countries (e.g. World Input-Output 
Database (WIOD), UNCTAD-EORA and the World Bank’s Export Value Added database), we work with 
the OECD-WTO TiVA database for its wide coverage on industries, countries as well as time period. The 
2015 edition of the TiVA database covers 61 countries, with 33 OECD economies and 28 non-OECD 
countries. It covers the years 1995, 2000, 2005, 2008-2011. 

The  OECD TiVA database offers the following indices, corresponding to Koopman et al. (2010) 
decomposition, for measuring the forward participation and the knowledge content of this engagement in 
GVCs: 

1. DVA in exports of intermediate products, % gross exports 
2. DVA embodied in foreign exports, % gross exports  
3. Re-imported domestic value added, % gross exports 

From here on, we cease to qualify that these indicators are a percent of gross exports because we always 
use this relative measure. In addition to these indices, we follow Banga (2013) and construct a relative 
measure of relative forward participation in GVCs, that is, the ratio of domestic value added in exports of 
foreign countries to the foreign value added embodied in exports, by using the TiVA index on backward 
participation (Foreign VA embodied in exports, % gross exports).  

City Population  

For estimating spatial dispersion in population through the Zipf’s coefficient, we follow existing studies 
(e.g. Soo, 2005; Ioannides et al., 2008) in sourcing the city and urban agglomerations level population data 
from Thomas Brinkhoff (2004): http://www.citypopulation.de/.  

The city population data hosted on the above website has demographic information for over 100 countries. 
Most countries have data on administratively defined cities while some countries also have information on 
urban agglomerations. However, we can use the population data for only 61 countries for which OECD 
TiVA database also provides indicators on participation in GVCs. Of this set of 61 countries from the 
OECD database, one country (Brunei Darussalam) is dropped because it has only a few cities and thus the 
estimation of the Zipf’s coefficient is inappropriate. For each country, the city level data is available for 
one to four census periods in the time period covered by the OECD TiVA database, that is, 1995, 2000, 
2005, 2008-2011 while for urban agglomerations the data is available for one to five census periods. A total 
of 51 out of 60 countries have their city level data hosted on the city population project website while only 
39 out of the 60 countries covered by OECD TiVA database report their populations in urban 
agglomerations. We have a total 120 country-years pairs of cities, implying that on an average each country 
is observed 2.4 times. For urban agglomerations, we have 96 country-year pairs, suggesting that each 
country is observed an average of 2.5 times.  

 
17 The OECD-WTO inter-country input-output (ICIO) seeks to set a common standard for the estimation of value added in trade. 
Significant emphasis is placed on methodology for calculating the value added measures and developing several different kinds of 
indicators. For more information, see http://www.oecd.org/sti/ind/input-outputtablesedition2015accesstodata.htm. 
 

http://www.citypopulation.de/
http://www.oecd.org/sti/ind/input-outputtablesedition2015accesstodata.htm
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Contextual variables and instruments 

The controls used in our work are primarily sourced from the World Development indicators of the World 
Bank. These include: population density, GDP per capita PPP, General government expenditure (as % of 
GDP), road density, Nonagricultural economic activity (as % GDP), Mobile cellular subscriptions (per 100 
people), Tariff rates, urban population, FDI inflows (total and as % of GDP), real effective exchange rates, 
Research expenditure (as % of GDP) and the number of researchers (per million).  To control for the total 
volume of trade, we use DVA in exports of final products as % gross exports, which comes from the OECD-
WTO TiVA database. The index on voice and accountability is taken from the World Governance 
Indicators, while the index for fiscal freedom is sourced from the heritage foundation.   

Annex Tables 
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