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1  INTRODUCTION 

Trade is subject to the "tyranny of distance" and transaction costs are, together with the relative 
size of the exporting and importing economies, among the main determinants explaining bilateral 
trade patterns. Through the years, the progressive decline in tariff duties and other customs 
barriers, the reductions in transportation costs and the progress in information and communication 
technology connectivity have "flattened the planet", facilitating the expansion of global trade. Yet, 
since the last decade, the objective of reducing transaction costs and facilitating trade has been 

receiving new emphasis. In the geographically fragmented production networks which emerged 
since the 1995s, trade in intermediate goods represent more than half the volume of international 
transactions: more than in traditional trade, transaction costs (border and behind the border cost 
of trade) are crucial components of the competitiveness of firms and determine in part their ability 
to participate in global production networks.  
 
Trade costs such as applied tariffs, transportation and insurance costs or other border taxes and 

fees can cascade through the supply chains.  This "cascade effect" arises since trade costs 
accumulate as intermediate goods are imported and then re-exported through different processing 

nodes before reaching the final consumer (for more details, see page 8). Moreover, in the "trade in 
tasks" rationale which governs global value chains (GVCs), the impact of these accumulated costs 
on individual firms' profitability is amplified because those costs applying to the full value of the 
good have to be recouped from the fraction of the value-added created at each productive stage.  

 
Trade in tasks is also known as "trade in value-added", and from this perspective, the distribution 
of nominal tariffs between unprocessed and processed goods -- a feature of nominal schedules 

known as tariff escalation -- has a particular importance. Steep tariff escalation creates a 

significant anti-export bias on complex manufactured goods when "value added" is the traded 
“commodity”. This bias, measured through effective protection rates (EPRs), creates additional 
obstacles for export diversification and GVC upgrading. Besides tariff and transportation, non-
monetary costs, in particular delays and uncertainty are particularly relevant when the 
manufacture of merchandise goods is fragmented across several countries. Delays in a "just-in-
time" business model disrupt the whole supply chain and render the whole process inoperative.  

 
Finally, in a production network, bilateral trade costs only tell part of the story. In a close-knit 
network, one's competitiveness depends also on the costs faced by trade partners and by trade 

competitors. Indeed, considering the multilateral dimension of trade costs in gravity modelling is 
increasingly relevant in a more interconnected GVC economy. For example, Noguera (2012) 
modifies the traditional gravity model to include the role of trade in intermediary goods, bilateral 
trade costs and allows for outward and inward multilateral resistance terms in addition to bilateral 

considerations.  
 
This paper will develop in a first section a formal description of the implications of accumulating 
trade costs on international competitiveness. A second section will measure the additional costs of 
production due to tariffs and transportations costs in a subset of developed and developing 
countries covered by the OECD-WTO Trade in Value-Added (TiVA) database. A third section will 
evaluate the systemic effect of Trade Facilitation on the World Trade Network defined by the TiVA 

partners and a concluding section synthetizes the main results.    
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2  TARIFFS, TRANSACTION COSTS AND COMPETITIVENESS  

The following section reviews in more detail some of the implications of EPRs and cascading 
transaction costs from the GVC perspective that motivated the present research. Cross-border 
transaction costs play a much larger role in this type of vertically integrated trade within value 
chains compared to traditional trade in final goods. Indeed, vertical specialisation leads to goods 

criss-crossing national borders several times before reaching the final consumer.  
 
2.1  Tariff duties, transportation and border costs 

Among all cross-border transaction costs, nominal tariffs are certainly the most visible. Tariff 
duties increase the domestic price of tradable goods by adding a tax to their international or free 
market price. Up to the 1995 Uruguay Round, many tariffs were specific and not proportional to 

value (ad valorem). In order to increase transparency and optimize the impact of trade on welfare, 
the negotiators tried to limit non ad-valorem duties to a minimum. The intuition is that, when 

tariffs are not proportional but specific (incurred per-unit of physical good), trade costs not only 
alter relative prices across markets but also the relative prices within industries. The intuition is 
that more efficient  firms (characterized by lower production costs), will be hit relatively harder 
when they export then less efficient ones, since trade costs will account for a larger share of their 
selling price in the importing market. When duties are still specific (in particular for agricultural 

products), analysts compute ad-valorem equivalents. 1  
 
When it comes to transportation costs, the situation is more complex. International economics has 
overwhelmingly relied on an assumption made by Samuelson in 1954 that trade costs are 
proportional to value (as in ad-valorem equivalent for tariffs). This “iceberg transport cost” model 
is a simple economic model of transportation costs. It is based on the idea of paying the cost of 
transporting a good with a portion of the transported good, rather than any other resources. Trade 

costs change the relative price of domestic to foreign goods, and therefore alter the worldwide 
allocation of production and consumption.  
 
We will use Samuelson's approach here. Yet this is an over-simplification. In practice, unit costs 

are expected to be non-linear, because some of the trading costs are variable, to be paid on each 
export, but others are fixed and independent of the trade volume. For example, a firm deciding to 

export to a particular market will have to incur a fixed cost of learning about the exporting 
country's market characteristics and customs and other border procedures. Similarly, an importing 
or exporting country seeking to facilitate transport will have to implement infrastructure projects 
where a large share of the cost is a sunk-cost. In both cases, the marginal trade costs will 
decrease when volume increases, up to a point where congestion effects take over, increasing the 
costs linked to transit time. When congestion costs are too high, a new phase of infrastructure 
investments is required to clear the bottleneck, leading to a new phase of decreasing marginal cost 

per unit. 
 
In practice, transportation costs depend on (i) the nature of the good (e.g., perishable or not; 
bulky or not, etc.) (ii) the distance between producers and consumers and (iii) the mode of 
transport. Those freight expenditures provide an incomplete picture of total transportation costs.  
 
For example, Lewis (1994) differentiates six factors that contribute to logistics costs: 

1. Interest charges on goods awaiting shipment. 

2. Interest charges on goods in transit. 
3. Interest charges on goods held as safety stock. 
4. Loss, damage or decay of goods between manufacture and sale. 
5. Costs of ordering transportation services. 
6. Cost of transportation. 

 
As mentioned by the author, the first three costs are directly related to the value of the product to 
be shipped, and increase as its value increases. The fourth is related to the product's perishability 
(either its physical life or the length of its marketable life) and will become more important as the 

                                                
1  World Tariff Profiles, an annual compilation of bound and applied tariffs prepared by the WTO, ITC and 

UNCTAD, provides in its 2006 edition details on the methodology used to convert specific duties into ad-
valorem equivalents. 
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ratio of product life to transit time approaches one. 2 Point five will vary considerably, according to 
whether the shipper has a long term contract with his or her carrier or is faced with negotiating 
prices and terms for each individual shipment. Number six, the cost of transportation, will be 
related to the speed of the vehicle chosen and the number of units of freight that it can carry. A 
fast-moving, low-volume vehicle (e.g. air freight) will be considerably more costly on cost per ton-
mile basis than a vehicle with high capacity and a relatively lower speed (e.g. sea freight).  

 
Transportation costs by modes of transport vary enormously, air shipping being the most 
expensive. Yet, since the mid-1970s, air freight has grown twice as fast as ocean shipping on a 
ton-miles basis as the marginal cost of air shipping cargo is falling rapidly (Hummels, 2007). 
Perhaps of greater importance is the change over time, not only in the volume of trade, but also in 
its nature.  

 
Improved transportation has changed not only “how much” trade has grown, but also “how” trade 
has grown. Hummels (2007) mentions that ‘improvements in the quality of transportation 
services—like greater speed and reliability—allow corresponding reorganizations of global networks 

of production and new ways of coping with uncertainty in foreign markets. Because tariffs have 
become a less frequent barrier to trade, the contribution of transportation to total trade costs - 
shipping plus tariffs—has become not only more evident, but also relatively more important. 

Hummels (2007) records that median transport expenditures were half as much as tariff duties for 
U.S. imports in 1958, equal to tariff duties in 1965 and three times higher than aggregate tariff 
duties paid in 2004. 
 
 
2.2  Transaction costs and the price of domestic value-added 

The method used here to estimate the impact of international transaction costs on competitiveness 

derives from the Effective Protection Rate theory introduced by Balassa (1965) and Corden (1966). 
Originally, EPRs were used as an analytical indicator of tariff escalation (the difference between 
low and high duties) on industries' profitability measured through their value-added. Recent 
developments in the nature of international trade are making this an attractive indicator to study. 
Globalization has changed manufacturing and business models; today an increasing share of 
manufacture production is internationally fragmented. Before reaching their final stage, 

"manufactures in process" transit through international supply chains in the form of intermediate 
goods; at each stage, value added is incorporated (embodied) in the product then shipped to the 
next step, often in a different country. We are therefore in a situation where countries do not trade 
final goods anymore, but trade "manufacturing or business services". This is the reason why 
Grossman and Rossi (2006) qualified the phenomenon as "trade in tasks".  
 
Indeed, from a global value chain perspective, what countries (actually, firms) eventually trade, 

and what defines their competitive advantage, is not final goods or commercial services anymore, 
but “tasks”. Those tasks translate into the value-added that is aggregated and embodied at each 
stage of the global value chain(s) by participating firms. So, instead of relating transportation 
costs to the full commercial value of the goods, as is standard practise in gravity models, the 
correct indicator is to relate cumulated transaction costs (at both the import and export stages) 
embedded in the commercial value of the goods to the value-added gained by the firm. As this 
value-added is, by definition, smaller than the full commercial value of the good, the relative 

impact of transaction costs on competitiveness is much higher than in traditional trade models. 
Actually, in GVC trade, the impact of transaction costs is non-linear (Yi, 2003).   

 
In a trade in tasks framework, what is internationally traded is value-added (the primary inputs) 
and the adequate measure of trade distortion is no longer the nominal tariff structure on the 
output, but instead the effective rate of "protection" on value-added. As we shall see, trade costs 

(tariffs and transportation) increases the domestic "price" of the value-added and act as a 
currency over-valuation (increase of domestic prices relative to the international ones). In this 
case, high positive EPRs are a bad omen for the "beneficiary" sector, as it indicates a strong anti-

                                                
2 As we shall see, this component becomes increasingly important today, when trade is conducted through in 
supply chains under a “just-in-time” manufacturing model. In modern supply chain management, information 
technology and effective logistics substitute for inventories. Non-compliance costs are much more important 
than the value of the part itself, as delays in delivering a component may disrupt entire production chains.  
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export bias in a trade in task perspective as the domestic cost of the sectorial value added is much 
higher than the international one. 
 
Effective protection is calculated as a weighted average of nominal tariffs, but in this case, the 
weights are given by the value of inter-industrial flows of intermediate and final products.  
Moreover, the measure usually applies to industries and not to products as in traditional tariff 

analysis. Conceptually, it is the difference accruing to an industry between the rent on output price 
provided by nominal protection and the additional production costs due to the higher domestic 
price of inputs. For a given industry, EPR is obtained as the ratio of its value-added at domestic 
prices and the gross margin the firm could attain if it had to operate at international prices, in a 
situation of free trade and zero tariffs.  
 

In practice, EPRs are calculated by deducting the additional production cost the producer had to 
pay because of the tariff charged on the importable inputs from the nominal protection received on 
one unit of output produced by an industry and sold on the domestic market (at a price higher 
than the free-trade market price because of the duty charged on competitive imports). The result 

is compared with the hypothetical value-added that would have resulted from the operation if no 
custom duties were levied. Because production costs are usually known only at aggregated 
sectoral level thanks to Supply-Use tables or Input-Output matrices, EPR are calculated at 

aggregated “industry” level. For each industrial sector "j", its EPR is the difference between the 
nominal protection enjoyed on the output minus the weighted average of tariff paid on the 
required inputs, divided by value-added at free-trade prices.  
 
Formally, EPRs can be closely associated to the production function in a simplified KLEMS 
framework which distinguishes capital, labour, material and services inputs:  
 

𝑄 =  𝑓(𝐾, 𝐿, 𝑀)                                                          [1] 

 
Where Q is the output, K the capital inputs, L stands for labour inputs and M are the intermediate 
inputs. 3  
 
From a Leontief input-output analysis perspective used in the present analysis, material inputs 

always enter in fixed proportions to produce a unit of output, while the contribution of K and L (or 
"primary inputs") are captured through their remuneration (value added). 
 

𝑄𝑗 = 𝑉𝑗 + ∑ 𝑀𝑖𝑗𝑖                                                        [2] 

 
Where 𝑉𝑗 stands for the value added in sector "j" (remuneration of the primary inputs and 𝑀𝑖𝑗 are 

the intermediate consumptions (domestic and imported) used by the sector "j" from sector "i". 
∑  𝑖 stands for "Sum from i = 1 to n", where n is the total number of sectors, including "j" itself as 

an industry may use some of its own output in the production process.  In a national account 
framework, 𝑄𝑗 and 𝑀𝑖𝑗 are observed, and 𝑉𝑗 is computed by differences, after imputing net taxes. 4 

 

In an open economy, intermediate consumptions can also be imported from trade partners. If all 
trade partners are included in an international I-O matrix, the equation can be rewritten as: 
 

𝑄𝑗
C   = 𝑉𝑗

c + ∑ 𝑀𝑖𝑗
𝑐

𝑐,𝑖                                                          [3]  

 

Where superscript "c" designs the importing country (left side and first part of right-hand side) and 
includes also its trade partners (second part of right-hand side).  
 
In a first approximation, we can disregard superscripts "c", with no loss of generality (at least in 
the limits of the model). In a simplified neo-classical approach, with perfect substitution, 

international transaction costs influence the domestic price of all inputs, be they imported or 

                                                
3 The complete KLEMS model differentiates various categories of intermediate inputs: energy, material goods 
and services.  
4 For the readers unfamiliar with input-output notations, the standard notation show in line "i" the uses (or 
destination) of sectoral output "i" for intermediate or final demand (including exports), while the column "j" 
indicate the requirements of intermediate inputs from the various domestic sectors of origin, plus the imports. 
Thus, an analysis in terms of production function is done according to the column index, "j". 
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domestically produced. 5 In effect, domestic producers of tradable goods will be able to raise their 
own prices up to the level of the international price plus the (monetary) transportation costs and 
the tariff duty, without running the risk of being displaced by imports. Thus, any domestic industry 
"j" will benefit directly from the increase in costs due to tariff and freight costs applied to the 
imported goods competing with its products. We will refer to this ad-valorem increase in the price 
of competing goods the "tariff and transport" (t&t) nominal protection. 

 
Assuming that all applied tariffs are MFN (most favoured nation) and do not discriminate between 
trade partners, and transportation costs are of the "iceberg type" (i.e. proportional to the value of 
the imported good), the effective t&t EPR for sector "j" is the difference between the nominal t&t 
protection enjoyed on the output minus the weighted average of t&t paid directly (imported goods) 
or indirectly (domestic goods) on the required inputs. It is given by: 

 

     𝐸𝑃𝑅𝑗  =   
𝑡𝑗−∑ (𝑡𝑖𝑖  .𝑎𝑖𝑗 )

1−∑ 𝑎𝑖𝑗𝑖
   [4] 

With 

-  aij : elements of the matrix A of technical coefficients in an input-output matrix. Input 
coefficients aij are calculated by dividing input values of goods and services used in each 
industry by the industry’s corresponding total output, i.e. aij = zij / Xj where zij is a value of 

good/service i purchased for the production in industry j, and Xj is the total output of 
industry j. Thus, the coefficients represent the direct requirement of inputs for producing 
just one unit of output of industry j.                          

- tj : t&t nominal protection on sector "j", 
- ti : nominal t&t protection on inputs purchased from sector "i". "i" can be equal to "j" when 

a firm purchases inputs from other firms of the same sector of activity. In an inter-country 

framework, "i" includes also the partner dimension [c] as inputs from sector "i" might be 
domestic or imported. 

 
In our simplified example, transportation costs are ad-valorem and do not differentiate between 
the physical characteristics of merchandise (weight, perishability, etc.) nor, at this stage, their 
country of origin.  Intuitively, we can consider that the t&t protection for a given product is 
represented by the MFN tariff applied to the weighted average of CIF value (FOB plus freight and 

insurance costs) of goods imported from different geographical origins.  
  
If the tariff schedule is flat and the FOB/CIF margin is similar for all products, the rate of effective 
t&t protection on the value added is equal to the nominal rate of t&t protection. In the presence of 
tariff escalation (MFN tariffs rising with the degree of processing; transportation and insurance 
costs increase more than proportionally to the unit value of the goods), downstream domestic 
industries producing final goods will benefit from a higher effective protection. Upstream industries 

producing inputs will have, on the contrary, a lower t&t protection and possibly a negative one if 
the sum of t&t margins paid on the inputs is higher than the margin of protection received on the 
output. 
 
If domestic industries were able to export at the price they sell domestically (meaning that firms 
are price makers and demand is price inelastic), a positive t&t effective protection would mean an 

increase in exported value-added. Yet this is usually not the case, unless the exporting firm has 
global market power - not a common situation for most firms, especially those located in 
developing countries. So, the most frequent situation is that the exporting firm is a price taker and 

will have to compete on the global market at international prices. For the firm, even if the importer 
pays the transportation costs, the export price should be lower than the domestic one by the 
amount of nominal t&t protection received. 6   
 

When the firm exports and the importer pays all international transportation costs, the value 
added it receives will be lower:  
 

                                                
5 A more sophisticated approach would, in order to mimic Anderson and van Wincoop (2003), be to consider 
the case of imperfect substitution in intermediate goods and the Armington elasticity used, for example, in 
Computable General Equilibrium Models. 
6 Alternatively, the firm may decide to charge higher price but will face a lower demand, depending on the 
value of the price elasticity. We do not analyse this option, which belongs more to the economic analysis of 
EPRs, through partial or general equilibrium approaches. 
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(1 − ∑ (𝑡𝑖  . 𝑎𝑖𝑗 )𝑖 ) <  (1 − ∑ 𝑎𝑖𝑗𝑖 )                                  [5]  

 

If the exporting firm have also to pay for the transportation costs to the country of destination 
("d"), the difference is even higher:  

 

 ((1 − 𝑑) − ∑ (𝑡𝑖   . 𝑎𝑖𝑗  )𝑖 ) ≪  (1 − ∑ 𝑎𝑖𝑗𝑖 )                             [6]  

 
 
Therefore, a high t&t EPR, resulting for example from high nominal duties, high transportation 
costs and steep tariff escalation, reduces incentives to export, as the rate of return on the 
domestic market is higher than what can be expected on the international one. It is a well-known 
result that high EPRs discourage benefiting firms from exporting their output. 

 
This anti-export bias becomes even more relevant when analysing trade policy from a "trade in 
value added" perspective (Diakantoni and Escaith, 2012). Cost competitiveness is particularly 
critical in a GVC context, when foreign lead-firms base their "make or buy" decisions as well as the 

choice of offshore localization from tight cost arbitraging (Kohler, 2004). Even if the typical 
arrangements in a supply chain contract is for the lead-firm to cover the international costs of 

procurement (equation [5]) an exporting firm will be in an inferior position vis à vis a competitor in 
the home market of the lead-firm and operating in a free trade environment, because its value-
added when selling at world price (left hand side of equation [5]) is lower than its competitor 
(right hand side).  
 
Even more importantly from the perspective of GVC up-grading in developing countries, the high 
t&t protection will limit the possibility of developing domestic inter-industry linkages (second-tier 

domestic suppliers) in the case that an exporting firm at home would be able to join an 
international supply chain. The negative impact of high t&t EPRs on second-tier domestic suppliers 
derives from the fact that tariff and transportation costs influence the domestic price of all inputs, 
including domestically produced ones (goods, but, as we shall see in the next section, services 
too). Domestic suppliers of tradable goods will be able to raise their own prices up to the level of 
the international price plus the t&t ad-valorem charge on the competing imports, without running 
the risk of being displaced by them. As discussed in Box 1, tariffs and other transaction costs on 

tradable goods have also implications for non-tradable products, with serious implications in terms 
of international competitiveness. 
 

 Box 1. Services and inefficiency spill-overs 
 

Albeit all the discussion so far referred to merchandise goods, the additional production cost is also 

valid for services providers. Up to very recently, the literature on EPRs did not include services, 
which were traditionally treated as "non-tradable" in the early literature (illustratively, Belassa –
one of the pioneers of EPR theory- treated services as primary inputs and incorporated them in the 
domestic value-added). Today, services are not only increasingly traded, but they represent a 

large share of the final production cost of manufactured goods. 7 Moreover, the cost and quality of 
GVC-related services, both embodied and imbedded, is a key component for defining the 
competitiveness of any given industry and its capacity for up-grading the value-chain (Low, 2013). 
 
For the services providers who have to support a higher cost of tradable inputs but cannot benefit 
from tariff protection, EPRs are negative. More importantly, their situation in terms of international 

competitiveness, as described by the left-hand side of equation [9], deteriorates: unless they 

accept to operate at lower gross margins than their international competitors, they are not 
competitive on the international market and the exporting firms which make use of their services 
will suffer a cost-disadvantage equivalent to the inefficiency spill-over. 8  
 

                                                
7 Using OECD-WTO TiVA database, it was possible to estimate that, once the value of services embodied in the 
production of goods is taken into consideration, the share of commercial services in world trade in value-added 
duplicates its Balance of Payments value. 
8 Domestic firms are supposed to operate with similar production technologies to their competitors. Obviously, 
a domestic firm may remain competitive on the international market despite higher costs if it benefits from 
other advantages, be they natural (access to cheap resources such as land or energy) or resulting from an 
industrial policy (subsidies).  
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This aspect of inefficiency spill-over is also increasingly relevant when looking at GVCs from a 
"trade and development" perspective: a productive chain is as strong as its weakest link. Following 

a GVC approach to industrialization, policy-makers should design "smart industrial policies" that, at 
distinct from old-style vertical industrial policies, look at value creation by reducing inefficiencies. 
Accounting for inter-industry linkages and sectoral inefficiencies leads to the identification of 
inefficiency spill-overs that arise when (distorted) intermediate inputs prices comparing domestic 
inter-industrial linkages for a given country against its main trade partners. As observed by Cella 
and Pica (2001), sectoral inefficiencies measured through the inter-industry linkages in the OECD 
were largely due to inefficiencies imported from other sectors via intermediate input prices, rather 

than to internal factors. Overpriced inputs may be due to technical inefficiencies affecting the 
upstream industrial sectors or the effect of distorting trade policies.  
 
This is a clear indication that tariff policy and transport and trade facilitation have a clear bearing 
on competitiveness: generous effective protection through high tariffs and high transaction costs 
result, at best pushed domestic prices higher than what they could have been and, at worst, 
inflates prices much higher than international ones.  Therefore, by increasing the relative price of 

non-tradables with respect to tradables, tariffs and other trade frictions act here as a kind of over-
valued real exchange rate.  
        

 
 
Distinguishing between the costs of domestic (superscript "h") and foreign inputs (superscript "f"), 
t&t EPR can be written as:  
 

  𝐸𝑃𝑅𝑗  =   
𝑡𝑗−[∑ (𝑡𝑖𝑖  .𝑎𝑓

𝑖𝑗) +∑ (𝑡𝑖𝑖 .𝑎ℎ
𝑖𝑗 )]

1−∑ 𝑎𝑖𝑗𝑖
                                 [7]  

 
With af

ij and ah
ij the intermediate consumption “i” from, respectively, foreign and home country 

required to produce one unit of output “j”. 

 
Let us take the most favourable case of a first-tier supplier operating from an Export Processing 
Zone (EPZ) in an international supply chain where the foreign lead-firm covers the costs of 

transportation of the intermediate inputs and the re-export of the processed good. In such a 
situation, the first-tier supplier does not have to pay any transaction cost.  
 
Yet, even when duty draw-backs or tariff exemptions (as in EPZs) correct for trade frictions and 

allow domestic producers to purchase inputs at international prices, export-oriented firms still have 
a disincentive to purchase inputs internally as their second-tier domestic suppliers (represented by 

the sum [∑ (𝑡𝑖 . 𝑎𝑖𝑗
ℎ  )𝑖 ]  in equation [7]) would not be able to benefit from the duty exemption. Thus, 

despite draw-backs, the first-tier domestic suppliers exporting their products to other participants 
of the international supply chain remain at a disadvantage compared to their free-trade 
competitors (right hand side of equation [8] and also the denominator of [7]) when they source 
some of their inputs from other local suppliers or outsource part of their tasks to them: 9 
 

  (1 − [∑ 𝑎𝑓
𝑖𝑗𝑖  +  ∑ (𝑡𝑖. 𝑎𝑖𝑗

ℎ  )𝑖 ]) < (1 − ∑ 𝑎𝑖𝑗𝑖 )      [8]  

 
EPZs or duty draw-back schemes will compensate the exporting firm for the additional production 
costs caused by tariffs only when it uses imported inputs, and the transportations costs only if 

these imported inputs are those specified by the GVC Lead-Firm. In this case, ∑ (𝑡𝑖. 𝑎𝑖𝑗
ℎ  )𝑖 = 0  and 

inequality [8] becomes an identity because all trade costs are covered by the Lead Firm (id est,   
af

ij  aij ;  i,j).  

 
But such a strategy prices-out domestic suppliers when nominal tariffs and trade costs are high. 
The national suppliers of these domestic firms, because they sell on their home market, will not be 
able to draw back the duties they had to pay on their own inputs. Even if they were able to do so, 
through what are often complex and arcane administrative mechanisms, domestic suppliers using 
non-imported inputs would still be put at a disadvantage because nominal tariff protection raised 
the domestic price of all tradable products, be they actually imported or not. As far as other trade 

                                                
9 Unless home firms substitute high-tariff domestic inputs for lower ones (negative correlation between 
changes in ti and a

h
ij) but our 2012 paper shows that almost no substitution took place in East Asia. 
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costs included in the FOB-CIF margin, the only possibility for second-tier domestic suppliers to 
avoid them would be to join the supply-chain itself, with the agreement of the foreign Lead-Firm 
(id est, substituting, with the agreement of the Lead-Firm, other GVC suppliers and "capturing" 
their value-added).  
 
While the anti-export bias is a well-known result from a traditional trade in final goods perspective, 

our new corollary  is relevant only from the vertical specialization perspective typical of GVCs, 
where a “buy” decision arising from a “make or buy” assessment implies arbitraging between 
domestic and foreign suppliers. 
 
 
2.3  International Trade, Global Value Chains and Cascading Transaction Costs  

Tariffs (and other trading costs) not only affect domestic production costs but are also a source of 
trans-border cost-push transmission. This is particularly the case when manufacturing is 
geographically segmented and trade in intermediate goods become important: the impact of tariffs 

and other additional transaction costs is amplified as intermediate goods are further processed by 
importing countries then re-exported. The cascading impact of these transaction costs (monetary 
and non-monetary, including the perception of risks) is sometimes related to the slow-down in 
international trade which followed the 2008-2009 crisis (Escaith and Miroudot, 2015).  

 
Yi (2003), Ma and Van Assche (2010) and Ferrantino (2012) highlight non-linearity in the way in 
which transaction costs negatively affects trade-flows in a trade in tasks perspective, where goods 

have to travel through several nodes before reaching their final destination. The impact of tariffs 
and other additional transaction costs is amplified as intermediate goods are further processed by 
importing countries then re-exported. Yi (2003) indicates that a small decrease in tariffs can 
induce a tipping point at which vertical specialization (trade in tasks) kicks in, where it was 

previously non-existent. When tariffs decrease below this threshold, there is a large and non-linear 
increase in international trade. The cascading and non-linear impact of tariff duties when countries 
are vertically integrated can be extended to other components of the transaction cost. When 
supply chains require semi-finished goods to cross international borders more than once, the effect 
of a marginal variation in trade costs everywhere in the supply chain is much larger than would be 
the case if there were a single international transaction.  

 

Ferrantino (2012) shows that, when trade costs apply in proportion to the value of a good, the 
total cost of delivering the product to the final consumer increases exponentially with the number 
of production stages. 10 For example, if the average ad valorem transaction cost is ten per cent, 
accumulated transaction costs in a five-stage supply chain lead to an ad valorem tariff equivalent 
of 34 per cent. Doubling the number of stages by slicing up the supply chain more than doubles 
the total delivery costs, as the tariff equivalent is 75 per cent. All this indicates the critical role of 

low transaction costs, including tariff duties and non-tariff measures, in facilitating trade in a 
“trade in tasks” perspective.  
 
Rouzet and Miroudot (2013) formalize a measure of the cumulative tariffs embodied in trade in 
intermediates along international supply chains. In a GVC, imports of intermediate goods from 
industry “i” in country "c" has a chain of components corresponding to backward production 
linkages.  First, the direct tariff "tc" is incurred when the imported good crosses the border 

between supplier country "s" and "c".  Second, suppliers in country "s" have also paid tariffs on 
their inputs from third countries in proportion to their use of imported intermediate goods. And so 

on and so forth. Using the matrix of technical coefficients A, the authors demonstrate that the 
cumulative tariff on an import from country-sector i to country-sector j is equal to: 
 

CT𝑖,𝑗 =  𝑡𝑖,𝑗 + ∑ 𝑖
(𝑛)∞

𝑛=0                                                              [9] 

 

Where 𝑖
(𝑛)

 (using the authors' notation) is the i-th element of the vector  is a 1 x J 

vector of ones and B = AT results from the element-by-element multiplication of A, and T the 

associated matrix of nominal tariffs.  

                                                
10 More formally, the total cost of delivering the product to the final consumer after (n) production stage is: 

C(𝑛) = ∑
1

𝑛
(1 + 𝑡)𝑖𝑛

𝑖=1   [3]  where C(n) : total cost of delivering the product as a proportion of the production cost,  

t : ad valorem transaction cost at each stage, N: number of stages in the supply chain. 
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Their results reveal that although nominal tariffs are low in most OECD economies, indirect tariffs 
can add a significant burden by the time a good reaches its final user. For example, products 
imported from India into the EU pay an average total tariff of 3.7%. 51.5% of this amount is 
directly levied at the EU border and 48.5% results from duties on inputs imported by India at 
previous production stages. Moreover, the impact of these accumulated costs on profitability is 

magnified because those costs applying to the full value of the good have to be paid out of the 
fraction of the value-added created at each productive stage. The "accumulation and 
magnification" effects of cascading tariffs explains why complex GVCs cannot develop when tariffs 
are above some threshold i.e. Yi's tipping point. 11  
 
In practice, the accumulation effect may be lower than what a simple exponential formula like in 

footnote 10 may suggest, for reasons that differ at individual GVC and at macro-sectoral levels. 
While the image of a chain implicitly projects the idea of a succession of tasks arranged in a series 
of sequential steps, most supply chains are not linear but are defined by a hub and spoke pattern. 
Unbundling costs are lower in the "hub and spoke" configuration. When taking a macro-sectoral 

perspective, such as the one adopted in TiVA, one realizes that most economies are largely self-
sufficient in terms of intermediate inputs, and that the weight of successive rounds of 
accumulation decays rapidly to zero. 

 

Figure 1: Spider and snakes  

 
Source: Baldwin and Venables, 2010 

 

The first topological aspect is the "spiders and snakes" difference in GVC organization (Baldwin and 
Venables, 2010). In the spider (panel a, Figure 1), first tier suppliers of parts and components are 
arranged around a central assembly plant which ships the end product to its final destination. In 
this configuration, a part crosses a border at most twice, once as a part and once embodied in final 
output. In a snake, each task is embodied into goods in processing that are shipped again to the 
next production stage. At each stage, the gross commercial value of the good in process increases 
and the number of international border crossing is not bounded, at least formally. Considering 

iceberg costs, the trade costs increase more than proportionally: in [3] the transportation cost at 
each stage increases, even if the "ad valorem" transportation cost remains the same.  Moreover, 
due to tariff escalation, it is probable that tariff duties will increase with the degree of processing. 

In real life, actual supply chains will be a mix of spiders and snakes, as suggested by Baldwin and 
Venables in Figure 1. The topology of the GVC affects its vulnerability to trade friction and 
coordination costs, leading, according to the authors, to complex off-shoring and re-shoring 

dynamics. 
 
Decaying secondary effects: Most nations are largely self-sufficient in terms of intermediate inputs. 
This implies that the value of an average GVC propagation length (APL) measured from an input-
output matrix falls rapidly to zero.  APL represents the average number of production stages lining 

                                                
11 If inputs are perfectly substitutable (e.g., the referenced products identified by Rauch (1999), such as 
standards electronic components), it will result less costly for the importing firm to produce itself the required 
inputs or to source them from a third-country supplier which is itself fully integrated. In other words, GVCs 
collapse when the gains from specialization and economies of scale become lower than the duties collected 
along the supply chain.   
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up in every branch of all the given supply chains (Dietzenbacher and Romero, 2007). It is a short 
hand representation for an industry’s level of fragmentation which relies on the weighting of 
"distance index" by successive powers "k" of the technical coefficient matrix A. Aks are regarded 
as progressive impacts of the initial demand when supply chains are sliced at the kth stage of the 
production process (see Annex I for a formal presentation).  
 

Because the technical coefficients "aij" are positive but lower than 1, the Aks converge to zero 
when k increases. This is actually a condition for the suite to converge to the Leontief inverse [I-
A]-1, a results central to most GVC indicators. The smaller the value of extra-diagonal technical 
coefficients, the faster is the convergence to zero. When looking at the value of the extra-domestic 
"aij" (the reliance on imported inputs from sector-country "i" per unit of output "j") one realises 
that the individual values are indeed very small. Even in the most opened countries, industries are, 

in average, relying mostly on domestic inputs: even in our flattening world, Domestic Value Chains 
remain predominant. Therefore, the foreign component of Ak (coefficients outside the bloc-
diagonal of domestic industries) is rapidly insignificant from an economic perspective when k 
increases. 12 Even in China or Mexico, two economies that built their export diversification strategy 

on GVCs, the weight of foreign inputs in their gross exports is about 32%. At k=3, the resulting 
weight in Ak  is barely above 1% and falls almost to 0 at k=4. 13  
 

This is also true for other measures of GVC length derived from the input-output matrix. An 
example is obtained by using geographic distance or monetary transportation costs between two 
inter-related industries instead of counting production stages as in the APL.  This calculation was 
suggested by Los and Temurshoev in 2012. Once we know the distance between the supplying 
firm and its clients (dij), we can use a vector of input-weighted distance from customers to 
suppliers to provide a geographical distance (dij is in kilometres) or an economic one (if dij is in 
monetary terms). The distance covered by the global value chain between its initiation and the 

final consumer is given by:    
 

D: (I-A’)-1 D*                                                          [10] 
 
D* being a diagonal input-weighted matrix of supplier-to-client distance by industry and country.14 
Miroudot and Nordstöm (2015) adapt this methodology to measure the length of the external 

network of suppliers, sourcing the distance from the GeoDist database maintained by CEPII (Mayer 

and Zignago, 2011).  
 
Wang et al. (2015) intend a synthesis of the various backward and forward measures by defining a 
GVC position index based on a thorough decomposition of the contribution of each production 
stage to the total value. Their index measures the distance from any production stage between the 
final demand and the initial factor inputs in a production line by a combination of production 

linkages based on both forward and backward linkages. Actually, the length of the international 
part of supply chains (the one being subject to cumulative tariff and transportation costs) varies 
from country to country and sector to sector.  
 
Overall, the total number of production stages (i.e., involving the participation of several industries) 
calculated on TiVA database using traditional backward and forward linkages is relatively small 
(less than 2 when all good and services industries are covered) and 12% of them takes place in a 

foreign country. Yet, as we mentioned, the weight of the international share in the case of 
vertically specialised exporting firms may be much underestimated because traditional input-
output tables aggregate both export-market and domestic-market oriented firms. The (relatively 

complex) decomposition proposed by Wang et al. (2015) goes further by distinguishing between 

                                                
12 This is true for the industry average which is represented in an input-output matrix. This average is prone to 
aggregation bias and export-oriented industries may be much more reliant on imported inputs than the 
average domestic firm. This can be observed in the TiVA database that distinguish several types of firms in the 
case of China and Mexico. 
13 And our back-of-envelope calculation raising to power k the sum of foreign weights "aij"  is already optimistic: 
(∑aij)k > (∑aijk) 
14 For each domestic industrial sector, an average distance to international supplier is calculated, weighting the 
distance to the supplier’s country by its share in the total inputs imported by the domestic industry. From a 
purely international trade perspective, domestic inter-industry commerce should be set to 0 (the distance 
between two domestic firms is nil), but this is an oversimplification when it comes to some developing 
countries, where most population lives on the coastal area and in-land transportation is more expensive than 
international freight.    
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pure domestic, directly traded, and indirectly traded production activities. Their index redefines 
both the forward and backward participation index by considering not only export production, but 
also production that satisfies domestic final demand through international trade. While the total 
production length mains relatively low (2.05 in 2011), the part which is specific to a GVC goes 
almost to 5 and has been increasing steadily since 2002 (except for a break in 2008-2009). 15  
 

Figure 2: Number of production stages in electrical and optical equipment industry, 2008  

 
Source: OECD-WTO TiVA database: OECD Global Value Chains Indicators -May 2013.  

 
Structural factors other than simple economic size are also determining: the smaller and more 
service-oriented an economy, the larger is the relative weight of its international input 
procurements (Escaith and Gaudin, 2014). For example, the "Electrical and optical equipment" is 

an emblematic sector of activity for international manufacturing. Despite all the debate on GVC-
induced deindustrialization in the USA, the sector remains domestically focused (less than 2 

production stages, 17% being internationally sourced). The Czech Republic, Thailand and Vietnam, 
in contrast , rely on international firms for 50% or more of their value chain; Mexico (48% of 
international segments) is also part of this group of internationally integrated producers that would 
be vulnerable to a rise of tariffs on their imported inputs or exported outputs.     
 
 
3  EVOLUTION OF TARIFF AND OTHER TRADE COSTS: TIVA PERSPECTIVE 

The section reviews (preliminary) results obtained by crossing OECD-WTO TiVA data and the 
underlying OECD International IO Tables with WTO IDB tariff database and Trade costs from  
Duval, Saggu and Utoktham (2015).  Year 2011 (the last available for TiVA at the time of writing 
this paper) is used as base year, tariffs distinguish MFN and preferential. 
 
The detailed tariff data for the year 2006 and 2011 is sourced from the WTO-ITC-UNCTAD World 

Tariff Profiles database and aggregated at the Harmonized System Nomenclature product 
subheading level, i.e. HS 6 digit level. Information on bilateral trade flows is sourced from the 
WTO Integrated Data Base (IDB) and complemented by the UN Comtrade database. National MFN 
applied duties at the subheading level are weighted by bilateral trade flows to obtain trade 
weighted applied tariff duties.  
 
The TiVa database of intermediate inputs published in the year 2015 includes 61 countries, 

including EU Members, G20 economies, many East and South-east Asian economies and some 
South American countries. A full list of the countries covered is found in Annex 4. The TiVA 
intermediate demand matrix details 34 industrial sectors. Our analysis focuses on 18 goods related 

                                                
15 Preliminary results, based on WIOD data. 
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sectors, including agriculture, mining and 16 manufacturing sectors. The full list of industrial 
sectors used in this analysis can be found in Annex 3. The year 2011 is used as a base year. 
 
Bilateral trade costs estimates are sourced from the ESCAP 'Value Added Trade Cost Database' of 
May 2015. The database presents a dataset on bilateral trade costs – excluding a tariff component 
– measured in ad-valorem equivalents for 57 countries. In order to match the 2015 edition of TiVA 

indicators, bilateral trade costs for Colombia, Costa Rica, Croatia and Tunisia are imputed from the 
ESCAP-World Bank merchandise trade cost database. 

 
Non-tariff trade costs by Duval et al. (2015) do not proceed from a direct calculation but are 

indirectly derived from an application of the “Gravity Model” on TiVA. The gravity model has been 
the working horse of trade economists for many decades. (See Box 2). The indirect estimate of the 
ad-valorem impact of trade costs is related to the "unexplained" variance observed in estimating 
equation [4], after controlling for tariffs. Those trade costs have a monetary dimension (e.g., 
transportation, insurance and other fees) but also a more subjective dimension. According to 
Anderson (2014) the non-monetary trade costs (frictions) inferred from the gravity model have a 

number of potential explanations: information costs; non-monetary barriers (regulation, licensing, 
etc.); consumer taste differences; insecure contracts and lack of trade governance (extortion, etc.). 
Increased uncertainty after the 2008-2009 crisis is probably behind the retrocession that Escaith 
and Miroudot (2015) observed in trade in value-added after the crisis. According to their 
calculation, trade friction reached their lowest level reached in 2006. Trade frictions then increase 
again and an important peak is observed in 2008-2009 with the Great Trade Collapse. In 2011, 

the last year in the dataset, trade frictions are just back to their 2005 levels. 
 

BOX 2: Trade Frictions and the Gravity Model 
 

By analogy with Newton’s Law of Universal Gravitation, the model predicts that trade between two 
countries is proportional to their economic mass and inversely proportional to the square of the 
‘distance’ separating them. In economic terms, this distance refers to all the ‘frictions’ impeding 
trade, such as transportation costs, transactions costs, customs duties and other restrictive trade 
policy measures, as well as a “home bias”. The geographic distance between two countries is 
generally well-correlated with these trade frictions. 16 

 
The gravity model, which aims at measuring the strength that these restrictions apply to 
international trade, was initially based on a purely statistical specification following Jan Tinbergen’s 
original formulation.  Gravity received a micro-economic foundation with Anderson and van 
Wincoop (2003). Besides providing a micro foundation to the Tinbergen model, this theoretical 
contribution was helpful in improving the specification of the statistical model (e.g.., coping for 
omitted variable bias).  

 
In the simplest case of two countries a and b, we can express the gravity equation as: 
 

𝑋𝑎𝑏 =
𝑌𝑎𝑌𝑏

𝑌𝑑𝑎𝑏
2                      [11] 

 
where 𝑋𝑎𝑏 are exports from a to b, 𝑌𝑎 is a's economic size from the supply-side perspective (the 

mass of products supplied at origin a), 𝑌𝑏 is b's market size (the mass of products demanded at 

destination b), Y is total income and 𝑑𝑎𝑏 is the economic distance between a and b (a measure of 

the trade frictions that impede pure free trade). The model does not have to be limited to two 
countries; we can define as 𝑠𝑖 = 𝑌𝑖/𝑌 the share of any country i in world income and generalise the 

model to N countries. 
 
Equation (1) then becomes: 
 

𝑋𝑎𝑏 =
𝑌𝑎𝑌𝑏

𝑌𝑑𝑎𝑏
2 =

𝑠𝑎𝑠𝑏𝑌

𝑑𝑎𝑏
2                               [12] 

 

                                                
16 The paper focuses on international trade costs, nevertheless, domestic constraints can seriously restrict the 
potential for export diversification. Freund and Rocha (2010) find, for example, that transit delays are the most 
important constraint to exports for African countries. These domestic hurdles result in higher trading costs and 
are negatively correlated with average income; due to this deficit in trade facilitation, gains from trade are 
therefore much harder to harvest for the poorest countries. 
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In the absence of any trade friction (no trade and transportation costs), goods and services have 
the same price everywhere and consumers in a and in b are expected to buy products in the same 

proportion based on their share of world income (entropy is maximised). We thus obtain a gravity 
equation where distance and borders do not play any role.  
 
Frictionless exports from a to b are simply:  
 

�̃�𝑎𝑏 = 𝑠𝑎𝑠𝑏𝑌                                                    [13] 

 
The difference �̃�𝑎𝑏 −  𝑋𝑎𝑏 between frictionless (�̃�𝑎𝑏) and actual (𝑋𝑎𝑏) trade flows provides an 

estimate of the effect of trade frictions:  
 

𝑑𝑎𝑏 ≈  √�̃�𝑎𝑏/𝑋𝑎𝑏                                                         [14]  

 
In order to determine the factors that influence this distance, the results from [4] are submitted to 

a series of statistical analysis using regression models. Because observable monetary trade costs 

(tariffs, transportation, etc.) can be directly specified in the regression equation, the "unexplained" 
variance can be attributed to (non-directly observable) obstacles.  
 
These gravity results, many of them known since the late 1960s, take a new twist when analysed 
from the perspective of global value chains.  
 

Those two ‘multilateral resistance terms can be expressed as: 
 

(Π𝑖)
1−𝜎 = ∑ (

𝑑𝑖𝑗

𝑃𝑗
)

1−𝜎
𝑌𝑗

𝑌𝑗               [15] 

(P𝑗)
1−𝜎

= ∑ (
𝑑𝑖𝑗

Π𝑖
)

1−𝜎 𝑌𝑖

𝑌𝑖             [16] 

 

Π𝑖
𝑘
 is the outward multilateral resistance and aggregates the incidence of all bilateral trade costs 

borne by the producers in country i. P𝑗
𝑘
 is the inward multilateral resistance and accounts for the 

incidence of all bilateral trade costs on buyers in country j.  
 
These two multilateral resistance terms are not directly observable. But it is possible (Novy, 2013) 

to combine the equations and obtain a reduced form 𝜏𝑖𝑗 which is the geometric mean of barriers 

to trade in both directions and can be interpreted as a tariff equivalent summarising all existing 

trade frictions: 
 

𝜏𝑖𝑗 ≡ (
𝑡𝑖𝑗𝑡𝑗𝑖

𝑡𝑖𝑖𝑡𝑗𝑗
)

1

2
− 1 = (

𝑋𝑖𝑖.𝑋𝑗𝑗

𝑋𝑖𝑗.𝑋𝑗𝑖
)

1

2(𝜎−1)
− 1                      [17]  

 
Noguera (2012) finds that bilateral trade cost elasticity of value added exports is about two-thirds 
of that for gross exports. Intuitively, we can explain his result by the fact that gross trade figures 
increase faster (during the trade liberation implementation period) than the net value added 
created: the off-shoring process increases bilateral trade flows but merely shifts Value-Added from 

one country to another one. The impact of off-shoring on the total VA created will come from 
secondary effects such as gains in over-all efficiency, transfer of technology and other 
improvement in Total Factor Productivity leading to faster GDP growth. 
 

 
The results obtained for each good producing sector of the 61 economies included in the 2015 
edition of the TiVA intermediate demand matrix the following: 
 
Nominal tariff protection rates (NP), calculated as weighted tariff averages at a detailed product 
subheading level. Effective Protection Rates (EPRs) as derived from equation [4]; technical 
coefficients 𝑎𝑖𝑗 were calculated as the share of the intermediate inputs, domestic and imported, as 

presented in the OECD-WTO TiVA intermediate demand matrix. 
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NPs and EPRs are calculated for all good producing sectors for the years 2006 and 2011 first by 
assuming MFN treatment to all partners. The nominal protection rates (NPs) and the EPRs will be 
calculated again for the year 2011 by including preferential trade agreements. 
Similar to the nominal protection rates of tariffs, trade costs other than tariff are weighted by the 
sum of intermediate inputs, resulting in trade costs by sector for each of the 61 countries. 
 

The calculations include also an imputation of the increase in domestic prices (due to nominal 
protection against competing imports). The trade weighted applied tariff average of all 
intermediates – excluding domestic intermediates – is calculated, as well as ad-valorem 
equivalents of trade costs excluding the domestic component are calculated. 
 
The notion of EPRs as described by formula [4] can now include the dimension of trade costs 

related to non-tariff components and therefore the formula could called as EPR+ and could be re-
written as following:   
 

    𝐸𝑃𝑅 +𝑗  =   
𝑡𝑗+𝑇𝑗−∑ (𝑡𝑖𝑖  .𝑎𝑖𝑗 )−∑ (𝑇𝑖𝑖  .𝑎𝑖𝑗 )

1−∑ 𝑎𝑖𝑗𝑖
   [18] 

With 
-  aij : elements of the matrix A of technical coefficients in an input-output matrix.  

- tj : nominal protection on sector "j", 
- Tj : trade cost of sector "j" due to non-tariff components 
- ti : nominal t&t protection on inputs purchased from sector "i". 
- Ti : trade costs of non-tariff components on inputs purchased from sector "i". 

 

Figure 3: Nominal Protection (MFN Tariff) on Final Output, 2006-2011 

Textile Motor Vehicles 

  
Chemical Industries Computer equipment 

  
Source: Authors' calculations 
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In addition changes with respect to final year 2011 were computed for 2006 and XXXX [Still in 
process] to measure the impact of changes in tariffs and non-tariff trade costs. To do so, we used 
a fixed structure of weights (imports), based on 2011 data.   
 
Nominal protection (as measured by MFN tariffs on industry's output) has declined between 2006 

and 2011 in a majority of the countries surveyed. In particular Tunisia, Rep. of Korea, Argentina, 
Brazil and India applied the highest nominal protection in 2011 -between 15% and 11% - whereas 
Hong Kong, China, Singapore, New Zealand, USA and Brunei Darussalam the lowest protection 
ranking between 0% and 2.5%. 
 
Figure 3 shows the results on a 45° diagram. Most observations lie under the 45° line, indicating 

that tariffs were higher in 2006 than in 2011. 

 

Table 1: Average tariff and non-tariff trade costs on inputs, ad valorem equivalent (2011) 

 

All 
sectors Computer Vehicles Textiles Chemicals 

Tariff Component 0.8 0.7 1.4 1.1 0.6 

Non-Tariff Component 17.2 22.1 27.6 15.9 16.8 
Note: Weighted, in per cent of the value of the final output. 
Some: Elaborated by the authors, see text for sources. 

 
Using the technical coefficient of A as weights, the additional production cost due to tariffs is low, 
about 0.8% The cost of tariffs is much lower than the other transaction costs, estimated at an ad-
valorem of 17% ( In addition changes with respect to final year 2011 were computed for 2006 and 
XXXX [Still in process] to measure the impact of changes in tariffs and non-tariff trade costs. To do 

so, we used a fixed structure of weights (imports), based on 2011 data.   
 
Nominal protection (as measured by MFN tariffs on industry's output) has declined between 2006 
and 2011 in a majority of the countries surveyed. In particular Tunisia, Rep. of Korea, Argentina, 

Brazil and India applied the highest nominal protection in 2011 -between 15% and 11% - whereas 
Hong Kong, China, Singapore, New Zealand, USA and Brunei Darussalam the lowest protection 
ranking between 0% and 2.5%. 

 
Figure 3 shows the results on a 45° diagram. Most observations lie under the 45° line, indicating 
that tariffs were higher in 2006 than in 2011. 

 

Table 1). All in all, transaction costs translate into an immediate average increase of 18% of the 
production cost in a single stage of the value chain. 

 
Although the non-tariff component trade cost on inputs has globally increased in 2011 the highest 
increases were observed in Food products (5%), Vehicles, Transport equipment and Agriculture 
with a 2% increase in 2011. The only sectors where an overall decrease as shown in Figure 4 was 
observed, was for Basic metals and Metal products. 
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Figure 4: Trade costs of the non-tariff component on inputs by sector, 2006-2011 

 
Source: Authors' calculations 

 
However, as shown in Figure 5 the most costly sectors seem to be the Motor vehicles, Transport 
equipment, Petroleum products, Computers and Machinery. Primary sectors such as Mining, 
Agriculture, Wood and Paper have the lowest trade cost as they require few inputs in their output. 
Tariff costs remain marginal when compared to non-tariff trade costs representing globally less 

than 4% of trade costs. 

Figure 5: Trade costs of the tariff and non-tariff components on inputs, 2006-2011 

 
Source: Authors' calculations 

 
Cambodia (see Figure 6) accumulates the highest trade costs on inputs in 2011 whereas China the 
lowest. This might due to the fact that China has developed a wide range of domestic inputs used 
in a number of production sectors and has in parallel reduced trade costs on its inputs, as being a 

hub of Asian and World value chains.  
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Figure 6: The top five countries with the highest and lowest trade costs in 2011 

 
Source: Authors' calculations 

 
Cambodia is ranking first (Figure 7) as the most expensive country in trade costs on inputs in 
some sectors such as Textiles, Chemicals and Computers. In the Textiles sector Singapore ends up 
as the third most expensive country next to some European countries, such as Iceland, Cyprus and 
Hungary. Brazil, India, China, Thailand and Denmark show the lowest trade costs and Brazil has 
decreased its costs significantly in 2011. 

 
In the Motor vehicles' sector Cambodia is ranking third with very high trade costs and Lithuania 
ranks first. On the opposite Japan, Denmark, China, Korea Rep.of, and Brazil have the lowest 
trade costs. 
 

Figure 7: The top five countries with the highest and lowest trade costs in 2011, 
selected sectors 
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Source: Authors' calculations 

 

Figure 8: The top 10 countries/sectors with the highest trade costs in 2011 

Lithuania Motor vehicles, trailers and semi-trailers 
Viet Nam Machinery and equipment, nec 
Cambodia Computer, Electronic and optical equipment 
Slovak Rep. Coke, refined petroleum products and nuclear fuel 
Cambodia Rubber and plastics products 
Bulgaria Motor vehicles, trailers and semi-trailers 
Cambodia Electrical machinery and apparatus, nec 
Cambodia Other transport equipment 
Cambodia Machinery and equipment, nec 
Cambodia Motor vehicles, trailers and semi-trailers 

 
 

But, in a global value chain, the (non-primary) inputs used by first tier suppliers for the production 
of the final output are also submitted to an increase in cost due to tariff and other trade costs. 
Similarly, second tier suppliers are also supporting similar costs, and so on and so forth. If we 
iterate backward, the accumulated tariff and non-tariff trading cost embodied in the production of 

the final output follows the following series:  
 

TTC = TC + TC A + TC A2 + TC A3 + TC A4 +…. + TC An = TC [I-A]-1    [19] 

 
With: TTC: total trading cost, TC: average trade cost embodied in the production of an industry; A: 
Technical coefficients from the input-output matrix  
 
Because the series converges rapidly to 0, it is easy to do a more intuitive calculation using the 
coefficients "aij" of the matrix A 

 
TTCj = TCj + TCj a.j  + TCj a.j

2 + TCj a.j
3 + TCj a.j

4 +….    [20] 
 
As TCj is in general below 0.5 (the mean is 0.42, with a standard deviation of 0.14), the suite 
converges rapidly to 0. The following calculation is based on the average technical coefficient 
observed for all sectors and all countries (good producing industries only). 
 

If all inputs were imported, the additional cost of production is about 59%, 2.6% being due to 
tariffs and 56.2% attributable to other transaction costs. 17 Accumulation through the value-chain 
would be higher in this case. Considering that each step of the GVC has similar technical coefficient 
and ad-valorem trade costs, the trade costs embodied in the production of a final product would 
translate into a duplication of the production cost, if the chain has a length of 5 (Table 2).  
 

                                                
17 The calculation uses the traditional hypothesis done in Effective Protection theory that the price of 

domestic inputs increases in proportion of the tariff (and non-tariff) protection received on the value of the 
output (Diakantoni and Escaith, 2014). We replicated the same EPR methodology in this case.  
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Table 2 Embodied upstream production cost due to accumulated trading costs, average 
sectors (all inputs imported) 2011 

Upstream steps 0 -1 -2 -3 -4 -5 

Weight 1.00 0.42 0.18 0.07 0.03 0.01 

Additional cost 58.7 24.70 10.38 4.36 1.83 0.77 
Note: Based on an average weight of inputs of goods equal to 42% of the final output value, all inputs being 
imported. 
Source: Elaborated by authors. 

 
There is a sizable variation across sectors, relatively more complex manufactured products 
(computers, vehicles) supporting for their production the highest additional cost due to the non-
tariff components. Textile and Chemicals, at the contrary, support relatively less additional 

production costs, probably due to the fact that the imported intermediate inputs required for their 
production are commodities (basic chemicals) or commodity-like products (such as fabrics) easier 
to trade.  

 
 
4  GVC AND THE NETWORK DIMENSION OF TRADE FACILITATION 

 

Trade costs, as understood in this paper, include three components: tariffs, transportation and 
time, notably the time associated with border clearance procedures (as captured by the concept of 
"Trade Facilitation").  Since tariffs have become an infrequent barrier to trade with the decreasing 
trend observed in MFN duties and the spread of preferential treatments (see previous chapter), the 
contributions of transportation and trade facilitation delays to total trade costs - shipping plus 
tariffs—are becoming more evident. 18   
 

Production networks based on trade in intermediates need participants that have the capacity to 
operate in time-critical, decentralized systems.  Such systems place a high premium on efficient 
logistics.  Just-in-time manufacturing systems based on minimal inventory need each link in a 
given value chain to perform its task within a specific timeframe.  To realize the cost savings 

associated with production networks, intermediate products must be worked and shipped between 
production locations and onwards into retail distribution systems (and thence to the final consumer) 

as efficiently and quickly as possible.  Within diffuse production networks, time is a critical 
component of chain performance – and in turn logistical performance a determining factor of time. 
 
Improved trade and transportation conditions have changed not only “how much” trade takes 
place but also “how” trade has spread globally. Hummels (2007) mentions that ‘improvements in 
the quality of transportation services—like greater speed and reliability—allow corresponding 
reorganizations of global networks of production and new ways of coping with uncertainty in 

foreign markets’.   Trade facilitation is an exogenous risk factor for the GVC.  Time lost waiting at 
borders (and related costs of storage etc.) are deadweight economic costs within the network. 
Djankov, Freund and Pham (2006) demonstrated the associated cost using World Bank Doing 
Business data.  They found that each additional day a product was delayed by border formalities 
equated to adding 70 km on average to the distance between trade partners.  The effect was 
particularly pronounced for time sensitive agricultural goods where a day’s delay reduced a 
country’s relative exports by 6 per cent.   

 

The next sections will use network analysis to circumvent the limitations of traditional gravity 
models in order to capture both the quantitative and the organizational relevance of trade 
facilitation. 
 
As we discussed before (see Box 2) the traditional gravity model provides a powerful tool for 

analysing the impact of trade and transportation costs on bilateral flows, but does not capture 
explicitly the network dimension of trade along GVCs, at least in its traditional specification. In a 
trade network, trade flows between "a" and "b" also depend on many other countries, including 
those that are not direct trade partners with "a" or "b". Moreover, the influence of these direct or 

                                                
18 Hummels (2007) records that median transport expenditures were half as much as tariff duties for 

U.S. imports in 1958, equal to tariff duties in 1965 and three times higher than aggregate tariff duties paid in 
2004. 
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indirect partners depends on their commercial role in the complete trade network: idiosyncratic 
trade costs affecting a marginal player (e.g., a small country at the periphery of main trade roads) 
will not have the same impact on the world trade network that logistic and trade facilitation issues 
plaguing a key player. 
 
Using a simplified version of Kandiah, Escaith and Shepelyansky (2015), we identify key players by 

computing a series of network centrality indicators. Our centrality indicators relate to measures of 
influence. The intuition behind their calculation is that if a trade partner (a node or a vertex, in 
network analysis) "influences just one other node, who subsequently influences many other nodes 
(who themselves influence still more others), then the first node in that chain is highly influential" 
(Borgatti, 2005). A player's centrality is therefore not only a function of its own importance in the 
world trade economy, but also a function of the centrality of the trade partners it is associated with.  

 
Our purpose here is to rank the trade partners according to their "network centrality" and compare 
the results with their relative performance in terms of timeliness (as measured by a trade 
facilitation index). The hypothesis is that investment in upgrading trade facilitation performance 

will have a large positive spill-over and be highly profitable in terms of global welfare when they 
improve the situation of a key player. TF improvements applied to marginal traders will have 
mainly an impact on the national economy or a specific bilateral relationship, but –from a static 

perspective-- little systemic effect. Obviously, due to the non-linearity of the role of trade costs on 
GVC trade, a small quantitative impact may eventually have a much larger impact, but such a 
modelling exercise falls beyond the scope of this factual exercise. 
 
Because we are interested here in physical flows, and not value-added, the data are sourced from 
Comtrade with the same country coverage as TiVA, plus the Rest of the World. From a GVC 
perspective and the role of particular economies as "hub", our interest is on intermediate goods 

(excluding oil); those goods are identified using the BEC nomenclature. The calculations are based 
on the social network program NodeXL (Smith et al., 2010), our preferred indicator being 
PageRank, one of the most recent centrality indicator. 19 
 

Figure 9 Graph representation of trade in intermediate goods, 2011 

 
Note: Graph based on the 62 TiVA economies and the value of their bilateral gross trade flows. The figure 
shows only the most important flows. The colour coding indicates the node' s centrality, ascending from blue to 
red. 
Source: Based on COMTRADE data. 

 

The graph in Figure 9 shows clearly that trade in intermediate goods is organised along three large 
regional clusters (East Asia, centred on China; Europe, centred on Germany and North America, 
with the US as central hub and dense extra-regional exchanges). The East Asia and Europe 

                                                
19 Results are robust to alternative indicators built under the same philosophy, such as Eigenvector 

centrality.  
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regional value-chains include several clusters organised around, for example, Japan or the UK. 
PageRank centrality indicator is computed for each partner, based on all TiVA economies (including 
Rest of World) and all (strictly positive) trade flows. In a second step, the centrality indicator is 
compared to the Logistic Performance Index (LPI) computed by the World Bank (Figure 10).20  
 
The relationship between a high score on LPI and a central role in world trade is positive, but loose 

(the coefficient of correlation is slightly lower than 0.3). This means that some countries that rank 
highly in terms of trade do not score very well in terms of overall trade facilitation, imposing both 
a systemic cost to themselves and to the rest of the trade community (remember that PageRank 
takes also into account the indirect trade flows to and from direct trade partners). Intuitively, the 
economies located below the trend curve in the graph are prime candidates for receiving trade and 
transport facilitation attention.  

 

Figure 10 PageRank on trade in intermediate goods vs. LPI index, 2011 

  
Note: the trend line in red colour fits LPI on PageRank for descriptive reasons only and does not imply any 
causality between the two indicators.   
Source: Based on COMTRADE and Wold Bank data. 
 

A clearer view of the comparative situation is obtained using the individual rankings obtained for 

each indicator instead of the indicator itself (Figure 11). When using ordinal ranks instead of 
cardinal values for the indicator, the (Spearman) rank correlation improves to 0.53, indicating that 
there remains a significant mismatch between the quality of trade and transport facilitation and 
the role of each economy in the World Trade Network 

                                                
20 Logistics Performance Index data are collected through an online survey of operators in charge of moving and trading goods  
The survey has been conducted every two years since 2007. In 2014, the data covered 160 countries. The survey is divided in 
two parts, an international one and a domestic one.  The international LPI (used in this paper) analyzes countries in six 
components: (1) The ef ficiency of customs and border clearance (2)  The quality of trade and transport infrastructure; (3) The 
ease of arranging competitively priced shipments; (4)• The competence and quality of logistics services (trucking, forwarding, 
and customs brokerage) (5) the ability to track and trace consignments and (6) The frequency with which shipments reach 
consignees within scheduled or expected delivery times.  The six indicators are summarized into the LPI index by using a 
Principal Component Analysis (PCA), which is a statistical technique used to reduce the dimensionality of a dataset. The LPI is, 
then, a weighted average of the scores assigned to each indicator with the weights determined by the PCA. The index goes 
from 1 (worst score) to 5 (best score). Source: World Bank LPI 2015 
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Figure 11 PageRank scores vs. LPI index, arranged by rank, 2011 

 
Note: Ranks are based on value obtained in Figure 10. The red line shows the 45° diagonal of equal ranking 

according to LPI and to PageRank. 
Source: Based on COMTRADE and Wold Bank data. 

 
Ideally, a perfect fit would show all countries aligned on the 45° diagonal, which is far from being 
the case. Improving the LPI score for the economies located below the 45° line would benefit the 
entire trade community by reducing cumulated trade costs, the farther the point being from the 

line, the higher the expected benefits. Six countries are particularly relevant from this perspective: 
Indonesia, Russia, Brazil, India, China and Italy.  
 

To control for the robustness of this ranking to the type of centrality indicator, a control check 
used Closeness Centrality. Intuitively, this indicator builds on the length of the shortest paths from 
one node to the other ones. The results (not shown here) are almost identical and confirm the 
diagnostic arrived at using PageRank.  
 

The main message from this exploratory exercise is that the welfare benefits of Trade Facilitation 
in terms of gains from trade will be felt by the implementing economy itself, by its direct trade 
partners and will also be beneficial for the entire community. This is directly attributable to the 
way in which trade costs accumulate in GVCs.  As distinct from trade in final goods, where the 
products are consumed by the destination country and disappear from the trade network (they are 
"absorbed" from a Markov chain perspective), in the case of intermediate goods, the products can 
be processed and re-exported to a third destination, either embodied in final goods or in new 

intermediate products. Therefore, the appropriate indicator for measuring the impact of trade and 
transport facilitation has to capture this "multilateral dimensionality". Network indicators are 
particularly apt at this task, and identify where individual improvements would have the largest 
global benefits. Our results show that even developed economies have room for improving their 

score and generate a "network" public good in terms of overall reduction in trade cost.  
 

While discernible at the level of the network community as a whole, benefits may be weighted to 
specific sectors, specific suppliers and specific countries.  Within sectors, time-sensitive goods 
stand to gain the most.  Interesting to note in this regard is that the WTO's Trade Facilitation 
Agreement (TFA) includes specific provisions to give "appropriate priority" to "Perishable Goods".21 
In practice, other time-sensitive non-perishable goods may also benefit e.g. apparel destined for 
new season fashion collections or new ICT product lines launched ahead of major public holidays 
(e.g. Black Friday).   

 
At the level of suppliers, lead firms and their contractors within time-sensitive sectors may benefit 
more than other firms, but the effects should also be evident for their suppliers too.  Harder to 

                                                
21 See Article 7, Point 9 Perishable Goods of the WTO Trade Facilitation Agreement 
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discern, but also present, may be time- and cost-savings for e-commerce suppliers that benefit 
from trade facilitation performance improvements, notably linked to expedited shipments – a 
mode of delivery for much of the parcel trade associated with e-commerce.   
 
At a country-level, benefits may be focused on those economies with the most progress to make 
on trade facilitation.  The WTO World Trade Report found that successful implementation of the 

TFA would boost developing-country exports by between $170 billion and $730 billion per year – 
with those benefits focused most on the countries with the worst TF scores. The OECD has 
calculated that the implementation of the TFA could reduce worldwide trade costs by between 12.5 
percent and 17.5 percent. 
 
 

5  CONCLUSIONS 

In a GVC, firms trade in “tasks” rather than in final products. Trading in tasks (or in value-added, 
using the statisticians' vocabulary) highlights and magnifies the role of tariffs and transportation 

costs on factory prices and international competitiveness.  With international trade fragmented and 
goods crossing national borders many times before reaching the final consumer, tariffs and other 
trading costs (transportation, insurance, etc.) have also an accumulative effect. On a simple linear 
supply chain representative of the average good producing industry in 2011, the embodied MFN 

tariff and non-tariff trade costs incorporated in a final product would duplicate its production cost.  
 
The tariff component has been reduced through time, thanks to a reduction in applied MFN tariff or 
through the signature of bilateral and regional trade agreements (RTAs). The numerical 
simulations show that the weight of tariff has fallen over time XXX. Non-tariff component remain 
very high, due to observable variables (e.g., transportation) or unobservable factors (business 
environment, risk aversion, etc.). The evolution of these non-tariff trade costs shows a general 

increasing trend. For example, the 2008-2009 crisis induced an increase in risk aversion which 
induced an increase in the trade friction, as measured through gravity models.  
 
Costs vary also widely from country to country. Transportation costs are particularly high for the 
least-developed countries, in particular landlocked LDCs and geographically-remote island 
economies so further reducing the competitiveness of their exports. Non-monetary costs linked to 

defective trade facilitation (long delays and complex border procedures) compound the issue, as 
trade in valuable products (fresh and perishable agricultural goods, critical parts and components 
required by international supply chains) are particularly affected by them. For instance, Cambodia 
accumulates the highest trade costs in 2011 whereas China the lowest, affirming its leading 
position as a hub in the global value chains. 
 
Estimations for 2011 showed that the sectors with the highest trade costs are the Motor vehicles 

and Transport equipment followed by Petroleum products, Computers and Machinery. Primary 
sectors carry the lowest trade cost as they require few inputs in the production chain. Tariff costs 
remain however marginal representing less than 4% of trade costs when measured MFN and are 
significantly reduced when bilateral and regional trade agreements are taken into account.  
 
GVCs and the new forms of international trade requiring firms to decrease costs and exploit 
comparative advantages resulted to a reconsideration and reconceptualization of the trade 

agreements. Empirical evidence showed that the increasing dependency on imported intermediate 
inputs (WTO 2011) obliged countries for further trade liberalization and deeper integration and for 

these countries, often members of Customs Unions, the tariff component of trade costs might be 
much lower or even nil.  
 
Network analysis used in this paper underscores that poor trade facilitation performance among 

countries that rank highly in terms of trade (i.e. that lie at or close to the heart of regional 
networks) impose both a systemic cost to themselves and to the rest of the trade community.  By 
extension, the welfare benefits from improved trade facilitation in terms of gains from trade will be 
felt by the implementing economy itself, by its direct trade partners and will also be beneficial for 
the entire community. 
 
Understanding this cascading effect and the implications on effective protection and 

competitiveness is particularly relevant when designing trade and industrial policies. The paper 
showed that mitigating arrangements commonly used in developing countries, such as EPZs or 
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draw-back schemes, have only limited effects when GVC up-grading through deeper domestic 
inter-industrial linkages is the policy-makers' main objective.  The cascading effect of tariffs and 
other trading costs on domestic production cost outweighs the tax incentives that the government 
is able to offer to exporting firms. 
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Measuring Trade in Value-Added is a “simple” extension of the method used to calculate Gross 
Domestic Product from the supply (production) side of the GDP identity. GDP is the sum of the 
value-added produced by each industrial sector and calculated by identifying and subtracting from 
the sectoral output the value of all intermediate consumptions, be they purchased from other 
domestic industries or imported. Identifying the sectoral origin of these intermediate consumption 
allows to build Supply-Use Tables (product x industry) and Input-Output Matrices (industry x 

industry).  Value-Added represents the income resulting from the production and the sale of the 
output. Value-Added covers the remuneration of employees and investors, plus the net effect of 
indirect taxes and subsidies. Because this income has to be spent or saved, it is also equal to the 
demand side of the GDP identity (consumption, investment and net trade balance).   
  
The coefficients of the Input-Output Matrix, called technical coefficients, are derived by 
normalizing the value of intermediate consumption 𝑍𝑖𝑗  by the value of total production  

 
(𝑎𝑖𝑗 =  𝑍𝑖𝑗/𝑄𝑖)                                                         [A1.1] 

 
Where 𝑍𝑖𝑗  is the intermediate consumption of products from sector 𝑖 by 𝑗 (𝑖 and 𝑗 being possibly in 

different countries) and 𝑄𝑖 is the total production of sector 𝑖. Those technical coefficients form the 

basis of the calculation of the EPRs presented above in the paper. They represent the direct 
requirements of inputs from "𝑖" for producing one unit of output of industry "𝑗". For example, to 

produce one unit of output, sector 2 will require a12 units from sector 1.   
 
The technical coefficients tell only part of the story of the productive chain. In order to be able to 
produce the a12 units demanded by sector 2, the productive sector 1 will need inputs from other 

sectors. To satisfy this endogenous demand created by one additional unit of output in sector 2, 
individual firms in each other connected sectors will also require inputs produced by suppliers 
operating from other sectors. And so on and so forth, as the indirect demands generated at each 
step create in turn additional requirements.  
 
Provided that 𝑎𝑖𝑗 ≥ 0, ∀ 𝑖 𝑎𝑛𝑑 𝑗  and ∑ 𝑎𝑖𝑗 < 1𝑖  the feedback sequence resulting from the initial demand 

injection can be obtained by the series  
 

𝑰 +  𝑨 + 𝑨𝟐 + 𝑨𝟑 + … + 𝑨𝒏 = [I-A]-1                               [A1.2] 
 

Where 𝑰 is an identity matrix representing the initial demand injection and 𝑨𝒏  is  the progressive 

impact of initial demands at the nth stage of the production chain. When 𝑛 tends to infinity, the 

series has a limit equal to 𝑳. The coefficients of the Leontief Inverse [I-A]-1 measure the depth 

(intensity) of the backward linkages between sectors. They describe entirely the direct and indirect 
flows of intermediate products involved by the productive chains.  
 
Extending those domestic input-output relationship to a world model (the basic idea behind trade 

in value-added) dates back from a V. Leontief in the 1960s. Compiling and harmonizing multiple 
sets of trade and national accounts data is a complex process and this project did not materialize 
up to very recently. IDE-JETRO built a Asian database in the 1980s which was used for a pilot 
study in measuring trade in value-added (WTO and IDE-JETRO, 2011) but it was only in 2012  that 
worldwide estimates based on official data were produced (WIOD, OECD-WTO). Previously, a 
similar exercise had been attempted, but on the non-official database GTAP (Daudin, 2006). 

Once the underlying international input-output matrix is built (which is, as mentioned, a major 

endeavour), trade in value added is derived from the basic Leontief model.  
 
Producing final goods (Y) requires intermediate goods, themselves requiring other inputs and so on 
and so forth, as in equation [A1.2]. Total production (X) is the sum of those final goods and the 
required inputs. Starting from a single country perspective (OECD-WTO, 2012):  
 

X= AX + Y                                            [A1.3] 
Often written (after rearranging terms):  

X= [I-A]-1 Y                                    [A1.4]   
where: 
 X: is an n*1 vector of the output of n industries within an economy. 
 A: is an n*n technical coefficients matrix; where aij is the ratio of inputs from domestic 
industry i used in the output of industry j. 

 I: is the diagonal n*n identity matrix 
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 Y: is an n*1 vector of final demand for domestically produced goods and services (final 
demand includes consumption, investment and exports) and AX results in a vector of direct and 
indirect intermediate inputs required for producing Y. 
 
A country's total value added can be split in two parts: one is the VA embodied in goods and 
services absorbed domestically (consumption and investment), the other is the VA embodied in its 

exports. Assuming the homogeneity of products made for the domestic market and products made 
for exports, total imports embodied directly and indirectly within exports are given by: 
 

Import content of exports = M (1-A)-1 E                                      [A1.5]  
where: 
 

M: is a 1*n vector with components mj (the ratio of imports to output in industry j) 

E: is a n*1 vector of exports by industry to the rest of the world. 
In the same way, one can estimate the total indirect and direct contribution of exports to value-
added by replacing the import vector m above with an equivalent vector that shows the ratio of 
value-added to output (V), with 𝑉𝑗 = [1 − ∑ 𝑎𝑖𝑗𝑖 ]. So, the contribution of exports to total economy 

value-added is equal to:   

 
VAE: V (I-A)-1E                                                          [A1.6]  

 
The Leontief model is a powerful tool which serves multiple purposes , from a technical perspective, 
what equation [A1.6] does is applying “value-added multipliers” to the Leontief equation. 22 But 
the multipliers can take many other forms, from employment to CO2 emissions and Miller and Blair 
(2009) review of all these Leontief extensions makes for quite a thick book.  

 
From the present focus of this paper (trade and transportation costs), one particular development 
is of particular interest: the calculation of the “length” of the linkages between suppliers and 
purchasing firms. There are many ways of calculating length in global value chains. Length is most 
often estimated using the concept of average propagation length (APL) developed in Dietzenbacher 
and Romero (2007). It is defined as: 

 

𝐴𝑃𝐿𝑗−𝑖 = 1 ∗
𝑎𝑖𝑗

(𝑙𝑖𝑗−𝛿𝑖𝑗 )
+ 2 ∗

[𝐴2]𝑖𝑗

(𝑙𝑖𝑗−𝛿𝑖𝑗 )
+  3 ∗

[𝐴3]𝑖𝑗

(𝑙𝑖𝑗−𝛿𝑖𝑗 )
+ ⋯                                  [A1.7]  

 
where 𝑙𝑖𝑗 is Leontief inverse coefficients [𝐼 − 𝐴]−1, 𝛿𝑖𝑗 is a Kronecker delta product which is 𝛿𝑖𝑗 = 1 if 

𝑖 = 𝑗 and 𝛿𝑖𝑗 =0 otherwise.  

 
APL is the weighted average of the number of production stages, where an impact from industry 𝑗 
goes through until it ultimately reaches industry 𝑖, using the strength  of an impact at each stage 

as a weight. APL was applied at the international level in Dietzenbacher and Romero (2007) for 
major European countries and by Inomata (2008) for Asia.  
 

ANNEX 2 - METHODOLOGICAL SHORTCOMINGS 

This annex discusses some of the theoretical shortcomings affecting the use of tariff and 

transportation costs in evaluating competitiveness.  
 

o EPR's theoretical shortcoming in a general equilibrium context 

After their formulation in the 1960s, EPRs gained rapidly a wide audience, and became regarded 
not only as a key indicator of the structure of protection, but also as a predictor for policy appraisal, 

                                                
22 The measure of trade in value-added goes beyond the BPM6 concept of measuring trade on the basis of the 
national ownership of inputs, as it reassigns all inputs and value-added by country and sectors of origin. In 
order to do so, input-output matrix has to be compiled according to SNA93, all inter-industrial physical flows 
(be they domestic or international) being the support of the exchange of (embodied) sectoral value-added. 
Incorporating all inputs, irrespective of change of ownership, is particularly important when the analyst wants 
to go beyond the value-added calculation and look at job creation along the value-chain, transportation and 
environment, etc.   
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in particular in developing countries. Yet, theoretical criticisms arose almost as quickly as the EPR 
theory had emerged.  A key assumption of EPRs when used as predictors (and not as descriptors) 
is the Leontief hypothesis of fixed coefficients in the production function, as it is implicitly the case 
in the Leontief model, which assumes perfect complementarity between production factors K, L 
and M (equation [1]). While this assumption has some validity in short-term economics, it is no 
more the case when long-term effects have to be modelled. When long-run effects are considered 

in a general equilibrium context, two forces counteract to reduce the "effectiveness" of EPRs as 
predictors: substitution and scale effects.  
 
The possibility of substitution widens the choices open to each industry. When the domestic price 
of a domestic product rises, its demand will be lower; the greater the substitution effects, the 
faster demand shifts to lower-priced products. The situation is even more complex when traded 

and non-traded goods and services are substitutes. 23 Thus, the effective positive protection 
provided to the priority sectors will be overstated by the EPR formula, while it will be the opposite 
for negative EPRs. Moreover, when primary and intermediate inputs are substitutes, in particular 
when effective protection changes the demand for labour in some sectors, it may lead to changes 

in the relative costs of labour and capital across the board, inducing further substitution effects. 
Finally, in the presence of significant scale effects, the lower demand resulting from higher nominal 
protection may reduce production volumes and increase production costs per unit in such a way as 

to considerably mitigate (or even reverse) the intended subsidy on the sectorial value added. 24 
Because of these theoretical shortcomings, EPRs fell out of fashion in the late 1970s. 
 
Despite these shortcomings, effective rate of protection remains widely used by practitioners and 
policy analysts. There are several reasons behind EPR resilience:  
 
 First, EPRs remain a synthetic descriptor of the past or present arbitrages caused by the applied 

tariff schedule on each sector of the economy. The Input-Output (I-O) matrix observed at a 
certain point of time is the outcome of the resources and technology available at that time, plus 
the end result from all the substitution effects that took place due to changes in relative prices 
and in the nominal tariff structure. Provided that the base year chosen for establishing the 
national accounts is close to a normal state (free to recent real or nominal shocks such as 
natural disasters, changes in tariff duties or nominal exchange rate), the EPRs calculated with 

the observed I-O coefficients give a synthetic and unbiased picture of the net economic impact 

of nominal tariffs on productive sectors. 25 In particular, it provides a good estimate of transfer 
of income across sectors and the resulting anti-export bias resulting from the nominal tariff 
schedule. It is also a relatively simple measure to understand, compared to other "simulated" 
estimates of market distortions. 26 Thus it is, from a purely descriptive point of view, an 
excellent aggregated tariff indicator. 
 

 Second, the standard definition can still apply to partial equilibrium economic models, often 
used by applied economists, which legitimizes the approach for trade policy analysis (Ruffin, 
2008).Moreover, the increasing availability of computable general equilibrium (CGE) models in 
the 1980s reinserted EPRs as bona fide indicators. CGE models simulate the substitution effects 
that changes in nominal protection will determine in the economy, re-operationalizing the use 
of EPRs in comparative statics. In particular, CGEs make possible the conduct of sensibility 
analysis for measuring the impact of substitution effects on the predictive power of EPRs. 

 
 

o EPR's microeconomics shortcomings  

A key assumption for measuring the implication of trading costs is that those costs are (i) fully 
reflected in the selling price (full pass-through) and (ii) domestic competitors will raise their own 
price to increase their profit margin. Heterodox economists would rather criticise the implicit 

                                                
23 For example, in agriculture production, it is possible to replace the use of herbicides used for controlling 
weeds by employing more labour. 
24 Remember that value added is a residual, calculated as the difference between the market value of the 
output and the cost of production, excluding primary inputs (labour and capital). When there are positive 
returns to the scale of production, the value added by unit of product increases as production expands.  
25 We will measure in the paper the possible bias generated by short-term nominal exchange rate movements, 
under the assumption that real exchange rates tend to return to their initial value. 
26 Most alternative indicators are based on some estimate of the welfare cost of tariffs, and include elasticities 
of substitution in partial or general equilibrium framework. 
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assumption of a single “market price” for internationally tradable goods and the underlying 
hypothesis of profit maximization which means that the price of domestically produced tradable 
goods will rise in line with the nominal t&t protection granted against the competition of 
substitutable imported goods.  
 
For most heterodox economists, in particular the Post-Keynesian school (Lavoie, 2014), prices are 

formed by adding a mark-up to production costs. Therefore, the domestic price of locally produced 
goods should increase only in proportion of the additional production cost of imported inputs. This 
cost-push effect is expected to be considerably lower than the full nominal protection granted on 
competing imports: The sum [Σti.a

h
ij] in the EPR equation [14] is now close or equal to zero and 

the resulting EPR is higher than in the conventional “mainstream” approach.   
 

The heterodox criticism is much more fundamental if it implies that each individual firm has its 
own cost and price structure. Confronted to higher tariffs on their market of destination, lead firms 
may decide to lower their profit margin (no impact on the domestic price of the imported goods) or 
domestic competitors may opt not to reflect the nominal protection on their gross margin (value-

added) but increase their market share by under-pricing the competing imports. In the extreme, 
situation may vary from industry to industry and firm to firm, making their aggregation difficult 
into the single cost and value-added equation which is at the core of the EPR calculation. 

Ultimately, no general conclusion can be derived from tariff schedules and the impact of tariff 
schedules on value added would be a purely case-by-case empirical issue.  
 
Curiously, this heterodox view may not be far away from the mainstream new “new” trade theory 
that emphasizes firm heterogeneity and the semi-oligopolistic market structure of “trade in 
varieties”. Here too, the economists’ contribution boils down to empirical research based on micro-
data at firm level. Nevertheless, most heterodox economists would probably agree that firms in 

semi-industrialised countries act more as price takers and adjust their output price in function of 
the competing imports. Thus, EPRs would remain empirically valid at least in the case of 
developing economies.   
 

ANNEX 3 - MERCHANDISE GOODS SECTORS AS USED IN THE OECD ICIO TABLE 2011 

 
Source: OECD ICIO 2011 
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ANNEX 4 - COUNTRIES COVERAGE, OECD ICIO TABLE 2011 
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