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Key points 

1. Canada specializes in the early (upstream) production stages of the supply chain. In general, 
Canada’s exports will be earlier in the value chain and closer to raw materials, while Canada’s 
imports will come from later in the value chain and be closer to final goods. This means that, in 
general, the Canadian economy is more susceptible to disruptions that happen in the later stages 
of supply chains, and is less susceptible to disruptions from the beginning stages of supply chains. 
 

2. A few notable industries—such as natural resource industries—exemplify Canada’s role as early 
producers in supply chains. Despite exporting different baskets of goods and services to each 
trading partner, Canadian exports to all trade partners are, on average, located in the early stages 
of the supply chain.  

 
3. Since 1997, Canadian exports have moved to slightly earlier production stages (closer to raw 

materials) in the value chain, while Canada’s import positioning has stayed relatively constant. The 
shift in exports to earlier stages occurred in the 2000’s due to a growing share of oil and gas 
extraction in exports and a diminishing share of auto vehicle manufacturing. 

 
4. Since 2010, there have been no major trends for Canada’s trade with the U.S., Mexico, or the rest 

of the world. The one exception has been China. While Canada’s exports to China still skew closer 
to the early stages of the value chain and closer raw materials, over the past 10 years these exports 
have moved further along the value chain closer to the final stages of production. Likewise, while 
Canada’s imports from China still skew closer to the final stages of the value chain and closer to 
final goods, over the last 10 years these imports have shifted towards the early stages of the value 
chain and have become closer to raw materials. 
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1. Introduction 

Several events have recently brought supply chains, or global value chains (GVCs), into the public spotlight.1 
In the early days of the COVID-19 pandemic, many countries shut production facilities in an effort to contain the 
pandemic’s spread. Later, a shift in consumption from services to goods increased the pressure on supply chains, 
and transportation networks to keep up with demand. Prior to the pandemic, rising protectionism and trade 
tensions among countries that have historically been pro-free trade, were already beginning to influence the 
positioning and structure of global supply chains. In the post-COVID period, protectionism along with increased 
disruptions from climate change events will likely keep supply chains in the spotlight for many years to come. In 
the Canadian context, a more specific question emerges: how might supply chain disruptions affect Canadians 
and Canadian businesses?  

In order to analyze the vulnerability and risks of a supply chain disruption to Canada, it is important to 
understand where Canada and Canadian firms fit into GVCs. On the one hand, if Canada’s production mainly 
happens at the beginning—or upstream—of a GVC, the primary concern would be a negative demand shock to 
Canadian industries. On the other, if Canadian production happens at the end—or downstream—of a GVC, the 
primary concern would be a supply shock to key inputs. If Canada’s production is in the middle of a GVC, both 
supply and demand shocks are concerns. This paper will attempt to answer where Canada fits into the global 
production process by assessing the upstreamness and downstreamness of Canadian production and trade. 

This paper is organized as follows: section 2 presents the data and provides a detailed discussion on the 
methodology used to measure the position of production and trade for Canada. Section 2.1 provides simple 
measures of upstreamness and downstreamness, which are essential for understanding the results. Section 2.2 
presents more complex measures, which are the basis for most of the paper. The measures in section 2.2 are 
mathematically technical; however, they follow the same logic as the simple measures in section 2.1. Section 3 
presents the results for the upstreamness and downstreamness of Canadian industries. Section 4 provides the 
results for Canadian production and trade positioning in 2019 as well as Canada’s main trading partners. Section 
5 examines how Canada’s upstreamness and downstreamness has changed over time. Lastly, section 6 
concludes. 

2. Data and methodology 

All of the data in this paper comes from Statistics Canada’s symmetric Input-Output (IO) tables. An IO table 
models the structure of an economy, detailing how industries acquire their inputs (either intermediate inputs or 
value added) and what they do with their output (producing either intermediate inputs for other industries or final 
goods). The most recent Canadian IO tables have 234 goods and services industries, which will be the basis for 
measuring Canada’s GVC positioning in this paper. At the time of writing, the latest IO table was 2019 and is the 
basis for sections 3 and 4. In section 5, the IO tables from 1997-2019 are used. 

This paper is an attempt to classify where Canada fits into the production process. Two complementary 
measures are used to quantify the production process: 

 Output upstreamness from final goods 

 Input downstreamness from value added 

Output upstreamness refers to how far are an industry’s outputs from being a final good (i.e. consumed 
directly, a capital good, or exported). The output upstreamness measures the industry positioning by examining 
the use of the outputs. On the other hand, input downstreamness refers to how far are an industry’s inputs from 
being a value added input (i.e. labour, capital, or natural resources). The input downstreamness measures the 
industry positioning by examining the source of the inputs. 

                                                      
1 In this paper, the terms supply chains and global value chains are used interchangeably. 
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The auto industry can be used as an example for the two measures, and are used in figure 1 as the two end 
points. When the metals used to make a car are mined, the outputs are far from being a final good, and the inputs 
are close to being natural resources. Resultantly, mining is both an upstream (based on the outputs) and not a 
downstream (based on the inputs) industry. The metals are then processed, which is then used to construct the 
frame of the car. At this point, the outputs become less upstream (closer to a final good) and the inputs are more 
downstream (further away from value added). Finally, the car frame (along with many other components) are 
assembled into a car and sold as a consumer good. The car is a final good (not upstream from anything) while 
the inputs are have all been through several stages of production prior to final assembly (far away from value 
added). 

Figure 1: Simple production timeline 

 

Importantly, not all supply chains will be the same length; two industries that have similar upstream positions 
might have very different downstream positions and vice-versa. For example, automobile and light-duty motor 
vehicle manufacturing and education both produce final goods almost exclusively. However, autos are a 
downstream industry (most of the inputs have been through multiple stages of production) whereas education is 
not a downstream industry because most of the input is value added in the form of labour and human capital. 
This is a case where one industry (autos) has a longer supply chain than another (education), and hopefully 
clarifies why it is important to examine both the inputs and outputs. For the rest of the paper moving up the value 
chain and further away from final goods will be referred to as becoming more upstream, and moving down the 
value chain and further away from raw materials will be referred to as becoming more downstream. 

2.1 Two simple measures 

This sub-section will attempt to quantify where an industry falls in the production process using the simplest 
relations possible. This sub-section will use the simple measures found in Antràs and Chor (2018). The total use 
(or output) of a sector can be divided into two classifications: intermediate outputs—which are used as inputs in 
other industries—and final goods—which include outputs that are directly consumed, capital goods, and exports. 
The basic relation is: 

(1) 𝑌𝑖 = ∑ 𝑍𝑖𝑗 + 𝐹𝑖
𝑛
𝑗  

The total use of sector i (Yi) is equal to the sum of all intermediate output (Zij) from sector i to each sector j 
(including sector i itself), plus the output that are final goods (Fi). The simple measure of output upstreamness is 
the share of an industry’s output that is used as an intermediate inputs for other industries. Alternatively, the 
simple measure is one minus the share of the industry’s output that is final goods. Formally: 

(2) 𝑈𝑖
̇ =

∑ 𝑍𝑖𝑗
𝑛
𝑗

𝑌𝑖
≡ 1 −

𝐹𝑖

𝑌𝑖
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A sector where the output is largely final goods will have an upstreamness score, or 𝑈𝑖
̇ , close to zero. A 

sector where the output is primarily intermediate inputs for other industries will have a score close to one. For 
example, sectors that process raw materials are upstream; they will have large intermediate outputs (Zij) and 
small final outputs (Fi). These sectors will have upstream scores close to one. On the other hand, construction 
sectors are not upstream as construction is generally not used as an intermediate input for other industries. They 
will have limited intermediate outputs and be mostly comprised of final outputs; resultantly, construction industries 
have an upstream score close to zero. 

An alternative method to using the output of an industry is to focus on the inputs into an industry to measure 
the position in the production process. The basic relation for inputs, and the counterpart of equation (1) is: 

(3) 𝑌𝑗 = ∑ 𝑍𝑖𝑗 + 𝑉𝐴𝑗
𝑛
𝑖  

Where the total inputs (Yj) of industry j (which is the exact same as the output Yi in equation (1) when i equals 
j) is equal to the sum of intermediate inputs (Zij) used by sector j from each sector i, plus the value added (VAj) 
in sector j. In general, there are three sources of value added: labour, capital, and natural resources. The simple 
measure of input downstreamness is the share of the industry’s input that are intermediate outputs from other 
industries—or one minus the share of the industry’s input that is value added. Formally: 

(4) 𝐷�̇� =
∑ 𝑍𝑖𝑗

𝑛
𝑖

𝑌𝑗
≡ 1 −

𝑉𝐴𝑗

𝑌𝑗
 

If an industry uses many intermediate inputs (such as construction) then it is a downstream industry and will 
have a higher downstream score (i.e. a score close to one)—the inputs have passed through many stages of 
production before entering this industry. On the other hand, if it has a high value added (such as natural resource 
extraction) then it is not a downstream industry and will have a score close to zero. Using the network diagram 
found in the appendix, the two simple measures of upstreamness and downstreamness measure the lines “a.” 
and “b.” for all industries. 

Figure 2 presents a summary of the four types of industry characterizations. Re-enforcing a point made 
earlier, not all industries have the same length of value chain. Many goods industries will go through many stages 
of production and will therefore have a longer value chain. Many service industries do not have multiple stages 
of production (that are measurable by an IO-table) and will therefore have a short value chain. When an industry 
is in the middle of a long and complex value chain, it is possible that an industry is both more upstream and more 
downstream than another.  

Figure 2: Industry types 
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2.2 Using the IO structure for a single economy 

More complex measures of upstreamness and downstreamness are developed in this section taking 
advantage of the IO table’s structure and well developed algebra. The measures in this section are based on the 
work of Antràs et al. (2012), Miller and Temurshoev (2015), and Antràs and Chor (2018). Figure 3 depicts the 
basic structure of an IO table. 

Figure 3: An input-output table for the Canadian economy 
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Instead of only calculating the share of intermediate goods in a sector’s output, the relation between sectors 
can be used to count the number of steps in production it takes for the output of a sector to become a final good. 
Starting with a closed economy (setting inventories, exports and imports to zero) and letting 𝑎𝑖𝑗 ≡ 𝑍𝑖𝑗/𝑌𝑗, equation 

(1) can be re-written:2 

(5)   𝑌𝑖 = ∑ 𝑎𝑖𝑗 ∗ 𝑌𝑗 + 𝐹𝑖
𝑛
𝑗  

𝑌𝑖           = 𝐹𝑖 + ∑ 𝑎𝑖𝑗 ∗ 𝐹𝑗 + ∑ 𝑎𝑖𝑗𝑎𝑗𝑘

𝑛

𝑗,𝑘

∗ 𝑌𝑘

𝑛

𝑗

 

      = 𝐹𝑖 + ∑ 𝑎𝑖𝑗 ∗ 𝐹𝑗 + ∑ 𝑎𝑖𝑗𝑎𝑗𝑘
𝑛
𝑗,𝑘 ∗ 𝐹𝑘

𝑛
𝑗 + ∑ 𝑎𝑖𝑗𝑎𝑗𝑘𝑎𝑘𝑧

𝑛
𝑗,𝑘,𝑧 ∗ 𝐹𝑧 + …  

The key part of the final line of equation (5) is that each term specifies the number of steps needed for outputs 
to become final goods. The first term requires only one step to become a final good (that is the output itself), the 
second term requires the refinement of one additional industry before becoming a final good (two steps), the third 
term requires the refinement of two additional industries before becoming a final good (three steps) etc. In order 
to measure of upstreamness of production, the numbers of steps needed to become a final good are counted. 

(6) 𝑈𝑖 ∗ 𝑌𝑖 = 1 ∗ 𝐹𝑖 + 2 ∗ ∑ 𝑎𝑖𝑗 ∗ 𝐹𝑗 + 3 ∗ ∑ 𝑎𝑖𝑗𝑎𝑗𝑘
𝑛
𝑗,𝑘 ∗ 𝐹𝑘

𝑛
𝑗 + 4 ∗ ∑ 𝑎𝑖𝑗𝑎𝑗𝑘𝑎𝑘𝑧

𝑛
𝑗,𝑘,𝑧 ∗ 𝐹𝑧 + …  

Although equation (6) seems like it is a summation of an infinite number of terms, as long as the “a’s” are 
less than one, it is a geometric sum which simplifies to [I-A]-2F, where A is a matrix of the aij’s and F is the vector 
of final demand by industry. Using the relation for F in the first line of equation (5), it simplifies further to: 

(7) 𝑈 =
[𝐼−𝐴]−2𝐹

𝑌
=

[𝐼−𝐴]−1𝑌

𝑌
 

The third term in equation (7) is the Leontief inverse multiplied by industry share of output and is the basis 
for IO multipliers. Using a result found in Miller and Temurshoev, the output upstreamness in (7) can be 
interpreted as the total number of forward linkages in a given industry. An industry such as electricity generation 
has high output upstreamness because it has many forward linkages. Many countries, such as China, choose to 
subsidize industries with high forward linkages because many industries indirectly benefit from the subsidy. 

A similar process can be done for the input downstreamness. Letting 𝑏𝑖𝑗 = 𝑍𝑖𝑗/𝑌𝑖, equation (3) can be re-

written as:3 

(8)   𝑌𝑖 = ∑ 𝑌𝑗𝑏𝑗𝑖 + 𝑉𝐴𝑖
𝑛
𝑗  

               = 𝑉𝐴𝑖 + ∑ 𝑉𝐴𝑗𝑏𝑗𝑖 + ∑ 𝑉𝐴𝑘𝑏𝑗𝑘𝑏𝑘𝑖

𝑛

𝑗,𝑘

+

𝑛

𝑗

∑ 𝑉𝐴𝑧𝑏𝑗𝑘𝑏𝑘𝑧𝑏𝑧𝑖

𝑛

𝑗,𝑘,𝑧

+ …  

Similar to equation (5), the key part of equation (8) is that each term represents how far away the inputs are 
from being primary factors (i.e. the value added). The first term includes primary factors for industry i. In the 
second term, the primary factors have been transformed by one stage of production first. In the third term, the 

                                                      
2 The interpretation of aij is the dollar amount of sector i’s output needed to produce one dollar worth of sector j’s output. 
3 The interpretation of bij is the share of sector i’s output that is used in industry j. 
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primary factors have been transformed by two stages of production, etc. Counting all stages of production results 
in: 

(9) 𝐷𝑖 = 1 ∗
 𝑉𝐴𝑖

𝑌𝑖
+ 2 ∗ ∑

𝑉𝐴𝑗

𝑌𝑖
𝑏𝑗𝑖 + 3 ∗ ∑

𝑉𝐴𝑘

𝑌𝑖
𝑏𝑗𝑘𝑏𝑘𝑖

𝑛
𝑗,𝑘 +𝑛

𝑗 4 ∗ ∑
𝑉𝐴𝑧

𝑌𝑖
𝑏𝑗𝑘𝑏𝑘𝑧𝑏𝑧𝑖

𝑛
𝑗,𝑘,𝑧 + …  

𝐷 =
𝑉𝐴′[𝐼−𝐵]−2

𝑌
 (Where VA’ is the transpose of the value added vector, and B is the matrix of bij’s) 

𝐷 =
𝑌′[𝐼 − 𝐵]−1

𝑌
 

This time, the total input shares are multiplied by the Ghosh inverse, or the input counterpart to the Leontief 
inverse. In the same way that the output upstreamness in (7) can be interpreted as the number of forward 
linkages, the input downstreamness in (9) can be interpreted as the number of backward linkages. Industries that 
have a high number of backward linkages are also often targets for subsidies because they can increase demand 
in a large number of industries. 

The upstreamness and downstreamness measures are different—although mathematically and conceptually 
quite similar—ways of measuring the same thing. Miller and Temurshoev (2015) highlight the mathematical links 
between the two methods. One of the main takeaways from Miller and Temurshoev is that when the 
upstreamness and downstreamness of each industry is weighted by its share of output, then these two measures 
will give the exact same result. However, when the industry upstreamness and downstreamness measures are 
weighted by exports and imports, they will tend to give different results. These more complex measures of 
upstreamness and downstreamness attempt to account for all the lines in the network diagram found in the 
appendix. 

Lastly, the terms set to zero—net inventories, imports, and exports—need to be accounted for on the output 
side of the economy. Following Antràs et al. (2012), the following adjustment is made to the elements within the 
A matrix:4 

(10) �̂�𝑖𝑗 = 𝑎𝑖𝑗 ∗
𝑌𝑖

𝑌𝑖−𝑁𝑖+𝑀𝑖−𝑋𝑖
 

As many of the results in this paper will be about Canada’s role in international supply chains, the results are 
based on the Canadian IO tables. This means that exports and imports are placed as if they were going through 
a Canadian production process. In practice, after leaving Canada or arriving in Canada, the traded products 
could have different values of upstreamness and downstreamness depending on the partner economy’s IO table; 
however, it is expected that industries would have similar upstream and downstream placements across 
economies, and thus the values would be similar.5 

3. Industry Results  

To begin the analysis, the complex measures of upstreamness and downstreamness are plotted against the 
simple measures for each industry in figure 4. 

                                                      
4 Further details can be found in the technical appendix about the open economy adjustment. 
5 Antràs et al. (2012) show that the measures for upstreamness by industry are highly correlated across country using the OCED 
STAN database. They argue that this allows them to represent U.S. trade positioning using the 2002 U.S. IO table. There are some 
multi-region input-output tables that exist (such as the OECD STAN) which would alleviate this problem; but this solution comes at 
the expense of industry detail—37 sectors instead of 234. As such, for this project only the Canadian IO tables from Statistics 
Canada are used. 
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Figure 4: Comparing the simple and complex measures of upstreamness and downstreamness in the 
Canadian economy 

  

The simple measures have a tight correlation with the complex measures of upstreamness and 
downstreamness—particularly on the downstream side. On the upstream side, there is more variability, 
especially for the industries that are the most upstream (those that produce almost exclusively intermediate goods 
for other industries). This is because a greater share of the outputs will be influenced by the upstreamness of 
other industries—thus allowing for greater variation in their own upstreamness. 

The high degree of correlation between the simple measures and the complex measures is expected and a 
beneficial feature which serves as a check on the theory and calculations; if there was a major divergence, it 
could be debated as to which measure is better and thus lead to arbitrary conclusions. However, since they lead 
to similar findings, the choice of measure is less important. Given that the complex measures attempt to treat the 
intermediate goods heterogeneously, which accounts for variable supply chain length, these will be the measure 
of choice for the rest of the paper. Next, figure 5 has the complex measures plotted against one another.  

Figure 5: Upstream and downstream location of each industry 
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The average GVC positioning for all Canadian industries has an upstream measure of 2.07, and a 
downstream measure of 1.96.6 This means that on average, it takes four production stages to convert value-
added activities into final goods. While the averages are quite similar for upstreamness and downstreamness—
as stated earlier, without the open economy adjustment they would be the exact same—the upstream measure 
has a wider spread than the downstream measure. The weighted standard deviation for upstreamness is just 
over 1, while the standard deviation for downstreamness is just over 0.2.7  

There is a wider spread on the outputs produced by industries (the upstreamness) than the inputs consumed 
by industries (the downstreamness). Some industries produce outputs that will, on average, take 6 to 7 more 
steps to become final goods; however, other industries will produce outputs that are consumed right away. The 
inputs to industries have a shorter span. No industry has only value added activities, thus no industry has a 
downstream score of exactly one; concurrently, no industry has inputs with a downstream score higher than 3.3.8 
The reason is that industries are classified by what is produced, rather than what is consumed. Some industries 
will produce a single good or service, which leads to some industries having more extreme upstream scores. 
However, each industry will use several intermediate inputs, thus creating more centred downstream scores. 

The industries that are below and to the left of the average (the large black dot and dashed lines) have the 
shortest value chains and will have the least spillovers to other industries if they experience a shock or disruption. 
These are largely services that operate independently of other industries. While the spillovers may be minimal, 
many of the industries are important for the economy and society, such as hospitals, where most of the inputs 
are value-added activities and most of the outputs are consumed as final goods. Consequently, a disruption to 
hospitals is unlikely to have many spillovers into supply chains.9 Of the 234 industries that are in the IO tables, 
50 of them, representing 31.1% of the value in the Canadian economy, are in the bottom left quadrant.  These 
industries have the shortest GVCs and rank low on both upstreamness and downstreamness.  

The industries that are in the bottom-right (below average upstreamness, above average downstreamness) 
of figure 5 are downstream industries at the end of a GVC. These are mainly manufacturing and construction 

                                                      
6 The weighted average is calculated using gross output as weight. 
7 The non-weighted standard deviation for upstreamness is similarly just over 1, whereas it is 0.44 for downstreamness. 
8 One industry, private households, did have a score of (1,1), but can largely be ignored for these purposes and has thus been 
omitted. 
9 At least through direct economic links. 
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industries where the inputs have already been through at least two stages of production, and the outputs have 
fewer than two stages left to produce a final good. The most downstream industries are auto and food 
manufacturing industries. Both autos and food use inputs that go through multiple stages of production first, and 
both will have a high proportion of final goods as their output. These industries are vulnerable to supply shocks, 
and shocks to these industries will cause demand shocks up the value chain. The exact interpretation of 
downstreamness is the total number of backwards linkages for an industry. The more backwards linkages, the 
higher the chance to be hit with a supply disruption, and at the same time, create a demand disruption for multiple 
industries further upstream. For example, if there is a negative supply shock (for example, a semi-conductor 
shortage) to the automobile and light-duty motor vehicle manufacturing industry, a negative demand shock for 
various motor-vehicle parts manufacturing industries would ensue. That would have a ripple effect to other 
manufacturing industries, and eventually a negative demand shock for various upstream industries that process 
raw materials and mining. Some 53 industries, representing 25.1% of the value in the Canadian economy, are in 
the bottom right quadrant that are downstream industries. 

The industries that are in the upper-left (above average upstreamness, below average downstreamness) of 
the diagram are upstream industries at the start of a GVC. These include a large variety of industries including 
natural resources, utilities, and some services industries that have not been through many stages of production, 
but produce intermediate inputs for other industries. The most upstream industries are in the mining sector. These 
industries are most vulnerable to demand shocks and if these industries experience a disruption, it causes a 
supply shock down the value chain. The exact interpretation of the upstreamness measure is the total number of 
forward linkages. The more forward linkages an industry has, the greater the susceptibility to demand shocks 
while creating supply shocks for other industries further downstream. For example, a disturbance to copper, 
nickel, lead, and zinc ore mining will cause the intermediate inputs for other industries to become more expensive 
and/or scarce; this will, in turn, raise prices throughout the value chain and eventually cause final goods to be 
more expensive. Some 60 industries, representing 24.9% of the value in the Canadian economy, are upstream 
industries. 

The final section are the industries that are in the upper-right of the diagram; these high-upstream, high-
downstream industries sit in the middle of complex GVCs. Disruptions to these industries cause supply effects 
for some industries and demand effects for others. The industry in the top and to the right of figure 5, non-ferrous 
metal production and processing, is one of the most downstream industries while at the same time being one of 
the most upstream. The average input into this industry has already been through 3 stages of production, and 
the outputs of this industry will go through another 6 stages of production before becoming a final good. An 
interference in this industry would cause a demand disruption for many of the upstream industries such as mining, 
while simultaneously causing a supply disruption for manufacturing industries. Some 71 industries, representing 
18.9% of the value in the Canadian economy, are both high upstream and high downstream industries. 

Interestingly, industries that have both high upstream and high downstream measures have the highest total 
amount of industries (71), whereas industries that have both low upstream and low downstream measures have 
the lowest number of industries (50). However, the opposite is true when it comes to value; the high upstream 
and downstream industries represent 18.9% of the value in the Canadian economy, while the low upstream and 
downstream industries represent 31.1% of the value in the Canadian economy. The reason is due to the fact that 
services, which tend to fall into the neither upstream nor downstream category, are some of the largest industries 
with a wide range of activities. Products and industries tend to be classified by what is produced; this makes for 
easy classification when it comes to goods industries—it’s easy to differentiate between the process that makes 
auto and truck suspension components and auto and truck brake components. Thus, many goods industries 
produce a homogenous good (particularly those at the beginning or end of value chains) and are resultantly 
smaller. However, for services, what is produced is harder to track since there is no physical good. Consequently, 
this leads to larger and more heterogeneous industries.10 Of the 10 largest industries by value, 9 of them are in 
service industries that would not typically belong to a value chain, or classified as inputs in an IO table (e.g. 
owner-occupied dwellings, other provincial government services, etc.). This is seen more easily in figure 6, which 
aggregates from figure 5 using industry share of value. 

                                                      
10 For example, there are 11 different industries for vehicle production. At the same time, there is only one industry for accounting, 
tax preparation, bookkeeping, and payroll services. 
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Figure 6: Average positioning of the different types of Canadian industries 

 

Of note, figure 5 and figure 6 have similarities to previous work on supply chain vulnerability done by the 
Office of the Chief Economist. (Boileau and Sydor, 2020) In their paper, Boileau and Sydor attempt to measure 
the vulnerability of Canadian industries to potential supply and demand disruptions. While the analyses share 
some commonalities, the methodologies are distinct. Ultimately the goal of the previous paper was to classify the 
vulnerability of industries, whereas this paper attempts to classify where industries fit into supply chains.  

4. Results for Canadian trade 

One of the main tasks of this paper is to characterize how Canada fits into GVCs—does Canada specialize 
in activities that are closer to the beginning or end of the value chain. In order to make this characterization, 
Canada’s international trade is examined. To begin, figure 7 displays an aggregate upstream and downstream 
position for production, exports, and imports, using a weighted average.  

Figure 7: Value chain positioning of production and trade 
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The first noteworthy feature of the above graphs is that Canadian production of goods and services has a 
much shorter supply chain than Canadian trade. The reason is that services have shorter value chains (see figure 
6) and make up the majority of Canadian production. Goods industries11 make up only 26% of Canadian 
production even though they make up 83% of imports and 74% of exports. Thus, the increased share of goods 
makes it natural for Canadian international trade to have longer value chains than Canadian production. 
Excluding services, Canadian production has a similar supply chain positioning and length to exports. 

The next important finding is that Canadian exports are, on average, in the early parts of the supply chain, 
while Canadian goods imports come from the later stages of the supply chain. Canadian goods exports have an 
upstream score of 2.91, while having a downstream score of 2.45. This means that, on average, Canadian 
exports will go through more production stages once they leave the country than they had been through prior to 
export. Put differently, most of the production stages will happen once the goods leave Canada. Goods imports 
are more balanced—the downstream score is only 0.1 higher than the upstream score. Although this range is 
much narrower for imports than for exports, it still means that the majority of the production occurs prior to the 
imports arriving in Canada  

Another way of examining Canadian trade is to compare the scores for exports and imports. While the 
downstream scores are similar (only marginally higher for imports), exports are more upstream than imports. 
There are two implications from this; the first implication is derived from the  definitions of upstreamness and 
downstreamness: Canadian imports are closer to final goods than Canadian exports. Again, this implies that 
Canada specializes in the early stages of the value chains. The second is that given the similarity of the 
downstream score, the larger upstream score implies that Canadian exports tend to be involved in longer value 
chains and conversely, Canadian imports come from shorter value chains. 

Building on the evidence presented in figure 7, figure 8 shows the positioning of Canadian trade with its 
major trade partners: the U.S., China, the European Union (excluding the United Kingdom, the EU-27), Mexico, 
and the rest of the world (ROW). This suggests that Canada’s specialization in the early parts of the supply chain 
are not due to any particular trade relationship, but rather a feature of Canadian trade in general. 

                                                      
11 Classified as agriculture, mining, and manufacturing. 
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Canadian exports have a similar upstream and downstream scores that does not vary much by destination. 
The downstreamness index has a narrow range of only 2.1 (EU) to 2.4 (Mexico). The upstreamness index also 
has only a slightly broader range of 2.7 (U.S.) to a high of 3.1 (rest of the world—the grouping of countries that 
are not the U.S., EU-27, China, or Mexico partners). This means that exports will require more production steps 
after being exported than they went through prior to being exported. In other words, Canadian exports to all 
destinations are generally at the beginning of the supply chain. 

On the import side, the upstreamness and downstreamness measures tell different stories. The downstream 
measure is largely the same across origins, with the range being less than 0.2. However, the upstream measure 
for imports varies more than the three other measures (import and export downstreamness, and export 
upstreamness). This may indicate that not all Canadian imports are similar. The imports from Mexico and China 
are much less upstream (i.e. closer to a final good) than the imports from the U.S. and the rest of the world. China 
historically has been known as the place of final assembly across Asia, and thus it is expected that Canadian 
imports from China would contain more final goods (Fang et al. 2010). For Mexico, the key driver for the low 
upstream measure is the autos trade. While Mexico and Canada are both apart of the integrated North American 
auto production process, Mexico does much of the final assembly, and thus exports many final goods (Klier & 
Rubenstein 2017). On the other hand, imports from the U.S. and the rest of the world are more upstream (in fact, 
more upstream than downstream), indicating that Canada uses many of these imports for further production. 

Figure 8: Value chain positioning in Canadian trade12  

  

Based on the narrow range of value chain positioning, it would seemingly be plausible that similar products 
are traded.  However, this would be an erroneous conclusion as the exports and imports are different for each 
market, despite having proximate upstream and downstream values. To explore the idea of similarity, the Finger-
Kreinin (1979) similarity index is used. The details of the index can be found in the appendix, and the results can 
be found in figure 9. In the table, the upper triangular blue matrix are the results for the import similarity, and the 

                                                      
12 For overall trade, trade with the U.S., China, Mexico, and the ROW, the year is 2019. The EU-27 is only included in the 2017 IO 
table, and is thus measured for 2017. 
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lower triangular pink matrix are the results for the export similarity. As a guideline, anything below 0.67 is not 
similar, and anything above 0.67 is a similar. 

Figure 9: Import and export similarity across markets for 2017 

 

Contrary to the upstream and downstream analysis in figure 7, the industries that Canada imports from are 
slightly more similar than the types of industries from which Canada exports. Only two pairs (the U.S. and total, 
and EU-27 and ROW) have similar exports, whereas there are five pairs of similar imports. The main takeaway 
is not that Canadian imports across different origins are similar, but rather Canadian exports to different 
destinations are dissimilar.  

While the export industries vary by destination, the upstream and downstream export scores are comparable 
across destinations. In other words, the products Canada exports to its major trading partners are different, but 
the role Canada plays in the supply chain is similar. This suggests that it is not the case that Canada specializes 
in specific products that are located at the beginning of the supply chain, but rather, Canada specializes in  early 
supply chain activities. 

Canada’s specialization in the early value chain activities implies that Canadian exports are more exposed 
to demand shocks than supply shocks. This is not to say that supply shocks cannot cause problems for Canadian 
industries—returning to the industry analysis in figure 5 and 6, all industries use some intermediate goods—but 
in general, there’s more potential for there to be downstream problems rather than upstream problems for 
Canadian exports. The COVID-19 pandemic is a good illustration to highlight Canada’s vulnerabilities. There was 
(or still is) a supply issue of securing enough semi-conductors which has led to slowdowns in many industries—
particularly the auto industry. But in general, most of the supply issues have been for consumer goods while it 
has been domestic factors (notably plant closures to protect workers’ health) that has restricted Canadian exports 
more than any upstream import factors.  

5. Changes in the value chain positioning over time 

The next objective of this paper is to determine how Canada’s supply chain positioning has changed over 
time. In order to determine the dynamics of Canada’s value chain positioning, the Canadian IO tables from 1997-
2019 are used. IO tables have changed over the years, but the figures in this section use both the most current 
and the 1961 link that is comparable across all the years.13 Figure 10 has the results for production.14 

                                                      
13 The current version of the IO table has been in use since 2014; from 2010-2013, a similar IO table was used but it had 230 
industries instead of 234—4 cannabis industries were added in 2014 and do not make a notable difference. However, the IO tables 
pre-2010 use the 1961 classification. In 1997 and 1998, there were 105 industries; from 1999-2008, there were 104 industries; and 
in 2009 there were 103 industries. There is no obvious reason why the added detail of the more recent IO tables should have an 
upward or downward influence on the upstream and downstream measures. 
14 The scale on the y-axis of 1.8 to 3.0 is used for consistency across all graphs. 
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Figure 10: Upstreamness and downstreamness for Canadian production over time 

     

If the late 1990s are excluded from the sample, then it would be viable to say that the measures have trended 
downwards (indicating shorter value chains), if only slightly. This would likely be attributable to the increasing 
amount of services that are present in the economy. However, with those 3 years in the late 1990s included, 
figure 9 shows that Canada’s production in 2019 is fairly similar to what it was in the late 1990s, despite increasing 
slightly in the early 2000s and decreasing towards the end of that decade.15 Next, figure 11 has the results for 
Canadian imports and exports over time. 

Figure 11: Upstreamness and downstreamness for Canadian imports and exports over time 

 

                                                      
15 One other noticeable aspect of figure 9 is the gap between upstreamness and downstreamness. As mentioned in section 2.2, the 
measures in a closed economy would be the exact same. However, the open economy adjustment causes the upstreamness 
measure to increase, as raw products can be exported and do not need to be transformed within an economy. The size of the gap 
between the two measures is very correlated with the trade surplus and is a by-product of the calculation, but does not have an 
economic interpretation. 
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The positioning and dynamics of Canadian exports and Canadian imports tell two very different stories. For 
Canadian imports, the upstream and downstream position is more or less the same, and there has been very 
little movement in the measures since 1997. Canadian exports, on the other hand, have a sizeable gap between 
their upstream and downstream measures, which has widened over the last 20 years. This means Canadian 
exports can be expected to go through more stages of production outside of Canada than the number of 
production stages that they have been through preparing to be exported.  

The dynamics for exports have a clean story—and for people familiar with Canadian trade, an expected 
narrative. Most of the dynamics for exports have to do with a growing share of oil and gas extraction, coupled 
with a shrinking share in manufacturing. Between 2001 and 2008, the share of oil and gas extraction in exports 
increased 8.9 percentage points (p.p.), from 8.2% to 17.2%. Oil and gas extraction also became slightly more 
downstream (going from 1.6 to 1.4) while maintaining the same upstreamness score of 3.6. Conversely, motor 
vehicle manufacturing lost export share, decreasing from 13.2% of exports in 2001 to 6.9% of exports in 2008. It 
became slightly more downstream (going from 3.1 to 3.3) while also becoming slightly less upstream (1.2 to 1.1). 
Thus, this is the case of an upstream industry gaining share while a downstream industry lost share. The narrative 
also fits other dynamics of the graph—the price of oil plunged at the end of 2014 and beginning of 2015 causing 
a short recession in Canada. On the graph, this corresponds to the sudden decrease in upstreamness and 
increase in downstreamness. Since then, oil prices have somewhat recovered, but are still not back to the level 
observed in the early 2010’s. 

Lastly, the IO tables do not have detail on Canada’s major trading partners prior to 2010, but the dynamics 
can still be assessed for the 2010s.16 Figure 12 has the dynamics for the U.S., China, Mexico, and the R.O.W. 

Figure 12: Upstreamness and downstreamness for Canadian trade with China and the rest of the world 
since 2010 

                                                      
16 As previously mentioned, the data on the EU-27 is only available for 2017.  
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The dynamics for Canada’s trade with the U.S. and Mexico have been stable for the last 10 years and are 
the same as described in figure 7: Canada’s exports to both the U.S. and Mexico are more upstream than 
Canada’s imports, while Canadian imports from Mexico have a low upstream value and a relatively high 
downstream value. Once again, this is consistent with Canada specializing in the early stages of the value chain. 
The dynamics of Canada’s trade with the rest of the world are also consistent with Canada moving towards earlier 
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parts of the supply chain: exports have become more upstream, while imports have become less upstream and 
slightly more downstream.  

At any static point in time, Canada’s trade with China fits the narrative of Canada exporting early stages of 
value chains and importing final goods; however, the dynamics for Canada’s trade with China have changed 
substantially over the past 10 years. Canadian exports to China have become less upstream than they were at 
the beginning of the decade, while imports from China have become more upstream. This result is unexpected 
because it contradicts the recent narrative attached to Chinese trade. For much of the 2000s, China was the final 
assembly point for many supply chains across Asia and they held a high percentage of foreign content in their 
exports (see, for example, Scarffe 2020, or Kee and Tang (2016) for firm level evidence). However, the narrative 
has been changing into one where China is doing more of the value added activities along the supply chain. 
Chor, Manova, and Yu (2021) calculate Chinese production and trade upstreamness (the same measure 
presented in this paper) using Chinese IO tables between 1992-2014. They find that while Chinese exports have 
had a relatively stable upstreamness, Chinese imports have had a sharp rise in their upstreamness. They 
conclude that China’s role in the supply chain is expanding. This narrative contradicts figure 11 which suggests 
China’s supply chains are contracting rather than expanding.  

Using a shift-share to decompose the change in positioning into within industry effects and between industry 
effects reveals that the decrease in upstreamness for exports has been driven by changes in export shares 
between industries, while the increase in upstreamness for imports has been balanced between the two effects. 
For Canadian exports, there are three industry types driving these results. First, mining and similar industries—
particularly non-ferrous metal production and processing—have become a smaller share of Canada’s exports to 
China. These are upstream industries and the decreasing shares mean that Canadian exports become less 
upstream. Second, automobile and light-duty motor vehicle manufacturing went from 0.04% of exports in 2010 
to 2.5% of Canadian exports to China in 2019. Autos are not upstream and increasing these exports lowers the 
upstream score of Canadian exports to China. Lastly, university services and other service industries (such as 
food and drinking places)—which are not upstream nor downstream—are becoming a larger share of Canadian 
exports to China.  

It may be possible to reconcile the decrease in the mining sector exports with Chor et al.; perhaps China is 
sourcing those imports from other countries or producing more domestically. However, the increasing share of 
the latter two industries are more difficult to harmonize with Chor et al. The larger share of autos and larger share 
of service exports are the result of rapidly growing affluence in China. It would be expected that the increase in 
buying power would affect China’s trade with all countries, instead of being a particular aspect of the Canada-
China relationship. The data for Chor et al. stop in 2014 so it is possible that more recent analysis is congruent; 
however, the trend of increased enrollment by Chinese students at Canadian post-secondary institutions started 
at least as early as the late 90s and thus thinking that the last 5 year would reveal a different trend is unconvincing.  
A definitive explanation would require examining China’s multilateral trade patterns and is beyond the scope of 
this work. 

6. Conclusion 

The purpose of this paper is to categorize where Canada fits into global value chains. Key findings indicate 
that Canadian exports are more upstream (outputs are further away from final goods) and less downstream 
(inputs are closer to value added) than Canadian imports. This is consistent with the notion that Canada 
specializes in producing goods in the earlier portion of the value chain while importing goods from the end of the 
value chain. Further supporting this statement is the finding that Canadian exports to all  major trading partners 
(and the rest of the world in aggregate) are more upstream and less downstream than Canadian imports,. Despite 
the fact that for each trade partner, Canada exports and imports a different set of products. This means that 
Canadian consumption may be more vulnerable to supply shocks as Canada imports many final goods, while 
Canadian exports are more vulnerable to demand shocks as Canada’s production happens mainly at the start of 
the value chain. There are some major industries that produce final goods and are more susceptible to supply 
shocks (such as the auto industry and manufacturing in general); but in aggregate, most of Canada’s exports are 
in the earlier portions of supply chains and are more susceptible to demand shocks. 



 

 20 

The gap between the upstreamness and downstreamness of Canadian exports has grown since the late 
1990s. Most of this happened in the 2000’s due to a growing share of oil and gas extraction—an upstream 
industry with outputs that are far from a final good—and a diminishing share of auto vehicle manufacturing—a 
downstream industry where the outputs are largely final goods. Analysis of trade with the U.S., Mexico, and the 
rest of the world suggest that Canada’s place in the value chain has not changed in the last 10 years. However, 
contrary to the existing literature, Canada’s exports to China have become less upstream while imports have 
become more upstream. Whether this is specific to Canada’s trade with China, or an entirely new pattern in 
Chinese trade is left to future work. 
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Appendix 

The below network diagram attempts to show how value added turns into a final good, and how the measures 
of supply chain positioning works. The simple measures of supply chain positioning account only for the share of 
inputs that are value added, and the share of outputs that are final goods—lines “a.” and “b.”, respectively. The 
more complex measures attempt to account for all the different industry linkages, specifically, how many 
productions steps have the intermediate inputs already been through, and how many more production stages 
the intermediate outputs will go through. 

Figure 13: Network diagram displaying an IO table visually 

http://dx.doi.org/10.2307/2231506
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Note: Industry i (the gold box) is downstream from the blue circles and is upstream to the purple circles. 

Technical Appendix A: open economy adjustment 

This is a rephrasing of the arguments put forth in Antràs et al. (2012). Re-writing equation (1) to include 
imports, exports, and net inventories:17 

(11) 𝑌𝑖 = ∑ 𝑍𝑖𝑗𝑗 + 𝐹𝑖 + 𝑋𝑖 − 𝑀𝑖 + 𝑁𝑖 

The problem is that in order to construct inter-industry flows, the imports, exports, and net inventories need 
to be decomposed into the share that becomes final goods, and the share that become intermediate goods. This 
means that the share of gross output that is used as intermediate inputs in other industries (including cross-
border) is: 

(12) 𝛿𝑖𝑗 =
𝑎𝑖𝑗𝑌𝑗+𝑋𝑖𝑗−𝑀𝑖𝑗+𝑁𝑖𝑗

𝑌𝑖
 

However, in practice we lack data on inter-industry cross-border flows; additionally we lack data on inter-
industry flows of net inventories.18 In order to proceed an assumption is made that for each industry i,  the share 
of exports, imports, and net inventories all have the same share of output that are used as intermediate outputs 
and final outputs. In other words: 

𝑋𝑖𝑗 =  𝛿𝑖𝑗 ∗ 𝑋𝑖 

                                                      
17 Scrap is also taken in account, but is less important for most industries than net exports and net inventories. 
18 This is an over-simplification. Using the Statistics Canada input-output tables, the cross-border inter-industry flows of imports is 
known. However, the information on inter-industry exports and net inventories is unknown. The import data is unfortunately un-
usable as without the proper information on exports and net-inventories, it causes some of the entries of the IO table to become 
negative which is impossible by definition. 
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𝑀𝑖𝑗 =  𝛿𝑖𝑗 ∗ 𝑀𝑖 

𝑁𝑖𝑗 =  𝛿𝑖𝑗 ∗ 𝑁𝑖 

Putting these three assumptions into equation (11), the delta matrix becomes: 

(13) 𝛿𝑖𝑗 =
𝑎𝑖𝑗𝑌𝑗

𝑌𝑖−𝑋𝑖+𝑀𝑖−𝑁𝑖
 

Which is equivalent to changing the A matrix to: 

(14) �̂�𝑖𝑗 = 𝑎𝑖𝑗
𝑌𝑖

𝑌𝑖−𝑋𝑖+𝑀𝑖−𝑁𝑖
 

Technical Appendix B: Finger-Kreinin similarity measure 

The Finger-Kreinin (1979) similarity measure uses a simple formula where the product or industry shares 
are compared to the shares of a different basket. The similarity measure takes the lower of the two shares for 
each industry, and sums across industries. Letting a and b be vectors with components denoted by subscript i, 
the similarity between the two vectors can be calculated as: 

(15)  𝑆(𝒂, 𝒃) =  ∑ min (𝑎𝑖 , 𝑏𝑖)
𝑁
𝑖 ,       𝑠. 𝑡. ∑ 𝑎𝑖 = 1 ;  ∑ 𝑏𝑖 = 1𝑁

𝑖
𝑁
𝑖  

Thus, if the vectors a and b were identical, the similarity would be one. If there was no overlap between the 
two vectors, the similarity would be zero. 

As a benchmark, a simulation of two vectors of length 234 (the number of Canadian industries) were 
randomly generated from a uniform distribution, and then a similarity measure was constructed. This simulation 
was performed 10,000 times using Stata 16. The average similarity measure was 0.67 with a standard deviation 
of 0.02. Using this as a benchmark, anything below 0.67 is not similar, and anything above 0.67 is a similar. 

It is worth noting that the length of the vector is important. As the number of components of the vector 
increases, the expected share of each component decreases. As the expected share of each component 
decreases, the expected value of the similarity index also decreases. Thus the use of 0.67 as a benchmark 
similarity cut-off stated in the paper is only valid when the vectors are of length 234. 


