
 

1 
 

 

TRANSPORT COSTS AND THE 
LOCATIONS OF UPSTREAM-
DOWNSTREAM SECTORS IN 
CHINA AND INDONESIA 
 
 
Jang Ping Thia and Yumin Hu* 
 
 
Abstract 
 
This paper presents evidence of different upstream-downstream 
location configurations for China and Indonesia, leveraging 
provincial input-output (IO) tables. While both upstream and 
downstream sectors in China exhibit a relatively even 
geographical distribution across provinces, Indonesia's sectors 
(even upstream raw material-processing ones) are notably 
concentrated in Jakarta and Java. To better account for these 
location differences, we develop a stylized spatial new economic 
geography model where an upstream competitive raw material 
processing and a downstream CES sector locate together or 
separately in different Nash equilibria. Both are located at the large 
market if transport costs are high, separately given moderate 
transport costs, and again together but towards the geographic 
center when transport costs are low. Given the pull of raw 
materials, low transport costs thus spread upstream and 
downstream sectors away from the large market. Conversely, low 
raw material access cost results in both locating in large market. 
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1. Introduction 

Where do firms along a value chain locate within an economy and what is the role of trade 
distance and transport? 1  We examine the location configurations of upstream and 
downstream sectors for China and Indonesia through provincial input-output (IO) tables. We 
provide evidence that both upstream and downstream sectors in China are more evenly 
distributed across provinces, while Indonesia’s sectors (even upstream ones) are highly 
concentrated in Jakarta and Java. This motivates a stylized extension to a new economic 
geography (NEG) model incorporating a spatial dimension to account for these location 
patterns. The model provides additional perspectives on how trade cost shapes economic 
integration, resource use and regional development.  

The model aligns with the reality that upstream sectors tend to be extractive or related to such 
processing. An upstream sector draws raw material endowments over an interval 
(representing area) to process these into an intermediate good that is then transported to the 
downstream industry featuring constant elasticity of scale (CES) differentiated final goods 
serving both a large and small market. This brings out the tension between locating toward 
the geographic center to minimize raw material access cost versus locating toward large 
markets or economic centers. There can be different Nash equilibria, and some of them point 
to the possibility that firms locate away from the larger market when transport costs fall 
(opposite of large market effects typical of NEG results).  

To fully set the stage, we begin with the key idea that downstream industries favor more 
economically central locations (i.e., closer to large markets) due to transport costs. There is 
suggestive evidence that trade costs of final goods are more sensitive to distance and some 
cross-country evidence that economies that are more economically central have more 
downstream export structures.2 There has not been more empirical work to establish this 
downstream-location hypothesis. We reason that the lack of more evidence is due to the many 
confounders in international trade. Industry locations are affected by tariffs as well as non-
tariff barriers [Ossa (2011)]. Policies and governance add another layer of distortions to 
location choices [Melitz and Cuñat (2012)]. Furthermore, upstream sectors tend to be 
extractive or related to the processing of such raw materials.3 Endowment-driven trade may 
be difficult to substitute and is hence less sensitive to distance.4 Where upstream sectors 
locate can thus be driven by where endowments are found.  

Within an economy, one would not expect tariffs or non-tariff barriers to trade (at the least, 
these should be significantly less formidable). There would be greater homogeneity of 

 

1 The earlier generation of research suggests that firms locate to where there is good infrastructure, 
linking this to comparative advantage and the patterns of trade [see Cook and Munnell (1990); Martins 
and Rogers (1995); Bougheas et al. (1999); Yeaple and Golub (2007)].  
2 Antràs and de Gortari (2020) underscore that welfare losses are high with trade tariffs as losses are 
amplified by the curtailment of multistage production across locations.   
3 There is a conjecture that upstream sectors in advanced economies would be more related to design, 
research and development etc. (i.e., non-extractive activities). However, note that the most upstream 
manufacturing industries in the United States are also related to raw materials [Antràs et al. (2012)].  
4 The IMF highlights key characteristics—inelastic demand and supply, large capital expenditure and 
lead times required for mining and extraction, concentrated number of suppliers, and few exporters 
meeting the needs of many importers, IMF World Economic Outlook October (2023). These 
characteristics are consistent with low trade elasticity with respect to distance.  
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regulatory, linguistic and cultural factors, and policy and governance uniformity (e.g., fiscal 
and monetary policies, labor standards, etc.). Within-economy analysis thus potentially offers 
a cleaner environment to test the downstream-location hypothesis and inform policy. Still, we 
know of no research in this direction and this paper attempts to fill this gap.5  

Empirically, the paper focuses on two large emerging economies in Asia—China and 
Indonesia. Both cover large geographies, have large internal markets and are also engaged 
in trade. China’s trade value is 38% of gross domestic product (GDP), while the corresponding 
figure for Indonesia is 45%, larger than that of the United States at 25%. Both China and 
Indonesia have large natural resource endowments that support value chain activities.6 Their 
industries are plugged into global value chains (GVCs) [World Bank (2020); ADB and ISDB 
(2019); Kee and Tang (2016)].  

However, China and Indonesia are different in terms of geography and transport infrastructure. 
China has a largely contiguous land mass (an east-west internal distance of around 5,000 
kilometers) and a large non-coastal hinterland. Its exports are mainly channeled through the 
coastal cities. While Indonesia has roughly the same span, it has a tougher archipelago 
geography. Jakarta and the island of Java, where it sits, dominate economically and contribute 
more than half of the country’s GDP. Extractive industries and agriculture are mainstay sectors 
in many of the outlying provinces. China also has better-developed internal transport 
infrastructure, ranked 24th compared to 55th for Indonesia [World Economic Forum (2019)].  

Replicating Antràs and de Gortari (2020) by regressing the upstream measure of industrial 
composition (at provincial level) against measures of economic centrality, we find that 
economic centrality coefficients are right-signed for Indonesia but either zero or wrong-signed 
for China (Section 2). On the surface, Indonesia’s provincial IO structure seems to support the 
downstream-location hypothesis but the corresponding provincial data for China’s provinces 
do not. For China, even interior provinces have downstream intermediate shares and internal 
transport costs would likely be a key explanation.  

Our model incorporates an upstream sector that processes extracted raw materials in line with 
IO stylized facts. The point-to-point transportation cost of a unit raw material to the upstream 
location is linear in distance but the need to cumulate raw materials over an area (represented 
by an interval distance) turns this cost function into a quadratic one. The economics thus 
favors a more geographically central location to minimize raw material costs, before shipping 
the intermediate goods downstream. However, the downstream industry prefers to be closer 
to the larger market to save on transport costs. These two forces create an interplay between 
geographic centrality, which reflects access to raw materials over an area versus economic 
centrality, which is based on proximity to markets. Multiple equilibria thus arise depending on 
the relative sizes of the markets, raw material access costs, and transportation costs of 
intermediates and final goods. 

 
5 Within-economy IO tables and location data would be needed for such analysis. The lack of such data 
could also have limited the number of such studies. 
6 See World Bank’s Changing Wealth of Nations dataset [World Bank (2021)]. China is estimated to 
have non-renewable natural capital (oil, natural gas, coal, metals and minerals) worth USD2.5 trillion in 
2018, and cropland, pastureland and timber wealth worth USD6 trillion. The corresponding figures are 
USD451 billion and USD874 billion for Indonesia. 
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In some equilibria, the upstream and downstream sectors co-locate. In other equilibria, they 
separate to different locations, with the downstream sector at the large market while upstream 
operating closer to the geographic center. It is even possible that both the upstream and 
downstream sectors co-locate at the larger market when transport costs are too high (such as 
in Indonesia). We show that the reduction of transport costs can shift equilibrium locations 
away from the large market, spreading development closer to the geographic middle and 
nearer to the remote location. The paper also shows that with a specific utility function, the 
decentralized location choice coincides with the utilitarian social planner. When transport costs 
are sufficiently low, the market solution maximizes equality between regions.  

Our paper is related to several related strands in the literature. First, it pertains to economic 
geography. The model here does not feature any agglomeration or congestion to allow for 
more tractable Nash equilibrium results. Nevertheless, symmetric final good firms make the 
same location choice and equilibrium agglomeration occurs. Our baseline model uses two 
sectors and two locations to present key results more intuitively, featuring a menu of equilibria 
as opposed to solving for a single spatial general equilibrium [Caliendo and Parro (2014); 
Redding and Rossi-Hansberg (2017), etc.]. We provide an extension to the two-location 
baseline model to one where population (and hence consumption) is distributed along the 
entire spatial interval, with largely unchanged equilibrium properties.  

Generally, the reduction of transportation costs in the final goods sector tends to accentuate 
large market effects in economic geography models [Krugman and Venables (1995); 
Venables (1996)]. Faber (2014) for example finds that highways in China have reduced activity 
in periphery regions. Our model nonetheless highlights a potential opposite effect where the 
lowering of transport costs brings sectors toward the geographic center given the pull of raw 
material access—a dispersion force that spreads development geographically.  

Second, it relates to the literature on value chains [Baldwin and Venables (2013); Antràs and 
de Gortari (2020)]. An objective of this paper is to enrich the understanding of the downstream-
location hypothesis but our motivation is related to the wider developmental context. Upstream 
activities are associated with resource exploitation with little economic spillovers. It has thus 
been argued that more is needed to integrate such activities with broader economic 
development [Sachs and Warner (2001); Singer and Donoso (2008); Amendolagine et al. 
(2019); Beverelli et al. (2019); McNerney et al. (2022), etc.]. This also relates to the concerns 
of “commodity-for-manufactures” literature [Costa et al. (2016)]. 

For Indonesia specifically, development banks have stressed the need to anchor more 
downstream value chain manufacturing activities [ADB and ISDB (2019); World Bank (2020)]. 
Policy makers are often keen to use raw materials to anchor downstream industries. Our 
model shows that a reduction in transport costs can distribute even downstream development 
toward more remote regions and points to the need for policy for regional development 
[Baldwin et al. (2005)]. 

Finally, it relates to the rich literature on transport infrastructure and trade costs [Fernald 
(1999); Michaels (2008); Donaldson and Hornbeck (2016); Donaldson (2018); Porteous 
(2019); Banerjee, Duflo and Qian (2020); Egger, Loumeau and Loumeau (2023); Thia and 
Ong Lopez (2023)]. In the context of value chains, trade costs also include non-explicit costs 
such as time delays, regulations, management, marketing etc., [Hummels and Schaur (2013); 
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Kalnins and Lafontaine (2013); Head and Mayer (2019)]. Consistent with the literature, the 
quality of transport infrastructure will determine where industries locate and these can give 
rise to regional inequalities [Redding and Venables (2004); Waugh (2010); Fan (2019); 
Porteous (2019)]. The wider literature shows that better infrastructure leads to more trade but 
poorer infrastructure can reduce gains from trade [Limao and Venables (2001); Celbis et al. 
(2013); Nordas and Piermartini (2004); Francois and Manchin (2013)]. 
 
Section 2 describes the data used and highlights the preliminary findings. Section 3 provides 
the model, characterizes the equilibrium and discusses the implications. Section 4 then 
provides the results of the regressions and discusses the model’s implications. Finally, Section 
5 concludes.7  
 
2. Data and Preliminary Analysis 
 
This section provides a description of the data and presents the various findings that motivate 
the model. 
 
2.1 Input-output Tables and Sector Upstream Scores 
 
For China, there is no official inter-province IO table. The inter-province 2015 IO table is drawn 
from Zheng et al. (2020), who used various provincial-level data (such as output and inter-
province trade) to piece together the IO dataset. A total of 31 provinces and 42 sectors are 
covered. Of these, 27 sectors are included in our analysis paper, covering extraction and 
related processing in the primary sector, manufacturing and construction. Given the focus on 
industrial sectors and linkages, we exclude agriculture and services sectors from the analysis.  

Using Antràs et al. (2012), the upstreamness measure for the sectors is computed and 
presented in Table 4 in Appendix A.1. Briefly, the upstreamness measure captures the number 
of times a sector’s products churn through the IO table as intermediates, before they reach 
final consumption. As expected, the upstream sectors are related to resource extraction and 
processing, petroleum and gas processing products, coal mining and products and the like.8  

The inter-regional IO table for Indonesia (2016) is available from the official statistical bureau, 
Bandan Pusat Statistik (BPS). It covers 52 sectors, with input-output relationships of 34 
provinces. Likewise, we focus on extraction and related processing, manufacturing and 
construction sectors (totaling 24 sectors). Again, as can be seen in Table 5 of Appendix A.1, 
the most upstream sectors are also related to resource extraction or processing, specifically 
coal, gas, and metal mining, as well as related processing. Indonesia’s upstreamness 

 
7 Appendix A.1 and A.2 provide the details for industry- and provincial-level upstreamness computations 
respectively. Appendix A.3 provides the solution to a special case of the model where there is no vertical 
separation between upstream and downstream sectors. Appendix A.4 provides the equilibrium 
characterization and numerical solutions for an extension to the model to allow for population locating 
along the entire interval (as opposed to population at two locations only in the main model). 
8 Services tend to be downstream and yet with high value-add, resulting in the positive correlation 
between upstreamness and downstreamness measures [Antràs & Chor (2018)]. As services sectors 
are excluded in our analysis, we do not address this positive correlation and instead rely on a single 
measure of upstreamness. In this paper, co-location refers to that for industrial sectors (rather than 
services sectors co-locating with industries). 
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measures tend to be lower, suggesting that the value chains in Indonesia are shorter as 
compared to in China. 

  
2.2 Key Upstream and Downstream Location Differences Between China and Indonesia 

We next investigate the provincial shares of upstream and downstream sales. Note that for 
this section, to focus sharply on intermediate goods in value chains, sales refer to the value of 
products sold to other provinces or as direct exports, but exclude product values sold within a 
province or directly sold for final consumption.  

We define upstream sectors as those with upstreamness measures in the top half of the 
respective IO tables. Specifically, this refers to the top 13 sectors for China with upstreamness 
greater than 3.7 (Table 4 of Appendix A.1) and the top 12 sectors for Indonesia with 
upstreamness greater than 2.4 (Table 5 of Appendix A.1). The remaining sectors are defined 
as downstream. Formally,  

Ω𝑈𝑈𝑈𝑈,𝐶𝐶𝐶𝐶𝐶𝐶 ≡ {𝑖𝑖 ∈ Ω𝐶𝐶𝐶𝐶𝐶𝐶:𝑈𝑈𝑖𝑖 > 3.7},    Ω𝐷𝐷𝐷𝐷𝐷𝐷𝐶𝐶 ,𝐶𝐶𝐶𝐶𝐶𝐶 = Ω𝐶𝐶𝐶𝐶𝐶𝐶 − Ω𝑈𝑈𝑈𝑈,𝐶𝐶𝐶𝐶𝐶𝐶  

Ω𝑈𝑈𝑈𝑈,𝐼𝐼𝐷𝐷𝐶𝐶 ≡ {𝑖𝑖 ∈ Ω𝐼𝐼𝐷𝐷𝐶𝐶:𝑈𝑈𝑖𝑖 > 2.4},    Ω𝐷𝐷𝐷𝐷𝐷𝐷𝐶𝐶 ,𝐼𝐼𝐷𝐷𝐶𝐶 = Ω𝐼𝐼𝐷𝐷𝐶𝐶 − Ω𝑈𝑈𝑈𝑈,𝐼𝐼𝐷𝐷𝐶𝐶 

where Ω𝐶𝐶𝐶𝐶𝐶𝐶 and Ω𝐼𝐼𝐷𝐷𝐶𝐶 are the sets of sectors in China and Indonesia, respectively and 𝑈𝑈𝑈𝑈 and 
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 denote upstream and downstream sectors respectively.9 For each province 𝑛𝑛, sales in 
upstream and downstream sectors are 

𝑋𝑋𝑛𝑛𝑈𝑈𝑈𝑈 = � 𝑋𝑋𝑛𝑛𝑖𝑖
𝑖𝑖∈Ω𝑈𝑈𝑈𝑈

,    𝑋𝑋𝑛𝑛𝐷𝐷𝐷𝐷𝐷𝐷𝐶𝐶 = � 𝑋𝑋𝑛𝑛𝑖𝑖
𝑖𝑖∈Ω𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

   

shares of sales in upstream and downstream 

𝑠𝑠𝑛𝑛𝑈𝑈𝑈𝑈 =
𝑋𝑋𝑛𝑛𝑈𝑈𝑈𝑈

∑ 𝑋𝑋𝑛𝑛𝑈𝑈𝑈𝑈𝑛𝑛
,    𝑠𝑠𝑛𝑛𝐷𝐷𝐷𝐷𝐷𝐷𝐶𝐶 =

𝑋𝑋𝑛𝑛𝐷𝐷𝐷𝐷𝐷𝐷𝐶𝐶

∑ 𝑋𝑋𝑛𝑛𝐷𝐷𝐷𝐷𝐷𝐷𝐶𝐶
𝑛𝑛

 

These shares provide the summary statistics on how much each province participates in 
cross-province value chains and exports. The correlations of upstream and downstream 
shares are then provided in Figure 1.  

For China, there is a high degree of correlation between the provincial shares of upstream and 
downstream sectors (shares are close to the 45-degree line). Coastal provinces (Shandong, 
Jiangsu, Guangdong) see high shares in both upstream and downstream sales as to be 
expected given their geography. Interior provinces (such as Henan, Anhui, Hubei, Hunan, 
Jiangxi and Chongqing) also have moderate upstream and downstream shares.  
 

 
9 Sectors in China having longer value chains and hence higher numerical upstreamness measures (as 
described earlier). Hence, rather than imposing an arbitrary numerical upstreamness threshold to 
classify sectors into upstream or downstream, we broadly split the sectors in each economy into two 
halves based on sectoral upstreamness measures instead, with the top half being upstream and the 
bottom half being downstream.  
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In contrast, for Indonesia, most provinces have little participation in value chains (as indicated 
by the bunching up of scatter points close to 0). Kalimantan and Sumatra see a high share of 
upstream sales but little downstream sales. More remote regions (such as Aceh and Papua) 
and even the geographically central ones and resource-rich ones (like Sulawesi) see little 
value chain sales too. There is little evidence of upstream sectors anchoring in some resource-
rich provinces, let alone downstream ones. Strikingly, provinces in Java (such as Java Barat, 
Java Timur, Jakarta, Jawa Tengah, Banten) see both high upstream and downstream sales.10  

 
Figure 1: Province Shares of Upstream and Downstream Sales in China and Indonesia 

 
Note: Provinces with abundant natural resources are defined as those where sales from natural resource sectors 
rank among the highest. Specifically, we focus on coal, oil and gas, which correspond to sectors 2 and 3 in China 
(as shown in Table 4) and sectors 8 and 9 in Indonesia (as shown in Table 5). 
 

 
10 One entity in Java with low upstream and downstream shares is the special administration region 
Yogyakarta. 
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2.3 Stronger Internal Market Access for China 
 
We provide further evidence that China’s sectors and their value chain participation, where it 
occurs, results in greater internal market access. We compute the average sales distance 
(ASD). Specifically, the bilateral provincial distances are weighted by the shares of sales, 
giving an indication of how far sales in that province travel on average. Formally, the market 
access sector 𝑖𝑖 in province 𝑛𝑛 is obtained as: 

𝐴𝐴𝐴𝐴𝐷𝐷𝑛𝑛𝑖𝑖 = �
𝑋𝑋𝑛𝑛𝑛𝑛𝑖𝑖
𝑋𝑋𝑛𝑛𝑖𝑖𝑛𝑛

𝐷𝐷𝑖𝑖𝑠𝑠𝐷𝐷𝐷𝐷𝑛𝑛𝐷𝐷𝐷𝐷𝑛𝑛𝑛𝑛 

where 𝑋𝑋𝑛𝑛𝑛𝑛𝑖𝑖 refers to the province sales of sector 𝑖𝑖 from origin 𝑛𝑛 to destination 𝑘𝑘. Note that we 
exclude foreign sales in this computation so as to account for only internal sales distance. 
Thus, a province with higher sales of sector 𝑖𝑖 to more distant provinces will be considered to 
have higher market accessibility, or sales distance, in that sector. Conversely, a province with 
most of its sales in sector 𝑖𝑖 to nearby provinces will have a lower ASD.11 

An equal weight of destination sales across province 𝑘𝑘 would lead to a simple average sales 
distance being the same as average distance (note that when 𝑋𝑋𝑛𝑛𝑛𝑛𝑛𝑛

𝑋𝑋𝑛𝑛𝑛𝑛
= 1

𝐶𝐶
 for all destination 𝑘𝑘, the 

market access will be simplified as 1
𝐶𝐶
∑ 𝐷𝐷𝑖𝑖𝑠𝑠𝐷𝐷𝐷𝐷𝑛𝑛𝐷𝐷𝐷𝐷𝑛𝑛𝑛𝑛k ). On the other hand, with a relatively high 

weight (sales 𝑋𝑋𝑛𝑛𝑛𝑛𝑖𝑖) assigned to the nearby provinces and relatively low weight (sales 𝑋𝑋𝑛𝑛𝑛𝑛𝑖𝑖) 
assigned to the distant provinces, we will obtain a lower sales distance compared to average 
distance. The relationship between province level sector output weighted ASDs and province 
average distance (to all other provinces) is presented in Figure 2.  

A few observations stand out. First, China’s provinces have a higher average ASD (506 
kilometers [km]), while Indonesia’s provinces—including those on Java—have a lower 
average ASD (343 km). Conditioned on average provincial distances, sectors in China send 
their sales over longer distances while sectors in Indonesia produce and sell closer to markets. 
Second, in China, upstream sectors send sales over longer distances compared to 
downstream sectors, but the difference is not large, as evidenced by the fitted lines in Figure 
2. Third, there is also less heterogeneity among upstream sectors in China.  

For Indonesia, there are big differences between upstream and downstream location patterns 
as with their market access. Downstream sectors see considerably lower ASDs relative to 
average distance compared to China. Indonesia’s upstream sectors have ASDs similar to 
China’s but also exhibit greater heterogeneity in the ASD and average provincial distance 
relationship–some upstream sectors produce close to their downstream markets, while others 
send sales over larger distances. We will revisit these points in the discussion section.  

  

 
11 Note that direct exports are excluded in this computation. Within provincial sales (where 𝑛𝑛 = 𝑘𝑘) are 
included. For the computation of ASD, internal provincial distance is measured as 0. 67√(𝐷𝐷𝑎𝑎𝐷𝐷𝐷𝐷/ 𝜋𝜋) 
[Mayer and Zignago (2011)]. In some sense, ASD corresponds to the market access term of Redding 
and Venables (2004) where trade partners’ and internal GDPs are weighted by distance to create a 
measure of market access. The key difference is that ASD measures actual realization of the distance 
of goods travelled, as opposed to just theoretical exporting potential. See also Ganapati and Wong 
(2023) for a review of distance of goods travelled internationally. 
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Figure 2: Average Sales Distances of Provinces in China and Indonesia 

 
 

 

2.4 Province Average Upstreamness and Economic Centrality Measures 

We further describe a province’s average position in global production chains—that is, the 
sectors’ upstreamness measures are weighted by their sales for each province to derive a 
weighted average upstreamness measure for the province. As per Antràs and de Gortari 
(2020), the provincial upstreamness is then regressed against economic centrality measures, 
and the results are provided in Table 1. Further details on various economic centrality 
measures and the regression specification are provided in Appendix A.2. 

For Indonesia, the economically central provinces are more downstream structurally with the 
right negative coefficients (whether based on GDP or population-weighted centrality) across 
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all specifications.12 For China, on the other hand, coefficients are positive after controlling for 
GDP per capita and university rate and are “wrong-signed” (albeit not significant). The 
regressions for China’s provinces have practically no explanatory power as seen in the low R-
squared statistics.  

There is no evidence that more economically central provinces have a more downstream sales 
structure, based on the aggregated provincial-level sales structure. This finding could be due 
to several factors. It could be that economic centrality measures are not particularly informative 
for China, given that hinterlands (such as in Chongqing and Sichuan) also have large 
populations, though the explanation is not likely complete, given the data show that China’s 
coastal regions are indeed more economically central compared to those in the interior (see 
Figure 5). Second, sectors in China are indeed more spread out as we will show in later 
sections. Guided by these observations, we provide a stylized model that allows for different 
equilibria, some of which would see sectors that are more spread out from large markets.  

 

Table 1: Provincial Upstreamness Regressions 
Against Economic Centrality Measures 

 
Notes: Robust standard errors in parentheses. ∗∗∗  p < 0.01, ∗∗  p < 0.05, ∗  p < 0.1.   

2.5 Distance and Travel Times 

The evidence thus points to quite different upstream-downstream location configurations 
between China and Indonesia. China’s sectors are more spread out geographically and enjoy 
stronger internal market access. Indonesia, on the other hand, sees more concentration—
even upstream sectors concentrate in Jakarta and Java rather than more outlying provinces 
where the resources are. We posit that the difference in transport costs—specifically between 
costs of raw material access versus transport costs to market—is key to understanding these 
different location configurations. We provide evidence to support this line of thinking before 
presenting a formal model.  

For China, we consider Beijing, Shanghai and Guangzhou as the three large conurbations. 
Distance to a large city is then calculated as the direct distance from the province’s center to 
the nearest of the three large cities (i.e., minimum), computed using ArcGIS. The shortest 

 
12 Provincial upstreamness also correlates positively with higher provincial per capita GDP. This positive 
correlation is due to upstream provinces in Indonesia registering high per capita GDP arising from 
resource rents (see Figure 9 of Appendix A.2). 
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surface travel time to the nearest large city is computed using ArcGIS Network Analyst. For 
China, the surface travel times are more straightforward given the largely contiguous 
landmass, although the travel time from Hainan also includes sea travel time. A few entities, 
including Hong Kong, China and Macao, China, are not included in the analysis due to the 
practical constraints of not having input-output data with the rest of the provinces. 

For Indonesia, Jakarta is defined as the large city. The distance and shortest surface travel 
time to Jakarta are computed. For provinces that are separated from Jakarta by sea (which is 
common for an archipelago), surface travel would typically include road travel time to a known 
seaport, sea transport at 20 kilometers per hour to another seaport in Java, and then road 
transport to Jakarta. We assume the connections are “smooth” and there are no delays or 
waiting times during transfers between roads and seaports. We also assume there is no 
international transit (such as through Singapore). In general, transport time data are computed 
based on assumed travel speed given the road types, as opposed to actual travel speed. In 
other words, actual congestion effects on the ground are not accounted for, which is an 
acknowledged limitation of this study. 

We first provide the preliminary scatter plot highlighting the effect of travel times in Figure 3. 
The X-axis shows the distance to the large city, while the Y-axis provides the surface travel 
times as described. Indonesian provinces outside Java have a significantly higher travel time 
over equivalent distance, compared to China. This finding highlights Indonesia’s 
comparatively tougher internal geography, both due to physical geography as well as the 
effects of transport infrastructure.  

For China, there is less dispersion of travel times, and most are close to the fitted distance-
travel times line. Second, the increase in travel times per distance is much lower. For example, 
Xizang, Xinjiang and Qinghai have similar distances to large cities as Papua, Maluku and 
Sulawesi, but the corresponding travel times are half or less than that. Provinces on Java 
Island have much better connectivity to Jakarta as seen in the samples in the lower left side 
of the Indonesian chart. 
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Figure 3: Distance and Travel Times to Large City (China and Indonesia) 

 

Note: The minimum distance to three cities (Beijing, Shanghai, Guangzhou) for China is employed to account for 
the economic effect of these markets (which are also key export gateways for China). While this narrows the domain 
of the X-axis for the chart on China (given it is the distance to the nearest), it does not otherwise affect the slope 
that shows the distance-to-travel times relationship, which is strictly due to transport. 
 

3. The Baseline Model 

We now present the model to reconcile stylized IO facts and locational differences with 
transport costs. An economy is characterized by two regions—Remote and City, subscripted 
with 𝑅𝑅 and 𝐶𝐶, populated by identical consumers but with different population sizes with 𝐿𝐿𝐶𝐶 >
𝐿𝐿𝑅𝑅 . Consumers at both locations are not mobile and have unit income from labor and utility 
function  

𝑉𝑉 = (1 − 𝜇𝜇) ln𝐴𝐴 + 𝜇𝜇 ln𝑋𝑋 
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where 𝑋𝑋 = �∫ 𝑥𝑥𝑖𝑖
𝜎𝜎−1
𝜎𝜎 𝑑𝑑𝑖𝑖�

𝜎𝜎
𝜎𝜎−1

is the CES aggregated consumption of differentiated goods, with each 

firm manufacturing a variety 𝑖𝑖 . The expenditures for each consumer are 1− 𝜇𝜇  and 𝜇𝜇  for 
agriculture and the differentiated sector, respectively. 𝐴𝐴 (agriculture) is the standard outside 
sector where trade is costless and acts as the numeraire (𝑈𝑈𝐴𝐴 = 1). We assume this is always 
active and hence equating wage rates in both regions.13 Aggregated across, the demands 
from each region for each differentiated variety are given as  

𝑥𝑥𝑖𝑖𝑅𝑅 =
𝑝𝑝𝑖𝑖𝑅𝑅−𝜎𝜎

𝑈𝑈𝑅𝑅1−𝜎𝜎
. 𝜇𝜇𝐿𝐿𝑅𝑅                 𝑥𝑥𝑖𝑖𝐶𝐶 =

𝑝𝑝𝑖𝑖𝐶𝐶−𝜎𝜎

𝑈𝑈𝐶𝐶1−𝜎𝜎
. 𝜇𝜇𝐿𝐿𝐶𝐶  

Where 𝑈𝑈𝑅𝑅 and 𝑈𝑈𝐶𝐶 are the standard CES aggregated price. 
 
3.1 Endowments, Production Location and Trade Costs 
 
The Remote and City locations are characterized by a distance between them—𝐷𝐷 . The 
production location can be anywhere along this interval of distance, where 𝑑𝑑 denotes the 
distance from Remote and 𝐷𝐷 − 𝑑𝑑 the distance from City. Let 𝑎𝑎, 𝑠𝑠 = 𝑑𝑑

𝐷𝐷
 denote the fractions of 

distance from Remote for the upstream and downstream sectors, respectively.  

Along 𝐷𝐷, there is a continuum of different endowments or raw materials. Extraction is costless, 
fully competitive, but access to raw materials is costly. To bring a unit raw material from 𝑎𝑎 = 0 
to 𝑎𝑎 = 1 (the full length of the interval), there will be a cost of 𝜏𝜏𝑒𝑒  proportionate to distance 
(bringing the unit endowment from 𝑎𝑎 = 0 to 𝑎𝑎 = 1

2
 will cost 𝜏𝜏𝑒𝑒

2
). The need to cumulate raw 

material endowments across the continuum results in the following cost function:  

𝐷𝐷 =
𝜏𝜏𝑒𝑒
2
𝑎𝑎2 +

𝜏𝜏𝑒𝑒
2

(1 − 𝑎𝑎)2 =  
𝜏𝜏𝑒𝑒
2

(2𝑎𝑎2 − 2𝑎𝑎 + 1) 

The key point here is that the point access cost of unit raw material is linear in distance, but 𝐷𝐷 
is quadratic because of the need to cumulate resources over the interval.  

With 𝜕𝜕𝑒𝑒
𝜕𝜕𝜕𝜕

=  𝜏𝜏𝑒𝑒(2𝑎𝑎 − 1), 𝐷𝐷 is minimized at 𝑎𝑎 = 1
2
, the mid-point location where the cost of the 

bundle of raw materials will be lowest. To help with conceptualization, these can be 
commodities’ (hard or soft) extraction spread over a wide area, to be collected to the assembly 
location. It can even represent areawide energy harvesting (such as solar or wind farms over 
many different locations and transmitted to assembly). The continuum assumption is used for 
convenience. The same effect of a cumulative cost curve would also result if raw materials 
need to be brought in from various discrete positions along the interval—which is to say the 
cost of raw material access will also be lower near the geographic center.14 

 
13 With suitable scaling of labor productivity in the agriculture sector, one can think of a simplification 
where all labor is hired in this ‘outside agriculture’ sector at the same wage, which is then spent on 
agriculture and the CES sector. As will be elaborated later, this focuses the model on the CES demands 
and the interplay of trade costs between upstream and downstream sectors, without concern for 
potential migration induced agglomeration.  
14  Dutu (2015) provides the description and data on the distribution of natural resources across 
Indonesia. Li et al. (2013) provide a similar overview for China. 
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The raw materials transferred to location 𝑎𝑎 are assembled competitively (upstream) to become 
an intermediate good, which must be shipped to location 𝑠𝑠 where production of the final good 
takes place.15 Inclusive of intermediate shipping cost, the input cost function for the final good 
(downstream) sector becomes 

𝑚𝑚 =
𝜏𝜏𝑒𝑒
2

(2𝑎𝑎2 − 2𝑎𝑎 + 1) + 𝜏𝜏𝑚𝑚|𝑠𝑠 − 𝑎𝑎| 

The above is the cumulated access cost of bringing raw materials to location 𝑎𝑎, assembling 
the intermediate good, and then shipping it to location 𝑠𝑠—hence τ𝑚𝑚|𝑠𝑠 − 𝑎𝑎|. The shipping cost 
of intermediates, point-to-point in nature, is linear. Finally, to ship a final good variety to 
Remote and City from this production location, the transport costs are  

𝜏𝜏𝑅𝑅 = 1 + 𝑠𝑠. 𝜏𝜏𝑋𝑋                𝜏𝜏𝐶𝐶 = 1 + (1 − 𝑠𝑠)𝜏𝜏𝑋𝑋 

where τ𝑋𝑋 > 0 is the linear cost of transportation of the final good from 𝑠𝑠. Note that τ𝑅𝑅  and τ𝐶𝐶 
then take the iceberg form, as is standard in the literature. If production is at Remote (𝑠𝑠 = 0), 
𝜏𝜏𝑅𝑅 = 1, 𝜏𝜏𝐶𝐶 = 1 + 𝜏𝜏𝑋𝑋 . If production is at City (𝑠𝑠 = 1), 𝜏𝜏𝑅𝑅 = 1 + 𝜏𝜏𝑋𝑋 , 𝜏𝜏𝐶𝐶 = 1. Where production 
happens thus affects the price levels and welfare of Remote and City. For the ease of 
exposition, where needed, we use “left” to denote a location that is relatively closer to Remote, 
and “right” to denote a location relatively closer to the City, along the interval distance. While 
we have denoted the transport cost of intermediates 𝜏𝜏𝑚𝑚 as separate from goods 𝜏𝜏𝑋𝑋, these 
transport costs are likely to be similar. Combining 𝜏𝜏𝑚𝑚 and 𝜏𝜏𝑋𝑋  into a common term does not 
affect equilibrium conclusions.    

We assume that no consumption takes place at the upstream or downstream production 
locations, as a simplification. Typically, with consumption at the production location, there will 
be a further agglomeration force as consumption demand reinforces the attractiveness of the 
production location. In Appendix A.4, we provide an extension to the model with a fixed 
population located along the interval, thereby softening the two-location assumption. 

Production entry requires a fixed cost 𝐹𝐹 per period, which pins down the number of varieties 
in equilibrium as is standard in the literature. Consistent with the model setup, we assume no 
migration or agglomeration externality, but firms will nonetheless “agglomerate” in the same 
location given they are symmetric in decisions. There is no congestion cost, again consistent 
with a sector 𝐴𝐴 that is operative throughout. 
 
3.2 Characterizing the equilibrium 
 
With the assumptions above, we have added spatial features to a canonical two-location NEG 
model with home market effects. The standard pricing decisions for a firm are given as 

𝑝𝑝𝑖𝑖𝑅𝑅 =
𝜎𝜎

𝜎𝜎 − 1
.𝑚𝑚. [1 + 𝑠𝑠. 𝜏𝜏𝑋𝑋] =

𝜎𝜎
𝜎𝜎 − 1

�
𝜏𝜏𝑒𝑒
2

(2𝑎𝑎2 − 2𝑎𝑎 + 1) + 𝜏𝜏𝑚𝑚|𝑠𝑠 − 𝑎𝑎|� . [1 + 𝑠𝑠. 𝜏𝜏𝑋𝑋]         

𝑝𝑝𝑖𝑖𝐶𝐶 =
𝜎𝜎

𝜎𝜎 − 1
.𝑚𝑚. [1 + (1 − 𝑠𝑠)𝜏𝜏𝑋𝑋]  =

𝜎𝜎
𝜎𝜎 − 1

�
𝜏𝜏𝑒𝑒
2

(2𝑎𝑎2 − 2𝑎𝑎 + 1) + 𝜏𝜏𝑚𝑚|𝑠𝑠 − 𝑎𝑎|� . [1 + (1 − 𝑠𝑠)𝜏𝜏𝑋𝑋]  

 
15 To borrow an analogy imperfectly from Baldwin and Venables (2013), one can think of upstream as 
the ‘spider’ part of the production where raw materials need to be collected over all locations, before 
the ‘snake’ part of sending the intermediate downstream. In our model, the ‘spider’ part of the cost is 
minimized at the geographic center.  
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which are the standard markups on input and iceberg transport costs. When 𝑠𝑠 ≥ 𝑎𝑎 

𝜕𝜕𝑝𝑝𝑖𝑖𝑅𝑅
𝜕𝜕𝑠𝑠

=
𝜎𝜎

𝜎𝜎 − 1
. �𝜏𝜏𝑚𝑚 . [1 + 𝑠𝑠. 𝜏𝜏𝑋𝑋] + �

𝜏𝜏𝑒𝑒
2

(2𝑎𝑎2 − 2𝑎𝑎 + 1) + 𝜏𝜏𝑚𝑚|𝑠𝑠 − 𝑎𝑎|� . 𝜏𝜏𝑋𝑋�   

𝜕𝜕𝑝𝑝𝑖𝑖𝐶𝐶
𝜕𝜕𝑠𝑠

=
𝜎𝜎

𝜎𝜎 − 1
. �𝜏𝜏𝑚𝑚 . [1 + (1 − 𝑠𝑠)𝜏𝜏𝑋𝑋] − �

𝜏𝜏𝑒𝑒
2

(2𝑎𝑎2 − 2𝑎𝑎 + 1) + 𝜏𝜏𝑚𝑚|𝑠𝑠 − 𝑎𝑎|� . 𝜏𝜏𝑋𝑋�    

The profit function for each firm is given as 

Equation 1 

𝜋𝜋𝑖𝑖 =
1
𝜎𝜎
�
𝜎𝜎

𝜎𝜎 − 1
�
𝜏𝜏𝑒𝑒
2

(2𝑎𝑎2 − 2𝑎𝑎 + 1) + 𝜏𝜏𝑚𝑚|𝑠𝑠 − 𝑎𝑎|� . [1 + 𝑠𝑠. 𝜏𝜏𝑋𝑋] �
1−𝜎𝜎 𝜇𝜇𝐿𝐿𝑅𝑅

𝑈𝑈𝑅𝑅1−𝜎𝜎

+
1
𝜎𝜎
�
𝜎𝜎

𝜎𝜎 − 1
�
𝜏𝜏𝑒𝑒
2

(2𝑎𝑎2 − 2𝑎𝑎 + 1) + 𝜏𝜏𝑚𝑚|𝑠𝑠 − 𝑎𝑎|� . [1 + (1 − 𝑠𝑠)𝜏𝜏𝑋𝑋] �
1−𝜎𝜎 𝜇𝜇𝐿𝐿𝐶𝐶

𝑈𝑈𝐶𝐶1−𝜎𝜎
− 𝐹𝐹 

 
Proposition 1: The decentralized choice of 𝒔𝒔 coincides with the utilitarian social planner 
choice, given the logarithm-form utility function. 

Taking the first order condition (FOC) of the profit function with respect to 𝑠𝑠 gives 

Equation 2 

𝜕𝜕𝜋𝜋𝑖𝑖
𝜕𝜕𝑠𝑠

= 0⇔
1
𝑈𝑈𝑅𝑅

.
𝜕𝜕𝑝𝑝𝑖𝑖𝑅𝑅
𝜕𝜕𝑠𝑠

. 𝐿𝐿𝑅𝑅 +
1
𝑈𝑈𝐶𝐶

.
𝜕𝜕𝑝𝑝𝑖𝑖𝐶𝐶
𝜕𝜕𝑠𝑠

. 𝐿𝐿𝐶𝐶 = 0 

This equation provides the implicit solution to the optimal choice of 𝑠𝑠, which pins down the 
decentralized equilibrium together with the zero-profit condition as below, 

Equation 3 

𝜋𝜋𝑖𝑖 =
1
𝜎𝜎

1
𝐷𝐷
𝜇𝜇𝐿𝐿𝑅𝑅 +

1
𝜎𝜎

1
𝐷𝐷
𝜇𝜇𝐿𝐿𝐶𝐶 − 𝐹𝐹 = 0 ⇒𝐷𝐷 =

𝜇𝜇(𝐿𝐿𝑅𝑅 + 𝐿𝐿𝐶𝐶)
𝜎𝜎𝐹𝐹

  

and with the standard CES price indices as 

𝑈𝑈𝑅𝑅1−𝜎𝜎 = 𝐷𝐷 �
𝜎𝜎

𝜎𝜎 − 1
�
𝜏𝜏𝑒𝑒
2

(2𝑎𝑎2 − 2𝑎𝑎 + 1) + 𝜏𝜏𝑚𝑚|𝑠𝑠 − 𝑎𝑎|� . [1 + 𝑠𝑠. 𝜏𝜏𝑋𝑋] �
1−𝜎𝜎

 

and  

𝑈𝑈𝐶𝐶1−𝜎𝜎 = 𝐷𝐷 �
𝜎𝜎

𝜎𝜎 − 1
�
𝜏𝜏𝑒𝑒
2

(2𝑎𝑎2 − 2𝑎𝑎 + 1) + 𝜏𝜏𝑚𝑚|𝑠𝑠 − 𝑎𝑎|� . [1 + (1− 𝑠𝑠). 𝜏𝜏𝑋𝑋] �
1−𝜎𝜎

 

 
Consider the utilitarian planner’s problem. For each individual, the utility of consuming 𝑋𝑋 is the 
inverse of its CES perfect price index. Hence, summing across two population groups, the 
utilitarian social planner’s optimal choice of 𝑠𝑠 is formally defined as 

�̃�𝑠 = arg max𝑠𝑠  −𝐿𝐿𝑅𝑅 𝑙𝑙𝑛𝑛 𝑈𝑈𝑅𝑅 − 𝐿𝐿𝐶𝐶 𝑙𝑙𝑛𝑛𝑈𝑈𝐶𝐶  
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subject to the zero-profit condition (Equation 3). The utilitarian planner’s FOC is thus the same 
as the firm maximization problem (𝜕𝜕𝑠𝑠̃

𝜕𝜕𝑠𝑠
= 0⇔ 1

𝑈𝑈𝑅𝑅
. 𝜕𝜕𝑝𝑝𝑛𝑛𝑅𝑅
𝜕𝜕𝑠𝑠

. 𝐿𝐿𝑅𝑅 + 1
𝑈𝑈𝐶𝐶

. 𝜕𝜕𝑝𝑝𝑛𝑛𝐶𝐶
𝜕𝜕𝑠𝑠

. 𝐿𝐿𝐶𝐶 = 0), subject to the same 

zero-profit condition. (Q.E.D). 

In some sense, this result is natural and unsurprising. As there are neither agglomeration nor 
congestion forces in this setup, there is no locational externality, and the market solution is 
the planner’s one as well. Furthermore, this result is a narrow one in the sense that it applies 
only to the log utility specification, where the maximizing problem of the firms results in the 
perfect price indices at the denominator. The result is also a constrained maximum in the 
Dixit-Stiglitz sense.16 Nevertheless, this finding provides comfort that the decentralized 
equilibrium maximizes utilitarian social welfare with log utility. Note that the Walrasian 
planner, on the other hand, would choose the mid-point to achieve 𝑈𝑈𝑅𝑅 = 𝑈𝑈𝐶𝐶 to equalize the 
per consumer welfare between Remote and City. 

 
Proposition 2: The optimal 𝒔𝒔∗(𝒓𝒓) for any given 𝒓𝒓 should be selected from the subset 
𝑨𝑨(𝒓𝒓) ≡ {𝒓𝒓,𝟏𝟏}. Downstream firms either locate with the upstream sector (𝒓𝒓) or at the large 
market (i.e., City), but never closer to the smaller market (i.e., Remote) than the 
upstream sector.  

Specifically, the optimization problem is  

𝑠𝑠∗(𝑎𝑎) = arg max𝑠𝑠 𝜋𝜋𝑖𝑖(𝑠𝑠, 𝑎𝑎) 

Denote 𝜋𝜋𝑠𝑠 ≡
𝜕𝜕𝜋𝜋𝑛𝑛
𝜕𝜕𝑠𝑠

= 𝜕𝜕𝜋𝜋𝑛𝑛
𝜕𝜕𝑝𝑝𝑛𝑛𝑅𝑅

𝜕𝜕𝑝𝑝𝑛𝑛𝑅𝑅
𝜕𝜕𝑠𝑠

+ 𝜕𝜕𝜋𝜋𝑛𝑛
𝜕𝜕𝑝𝑝𝑛𝑛𝐶𝐶

𝜕𝜕𝑝𝑝𝑛𝑛𝐶𝐶
𝜕𝜕𝑠𝑠

. If 𝑠𝑠 ≥  𝑎𝑎 , substituting 𝑈𝑈𝑅𝑅1−𝜎𝜎 , 𝑈𝑈𝑅𝑅1−𝜎𝜎 , 𝐷𝐷  into the profit 

function and noting that 𝑝𝑝𝑖𝑖𝑅𝑅1−𝜎𝜎𝑝𝑝𝑅𝑅𝜎𝜎−1 = 𝑝𝑝𝑖𝑖𝐶𝐶1−𝜎𝜎𝑝𝑝𝑅𝑅𝐶𝐶𝜎𝜎−1 = 𝐷𝐷−1, we can express the marginal profit with 
respect to 𝑠𝑠 as 

Equation 4 

𝜋𝜋𝑠𝑠 = (1− 𝜎𝜎)𝛾𝛾𝐷𝐷−1 (𝐿𝐿𝑅𝑅 + 𝐿𝐿𝐶𝐶)𝜏𝜏𝑚𝑚
𝜏𝜏𝑒𝑒
2 (2𝑎𝑎2 − 2𝑎𝑎 + 1) + 𝜏𝜏𝑚𝑚(𝑠𝑠 − 𝑎𝑎)

+ (1− 𝜎𝜎)𝛾𝛾𝐷𝐷−1 �
𝐿𝐿𝑅𝑅𝜏𝜏𝑋𝑋

1 + 𝑠𝑠𝜏𝜏𝑋𝑋
−

𝐿𝐿𝐶𝐶𝜏𝜏𝑋𝑋
1 + (1 − 𝑠𝑠)𝜏𝜏𝑋𝑋

� 

where 𝛾𝛾 ≡ 𝜇𝜇
𝜎𝜎
 is a constant. Suppose all downstream firms are at 𝑠𝑠 = 𝑎𝑎, a downstream CES 

firm making a unilateral and small left location shift (toward Remote denoted with a minus 
sign) will see a change in profit as 

∆𝜋𝜋𝑖𝑖(𝑠𝑠 = 𝑎𝑎−) ∝ −𝜏𝜏𝑚𝑚  (𝐿𝐿𝑅𝑅 + 𝐿𝐿𝐶𝐶) + 𝜏𝜏𝑋𝑋𝐿𝐿𝑅𝑅 − 𝜏𝜏𝑋𝑋𝐿𝐿𝐶𝐶 

The first term on the right-hand side is the reduction in profits caused by the increase in input 
cost due to the separation from upstream.17 The second and third terms are the combined 
effects of market access, which is negative (because 𝐿𝐿𝐶𝐶 > 𝐿𝐿𝑅𝑅 ). ∆𝜋𝜋𝑖𝑖(𝑠𝑠 = 𝑎𝑎−) is thus strictly 

 
16 Dixit and Stiglitz (1977) show that the market equilibrium would have a lower number of varieties 
compared to the optimum. Nevertheless, the market number of varieties is a ‘constrained optimum’ in 
the absence of lump sum transfers to subsidize consumption. The utilitarian planner optimum in this 
paper is also a constrained one, in the absence of such lump sum transfers.  
17 Note that 𝜋𝜋𝑠𝑠 ≈

∆𝜋𝜋𝑛𝑛
∆𝑠𝑠

 when Δ𝑠𝑠  is sufficiently small. For the leftward (rightward) shift, ∆𝑠𝑠  is negative 
(positive) in terms of market access between 𝐿𝐿𝐶𝐶  and 𝐿𝐿𝑅𝑅. However, for input cost considerations, any 
shift away from 𝑎𝑎 in either direction implies that ∆𝑠𝑠 is positive. 
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negative—no downstream firm will move leftwards of 𝑎𝑎 and locate closer to Remote than 
upstream firms.  

A downstream firm making a unilateral small location shift rightwards (toward City, denoted 
with a plus sign) will see a change in profit as  

∆𝜋𝜋𝑖𝑖(𝑠𝑠 = 𝑎𝑎+) ∝ −𝜏𝜏𝑚𝑚(𝐿𝐿𝑅𝑅 + 𝐿𝐿𝐶𝐶) − 𝜏𝜏𝑋𝑋𝐿𝐿𝑅𝑅 + 𝜏𝜏𝑋𝑋𝐿𝐿𝐶𝐶 

This change can be positive or negative, depending on whether the net gain in market access 
(−𝜏𝜏𝑋𝑋𝐿𝐿𝑅𝑅 + 𝜏𝜏𝑋𝑋𝐿𝐿𝐶𝐶) outweighs the increase in input costs caused by separation from upstream.  

Suppose all firms are at 𝑠𝑠 = 1, a firm making a unilateral slight leftward location shift (towards 
Remote) will see a change in profit as  

∆𝜋𝜋𝑖𝑖(𝑠𝑠 = 1−) ∝ 𝜏𝜏𝑚𝑚  (𝐿𝐿𝑅𝑅 + 𝐿𝐿𝐶𝐶) + 𝜏𝜏𝑋𝑋𝐿𝐿𝑅𝑅 − 𝜏𝜏𝑋𝑋𝐿𝐿𝐶𝐶  

Because downstream firms are at the corner, any leftward move must bring them closer to 
upstream and the first term on the right-hand side represents the savings in input cost. In total, 
the right-hand side terms can be positive or negative, depending on whether the reduction in 
input cost outweighs reduced market access.  

However, note that if ∆𝜋𝜋𝑖𝑖(𝑠𝑠 = 1 −) > 0 , then ∆𝜋𝜋𝑖𝑖(𝑠𝑠 = 𝑎𝑎 +) < 0 ; these are complementary 
conditions. If there is incentive to move left of City, then there is incentive to stick to 𝑎𝑎 exactly. 
The converse is also true, if ∆𝜋𝜋𝑖𝑖(𝑠𝑠 = 1 −) < 0, then ∆𝜋𝜋𝑖𝑖(𝑠𝑠 = 𝑎𝑎 +) > 0. If there is incentive to 
move right of 𝑎𝑎, there is incentive to stick to City (corner solution). Downstream firms will either 
locate at City (𝑠𝑠 = 1) or with the upstream sector at 𝑎𝑎. (Q.E.D). 

 
Proposition 3: The best response of 𝒔𝒔∗(𝒓𝒓) is increasing in 𝝉𝝉𝑿𝑿.  

Note that ∆𝜋𝜋𝑖𝑖(𝑠𝑠 = 𝑎𝑎+) is increasing in 𝜏𝜏𝑋𝑋, a higher 𝜏𝜏𝑋𝑋 strengthens incentives to locate towards 
City. Note that as ∆𝜋𝜋𝑖𝑖(𝑠𝑠 = 1 −) is decreasing in 𝜏𝜏𝑋𝑋, a higher 𝜏𝜏𝑋𝑋 reduces the incentives to move 
out of City. The increase in transportation cost for the final good always creates stronger 
incentives for downstream firms to locate towards City.18 (Q.E.D). 

 
Proposition 4: The optimal 𝒓𝒓∗(𝒔𝒔) for any given s should be selected from the subset B(s)
≡ {𝒓𝒓𝑳𝑳, 𝒓𝒓𝑯𝑯, s}. The upstream sector either locates with the downstream firms at s, or at 
the left boundary 𝒓𝒓𝑳𝑳 ≡

𝟏𝟏
𝟐𝟐
− 𝟏𝟏

𝟐𝟐
𝝉𝝉𝒎𝒎
𝝉𝝉𝒆𝒆

, or at the right boundary 𝒓𝒓𝑯𝑯 = 𝟏𝟏
𝟐𝟐

+ 𝟏𝟏
𝟐𝟐
𝝉𝝉𝒎𝒎
𝝉𝝉𝒆𝒆

.  

To recap, the cost function of the upstream sector is  

𝑚𝑚 =
𝜏𝜏𝑒𝑒
2

(2𝑎𝑎2 − 2𝑎𝑎 + 1) + 𝜏𝜏𝑚𝑚|𝑠𝑠 − 𝑎𝑎| 

The FOC conditioning on 𝑎𝑎 ≤ 𝑠𝑠 is  

2𝑎𝑎𝜏𝜏𝑒𝑒 − 𝜏𝜏𝑒𝑒 − 𝜏𝜏𝑚𝑚 = 0 

which gives 𝑎𝑎 = 𝑎𝑎𝐶𝐶. Similarly, the FOC conditioning on 𝑎𝑎 ≥ 𝑠𝑠 is 

 
18 In Appendix A.3, we show that this proposition holds also when there is no vertical separation 
(locationally speaking) between upstream and downstream sectors.  
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2𝑎𝑎𝜏𝜏𝑒𝑒 − 𝜏𝜏𝑒𝑒 + 𝜏𝜏𝑚𝑚 = 0 

which gives 𝑎𝑎 = 𝑎𝑎𝐿𝐿.  

Therefore, we separately discuss the optimal location choice 𝑎𝑎∗(𝑠𝑠) of the upstream sector 
when downstream firms locate at: (i) 𝑠𝑠 ≤ 𝑎𝑎𝐿𝐿; (ii) 𝑎𝑎𝐿𝐿 < 𝑠𝑠 < 𝑎𝑎𝐶𝐶; and (iii) 𝑠𝑠 ≥ 𝑎𝑎𝐶𝐶. Specifically: 

(a) If 𝑠𝑠 ≤ 𝑎𝑎𝐿𝐿, the cost function 𝑚𝑚 decreases when 𝑎𝑎 ∈ [0, 𝑠𝑠], decreases when 𝑎𝑎 ∈ [𝑠𝑠, 𝑎𝑎𝐿𝐿], and 
increases when 𝑎𝑎 ∈ [𝑎𝑎𝐿𝐿 , 1] . Hence, the optimal location that minimizes the cost 𝑚𝑚  is 
obtained at 𝑎𝑎 = 𝑎𝑎𝐿𝐿 (which is an unstable equilibrium as will be seen shortly). 

(b) If 𝑎𝑎𝐿𝐿 < 𝑠𝑠 < 𝑎𝑎𝐶𝐶 , the cost function 𝑚𝑚  decreases when 𝑎𝑎 ∈ [0, 𝑠𝑠] , and increases when 𝑎𝑎 ∈
[𝑠𝑠, 1]. Hence, the optimal location that minimizes the cost 𝑚𝑚 is obtained at 𝑎𝑎 = 𝑠𝑠. 

(c) If 𝑠𝑠 ≥ 𝑎𝑎𝐶𝐶, the cost function 𝑚𝑚 decreases when 𝑎𝑎 ∈ [0, 𝑎𝑎𝐶𝐶], increases when 𝑎𝑎 ∈ [𝑎𝑎𝐶𝐶 , 𝑠𝑠], and 
increases when 𝑎𝑎 ∈ [𝑠𝑠, 1] . Hence, the optimal location that minimizes the cost 𝑚𝑚  is 
obtained at 𝑎𝑎 = 𝑎𝑎𝐶𝐶. (Q.E.D). 

 
Proposition 5: The optimal (𝒔𝒔∗, 𝒓𝒓∗)  is a Nash equilibrium between upstream and 
downstream such that (a) if 𝒔𝒔∗ > 𝒓𝒓∗, the optimal (𝒔𝒔∗, 𝒓𝒓∗) should be (𝒔𝒔∗ = 𝟏𝟏, 𝒓𝒓∗ = 𝒓𝒓𝑯𝑯) or (b) 
if 𝒔𝒔∗ = 𝒓𝒓∗, the optimal solution should be selected from the range of [𝟎𝟎.𝟓𝟓, 𝒓𝒓𝑯𝑯], and any 
solution smaller than 0.5 is unstable. 

The first part (a) is based on Proposition 3; the best location response of downstream firms is 
to operate either with upstream firms or at the large market. Upstream firms cannot exceed 𝑎𝑎𝐶𝐶 
because input costs will increase too much otherwise. Hence, if 𝑠𝑠∗ > 𝑎𝑎𝐶𝐶, the only solution is 
(𝑠𝑠∗ = 1, 𝑎𝑎∗ = 𝑎𝑎𝐶𝐶). Note that it is possible that 𝑎𝑎𝐶𝐶 > 1 given some parameters, in which case 
both upstream and downstream locate together in City (𝑠𝑠∗ = 1, 𝑎𝑎∗ = 1).  

For any 𝑠𝑠∗ = 𝑎𝑎∗ < 0.5 (including the left boundary 𝑎𝑎𝐿𝐿), the equilibrium is dominated by another 
equilibrium position (1 − 𝑠𝑠∗) = (1 − 𝑎𝑎∗) > 0.5 . Consider that 𝑠𝑠∗ = 𝑎𝑎∗ = 0.4 , this equilibrium 
location is dominated by 𝑠𝑠∗ = 𝑎𝑎∗ = 0.6, because while they both share the same input costs 
(being same distance from the center) the latter is closer to City. Hence, any (and all) 
downstream CES firms have an incentive to shift to the latter location. The upstream sector, 
being entirely competitive and having constant returns to scale can operate at either location 
indifferently. (Q.E.D). 

Any equilibrium 𝑠𝑠∗ = 𝑎𝑎∗ < 0.5 (and hence including 𝑎𝑎𝐿𝐿) is unstable, since all downstream firms 
have an incentive to move closer to City. As a corollary, this result also shows that it would be 
difficult to have market-determined location of value chain activities (both the upstream and/or 
downstream sectors) closer to remote regions within an economy. The geographic center is 
the closest point that sectors would locate towards Remote.  

However, note that this finding is not necessarily a pessimistic one—if downstream firms 
locate closer towards the geographic center, the welfare for Remote would also improve (and 
the economy moves closer to Walrasian welfare maximization as discussed). 

 
Proposition 6: For the Nash equilibrium 𝒔𝒔∗ = 𝒓𝒓∗, the optimal solution is given by the 
solution to 𝒔𝒔∗ = 𝐚𝐚𝐚𝐚𝐚𝐚𝐦𝐦𝐚𝐚𝐦𝐦𝒔𝒔 𝝅𝝅𝒊𝒊(𝒔𝒔,𝒔𝒔) over the relevant range [𝟎𝟎.𝟓𝟓,𝒓𝒓𝑯𝑯]. 

Given that both upstream and downstream sectors co-locate in this equilibrium, the profit 
function is reduced to 
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Equation 5 

𝜋𝜋𝑖𝑖 =
1
𝜎𝜎
�
𝜎𝜎

𝜎𝜎 − 1
�
𝜏𝜏𝑒𝑒
2

(2𝑠𝑠2 − 2𝑠𝑠 + 1)� . [1 + 𝑠𝑠. 𝜏𝜏𝑋𝑋] �
1−𝜎𝜎 𝜇𝜇𝐿𝐿𝑅𝑅

𝑈𝑈𝑅𝑅1−𝜎𝜎

+
1
𝜎𝜎
�
𝜎𝜎

𝜎𝜎 − 1
�
𝜏𝜏𝑒𝑒
2

(2𝑠𝑠2 − 2𝑠𝑠 + 1)� . [1 + (1− 𝑠𝑠)𝜏𝜏𝑋𝑋] �
1−𝜎𝜎 𝜇𝜇𝐿𝐿𝐶𝐶

𝑈𝑈𝐶𝐶1−𝜎𝜎
− 𝐹𝐹 

This equation is relatively more straightforward to solve, with the FOC with respect to 𝑠𝑠 
producing an implicit solution in 𝑠𝑠 ∈ (0.5, 𝑎𝑎𝐶𝐶).19 Note that 𝑠𝑠∗ is increasing in 𝜏𝜏𝑋𝑋 . Again, the 
reduction in transport costs leads to a location away from the large market and more toward 
the geographic center. (Q.E.D). 
 
3.3 Model Implications 
 
The Nash equilibrium reflects two tensions—the upstream sector balancing raw material 
access cost versus intermediate transport cost, and the downstream firms balancing access 
to two different markets and input cost.  
At high transport cost 𝜏𝜏𝑋𝑋, the downstream sector locates at City. The upstream sector also 
locates at City at high 𝜏𝜏𝑚𝑚 relative to 𝜏𝜏𝑒𝑒 as it becomes costly to transport intermediates (𝑎𝑎𝐶𝐶 can 
be 1 in such a scenario). This is a co-location equilibrium. In this co-location at the City 
scenario, it is still cheaper to transport raw materials to City (despite the high cost).  

If raw material access cost 𝜏𝜏𝑒𝑒 is high, the configuration would be one of separation where the 
downstream sector continues to locate at City while the upstream sector moves closer to 𝑎𝑎𝐶𝐶 
along the interval and hence closer to the geographic center. We argue that these equilibria 
likely characterize the location patterns for Indonesia, where upstream and downstream 
sectors locate near Jakarta, or where upstream sectors locate in some outlying provinces 
(such as Kalimantan) while the downstream sectors are near Jakarta.   

At lower transport cost 𝜏𝜏𝑋𝑋, the downstream sector co-locates with upstream at 0.5 < 𝑎𝑎𝐶𝐶 < 1. 
We argue that this characterizes China’s equilibrium locations, where interior provinces see 
moderate shares of both upstream and downstream sectors. Finally, as it should be clear from 
Propositions 2 and 3, the larger the relative size of 𝐿𝐿𝐶𝐶 , the more efficient transport of industrial 
goods (i.e., lower transport costs) must be to incentivize firms to move away from City. 

The Nash equilibrium (𝑠𝑠∗ = 𝑎𝑎∗ = 1
2
) is feasible only when transport costs in the final sector 𝜏𝜏𝑋𝑋 

approach zero. Note that this solution also maximizes both social welfare functions—utilitarian 
and Walrasian, another message of this paper.  

While this paper focuses exclusively on locations within the economy, there are also potential 
interactions with global trade and value chain locations. In our model, City is attractive because 
of its market size. Yet it is also likely that City is the gateway for exports (for example, coastal 
cities in China and Jakarta for Indonesia). This strengthens the downstream sectors’ 

 
19 We provide the numerical and fuller analytical solution to this case in Appendix A.3. Over the relevant 
range, this solution also coincides with the scenario where there is full vertical integration between 
upstream and downstream. As we will explain in Appendix A.3, raw material access costs 𝜏𝜏𝑒𝑒 will no 
longer affect location choices under the scenario of where both upstream and downstream sectors must 
operate at the same location. 
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incentives to locate toward City. Conversely, should export potential weaken, City will become 
less attractive.  

Our analysis also highlights a darker implication, that the easy access to raw materials (low 
𝜏𝜏𝑒𝑒) could in fact result in both upstream and downstream production locating at the large 
market. One can think of asset-specific infrastructure that directly improves raw material 
access but otherwise does not improve overall transportation (mine mouth or mineral rail line, 
gas pipelines, commodity ports, etc.). By providing easy access to raw materials, certain 
infrastructure can shift development toward the large market (City), resulting in an inequality 
of outcomes. On an international spatial scale, this also relates to “commodity for 
manufactures” concerns—which refers to extracting resources for exports while increasing 
dependency on manufactured imports.  

Having described the equilibrium properties and implications of the baseline model, Appendix 
A.4 provides the model extension where the population is assumed to be distributed along the 
entire interval. Qualitatively, the equilibrium implications hold, except that equilibrium 
conditions in the extended model depend on the distribution of population (as opposed to just 
the population at City). Appendix A.5 provides visualizations of the model setup and the 
various Nash equilibria. 

 
4. Empirical Evidence 
 
We complete the analysis by revisiting the regression on economic centrality and locations of 
sectors. Here, we make a departure from the earlier province-level aggregated regression 
(which we showed was wrong-signed for China). Having seen how China’s and Indonesia’s 
provinces differ in their shares of upstream and downstream sectors, we instead provide a 
regression at a more granular scale, at the province-sector level. 
 
Equation 6 

𝑙𝑙𝑛𝑛 𝑋𝑋𝑛𝑛𝑖𝑖 = 𝛽𝛽0 + 𝛽𝛽1 𝑙𝑙𝑛𝑛𝐷𝐷𝑖𝑖𝑠𝑠𝐷𝐷𝐶𝐶𝑖𝑖𝐷𝐷𝑦𝑦𝑛𝑛 + 𝛽𝛽2(𝑙𝑙𝑛𝑛𝐷𝐷𝑖𝑖𝑠𝑠𝐷𝐷𝐶𝐶𝑖𝑖𝐷𝐷𝑦𝑦𝑛𝑛 × 𝑈𝑈𝑖𝑖) + 𝛾𝛾1 𝑙𝑙𝑛𝑛𝑈𝑈𝐷𝐷𝑈𝑈𝑛𝑛 + 𝛾𝛾2 𝑙𝑙𝑛𝑛𝐴𝐴𝐴𝐴𝐴𝐴𝐷𝐷𝑖𝑖𝑠𝑠𝐷𝐷𝑛𝑛 + 𝜉𝜉𝑖𝑖 + 𝜖𝜖𝑛𝑛𝑖𝑖 

where 𝑋𝑋𝑛𝑛𝑖𝑖 is the provincial sales of sector 𝑖𝑖 in province 𝑛𝑛, 𝐷𝐷𝑖𝑖𝑠𝑠𝐷𝐷𝐶𝐶𝑖𝑖𝐷𝐷𝑦𝑦𝑛𝑛 is the direct distance from 
province 𝑛𝑛 to the large city, and 𝑈𝑈𝑖𝑖 is the upstreamness measure of sector 𝑖𝑖 (sales include 
inter-province, within-province intermediate sales and exports, but not within-province final 
consumption sales—in order to focus on value chain sales).  

For China, 𝐷𝐷𝑖𝑖𝑠𝑠𝐷𝐷𝐶𝐶𝑖𝑖𝐷𝐷𝑦𝑦𝑛𝑛  is the minimum distance between the province to any of the large 
conurbations (Beijing, Shanghai or Guangzhou). For Indonesia, correspondingly, 𝐷𝐷𝑖𝑖𝑠𝑠𝐷𝐷𝐶𝐶𝑖𝑖𝐷𝐷𝑦𝑦𝑛𝑛 is 
the distance to Jakarta. In certain specifications, 𝐷𝐷𝑖𝑖𝑠𝑠𝐷𝐷𝐶𝐶𝑖𝑖𝐷𝐷𝑦𝑦𝑛𝑛 is replaced by travel times to the 
city instead. In a specification, distance is used as the instrumental variable for travel times.20  

Our regression specification incorporates several province-level control variables such as 
population (𝑈𝑈𝐷𝐷𝑈𝑈𝑛𝑛 ) and the average bilateral distance to all other provinces (𝐴𝐴𝐴𝐴𝐴𝐴𝐷𝐷𝑖𝑖𝑠𝑠𝐷𝐷𝑛𝑛 ). 
Population accounts for scale effects. At a minimum, this controls for the effects of market size 

 
20 In our model, the various transport costs and raw material access costs are taken as exogenous, 
resulting in the various equilibria. Transport costs can potentially be endogenous to the agglomeration 
of economic activities. Nevertheless, the instrumental variable regressions show that the coefficients 
for travel times are similar to OLS ones.  
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and hence normalizes sales across provinces. As will be explained later, this addition is also 
important in the context of home market effects common in the NEG literature. Similarly, 
controlling for the average provincial distance to other markets, which measures the 
geographic location of each province relative to others, helps distinguish geographic from 
economic centrality. Finally, all regressions also include sector fixed effects ( ξi ) and 
heteroskedasticity robust standard errors. The descriptive statistics for all the variables used 
are provided in Table 2 with the regression results in Table 3. 
 

Table 2: Variables and Summary Statistics 
 

 

Notes: (1) Province sales by sectors are defined as sales of intermediates within a province and to other provinces 
plus exports. The average exchange rate for 2015 was CNY1 = USD0.1592. The average exchange rate for 2016 
was IDR1 = USD0.00007519. (2) For China, 𝐷𝐷𝑖𝑖𝑠𝑠𝐷𝐷𝐶𝐶𝑖𝑖𝐷𝐷𝑦𝑦𝑛𝑛 (𝑇𝑇𝑖𝑖𝑚𝑚𝐷𝐷𝑠𝑠𝐶𝐶𝑖𝑖𝐷𝐷𝑦𝑦𝑛𝑛) is the minimum distance (travel time) between 
the province to one of the large conurbations (Beijing, Shanghai or Guangzhou). For Indonesia, 𝐷𝐷𝑖𝑖𝑠𝑠𝐷𝐷𝐶𝐶𝑖𝑖𝐷𝐷𝑦𝑦𝑛𝑛 
(𝑇𝑇𝑖𝑖𝑚𝑚𝐷𝐷𝑠𝑠𝐶𝐶𝑖𝑖𝐷𝐷𝑦𝑦𝑛𝑛) is the distance (travel times) to Jakarta. 
 

Table 3: Regressions of Provincial Sales 
 

 

Notes: Robust standard errors in parentheses are clustered at the province level. ∗∗∗  p < 0.01, ∗∗  p < 0.05, ∗  p <
0.1.   

1200.74
45.93

1425.22 1065.62

3534.20

2821.51

(2)

(2)

(2)
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Across all specifications, and for both China and Indonesia, population coefficients are larger 
than one, showing that larger provinces have more than proportionate sales, and thus hinting 
at increasing economies of scale or home market effects typical in the NEG literature. In other 
words, larger provinces host proportionately more value chain activities. This effect is also 
larger in China as compared to Indonesia. 

Compared to regressions of aggregated upstreamness measures against centrality (whether 
at province or country level), we argue that the regressions here provide a more discriminating 
test of the downstream-location hypothesis. We pay specific focus on the interaction term 
(𝑙𝑙𝑛𝑛𝐷𝐷𝑖𝑖𝑠𝑠𝐷𝐷𝐶𝐶𝑖𝑖𝐷𝐷𝑦𝑦𝑛𝑛 × 𝑈𝑈𝑖𝑖). 

One can first see the results in column (1), ln𝐷𝐷𝑖𝑖𝑠𝑠𝐷𝐷𝐶𝐶𝑖𝑖𝐷𝐷𝑦𝑦𝑛𝑛 for China is negative but insignificant. 
Without the upstream measure, the distance from City variable has little explanatory power. 
When the interaction term (ln𝐷𝐷𝑖𝑖𝑠𝑠𝐷𝐷𝐶𝐶𝑖𝑖𝐷𝐷𝑦𝑦𝑛𝑛 × 𝑈𝑈𝑖𝑖) is included in column (2), the distance from city 
variable becomes negative and significant and the interaction term (positive coefficient) 
highlights the fact that upstream sectors are less affected.  

We see a different effect for Indonesia. While the inclusion of the upstreamness measure in 
column (8) results in a more negative coefficient compared to column (7) as with China, the 
key difference is that the interaction term (𝑙𝑙𝑛𝑛𝐷𝐷𝑖𝑖𝑠𝑠𝐷𝐷𝐶𝐶𝑖𝑖𝐷𝐷𝑦𝑦𝑛𝑛 × 𝑈𝑈𝑖𝑖) is insignificant for Indonesia. In 
other words, upstream sectors can be as affected by distance to the large market as 
downstream ones.  

Taken together, the location pattern in China is consistent with model predictions under 
moderate trade costs. While distances to large markets affect sectors, and more so the 
downstream ones, the distribution of upstream and downstream sectors is nonetheless more 
geographically even across provinces. Even inland provinces have some upstream and 
downstream sector shares (Figure 1). Both upstream and downstream sectors distribute their 
sales to various locations, resulting in average sales distances being more similar to average 
geographic distances (Figure 2). 

The location pattern in Indonesia is consistent with high trade costs. Resource-abundant 
provinces either host high shares of upstream sectors (e.g., Kalimantan) or low (e.g., Papua, 
Jambi). Our model suggests that the nature of the equilibria will depend on raw material 
access cost. Hence, the average sales distances of upstream sectors are more heterogenous 
depending on equilibria. On the other hand, Java provinces have high shares of upstream 
sectors, and downstream sectors clearly concentrate in Java. As a result, the average sales 
distance is low for downstream sectors since production mostly happens close to market.   

At this stage, it is useful to provide some reconciliation with the provincial aggregate 
regressions in Table 1. Downstream sectors have larger sales, accounting for around 55% to 
60% of all sales in both China and Indonesia. Hence, economically central locations may host 
significant shares of upstream activities and still appear to have a downstream structure on 
average (because downstream sales are larger). This is a generalization of Indonesia’s 
location configuration and is again consistent with the model outcome of high transport costs. 
For China, less economically central locations may host some downstream activities, do not 
appear particularly upstream on average, but still have large shares of upstream activities 
consistent with the model outcome of more moderate trade costs. The more granular province-
sector regressions in this paper bring out these important nuances.   
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When distance from City is replaced by travel times, the results are largely the same for both 
China and Indonesia but become sharper with improved R-square statistics. For China, both 
the coefficients for travel times and upstreamness interaction term are larger compared to the 
specification using distance. For Indonesia, the relevant coefficients are also larger, but the 
interaction term notably continues to be insignificant.  

When both distance and travel times are included—column 5 for China and column 11 for 
Indonesia—travel times coefficients are negative and significant, notwithstanding the high 
collinearity between distance and travel times (distance coefficients become insignificant). In 
other words, travel times perform better than distance as an explanatory variable for industrial 
locations. This underscores the importance of infrastructure, as opposed to distance, for 
industrial locations.   
In columns (6) and (12) for China and Indonesia, respectively, distance is used as an 
instrumental variable for travel times to address potential concerns that travel times can be 
endogenous to economic activities (because policy makers may improve transport systems 
for provinces with more economic potential). Comparing columns (4) and (6) for China, and 
columns (10) and (12) for Indonesia, travel time coefficients are slightly higher under OLS 
estimation compared to the IV. This finding suggests some evidence of endogeneity, thus 
overstating the effects of transport infrastructure. Otherwise, the IV results continue to be 
largely in line with OLS ones, and the interaction term is significant for China but not Indonesia. 
 
5. Conclusion 
 
We provide evidence on how provinces in China and Indonesia differ in their shares of 
upstream and downstream sectors, pointing to differences in upstream-downstream location 
configurations. We provide a stylized model that incorporates the IO characteristics of an 
upstream extraction processing and downstream consumer differentiated sector in a value 
chain together with a spatial representation of locations. The model highlights the tension 
between economic centrality (which the downstream sector prefers) and geographic centrality 
(which has the benefit of lower-cost input for the upstream sector). While the two-sector two-
location model is stylized in nature, it brings out the potential for multiple equilibria depending 
on various types of trade costs. The upstream and downstream sectors co-locate or operate 
at separate locations, depending on trade costs.  

With more granular sectoral data and regressions, our conclusions are more nuanced. The 
more granular province-sector regressions affirm the downstream-location hypothesis for 
China. The regressions with granular data do not reject the downstream-location hypothesis 
for Indonesia per se, but also do not cleanly establish this either because even upstream 
sectors can be fairly attached to downstream locations (no separation). This is consistent with 
the model’s equilibrium with high trade costs.  

While an understanding of international economic geography and upstream-downstream 
export structure is undoubtedly important, we argue that it is equally important (if not more) to 
understand where value chains locate within economies. For large developing economies, 
where value chains locate given transport costs is critically important for the development of 
regions. To the best of our knowledge, this research is also the first to provide a within-
economy study of the downstream-location hypothesis.  



AIIB Working Paper No. 19 (2025) 
 

 24 

PUBLIC 

We show that the downstream-location hypothesis is not absolute or automatic. If within-
economy transport costs are too high, upstream sectors will locate at economically central 
locations together with downstream ones. There will be no separation, and development will 
become highly uneven.   

Physical distances are immutable, but transport times can be shortened with improved 
infrastructure. We emphasize how improved transport times can help shift more activities, first 
upstream, then downstream, away from large economic centers and more towards the 
regions. Travel times have higher explanatory power compared to distance and with 
coefficients in line with expectations. IV estimations for travel times result in slightly smaller 
coefficients but continue to affirm the direction of results otherwise. 

China’s provinces see greater participation in value chain output. Interior provinces host 
moderate shares of both upstream and downstream activities. Indonesia undoubtedly has a 
tougher internal geography, and higher transport costs have resulted in a different set of value 
chain locations. Downstream and even upstream value chains are largely concentrated in 
Java for Indonesia. With some exceptions, most resource-endowed outlying provinces in 
Indonesia also see relatively little upstream value chain sales. The research underscores the 
need to reduce transport costs to facilitate value chain development away from large economic 
centers. There will also be a need for public policy support for the development of regions 
outside Java to reduce regional inequality. 
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Appendices 
 
A.1 China and Indonesia Industries Upstreamness Measures 
 
Following Antràs et al. (2012), the upstreamness measure of each industry 𝑖𝑖 is the weighted 
average of the number of stages from final demand at which 𝑖𝑖 inputs would enter final use. 
Specifically,  

𝑈𝑈𝑖𝑖 = 1 ⋅
𝐹𝐹𝑖𝑖
𝑌𝑌𝑖𝑖

+ 2 ⋅
∑ 𝑑𝑑𝑖𝑖𝑖𝑖𝐶𝐶
𝑖𝑖=1 𝐹𝐹𝑖𝑖
𝑌𝑌𝑖𝑖

+ 3 ⋅
∑ ∑ 𝑑𝑑𝑖𝑖𝑛𝑛𝐶𝐶

𝑛𝑛=1
𝐶𝐶
𝑖𝑖=1 𝑑𝑑𝑛𝑛𝑖𝑖𝐹𝐹𝑖𝑖

𝑌𝑌𝑖𝑖
+ ⋯ 

where 𝐹𝐹𝑖𝑖 is the value of that output that goes directly to final use, and 𝑑𝑑𝑖𝑖𝑖𝑖𝑌𝑌𝑖𝑖 is sector 𝑖𝑖’s total 
output that is purchased by industry 𝑗𝑗. 𝑈𝑈𝑖𝑖 can be equivalently written as 

𝑈𝑈𝑖𝑖 = 1 +�
𝑑𝑑𝑖𝑖𝑖𝑖𝑌𝑌𝑖𝑖
𝑌𝑌𝑖𝑖

𝐶𝐶

𝑖𝑖=1

𝑈𝑈𝑖𝑖 

Let 𝑈𝑈 be the column vector with 𝑈𝑈𝑖𝑖 as its 𝑖𝑖-th entry, 𝟏𝟏 be the column vector of ones, and let 𝛥𝛥 
be the matrix with 𝑑𝑑𝑖𝑖𝑖𝑖𝑌𝑌𝑖𝑖/𝑌𝑌𝑖𝑖 in entry (𝑖𝑖, 𝑗𝑗) 

𝑈𝑈 = 𝟏𝟏 + 𝛥𝛥𝑈𝑈 

Solving for 𝑈𝑈 leads to 

U = [I − Δ]−1𝟏𝟏 

In the open economy, Δ  is adjusted where the (i, j)  entry of Δ  is precisely the value of 
commodity i used in j’s production (dijYj). The denominator of each entry is replaced by Yi −
Xi + Mi, where Xi and Mi denote exports and imports of sector i output. We find that the range 
of upstreamness spans from a minimum of 1.097 to a maximum of 4.202 for Indonesian 
industries.  

Similarly, within the context of China, this measure varies from a minimum of 1.123 to a 
maximum of 5.409. The manufacturing industries are ranked from the most upstream to the 
least upstream for China and Indonesia respectively. Notably, tobacco, construction, furniture 
and transport are among the most downstream industries, with almost all their output going 
directly to final demand. Conversely, the most upstream industries, including fossil fuel 
extraction and metal ore mining, play pivotal roles in the raw material processing phase of 
production. 

Note that the upstreamness measure for each sector is computed at a national (rather than 
provincial) level for China and Indonesia. As mentioned, provinces within a national economy 
face a more similar regulatory environment (compared to between economies). Firms and 
human capital also relocate more readily within the economy; and firms do not face tariff 
barriers when selling across provinces. Therefore, the upstreamness measure of each sector 
should be similar across provinces.  

For provinces, we compute upstreamness measures as the weighted average of the shares 
in each sector and their respective nationally determined upstreamness (see Appendix A.2). 
Importantly, having a standard national measure of upstreamness for each sector also allows 
for comparison across provinces.  



AIIB Working Paper No. 19 (2025) 
 

 26 

PUBLIC 

 

Table 4: Upstream Ranking of Sectors in China 

 

 
Table 5: Upstream Ranking of Sectors in Indonesia 
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A.2 China and Indonesia Provincial Upstreamness Measures and Economic Centrality 
 
Formally, the provincial upstreamness measure is obtained as 

𝑈𝑈𝑛𝑛 = �
𝑋𝑋𝑛𝑛𝑖𝑖
𝑋𝑋𝑛𝑛𝑖𝑖

𝑈𝑈𝑖𝑖 

where 𝑋𝑋𝑛𝑛𝑖𝑖 is the province sales (sales to other provinces and export) of sector 𝑖𝑖 by province 
𝑛𝑛. Thus, provinces with higher cross-province sales and exports in upstream sectors will be 
measured as more upstream. In line with the literature, we compute two measures of 
economic centrality—GDP-weighted and population-weighted—respectively as 

𝐶𝐶𝐷𝐷𝑛𝑛𝐷𝐷𝑎𝑎𝐷𝐷𝑙𝑙𝑖𝑖𝐷𝐷𝑦𝑦𝑛𝑛𝐺𝐺𝐷𝐷𝑈𝑈 = �
𝐺𝐺𝐷𝐷𝑈𝑈𝑛𝑛

𝑇𝑇𝑜𝑜𝐷𝐷𝐷𝐷𝑙𝑙𝐺𝐺𝐷𝐷𝑈𝑈
𝐷𝐷𝑖𝑖𝑠𝑠𝐷𝐷𝐷𝐷𝑛𝑛𝐷𝐷𝐷𝐷𝑛𝑛𝑛𝑛−1

𝑛𝑛

,  

𝐶𝐶𝐷𝐷𝑛𝑛𝐷𝐷𝑎𝑎𝐷𝐷𝑙𝑙𝑖𝑖𝐷𝐷𝑦𝑦𝑛𝑛
𝑈𝑈𝑃𝑃𝑝𝑝𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖𝑃𝑃𝑛𝑛 = �

𝑈𝑈𝑜𝑜𝑝𝑝𝑃𝑃𝑙𝑙𝐷𝐷𝐷𝐷𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛
𝑇𝑇𝑜𝑜𝐷𝐷𝐷𝐷𝑙𝑙𝑈𝑈𝑜𝑜𝑝𝑝𝑃𝑃𝑙𝑙𝐷𝐷𝐷𝐷𝑖𝑖𝑜𝑜𝑛𝑛

𝐷𝐷𝑖𝑖𝑠𝑠𝐷𝐷𝐷𝐷𝑛𝑛𝐷𝐷𝐷𝐷𝑛𝑛𝑛𝑛−1
𝑛𝑛

  

which captures a province’s proximity to other provinces with either a large GDP or large 
population (or both). Figure 4 and Figure 5 provide a geographic view of provincial 
upstreamness and economic- or GDP-weighted centrality in China, respectively, while Figure 
6 and Figure 7 are for Indonesia. This is followed by the correlations of upstreamness and 
GDP-weighted centrality (Figure 8). 

 
Figure 4: Upstreamness by Province, China
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Figure 5: GDP-weighted Centrality by Province, China

Figure 6: Upstreamness by Province, Indonesia
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Figure 7: GDP-weighted Centrality by Province, Indonesia 
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With these measures, we test whether more economically central provinces have a 
comparative advantage in relatively more downstream sectors by examining the correlation 
across provinces between provincial economic centrality and upstreamness. 

Equation 7 

ln𝑈𝑈𝑛𝑛 = 𝛽𝛽0 + 𝛽𝛽1ln𝐶𝐶𝐷𝐷𝑛𝑛𝐷𝐷𝑎𝑎𝐷𝐷𝑙𝑙𝑖𝑖𝐷𝐷𝑦𝑦𝑛𝑛 + 𝛤𝛤𝑍𝑍𝑛𝑛 + 𝜖𝜖𝑛𝑛 
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The results of the regression in Equation 7 is provided in Table 1. As discussed in the main 
text, upstream provinces in Indonesia register higher per capita GDP (Figure 9). 
 

Figure 9: Upstreamness of Indonesia Provinces and Per Capita GDP 
 

 

A.3 Special Case – No Vertical Separation 
 
We consider a special case in which there is no vertical separation between the upstream and 
downstream sectors—i.e., the final good sector has to bring raw materials to its production 
location. This special case is interesting because first, some sectors will have incentives to 
organize themselves in such an integrated manner and this special case provides the solution 
to the equilibrium location in such an instance. Second, this special case also provides the 
solution to the equilibrium of (𝑠𝑠∗ = 𝑎𝑎∗) as described in Proposition 5(b) and Proposition 6, over 
the relevant solution range [0.5, 𝑎𝑎𝐶𝐶].  
With full vertical integration of the upstream and downstream sectors, the profit function fully 
incorporates the resource collection costs and is reduced to 

𝜋𝜋𝑖𝑖 =
1
𝜎𝜎
�
𝜎𝜎

𝜎𝜎 − 1
�
𝜏𝜏𝑒𝑒
2

(2𝑠𝑠2 − 2𝑠𝑠 + 1)� . [1 + 𝑠𝑠. 𝜏𝜏𝑋𝑋] �
1−𝜎𝜎 𝜇𝜇𝐿𝐿𝑅𝑅

𝑈𝑈𝑅𝑅1−𝜎𝜎

+
1
𝜎𝜎
�
𝜎𝜎

𝜎𝜎 − 1
�
𝜏𝜏𝑒𝑒
2

(2𝑠𝑠2 − 2𝑠𝑠 + 1)� . [1 + (1− 𝑠𝑠)𝜏𝜏𝑋𝑋] �
1−𝜎𝜎 𝜇𝜇𝐿𝐿𝐶𝐶

𝑈𝑈𝐶𝐶1−𝜎𝜎
− 𝐹𝐹 

as per Equation 5 in the main text. Note that this is the case if (𝑠𝑠 = 𝑎𝑎). The first order condition 
(FOC) is given as 
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𝜕𝜕𝜋𝜋𝑖𝑖
𝜕𝜕𝑠𝑠

= (1− 𝜎𝜎)𝛾𝛾𝐷𝐷−1 (𝐿𝐿𝑅𝑅 + 𝐿𝐿𝐶𝐶)(4𝑠𝑠 − 2)
2𝑠𝑠2 − 2𝑠𝑠 + 1

+ (1 − 𝜎𝜎)𝛾𝛾𝐷𝐷−1 �
𝐿𝐿𝑅𝑅𝜏𝜏𝑥𝑥

1 + 𝑠𝑠𝜏𝜏𝑥𝑥
−

𝐿𝐿𝐶𝐶𝜏𝜏𝑥𝑥
1 + (1 − 𝑠𝑠)𝜏𝜏𝑥𝑥

� 

Which can be further rewritten as  

𝜕𝜕𝜋𝜋𝑖𝑖
𝜕𝜕𝑠𝑠

= (1 − 𝜎𝜎)𝛾𝛾𝐷𝐷−1𝐷𝐷𝑅𝑅
𝐴𝐴𝑠𝑠3 + 𝐵𝐵𝑠𝑠2 + 𝐶𝐶𝑠𝑠 + 𝐷𝐷

(2𝑠𝑠2 − 2𝑠𝑠 + 1)(1 + 𝑠𝑠𝜏𝜏𝑋𝑋)(1 + (1− 𝑠𝑠)𝜏𝜏𝑥𝑥)
 

Here, the coefficients 𝐴𝐴,𝐵𝐵,𝐶𝐶,𝐷𝐷 are specified as  

𝐴𝐴 = −�6 𝐿𝐿𝐶𝐶
𝐿𝐿𝑅𝑅

+ 6� 𝜏𝜏𝑥𝑥2; 𝐵𝐵 = �8 𝐿𝐿𝐶𝐶
𝐿𝐿𝑅𝑅

+ 10� 𝜏𝜏𝑥𝑥2 − �2 𝐿𝐿𝐶𝐶
𝐿𝐿𝑅𝑅
− 2� 𝜏𝜏𝑥𝑥; 

𝐶𝐶 = −�3 𝐿𝐿𝐶𝐶
𝐿𝐿𝑅𝑅

+ 5� 𝜏𝜏𝑥𝑥2 + �6 𝐿𝐿𝐶𝐶
𝐿𝐿𝑅𝑅

+ 2� 𝜏𝜏𝑥𝑥 + �4 𝐿𝐿𝐶𝐶
𝐿𝐿𝑅𝑅

+ 4�; 𝐷𝐷 = 𝜏𝜏𝑥𝑥2 − �3 𝐿𝐿𝐶𝐶
𝐿𝐿𝑅𝑅

+ 1� 𝜏𝜏𝑥𝑥 − �2 𝐿𝐿𝐶𝐶
𝐿𝐿𝑅𝑅

+ 2� 

Hence, the optimal location 𝑠𝑠 is then determined as a function of (i) the ratio of City to Remote 
size (𝐿𝐿𝐶𝐶/𝐿𝐿𝑅𝑅), and (ii) the transportation cost of final good (𝜏𝜏𝑋𝑋). As can be seen in Figure 10, 
there is a “smooth” location solution depending on transport costs of final goods (𝜏𝜏𝑋𝑋 ), as 
opposed to the more “discrete” location solutions of the Nash equilibrium presented in the 
main text. This is not surprising because the downstream cannot be locationally separated 
and now faces a quadratic input cost function directly, and as a result, it no longer has the 
binary option of locating with upstream or at City.  

Figure 10 provides the numerical solution to the above problem with various ratios of market 
sizes. As vertical separation is not possible as in this special case, the relevant range for co-
location will be [0.5, 1] as per Figure 10.  
 

Figure 10: Location Equilibria with Different Trade Costs and Market Size Ratios 
 

  

Notes: This figure presents the numerical solutions to s under the assumption of co-location between upstream 
and downstream sectors (or no vertical separation), with varying values for 𝜏𝜏𝑋𝑋 and City to Remote market size 
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ratios 𝐿𝐿𝐶𝐶/𝐿𝐿𝑅𝑅 , and with other parameters held constant at 𝜎𝜎 = 5,𝜏𝜏𝑒𝑒 = 1, 𝜏𝜏𝑚𝑚 = 0.1. Note that 𝑎𝑎𝐶𝐶 = 0.55 given the 
parameters. If sectors are allowed to be at separate locations, upstream will locate at 𝑎𝑎∗ = 0.55 while downstream 
will locate entirely at City (𝑠𝑠∗ = 1). 

We reconnect this special case to the main model where vertical separation is possible. To be 
clear, the upstream sector would not locate at values larger than the boundary 𝑎𝑎𝐶𝐶 because the 
quadratic access cost would outweigh the transport cost of intermediates past this point. If the 
solution to co-location is larger than 𝑎𝑎𝐶𝐶, the sectors will locate separately with upstream at 𝑎𝑎𝐶𝐶 
and downstream at City as per Proposition 5. It would be better to just incur 𝜏𝜏𝑚𝑚 to send the 
assembled intermediate to the downstream location. 

Hence, any co-location in the context where vertical separation is permissible only occurs for 
the relevant range of [0.5, 𝑎𝑎𝐶𝐶] as per Proposition 5. Over this relevant range, sectors can locate 
separately but will choose to co-locate nonetheless. Note however that 𝑎𝑎𝐶𝐶 can take the value 
of 1 depending on the parameters, resulting in co-location at City. Note also that raw material 
access cost 𝜏𝜏𝑒𝑒 is not a factor to determine location in this special case because the profit 
function becomes homogenous of degree one in 𝜏𝜏𝑒𝑒 . Raw material access cost changes 
locational choices only when there is the possibility of locationally separating the upstream 
and downstream sectors.  
 
A.4 Extending the Model to Population Distribution Along the Interval 
 
We extend the baseline model to allow for the presence of fixed populations (and hence 
consumption) along the interval, instead of only at Remote or City. The assumption of 
population distributed along the interval also softens the no consumption at production location 
assumption in the main model. The model will become less restrictive as a result, though there 
will be a need to rely more on numerical solutions.  
Along the interval, there is a fixed population at each point denoted by 𝐿𝐿(𝐷𝐷). We assume that 
𝐿𝐿(𝐷𝐷) is monotonically increasing from Remote to City to avoid definition issues (e.g., non-City 
points having large populations) and to avoid “local” equilibria during optimization. We use a 
hat to denote the equilibrium variables or labels of this extended model. The optimization 
problem for the model with population distributed along the interval is given as  

𝜋𝜋�𝑖𝑖∗(𝑎𝑎) = arg max𝑠𝑠 𝜋𝜋𝑖𝑖(𝑠𝑠, 𝑎𝑎) 

Where the profit function is given as  

Equation 8 

𝜋𝜋�𝑖𝑖 = � 𝜋𝜋�𝑖𝑖(𝐷𝐷)𝑑𝑑𝐷𝐷
1

0
− 𝐹𝐹 = � 𝜋𝜋�𝑖𝑖(𝐷𝐷)𝑑𝑑𝐷𝐷

𝑠𝑠

0
+ � 𝜋𝜋�𝑖𝑖(𝐷𝐷)𝑑𝑑𝐷𝐷

1

𝑠𝑠
− 𝐹𝐹 

Each firm will charge a 𝐷𝐷 location specific �̂�𝑝𝑖𝑖(𝐷𝐷), which is a standard mark up on input cost  

𝑚𝑚 = 𝜏𝜏𝑒𝑒
2

(2𝑎𝑎2 − 2𝑎𝑎 + 1) + 𝜏𝜏𝑚𝑚|𝑠𝑠 − 𝑎𝑎| and the iceberg cost between production and consumption 
locations �̂�𝜏𝑋𝑋(𝐷𝐷) = 1 + 𝜏𝜏𝑋𝑋|𝑠𝑠 − 𝐷𝐷|. As a result, there will also be a location-specific CES price 
𝑈𝑈�(𝐷𝐷)—the further away the consumption location is away from production, the higher the CES 
price. From each location 𝐷𝐷, the profit earned by the firm is 

𝜋𝜋�𝑖𝑖(𝐷𝐷) =
1
𝜎𝜎

. �̂�𝑝𝑖𝑖(𝐷𝐷)1−𝜎𝜎.𝑈𝑈�(𝐷𝐷)𝜎𝜎−1. 𝜇𝜇. 𝐿𝐿(𝐷𝐷) 
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Note that 𝜕𝜕𝜋𝜋�𝑛𝑛(𝑃𝑃)
𝜕𝜕𝑝𝑝�𝑛𝑛(𝑃𝑃) = 1−𝜎𝜎

𝜎𝜎
. �̂�𝑝𝑖𝑖(𝐷𝐷)−𝜎𝜎 .𝑈𝑈�(𝐷𝐷)𝜎𝜎−1. 𝜇𝜇. 𝐿𝐿(𝑥𝑥) = 1−𝜎𝜎

𝜎𝜎
.𝐷𝐷−1. �̂�𝑝𝑖𝑖(𝐷𝐷)−1. 𝜇𝜇. 𝐿𝐿(𝐷𝐷).  Furthermore, 

𝜋𝜋𝑠𝑠(𝐷𝐷) ≡ 𝜕𝜕𝜋𝜋�𝑛𝑛
𝜕𝜕𝑠𝑠

= 𝜕𝜕𝜋𝜋�𝑛𝑛(𝑃𝑃)
𝜕𝜕𝑝𝑝�𝑛𝑛(𝑃𝑃)

𝜕𝜕𝑝𝑝�𝑛𝑛(𝑥𝑥)
𝜕𝜕𝑠𝑠

 and combined with Leibniz rule gives 

Equation 9 

𝜋𝜋𝑠𝑠 ∝ −𝜇𝜇.� 𝐿𝐿(𝐷𝐷).
𝜏𝜏𝑚𝑚
𝑚𝑚
𝑑𝑑𝐷𝐷

1

0
− 𝜇𝜇.� 𝐿𝐿(𝐷𝐷). �

𝜏𝜏𝑋𝑋
1 + 𝜏𝜏𝑋𝑋(𝑠𝑠 − 𝐷𝐷)

� 𝑑𝑑𝐷𝐷
𝑠𝑠

0
+ 𝜇𝜇.� 𝐿𝐿(𝐷𝐷). �

𝜏𝜏𝑋𝑋
1 + 𝜏𝜏𝑋𝑋(𝐷𝐷 − 𝑠𝑠)

� 𝑑𝑑𝐷𝐷
1

𝑠𝑠
 

If constrained only to two locations at Remote and City, the above equation collapses exactly 
to Equation 4. In the extended model, the terms are also similar. The first term on the RHS is 
the effects on profits of any departure from where the upstream sector operates. Any move 
away from the upstream location results in an increase in intermediate costs and hence a 
reduction in profit for final sales across the entire interval.  

The second term is the reduction of profits caused by the increase in shipping costs for the 
interval left of 𝑠𝑠, with any rightward 𝑠𝑠 move. The third term is the increase in profits caused by 
the reduction in shipping costs for the interval right of 𝑠𝑠 , with any rightward 𝑠𝑠  move. In 
Proposition 2, it is clear that the combined effects of the second and third terms are positive 
with an increase in 𝑠𝑠, because 𝐿𝐿𝐶𝐶 > 𝐿𝐿𝑅𝑅 . In this extended case, it is less clear-cut and will 
depend on the distribution of population 𝐿𝐿(𝐷𝐷).  

Proposition 𝟐𝟐�: The optimal solution 𝒔𝒔∗� (𝒓𝒓) for any given 𝒓𝒓 should be selected from the 
subset {𝒓𝒓, 𝒔𝒔∗(𝒓𝒓)} where 𝒔𝒔∗(𝒓𝒓) corresponds to the location such that 𝝅𝝅𝒔𝒔�𝒔𝒔∗(𝒓𝒓)� = 𝟎𝟎 and 
that 𝟎𝟎.𝟓𝟓 ≤ 𝒔𝒔∗(𝒓𝒓) < 𝟏𝟏. 

First, because population is rising monotonically, the optimal solution 𝑠𝑠∗(𝑎𝑎) will be weakly 
larger than 0.5 as downstream firms always choose to be closer to the thicker side of the 
population distribution.  

Second, note that from Equation 9, 𝜋𝜋𝑠𝑠(𝑠𝑠 = 1) ∝ −𝜇𝜇. ∫ 𝐿𝐿(𝐷𝐷). �𝜏𝜏𝑚𝑚
𝑚𝑚

+ 𝜏𝜏𝑋𝑋
1+𝜏𝜏𝑋𝑋(𝑠𝑠−𝑃𝑃)� 𝑑𝑑𝐷𝐷

1
0 < 0.  This 

shows that it is never optimal for downstream to be at City even as they locate at the thicker 
side of the distribution. This is because the population is now distributed across the interval 
(and not just concentrated at City in the earlier two-location model). Hence, 0.5 ≤ 𝑠𝑠∗(𝑎𝑎) < 1. 

If 𝜋𝜋𝑠𝑠(𝑠𝑠 = 𝑎𝑎𝐶𝐶) > 0, which occurs when ∫ 𝐿𝐿(𝐷𝐷)𝑑𝑑𝐷𝐷1
𝜕𝜕  is large enough via inspection of Equation 9, 

the downstream sector has the incentive to locate right of 𝑎𝑎𝐶𝐶. There thus exists an optimal 
𝑠𝑠∗(𝑎𝑎) ∈ (𝑎𝑎𝐶𝐶 , 1) through the solution to the FOC such that 𝜋𝜋𝑠𝑠�𝑠𝑠∗(𝑎𝑎)� = 0 and the maximum profit 
is achieved. In this case, the upstream sector will locate at 𝑎𝑎𝐶𝐶 while the downstream sector 
locates at 𝑎𝑎𝐶𝐶 < 𝑠𝑠∗(𝑎𝑎) < 1. 

If 𝜋𝜋𝑠𝑠(𝑠𝑠 = 𝑎𝑎𝐶𝐶) < 0 and 𝜋𝜋𝑠𝑠 < 0 for any 𝑠𝑠 ∈ (𝑎𝑎𝐶𝐶 , 1], there is incentive for the downstream sector to 
seek locations left of 𝑎𝑎𝐶𝐶. In this case, given that location lies left of 𝑎𝑎𝐶𝐶, it would be possible for 
upstream and downstream to locate together to minimize input cost, which is optimal. The 
optimal solution will be co-location of upstream and downstream such that 0.5 < 𝑠𝑠∗ = 𝑎𝑎∗ < 𝑎𝑎𝐶𝐶. 
(Q.E.D.). 
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Proposition 𝟑𝟑� : The optimal solution 𝒔𝒔∗� (𝒓𝒓)  is increasing in  𝝉𝝉𝑿𝑿 when the population 
distribution is skewed towards City. 

With the implicit function theorem, 𝜕𝜕𝑠𝑠∗/𝜕𝜕𝜏𝜏𝑋𝑋 is given as 

𝜕𝜕𝑠𝑠∗

𝜕𝜕𝜏𝜏𝑋𝑋
= −

𝜕𝜕𝜋𝜋𝑠𝑠/𝜕𝜕𝑠𝑠
𝜕𝜕𝜋𝜋𝑠𝑠/𝜕𝜕𝜏𝜏𝑋𝑋

 

The numerator term 𝜕𝜕𝜋𝜋𝑠𝑠
𝜕𝜕𝑠𝑠

< 0  and the denominator term 𝜕𝜕𝜋𝜋𝑠𝑠/𝜕𝜕𝜏𝜏𝑋𝑋  depend on the relative 

importance of ∫ 𝐿𝐿(𝐷𝐷).𝑑𝑑𝐷𝐷𝑠𝑠
0  and ∫ 𝐿𝐿(𝐷𝐷).𝑑𝑑𝐷𝐷1

𝑠𝑠 . Inspecting 𝑠𝑠 , if ∫ 𝐿𝐿(𝐷𝐷).𝑑𝑑𝐷𝐷1
𝑠𝑠  is sufficiently large to 

dominate, then 𝜕𝜕𝜋𝜋𝑠𝑠
𝜕𝜕𝜏𝜏𝑋𝑋

> 0, indicating that 𝜕𝜕𝑠𝑠
∗

𝜕𝜕𝜏𝜏𝑋𝑋
> 0. (Q.E.D.)  

 
Characterization of Equilibrium for Extended Model 
 
Proposition 2� is a modification of Proposition 2, with the key difference that Proposition 2� rules 
out locating at City. Proposition 3�  is a modification of Proposition 3—it provides the same 
general result but Proposition 3� relies on the population distribution along the interval to be 
skewed towards City (as opposed to just dependent on the large population at City itself). 
These two modified propositions can be intuitively explained by the fact that, unlike the two-
location case, where only the large population at City matters, the downstream sector’s 
location choice in the extended model will depend on the distribution of population along the 
interval. Proposition 4 is unchanged with the model extension, as the upstream sector will 
continue to minimize cost.  

As a result, the equilibrium results of the extended model will look like the two-location one, 
with the exception that location at City is ruled out, and that downstream equilibrium location 
will depend on population distribution. An increase in trade cost 𝜏𝜏𝑋𝑋 will continue to incentivize 
downstream towards City if population distribution is sufficiently skewed towards City.  
 
Numerical Example 
 
We provide a numerical solution by assuming that the population along the interval takes on 
the following function 𝐿𝐿(𝐷𝐷) = 𝐿𝐿𝑅𝑅𝐷𝐷𝜃𝜃𝑃𝑃 , where 𝜃𝜃 determines how fast the population is increasing 
as one moves toward City. The optimal solution 𝑠𝑠∗(𝑎𝑎) is increasing in both 𝜏𝜏𝑋𝑋 and 𝜃𝜃. Similarly, 
we can show that the direction of 𝜕𝜕𝜋𝜋𝑠𝑠

𝜕𝜕𝜃𝜃
 is dominated by the first term of 𝜋𝜋𝑠𝑠, −𝜇𝜇.∫ 𝐿𝐿(𝐷𝐷). 𝜏𝜏𝑚𝑚

𝑚𝑚
𝑑𝑑𝐷𝐷1

0 . 

Therefore, 𝜕𝜕𝜋𝜋𝑠𝑠
𝜕𝜕𝜃𝜃

< 0, and 𝑠𝑠∗(𝑎𝑎) is increasing in 𝜃𝜃. The numerical solutions to various population 
distribution parameters and final goods trade cost are provided in Figure 11. 
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Figure 11: Location Equilibria with Different Trade Costs  

and Population Distribution Parameters 
 

  

Notes: This figure presents the numerical solutions to s for the extended model where population is distributed 
along the entire interval, with varying values for 𝜏𝜏𝑋𝑋 and population parameter 𝜃𝜃, and with other parameters held 
constant at 𝜎𝜎 = 5,𝜏𝜏𝑒𝑒 = 1, 𝜏𝜏𝑚𝑚 = 0.1. Note that 𝑎𝑎𝐶𝐶 = 0.55 given the parameters, this is the rightmost point of upstream 
industry. Hence, any solutions of 𝑠𝑠 > 𝑎𝑎𝐶𝐶 = 0.55 will imply separate locations between upstream and downstream.  
 
A.5 Additional Materials–equilibrium Sketches 
 
We provide a sketch of the model (Figure 12) and a few equilibria sketches (Figure 13) to 
support readers. The various equilibria sketches are not meant to highlight precise solutions 
(which are provided in the paper), but to facilitate readers’ understanding.  

 
Figure 12: Sketch Model setup 
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Figure 12 shows the tension between upstream and downstream locations. We discuss the 
sketches in sequence: 

(a) When trade costs are very high (coupled with low raw material access costs), both 
upstream and downstream sectors co-locate at the City location. 

(b) With higher raw material access costs, the upstream sector separates from City and 
locates closer to the geographic center (at 𝑎𝑎𝐶𝐶 ) to reduce input costs. The 𝑎𝑎𝐶𝐶  location 
balances the transport cost of intermediates to City location against the raw material 
access cost. 

(c) With prohibitively high raw material access costs, the upstream sector is always located at 
the geographic center, regardless of other trade costs. 

(d) With lower trade costs (or if vertical separation is not feasible), both upstream and 
downstream co-locate at an optimal location that is between the geographic center the 
right boundary 𝑎𝑎𝐶𝐶.  

(e) With negligible trade costs, both upstream and downstream co-locate at the geographic 
center. Input cost is minimized at this location. Welfare reaches a maximum for both 
utilitarian and egalitarian welfare measures.    
 

Figure 13: Sketches of Various Nash Equilibria 
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