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Abstract 

Three issues have deeply influenced the Canadian automobile industry in the last 
decades. Proliferation of models and vehicle-types has reduced the average sales 
per vehicle with important consequences on the manufacturing side. 
Manufacturers have responded by adopting flexible production technology in 
their assembly plants. One of the most important features of the flexible 
technology is the ability to build a variety of different models on the same 
assembly line. Many firms also reorganized their supply chain. Increased 
outsourcing of components, even sharing the burden of research and development 
with preferred (tier 1) suppliers, and just-in-time inventory management are the 
most visible exponents of this transformation. These three trends are discussed 
with an eye to their interrelatedness, the impact on industrial performance, and 
policy options available to Canada. The importance of each trend independently 
and taken together is evaluated using plant and firm-level data.  
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1 Three trends: model proliferation, flexible technology, 
outsourcing 

For most of the last 100 years, the automobile industry has been the most important 
manufacturing sector in North America. In 1950, 33 million cars and 7 million light trucks were 
registered in the United States. By 1973, total registrations had increased by two and a half, 
passing the 100 million light vehicles mark––cars and light trucks combined––for the first time. 
Currently, there are 174 million passenger vehicles on U.S. roads with an additional 18 million in 
both Canada and Mexico. While the growth rate is slowing down gradually, it is anyone’s guess 
at what level it will top out. Total sales in North America have been close to all time record 
levels each year between 1998 and 2004, at around 20 million vehicles in the U.S., Canada, and 
Mexico combined. In 2002, the Canadian motor vehicle industry, including automotive 
components, sold $101.2 billion and employed 167,000 people. Total exports were $90.9 billion, 
virtually all to the United States, and net exports $7.2 billion. Table 1 shows production, sales 
and trade statistics for the three countries. 

Table 1: Summary statistics on the North American automotive (light vehicle) industry (2002) 

 United States Canada Mexico 
Production  
(Thousands of vehicles) 12092 2599 1805 

  Exported (incl. NA) (%)  92.7% 72.6% 
Sales  
(Thousands of vehicles) 16816 1686 990 

  Imported (excl. NA) (%) 19.6% 21.8% 29.4% 
Source: Ward’s Automotive Yearbook (2003) 

Three crucial developments have transformed the automobile industry worldwide and in Canada 
in particular over the last two decades. 

The enormous proliferation of models is the most visible trend to consumers. Because total sales 
did not increase in line with the number of models, average sales per model have declined 
substantially and firms had to adjust their production process. Consumer pressure, i.e. demand 
pull, was the catalyst for far-fetching changes in the assembly process and the organization of the 
entire industry. 

While consumer demand forced firms to produce a wider variety of vehicles, flexible 
manufacturing technology has enabled firms to deliver this without costs skyrocketing. Different 
plants adjusted to a different extent and this is reflected in their productivity. To survive in the 
industry, all but a few plants are forced to produce more than one model on each assembly line 
and tailor the body style, engine, and other aspects of the car to the customers’ liking. 

In addition to changes in the assembly plants, manufacturers have implemented a far-reaching 
overhaul of their supply lines. Many more components, even highly sophisticated ones, are 
outsourced to suppliers that operate at arms-length. At the same time, these suppliers are 
becoming more closely integrated with manufacturers as they take on more of the R&D burden 
and move to a just-in-time inventory management system. While the previous trend poses mainly 
technical challenges, outsourcing is more of an organizational challenge. 
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A description of each of these three trends with a review of the relevant literature and empirical 
characterization follows in sections 2-4.  In section 5, I discuss the interrelatedness of the three 
trends. Again, both the theoretical background and an empirical investigation of separate and 
joint effects of each trend on plant-level productivity are included.  Section 6 contains a 
discussion of policy implications for Canada. 

2 Model proliferation 
2.1 Literature and background 
Proliferation of products makes it more complicated to analyze demand. Recent advances in 
empirical industrial organization have greatly enhanced economists’ ability to estimate demand 
and substitution patterns. In particular, discrete choice models of consumer behaviour have been 
developed to analyze the demand for goods that are purchased in single units or not at all. The 
automobile industry has been a popular proving ground for new estimation methodologies.  

Bresnahan (1987) models cars as vertically differentiated goods. Consumers rank all vehicles 
identically, but differ in their willingness to pay for vehicle quality, broadly defined. Each 
consumer buys the vehicle that gives her the largest utility. Subsequent research has generalized 
the random utility specification. The approach in Berry, Levinsohn, and Pakes (1995) can 
estimate arbitrary substitution patterns between automobile models using only aggregate market 
level data. A consumer’s valuation of each vehicle is a function of the product’s characteristics 
interacted with consumer-specific taste parameters, an additive unobserved product-specific 
component, and a consumer-product specific taste shock that follows the logit distribution. The 
model incorporates both horizontal and vertical product differentiation. 

A related approach is the nested logit specification; see Goldberg (1995) for an application to the 
automobile market. Models that are expected to be closer substitutes are lumped in a “nest” and 
the data decides the difference in the rate of substitution between models in the same or different 
nests. This structure can be interpreted as consumers first choosing a nest and subsequently 
choosing among the vehicles in the nest. An alternative interpretation, see Cardell (1997), is that 
models in the same nest share some common characteristic over which consumers have 
stochastic preferences. The model is less computationally demanding and many researchers have 
adopted it. 

Estimates of substitution elasticities will be more precise if individual purchase data is used, as in 
Goldberg (1995). Berry, Levinsohn, and Pakes (2004) augments the market share data in their 
previous paper with customer information and even second-choice information. Petrin (2002) 
uses the Consumer Expenditure Survey to obtain additional aggregate moments that predict 
average household characteristics conditional on some purchase behaviour, i.e. it links household 
and vehicle characteristics at the aggregate level. For example, he matches the predicted family 
size of minivan buyers with those observed in the data. 

The supply side in each of these models is very stylized. Multiproduct firms are assumed to take 
the quality and other characteristics of their vehicles as given, but they set prices strategically, 
taking competitors responses into account. The first order conditions for Bertrand competition 
depend on the marginal cost, own-price elasticity and the price effect on other models produced 
by the same firm. Marginal costs are not observed, but are assumed to be constant or convexly 
increasing in vehicle quantity. Given observed prices and estimated elasticities, one obtains an 
estimate of the implied marginal costs and price-cost margins. 
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The most relevant study from this literature, in the current context, is Petrin (2002). He 
investigates the impact on consumer welfare and firm profits of the introduction of the minivan 
by Chrysler in the 1980s. On the supply side, he maintains the assumption that marginal costs are 
independent across models and that fixed costs do not enter the pricing decision. Moreover, the 
choice of vehicles to sell is exogenous. He finds that the overall gains from the introduction of 
the minivan were large and that consumer benefits far outweighed the cost of development and 
profits obtained by the innovator. Almost half of the consumer benefits came from increased 
price competition and accrued to non-minivan purchasers. It strongly suggests that at least some 
new model introductions benefits consumers. 

In an entirely different literature, focusing solely on the supply side, Baldwin and Gu (2004) 
illustrate that in the Canadian manufacturing sector exporters and firms in industries that 
experienced reductions in their tariff barriers increased the average length of their product-runs. 
Fewer products are produced, but they are produced in greater quantities to generate scale 
economies.  

Yet another literature predicts that lower trade barriers will facilitate imports of distinct foreign 
products. The standard model of international trade and product differentiation in Krugman 
(1979) predicts that with scale economies in production the number of firms in the market 
depends directly on trade barriers.1 Trade liberalization will reduce the number of firms 
worldwide, but increase the number of firms that sell products in each country. 

2.2 Evidence 
A cursory look at the initial effects of the 1965 Auto Pact on the Canadian automobile industry 
confirms the findings in Baldwin and Gu (2004). The Pact eliminated bilateral tariffs with the 
United States and led to the integration of the U.S. and Canadian automobile sectors. Canadian 
plants started to export the majority of their output to the United States, while the bulk of 
Canadian sales were satisfied from U.S. imports. This led to a rationalization of Canadian 
production. Most Canada-specific products were eliminated and remaining vehicles are produced 
in large volumes for the entire North American market. 

The evolution of the automobile industry is also consistent with the main feature of the 
differentiated goods trade model. At the brand-level––where a large fraction of the fixed costs, 
e.g. marketing and design, reside––several European and Asian firms have increased their 
offerings in North America in line with reductions in trade barriers. In the luxury segment, 
Acura, Lexus, and Infinity did not even exist 20 years ago. The list of high-end European brands 
that recently entered the U.S. market gets longer every year: Audi, Mini, Smart, Maybach, 
Maserati, and Lotus. On the opposite side of the quality spectrum, Hyundai, Daewoo, and Kia, 
existed in their Korean home market, but their presence in North America is more recent. 
Recently, Toyota launched a new brand, Scion, to compete at the entry level of the market. Since 
Saab and Volvo have become under U.S. ownership, by GM and Ford respectively, they have 
expanded their vehicle offering in the U.S. considerably. At the same time, globalization of the 
industry has induced consolidation. Few brands have completely disappeared, but surviving 
brands often share models that are simply “rebadged”.
                                                 
1 His model only considers single-product firms. For the automotive industry one can replace “firm” with “model”. 
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Box 1: Toyota: From nowhere to first place in 25 years? 

The Toyota Motor Co. was established as an independent company in Japan in 1937, 
but only started commercial passenger vehicle production after World War II. It 
established Toyota Motor Sales USA in 1957 and Toyota Canada in 1967, but its first 
real break in the North American market came with the second oil price shock. In 
1980, Toyota sold 41,800 vehicles in Canada, almost tying Honda for first place 
among imports. While this was only 4.5% of the Canadian market, it meant a tripling 
of its 1979 market share. In the United States, it became the leading importer in 1976 
and held the top spot ever since. In 1980, Toyota USA sold 582,000 cars, 85% of 
them three “small” models––Corolla, Tercel, and Celica––and 132,000 light trucks, 
capturing respectively 6.5% and 4.4% of the market. All vehicles were imported from 
Japan. 

By 1984, Toyota had followed the lead of Honda and Nissan and produced cars 
locally in North America through a joint venture with GM, NUMMI in Fremont, CA. 
Greenfield investments followed quickly in Georgetown, KY (1986) and Cambridge, 
ON (1987). An expanded Cambridge plant made Toyota the second largest passenger 
car assembler in Canada in 2002. A new truck plant in Princeton, IN (1999) made it 
the largest transplant producer in North America. Including NUMMI, Toyota 
produced 1,305,000 vehicles in North America in 2003, which put it just ahead of 
Honda in 4th place. Direct employment at assembly, engine, and component plants, its 
North American headquarters, and design and technical center stands at 36,350, with 
an additional 111,500 employees at dealerships. 

In addition to local production, Toyota still imports almost 800,000 vehicles per year, 
making it the leading brand for passenger cars in Canada since 2000 and in the United 
States since 2003, outselling even Ford and GM’s Chevrolet division. Its luxury brand
Lexus, grabbed 14.2% of the luxury car segment with only two models in its third 
year (1990). A third brand, Scion, is aimed specifically at young buyers and was 
launched in 2003. Currently, Toyota sells 29 different models in North America; 17 
cars and 12 trucks; 9 Lexuses, 3 Scions, and 17 Toyotas.  

The upward potential for Toyota in North America remains large. It only entered the 
Mexican market in 2002. In Canada, its market share still lags its U.S. performance at 
9% versus 12%. This is mostly a light truck issue, as it has only 5% of the Canadian 
truck market, but even in the United States its trucks capture only 9% of the market. 
As recent as the 1991 model year, Toyota only sold 4 different trucks and its compact 
model was responsible for 70% of sales. Currently, it offers 12 different models and 
only 22% of sales come from its segment-leading compact pickup. Two new truck 
plants currently under construction, Baja, Mexico (opens 2005) and San Antonio, TX 
(opens 2006) will boost local production further. 

Toyota’s stated goal is to become the world biggest automotive company by 2010. In 
2003 it outsold the Ford Motor Company for the first time, selling 6.8 million units 
worldwide. The stock market seems to agree, as Toyota’s current market 
capitalization, at $127 billion, is higher than that of GM, Ford, and DaimlerChrysler 
combined.  
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North American households have become richer and own more cars nowadays. Like most goods, 
especially luxury goods, demand has increased with income. A 1996 study by Urban Decision 
Systems found that 60 percent of U.S. households have two or more cars, compared to just 20 
percent in 1960. In areas with a high proportion of two-earner households, such as Fairfax 
County, Virginia, a suburb of Washington, D.C., this rises to 71 percent, according to American 
Demographics magazine. At the same time, households have become smaller, putting even more 
vehicles on the road to keep the number of cars per household constant. 

Cars are differentiated products and one might expect a change in the composition of sales when 
households change. As households are becoming more diverse, preferences for vehicle 
characteristics have changed and new vehicle segments have sprung up. Examples are compact 
SUVs, luxury pickup trucks, and, more recently, crossover vehicles, blending the difference 
between cars and trucks. Consumers are likely to look for different characteristics in their second 
or third vehicle as it should complement their existing vehicle stock. Households might own a 
sedan or minivan to commute to the office and drive kids to school and an SUV or convertible 
for weekend trips. 

In response, American manufacturers have dramatically increased the number of models they 
sell and foreign firms started to offer a larger range of vehicles to North American customers. 
The increased number of models for sale in the United States or North America is a combination 
of more firms entering the market, firms introducing new brands tailored to specific market 
segments, and the enlargement of the vehicle line-up of existing brands. 

Table 2: Number of car and truck models in North America (1974-2004) 

 1974 1984 1994 2004 

Models for sale in U.S. 133 195 238 282 

    Cars 96 140 164 167 

    Light trucks 37 55 74 115 

Models for sale in NA 185 228 273 320 

Models produced in NA 90 125 139 165 

Assembly plants in NA 68 76 68 64 
Source: Ward’s Automotive Yearbook (various years) and Ward’s Infobank  (2004) 

Statistics in Table 2 indicate that the total number of models for sale in the United States more 
than doubled from 1974 to 2004. The total number of car models leveled off in the last 10 years, 
but at 167 models choice is plentiful. The increase in variety of light trucks, on the other hand, is 
accelerating. The number of truck-models more than tripled over the last 30 years and is growing 
at a pace of more than 5% per year in the five most recent years. 

Another trend distinguishable from Table 2 is the harmonization of vehicle offerings in the 
United States, Canada and Mexico. In 1974, 28% of the North American models were only for 
sale in either Canada or Mexico. By 2004, this has dropped to less than 12% and almost all are 
for Mexico.  
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More firms and more brands are only part of the story. The combined vehicle offerings of 
Chevrolet, Ford and Toyota––the three most important brands in North America––grew from 16 
car models in 1975 to 22 in 1999. SUVs, on the other hand, did not exist in 1975, but by 1990 
the three brands sold 7 truck varieties and currently they offer 14 different trucks. 

Table 3 illustrates in greater detail the recent evolution in trucks for sale. The explosion in truck 
offerings is even more striking if one takes into considerations the different variations that are 
offered. Variations indicate differences in body style and a chassis configuration, the latter 
includes differences in powertrain, front, rear, or all-wheel drive, and transmission. On average, 
each truck is available in almost 15 different variations. 

Supposedly identical models leave the assembly plants already differentiated. Previously, most 
options would be installed at the dealership. Customers would add options such as a better sound 
systems, aluminium wheels, or bed-liners before taking delivery of the vehicle. Nowadays, 
vehicles roll off the assembly line in a variety of trim levels, with optional comfort equipment 
and driving options. 

Table 3: Number of models and variations in the U.S. light truck segment (1999-2003) 

  1999 2001 2003 

Light truck models 99 112 122 

     Domestically produced 75 84 84 

     Imported 24 28 38 

Available variations 952 1511 1805 
Source: Ward’s Infobank (2004) 

The effect of this bewildering growth in models on the distribution side of the market has been 
surprisingly small. In North America, there has been little impact of the internet on the consumer 
market.2 The internet has become the principal source of information for consumers, providing a 
wealth of information from consumer groups, car magazine or dedicated internet sites, and even 
manufacturers. Still, online transactions remain rare. Listings for second hand cars have 
exploited the internet, but in the new vehicles market, a listing of current inventory is the most 
consumers can hope to find on their dealer’s website.  

Direct business-to-consumer (B2C) transactions are opposed by traditional dealerships, which 
enjoy a lot of legal protection, especially in the United States. The emergence of super-sized 
dealership groups, most notably AutoNation which sold 679,212 vehicles in 2003, has changed 
relatively little for customers as these groups have been forced to open several local dealerships. 
Sales per outlet are only slightly larger than for smaller groups. In addition, few vehicles are 
made-to-order in North America, which is much more prevalent in Japan or Europe. The 
widespread implementation of lean production systems, elaborated below, might have slowed or 
even prevented the development of made-to-order. 

The increase of models did have large repercussions on the manufacturers. It would be 
straightforward to produce more vehicles if more assembly plants were constructed, but the total 
                                                 
2 See Kwoka (2001) for a discussion. 
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number of plants actually decreased from 1974 to 2004, see Table 2. The establishment of 
several “transplant” assembly plants by foreign producers, starting in 1982, temporarily raised 
the plant-count, but the subsequent closure of many Big Three plants—those owned by GM, 
Ford, or Chrysler—restored the total. 

Greater imports could be another way to increase the number of models. Currently, more car 
models are imported than domestically produced, which is a relatively recent phenomenon. The 
statistics in Table 2 are slightly misleading in this respect as the majority of imported models in 
1974 went to Mexico, while they now tend to be sold across the continent. The increased 
importance of light trucks also disguises this trend, as trucks are still predominantly produced 
domestically. 

Even though the fraction of models that is imported has increased, crucial for the North 
American automotive industry is the total number of models it assembles domestically. This 
increased from 90 in 1974 to 165 in 2004 or, even more starkly, from an average of 1.32 models 
per plant in 1974 to 2.58 in 2004. 

Figure 1: Production and sales per model is trending down (in 100,000 vehicles) 

0.040
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0.140

0.160
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Source: Ward’s Automotive Yearbook (various years) 

The increase of models for sale in Table 2 and Table 3 is not matched by a comparable increase 
in total sales. The grey line in Figure 1 illustrates the declining sales per model for the United 
States. The decline in annual production per model, for North America, trends down even more 
sharply, captured by the black line.3 Finally, the most pronounced decline is in production per 
car-model, the white line, which declines from an average of 138,000 in 1974-76 to 75,000 by 
                                                 
3 While it makes sense to study sales by country, production is sufficiently integrated that one has to look at the 
entire North American market. 
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the end of the period (2002-04).4 Given that the minimum efficient scale of an assembly plant 
has traditionally been put at around 150,000 vehicles, most plants have to produce several 
models. The technical challenges this poses are discussed in the next section. 

Moreover, looking at averages might be deceiving. Even though 165 cars and 108 light trucks 
were sold in the United States in 2002, the market share of the ten most popular vehicles were 
32% and 42%, respectively. Total sales of 8.1 million cars over 165 different models averages 
49,000 units per model, but the ten largest sellers average 259,000 units, while the remaining 155 
models sell on average only 36,000 apiece. Manufacturers need to produce several of these 
models side-by-side to reach efficient scale. 

3 Flexible technology 
3.1 Literature and background 
I define flexible technology as the ability to produce several models on a single assembly line. 
Over time, it has become an integral aspect of modern or lean manufacturing. Other aspects are 
team work, just-in-time inventory management, decentralization of decision making, emphasis 
on flow through the factory, zero-tolerance quality control, etc. Klier (1996) writes:5 

“The defining principles of lean manufacturing are the pull system, whereby the flow 
of materials and products through the various stages of production is triggered by the 
customer (ultimately the end-user, but within a plant this applies to an operation or a 
process downstream from a previous one), and the idea of continuous improvements 
to the production process.” 

Unfortunately, most aspects of lean production are not observable to researchers. Some 
exceptions exist; for example Helper (1995) conducted a survey of automobile suppliers to get 
insight into their human resource management practices. More evidence is gathered from 
detailed case studies. One interesting finding is that most new plants, even those in Mexico, have 
been found to use the lean technology, see Carillo (1995). 

Initially, little emphasis was put on flexibility. The Japanese automobile producers that pioneered 
lean production in the United States only manufactured their highest volume models locally. 
Only later, as a consequence of consumers’ demand for greater variety, were flexible production 
techniques introduced to assembly a larger number of models economically in their limited 
number of plants. 

Until the early 1980s, most American assembly plants produced a single vehicle. Exceptions 
were plants with multiple body welding and final assembly lines that produced different vehicles, 
one on each line, or different guises of the same vehicle that only differed in trim or available 
options. The most popular models were even assembled at multiple locations across the country 
at branch assembly plants close to population centers. Rubenstein (1992) provides an excellent 
history on the geography of the industry. 
                                                 
4 While trucks are produced, on average, in greater production-runs, it was noted in Ta  that they come in more 
variations. The greater customization is likely to put additional strain on the assembly process. 

ble 3

5 A very accessible introduction to lean manufacturing is the bestseller by Womack et al. (1990). It summarizes the 
most important findings from MIT’s International Motor Vehicle Program.  
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Box 2: GM: the future is bright?   

General Motor’s last new assembly plant, Lansing Grand River, is designed to allow a 
quick response to changes in customer demand and adjust products according to market 
trends. The flexible facility is capable of assembling five different vehicles at a time. 
Traditional auto plants use fixed tooling that is designed to produce only two or three 
models of a similar design of either cars or trucks. “That leaves manufacturers 
vulnerable to shifts in consumer demand,” says CAR’s Cole. “When you start to run at 
less than maximum capacity, you start to hurt real bad.” The introduction of flexible 
production techniques in the automobile industry is starting to generate benefits. In the 
last recession, profits were hit as hard as ever, but, unprecedentedly, capacity utilization 
remained virtually unchanged. 

GM learned a lot from its joint ventures with Toyota at NUMMI in California and with 
Suzuki at CAMI in Ontario. Its cooperation with Toyota gave it an inside look at the 
Toyota Production System, the industry benchmark. Suzuki brought expertise in 
building small and cheap cars and trucks profitably. In the annual Harbour report 
ranking of plant productivity, GM trailed the entire industry less than 10 years ago and 
is now the most productive American company, only slightly behind Toyota’s and 
Honda’s North American operations. Its average productivity gain over the last 6 years 
has outstripped all its rivals in assembly, engine, transmission, and stamping plants. 
Four of the ten most efficient assembly plants in North America now belong to GM. 

Another spillover of the joint ventures was the launch of the Saturn brand, selling 
mostly small vehicles. While it looked at some point as if the American Big Three 
would cede the entire small car segment to imports, Saturn substantially strengthened 
GM’s position in the entry-level car market. The cornerstone of the new company 
experiment was an historic labor agreement that created a more cooperative atmosphere 
between workers and management. Started as a “different kind of company”, with 
independent design, manufacturing, marketing, and dealer network, it remained too 
small to be viable on its own and is currently merged into GM’s other operations.  

Equally important, GM improved the quality of its vehicles faster than its competitors. 
A counterintuitive finding of the International Motor Vehicle Program was that lean 
technology improves productivity without a quality penalty. Even starker, productivity 
and quality were found to be positively related (see Womack et al., 1990). In J.D. 
Power’s 2004 (long term) Vehicle Dependability Study, GM is the only American firm 
scoring above the industry average. It is ahead of more prestigious firms like BMW and 
all Japanese firms save for Toyota and Honda. Six of the eight GM brands report fewer 
problems than the industry average (the discontinued Oldsmobile brand is its poorest 
showing). Buick even finishes 2nd out of 37 and Cadillac also makes the top 5. 
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Currently, most assembly plants produce several models, often on the same assembly line; 
mastering this feat is becoming crucial for survival. In all but a few automotive segments, each 
model’s North American sales are below the minimum efficient scale of a plant. Firms can 
achieve scale efficiency by exporting, but it makes them vulnerable to exchange rate fluctuations 
and only a few models are sold on different continents. Plants have also become smaller on 
average, see Van Biesebroeck (2003), but there are technological constraints to this. Given the 
continued increase in model variety, firms have chosen to incorporate flexible production 
techniques in ever more assembly plants. 

Several theoretical papers have explicitly analyzed the strategic and welfare effects of adopting 
flexible production technology. Prominent examples are Röller and Tombak (1990), Eaton and 
Schmitt (1994), and Norman and Thisse (1999). The last two papers assume that products are 
horizontally differentiated and use a location model of demand. These models share an important 
feature with the vertical differentiation model in Bresnahan (1987): competition is localized. At 
the margin, a price change for one product will only affect producers of neighbouring products. 

Norman and Thisse (1999) characterize the market equilibrium if two types of technology are 
available: a designated (fixed-location) technology and a flexible (repositionable) technology. A 
firm that adopts the flexible technology is able to cheaply customize its product offering to the 
customer’s ideal product location, but this comes at a higher fixed cost. In location models, a 
consumer’s valuation for a product decreases with the distance it is located from her ideal 
product. To attract a distant consumer, a firm using the designated technology has to lower its 
price sufficiently below the price of more closely located competitors to overcome the “travel” 
cost. Flexible technology firms can simply reposition their product. As long as the cost of 
repositioning is below the travel cost, it will be a profitable strategy at least for some firms.  

Proction flexibility has two channels to improve welfare. A first direct positive effect is the 
ability to produce products that consumers value more, i.e. tailor the location of the product to 
the location of the consumer. A second indirect effect is a more competitive pricing regime, 
which limits the consumer surplus that firms can extract. On the downside, tougher competition 
deters firms from entering the industry which, ceteris paribus, raises prices and limits consumer 
choice. The cheaper it is to reposition products, the more extreme the entry deterrence. As long 
as repositioning costs are nonzero and the market is sufficiently large, firms producing niche 
products with the designated technology at low fixed cost will coexisting with flexible firms. 

3.2 Evidence 
As argued earlier, the only viable long term solution to offer a greater variety of models to 
consumers is to produce multiple models in the same plant. In practice, this takes several forms. 
In rare cases, firms build models that are derived from different platforms on the same assembly 
lines. One of the first examples in North America was the Nissan plant in Smyrna, TN, building 
both the Altima and smaller Sentra on the same line when it initially started up. More common is 
to derive several models from the same platform and build those models that share some basic 
underpinnings on the same line. 

No uniform definition of a platform exists; even the terminology varies by firm. Two illustrative 
examples from Ward’s Auto World (2001) are: “the front and rear axles, steering components 
and engine, side members, floor pan, and the fuel tank” (Volkswagen) or, more vaguely, “a set of 
common product and manufacturing standards related to a vehicle type” (GM).  
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Figure 2: Average vehicle variety per assembly line 
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The undisputed master of the practice is Toyota, which introduced endless variations on the 
Camry platform. Currently, it provides the underpinnings for the Camry midsize and Avalon full 
size sedans, the Solara coupe and convertible, the Sienna minivan, and the Highlander SUV. 
Under the Lexus luxury brand, it also provides the mechanical foundation for the ES300 sedan 
and the GX330 SUV. The Camry and Avalon are built on the first Georgetown line, while the 
Camry and Sienna are built on the second line. In Canada, Cambridge South produced the Solara 
coupe and convertible and the line was converted in 2004 to produce the Lexus GX330. In Japan, 
several of these models are assembled side-by-side as well. 

Basing different models on the same platform poses fewer manufacturing challenges, but is more 
demanding on the marketing department. To avoid cannibalizing sales of other models in the 
line-up that share the same platform, the end products have to be sufficiently different. GM’s 
platform strategy in the mid-1980s made all its midsize cars indistinguishable, which especially 
harmed the more upscale variations. Volkswagen faced similar problems with its platform 
strategy in the 1990s, when consumers avoided expensive Audis and Volkswagens and bought 
cheaper, but technologically similar, Seats and Skodas instead. 

Another popular trend is to offer models in several body styles. The Ford Focus, for example, is 
offered as a 4 door sedan, a 3 or 5 door hatchback, or as a station wagon. The Hermosillo 
(Mexico) assembly plant builds each of the four styles. The practice is even more common with 
pickup trucks which are offered with different cabs––standard, crew, or king––and with long or 
short bed. In addition, chassis configurations differ by engine, transmission, and two or four 
wheel drive options. In 2004, the Chevrolet Silverado pickup truck was offered in 182 variations. 
Obviously, to produce all these variations on the same assembly line, requires smarter robots, 
smarter workers, smarter management. 

Figure 2 illustrates the mix of vehicles per line that each firm assembles in North America, 
constructed from plant-level data from the Harbour reports. The horizontal axis represents the 
total number of production lines over all plants of each firm (or group of firms).6 The vertical 
axis represents the number of vehicle varieties––using different definitions––that are produced in 
1994 (with minus signs) and 2002 (with plus signs). Cars and light trucks are combined, but 
plants producing medium and heavy trucks are omitted from the sample.  

The line on each graph represents the predicted number of varieties per production line from 
separate OLS regressions by year, using the different variety measures as dependent variable, 
without constant term.7 The coefficient estimates on the number of production lines, the only 
explanatory variable, are in Table 4. 

The estimates suggest that in 2002 a greater number of varieties are produced per line for each of 
the measures, but the increase differs substantially across measures. Producing different platforms 
on the same line remains a rare feat, even in 2002. On average, slightly less than two models are 
produced per line. While the increase from 1994 to 2002 is statistically significant, the coefficient 
estimates are economically similar. The two models produced jointly tend to share a platform. For 
the last two variety measures flexibility has clearly increased from 1994 to 2002. The ability to 
produce different chassis configurations or body styles on the same production line increased from 
less than two to almost three, an increase of 30% and 47%, respectively, in only eight years. 
                                                 
6 As production line, I use the average of the number of body and assembly lines. 
7 None of the constant terms were significant and they are omitted from the regressions, forcing the lines throught he 
origin.  
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Table 4: Number of varieties that are produced per production line 

 1994 2002 

Platforms 1.081     (.026) 1.090     (.025) 

Models 1.874     (.167) 1.948     (.155) 

Configurations 1.990     (.212) 2.579     (.156) 

Styles 1.902     (.101) 2.800     (.133) 
Source: Author’s calculations based on data from the Harbour reports (various years); same data source applies to 
accompanying Figure 2. 
Note: The statistics are the coefficient estimates in separate OLS regression by year with different measures of 
variety as dependent variable and the number of production lines as only explanatory variable, without constant 
term. Observations are firms. Standard errors are in brackets. 

Contrary to conventional wisdom, it is not the Japanese or joint venture plants that build the 
greatest vehicle variety on their assembly lines. For each measure, the GM plants exceed the 
industry average (the regression line) by the most and even more so in 2002 than in 1994. 
DaimlerChrysler and Ford, on the other hand, exceed the industry average for some measures but 
fall behind on other. Moreover, for the last two measures, configurations and styles, the increase 
in variety per line for all domestic firms is proportional to the industry-wide increase. It is 
exactly on these last two measures that Japanese and joint-venture plants are unable to keep up. 

One caveat is that foreign producers still had relatively few production facilities in North 
America. They supplement local production with imports from their overseas plants. They have 
generally chosen to produce their highest volume products in North America, which makes 
production line sharing between models less of a necessity. The fact that these plants are less 
inclined to share production lines between models does not necessarily imply that they are not 
able to do so. As they expand their American production, which the falling dollar is likely to 
accelerate, it will be interesting to see whether they will catch up with plants of the Big Three. 
The production penalties associated with flexible production, see section 5, will be better 
measures of ability. 

4 Outsourcing 
4.1 Literature and background 
A number of papers build theoretical models to illustrate the motivation for firms to outsource 
some of their processes or intermediate inputs. Stigler (1951) suggested that the decision to 
integrate production is based on the market size and follows an industry-specific life-cycle. A 
smaller market favours integration, because it cannot support a large number of producers of 
intermediates. His model predicts higher levels of integration for young and very old firms and 
increased outsourcing when firms mature. 

Alternatives theories have been formulated more recently. Eberfeld (2002) demonstrates that 
when entry into the intermediate good market is restricted or when intermediate good producers 
collude, vertical integration increases with market size. In the model of Acemoglu et al. (2002) 
managerial overload related to innovative activities is higher closer to the technological frontier 
which provides an incentive to outsource, which is absent for firms that imitate instead of 
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innovate. Holmes (1999) argues that local concentration of an industry should lead, ceteris 
paribus, to greater vertical disintegration. All of these models would predict high degrees of 
outsourcing for the automotive industry.  

Grossman and Helpman (2002) study vertical integration from a transaction cost perspective and 
provide a general equilibrium setting. As in previous papers in this literature, outsourcing 
depends on search costs, asset specificity, and cost differences associated with different 
organizational forms. A high degree of asset specificity in the automotive industry creates the 
potential for hold-up which reduces the attractiveness of outsourcing. 

Perhaps surprisingly, there is only a limited, but growing, empirical literature that documents the 
extent and growth in outsourcing or evaluates the theories. Levy (1984) uses the ratio of material 
inputs to total sales as measure of vertical integration at the firm-level and finds support for 
Stigler’s theory. A problem with this measure is that it will increase almost by construction for 
production processes further downstream, as value added as a percentage of total sales often 
decreases downstream. It also assumes a linear processing chain, which is implausible for a 
sophisticated economy. Maddigan (1981) and Davies and Morris (1995) proposes indices of 
vertical integration, relying on input-output tables, to provide a general characterization of 
interrelatedness between firms and industries. 

In the automotive industry in particular, a number of important developments are reshaping the 
entire organization of the industry. Most notable are just-in-time inventory management, the 
increased importance of the internet, the reorganization of the supply chain into layered tiers, and 
the subassembly of components in finished modules. I will discuss them in turn. 

Under just-in-time (JIT) inventory management, one aspect of lean production, components are 
delivered at high frequency right at the assembly line. Inventory levels are measured in hours 
rather than days or weeks. For components that have a high degree of variation and are assigned a 
sequence at late notice from the assembly line, such as seats, suppliers often locate close to the 
assembly plant in specifically designated supplier parks. Otherwise, a supplier needs to be reliably 
within a day's shipping distance, unless they produce generic or bin parts, see Klier (1999, 2000).  

In the production chain, the internet played a more important role than on the consumer side. In 
2001, DaimlerChrysler, Ford, General Motors and Renault-Nissan joined forces and started an 
online B2B marketplace, Covisint.8  Initially, the establishment of a standardized platform to 
conduct procurement auctions was one of its main functions. The stated goal of the manufacturers 
was to put downward pressure on prices. Although Covisint suspended auctions in late 2003, the 
joint venture remains operational. It provides technological support to establish business processes, 
introduce standards, and facilitate communications between manufacturers and their suppliers. 

The location of activities in the value chain also changed. Automobile companies are gradually 
turning over production of ever more components to suppliers. This is not limited to basic 
commodities, but also involves more sophisticated components that are not always interchangeable 
between vehicles. Some firms have started to outsource entire subassemblies and even engines. 
This changed the relationship between manufacturers and upstream suppliers. Final manufacturers 
became more closely integrated with a more limited number of suppliers. Only preferred, Tier 1, 
suppliers sell products directly to the final manufacturing firms. In turn, these Tier 1 suppliers deal 
with Tier 2 firms, and so on. 
                                                 
8 Since its inception, PSA Peugeot Citroen has also joined the initiative. 
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Box 3: Magna: boom or bust? 

By far the most successful Canadian automotive company is the Aurora, Ontario based 
Magna International. For much of the last decade it has been the fifth largest supplier to 
OEM manufacturers in North America. It is a testament to the growth in outsourcing that 
Magna increased employment from 15,000 worldwide in 1992 to 43,000 solely in North 
America in 2002 and remained only the fifth largest N.A. supplier. The recent consolidation 
in the American automotive supplier industry did elevate it to sixth spot worldwide in 2003, 
with an employment of 72,000, while they were only in 12th position as recent as 1998. 

Like many of its competitors, Magna’s sales are concentrated geographically. More than 
two thirds of sales are generated in North America. Only Delphi, recently spun-off by GM, 
is more reliant on the North American market, which historically has been the most cyclical 
region. An important engine of growth has been the creation of a multitude of 
manufacturing centers close to assembly plants to satisfy clients’ demand for timely and 
frequent deliveries. Magna has 119 manufacturing centers in North America and 72 in 
Europe. One region it is relatively weak is China, while many of their competitors have 
been eager to enlarge their presence in this growth market. Only 1% of Magna’s sales are in 
Asia, which is the biggest vehicle production area in the world. 

Not very diversified geographically, the group is very broad in its range of activities. Cosma 
makes metal body systems, components, and modules; Magna Donelly is big in mirrors; 
Decoma is a leader in front and rear end modules; Tesma manufactures engine, transmission 
and fueling systems; and Magna Drivetrain is self-explanatory. Through the Intier division 
it is one of the most important suppliers of interiors to OEM manufacturers. This has been 
an area where subassemblies have been most popular. Magna has been at the forefront of 
the trend to supply finished modules to assembly plants and is becoming more involved in 
the design process as well. Worldwide, Magna operates 48 R&D centers. 

Another important group is Magna Styr that assembles entire vehicles, for example the new 
compact SUV for BMW. This is outsourcing to the limit. BMW has designed the vehicle, in 
cooperation with Magna, but is handing over assembly entirely. BMW still supplies the 
engines and takes care of marketing, but car companies are experimenting with a smaller 
involvement in final assembly. Toyota has always outsourced final assembly on a 
significant fraction of its Japanese production and DaimlerChrysler leaves assembly of 
several small volume niche-models to independent companies. If this trend continues, 
Magna is well placed to benefit. 

Another source of strength for Magna is its diverse client portfolio. DaimlerChrysler is its 
biggest client, but only accounts for 29% of sales. GM and Ford make up 22% and 20% of 
sales and BMW and Volkswagen account for at least 5% each. Notable exceptions as top 
clients are the Japanese companies. Sales growth has consistently exceeded industry growth 
and especially sales growth of its clients. To maintain its pace of expansion it will be forced 
to either add new clients or to take over a larger fraction of the work done on each vehicle 
for existing clients. Magna is undoubtedly pursuing both. 
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Gradually, suppliers are also becoming more involved in the development of components. The 
shortening of the average model-life and the proliferation of electronic technology imposed a 
larger R&D burden on manufacturers. Some of that burden has been shifted to suppliers. The 
increased technological sophistication of components for which suppliers are responsible was 
one factor that led GM to sell off most of their component business as Delphi (in 1998-99) and 
Ford did the same with Visteon in 2000. As GM or Ford subsidiaries, it was difficult for these 
divisions to supply parts to competing manufacturers. For more sophisticated components, it has 
become crucial to amortize the required knowledge over larger product-runs. 

4.2 Evidence 
While the plant is the most natural unit of analysis to measure productivity, one generally thinks 
about the firm making the outsourcing decisions. However, actions taken at the firm-level will 
have repercussions at each level of aggregation. Different data sources have been identified to 
document the evolution of outsourcing in the North American automotive industry. I will discuss 
the evidence starting from the most aggregate level to the most detailed. 

4.2.1 North America 
For automotive sourcing decisions that transcend country boundaries, the United States is by far 
the most important trading partner for Canada. It is the largest market worldwide, both for 
intermediate and final goods. Bilateral trade data on U.S. imports in SIC industry 3711 “Motor 
vehicles and car bodies” and industry 3714 “Motor vehicle parts and accessories” is used to 
assess the relative performance of Canadian firms. 

Table 5 contains U.S. sales and trade statistics from 1989 to 2001. One indication of the increasing 
importance of outsourcing is the much greater growth rate for industry 3714 (components) than for 
3711 (vehicles), 9.1% per year relative to 3.0%. In 1989, the value of component sales was only 
44% of the value of vehicle production. By 2001 this ratio increased to 87%. 
Table 5: Bilateral import flows and total sales for the United States (1989-2001) 
 1989 1995 2001 
3711: Motor vehicles and car bodies   
Total U.S. sales (bio. USD) $149.3 $201.3 $214.1 
Total imports (bio. USD) $54.5           $76.5    $124.4    
    as % of 3711 sales   36.5% 38.0% 58.1% 
Partner country:    
Canada 35.9% 43.4% 32.6% 
Mexico 2.4% 10.2% 17.1% 
Japan 42.1% 30.1% 25.3% 
3714: Motor vehicle parts and accessories   

Total U.S. sales (bio. USD) $65.7 $108.7 $186.2 
Total imports (bio. USD) $20.7 $28.6 $37.8 
    as % of 3714 sales 31.5% 26.3% 20.3% 
Partner country    
Canada 36.3% 28.5% 31.9% 
Mexico 7.3% 12.1% 17.5% 
Japan 36.1% 38.7% 26.9% 
China 1.4% 2.0% 3.5% 

Source: UN Comtrade database (online) 
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Both sectors are very open to international trade. While total U.S. imports are only 15% of 
aggregate GDP, for these two sectors combined, imports as a share of total sales rose from 35% 
in 1989 to 40.5% in 2001. As a fraction of value added, which is more comparable to GDP, these 
statistics are closer to 80% and 90%, respectively. It reflects the high degree of integration of 
production across the continent and a supply chain that is spread across the world. 

Imports, in nominal terms, approximately double from 1989 to 2001; in real terms the growth 
rate is still an impressive 40%. Perhaps surprisingly, the growth rate for finish vehicles is higher 
than for components. As a percentage of total sales in each sector, the import share of final goods 
increased from 36.5% to 58%. For components the import share declined from 31.5% to 20.3%. 
Any increasing tendency to outsource by automobile firms does not seem to cross country 
borders. If U.S. firms are doing less in-house and purchase more components and service at 
arms-length using markets, they purchase them mostly from other U.S. firms. An alternative 
explanation is that the U.S. automotive industry is specializing in (advanced) components, 
leaving the assembly of vehicles to other countries. 

Using the bilateral nature of the data, one can trace the evolution of the import share of different 
countries over time. With the formation of the Free Trade Area with the United States (in 1989), 
Canada has been able to increase its share in finished vehicle imports slightly. After the 
establishment of NAFTA (in 1996), this trend has been reversed and Canada now provides less 
than 1/3 of all finished vehicles imported in the United States. The big winner has been Mexico 
that went from a small share to capture 17% of U.S. imports by 2001, a sevenfold increase. The 
Mexican industry is rapidly integrating with the U.S. and its share is likely to keep growing.9 

Japan used to be the United States’ most important trading partner in motor vehicles, but the 
establishment of North American plants by Japanese firms has diminished its importance. The 
decline of Japanese imports is slower in components than in vehicles as Japanese-owned plants 
in the United States still have a higher than average foreign content in their vehicles. Content 
requirements under NAFTA were specifically designed to force such transplants to source the 
majority of inputs from within the NAFTA area as a pre-condition for duty exemption on their 
final output. 

The important growth of Chinese component imports is especially noteworthy. Reports of new 
suppliers establishing joint ventures with Chinese partners or starting construction of new plants 
make the press almost on a weekly basis. Chinese production of passenger cars has skyrocketed 
from next to nothing to 2 million vehicles in 2002. The first priority has been to satisfy demand 
from local assembly plants, as China is still a net importer of finished vehicles. However, if the 
recent (summer of 2004) softening of domestic Chinese demand continues, firms are likely to 
start looking for export opportunities to maintain capacity utilization.  

Product quality has improved rapidly over time, making Chinese firms credible exporters. A 
recent benchmarking study by Sutton (2004) finds that most Tier 1 suppliers in India and China 
meet or are very close to global best practice quality standards. Honda has just started to export 
finished vehicles from China to Europe and the GM-Suzuki joint venture in Canada (CAMI) is 
the first North American plant to import engines from China. The most ambitious venture is by 
Toyota that is building an engine plant to export 800,000 units a year to Japan.  

                                                 
9 Volkswagen has plans to substantially increase the capacity at its Mexican assembly plant and Toyota is building a 
new plant in Baja California. No firm has definite plans to add capacity in Canada. 
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4.2.2 Within each country 
Industry data compiled by the OECD is used to track the evolution of the material cost to sales 
ratio for the entire motor vehicle industry (SIC 371). The solid lines in Figure 3 plot this statistic 
for the three North American countries. Mexican and, especially, Canadian motor vehicle plants 
outsource more of their material purchases than their U.S. counterparts. In Canada, material 
purchases as a percentage of final sales in the motor vehicle industry exceeded 80% in the early 
1970s, while in the U.S. it peaked at 69% approximately 15 years later. 

From 1971 to the end of the 1980s, the data reveal a trend towards more outsourcing in Canada 
and the United States. Towards the end of the 1990s, however, outsourcing is clearly on the 
decline. In 2001, the material-sales ratio in the United States is at the same level as in 1971, at 
approximately 65%. The Mexican ratio converged to the U.S., testament to its accelerated 
integration in recent years. In Canada, materials still represent a larger share of sales, which 
might be related to the important presence of DaimlerChrysler and Magna, two companies that 
have been instrumental in the push towards modulization of assembly. 
 
Figure 3: Outsourcing trends at the industry level in North America  
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Source: OECD STAN database (online) 

Statistics collected through the five-yearly Census of Manufacturers and the Annual Survey of 
Manufacturers in the United States provide a robustness check for the outsourcing trends. The 
dashed line in Figure 3 plots the material-sales ratio for SIC industry 3711 “Motor vehicles and 
car bodies”, which includes other plants besides assembly plants. It mimics the findings from the 
OECD data for the United States, but the increase and subsequent reduction in outsourcing 
between 1980 and 2000 is more pronounced. At the end of the sample period, both data sources 
put the fraction of materials that is outsourced at approximately 65%. 
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4.2.3 Plants 
The Harbour reports provide information on the range of activities that automotive plants 
perform on-site or source from outside plants, including independent suppliers and plants owned 
by the same firm. The outsourcing measure differs from the one in the previous section––it 
counts activities instead of purchased materials. Examples of activities that are outsourced by the 
majority of plants are bumper moulding and painting or fuel tank manufacturing. The assembly 
of bumpers and fuel tanks, on the other hand, are generally done on-site.  

In Figure 4, there is no discernable trend in outsourcing activity. There is a transitory increase in 
outsourcing from 1996 to 1998 after which outsourcing levels returned to historical levels. The 
percentage of activities not performed on-site, averaged over all plants, stood at 63% in 1995, 
increased to 71% by 1998, and decreased back to its original level by 2003. The pattern is 
virtually identical for the unbalanced panel of all plants (black line) and for the sample limited to 
plants that have been active throughout the entire nine year period (white line).10 

Figure 4: Fraction of activites that are outsourced at the plant-level 
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Source: Author’s calculations based on data from Harbour reports (various years); same data source applies to 
accompanying Table 6. 

More interesting is to condition on another dimension than time. Table 6 contains the share of 
outsourced activities by location or ownership of the plant. The far-right column indicates that 
the location of the plant has very little impact on outsourcing patterns. Plants located in the 
United States, Canada, or Mexico all outsource an average of 65% of their activities. Even for 
each ownership category the outsourcing patterns are relatively similar across locations, compare 
vertically across rows within a column. 
                                                 
10 The unbalanced sample counts on average 81 observations per year, the balanced panel is limited to 64 plants. 
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Table 6: Outsourcing patterns by ownership and location 

ownership   

American Japanese European Total 

USA   70.0% 35.7% 69.2% 64.6%   (556) 

Canada 72.7% 46.2%  64.8%   (115) 

lo
ca

tio
n 

Mexico   67.4% 46.2% 61.5% 65.1%     (68) 
 Total         70.1% (608)         39.1% (128)     64.1% (3)  64.7%    (739) 

Note: Statistics are the average fraction of activities that plants in each cell outsource. Numbers in brackets are the 
number of observations in each category. 

The bottom row, on the other hand, demonstrates that there are large differences by ownership 
and the results might be counterintuitive. Japanese-owned plants, generally thought to be the 
front-runners in the adoption of lean technology, perform a lot more activities in-house than their 
American competitors. On average, Japanese plants perform twice as many of the activities on 
the Harbour report list in-house, 61% versus only 30% for American plants, with the European 
plants intermediate. 

Note that these statistics refer to plants not firms. If a GM-owned assembly plant outsources an 
activity to a GM-owned supplier, it is still counted as outsourcing in this data set. The proximity 
of many plants owned by the same company will facilitate outsourcing by American-owned 
assembly plants. For example, administrative services are much more likely to be outsourced by 
American than Japanese plants. As was the case for the observed measure of flexibility before, 
the impact on productivity, see below, is more important than the mere incidence of outsourcing. 

4.2.4 Models 
A fourth source of information on firms’ outsourcing decisions is provided by a series of model 
cutaways published between 2002 and 2004 in the weekly trade publications Automotive News 
and Automotive News Europe. For each vehicle in the series, the identity of the supplier for 
approximately 50 components is identified.11 This information is especially useful to study how 
manufacturers manage their worldwide supply chain as a number of vehicles are for sale in 
North America as well as in Europe and suppliers from both regions compete for contracts. 

A case study of just three vehicles built on General Motors’ epsilon architecture reveals a number 
of interesting patterns.12 The three models are the Saab 9-3, which is assembled in Sweden, the 
Opel Vectra, assembled in Germany, and the Chevrolet Malibu, assembled in the United States.  

In total, 78 different suppliers, located in 12 different countries, are observed to provide 
components to one or more of these vehicles. 33 of the 50 largest OEM suppliers in the world 
supply components to at least one of the vehicles. Given that only a small fraction of all suppliers 
is observed, this is only a lower bound of the firms involved and potentially not a very tight 
bound. The architecture was designed by GM Europe and 26 of the 30 largest European suppliers 
are involved. Because many of the largest suppliers make perfect substitutes, for example several 
tire manufacturers are in the list, the large number of firms involved is even more impressive. 
                                                 
11 Note that the set of components for which the supplier is observed differs by vehicle. 
12 General Motors uses the term “architecture” as an alternative to “platform”. 
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Comparing the set of suppliers for the different vehicles, one might be surprised to learn that one 
third of the suppliers to Chevrolet, which is built in North America, also supply parts to Opel and 
30% also supply to Saab. The two European-built vehicles share slightly fewer suppliers.  

Narrowing attention to the set of very narrowly defined components for which the supplier to at 
least two vehicles is observed provides a glimpse of so-called second sourcing decisions. To 
avoid a hold-up problem, an assembler might choose to diversify its suppliers. For only 6 out of 
17 components the exact same supplier is used for two different models. For 8 components, the 
suppliers to all three vehicles are observed and it is never the case that the same supplier holds all 
three contracts. In one case each vehicle uses a different supplier. 

5 The three trends are related 
5.1 Literature and background 
In a very influential paper, Milgrom and Roberts (1990) showed how modern manufacturing can 
be thought of as a set of activities that display complementarities. The marginal productivity of 
adopting one practice, such as offering an expanded product line, is increasing in the joint 
adoption of other practices, such as the use of CAD/CAM technology in product development. 
These interactions will have a domino effect in the organization of production. For example, it 
might lead to shorter production-runs, which in turn will lead to lower optimal inventory levels. 
It can also change the trade-off between input factors as some factors might have further 
complementarities, e.g. programmable capital equipment might receive input directly from the 
CAD/CAM design program. 

Such complementarities are potentially very important for manufacturers that assemble final 
products from components, such as automobile firms. Athey and Stern (2003) discuss 
identification strategies to distinguish between technological complementarities and firm-specific 
unobservables that explain adoption of activities. 

Two strategies are suggested to test for complementarities. First, one can check directly whether 
the probability of adoption of one activity is increasing in the previous adoption of another 
activity. Ideally, activity-specific instruments are needed to control for the aforementioned 
unobservables. Novak and Stern (2003) use this approach to demonstrate complementarities 
between several dimensions of outsourcing in the automotive industry. An alternative strategy is 
to study the joint effect on productivity of adopting several activities. Ichniowski, Shaw, and 
Prennushi (1997) follow this approach to demonstrate significant complementarities between 
innovative employment practices for the steel industry. 

Using Canadian data, Sabourin and Beckstead (1999) show that adoption of a number of 
technologies does not happen independently. Even if the marginal benefit of one technology is 
independent of adoption of another technology, there might be spillover effects due to shared 
overhead, learning, lower transition costs, fixed costs of adjustment, etc.  

If complementarities are present and sufficiently strong, activities will be adopted together and 
mark a dichotomy between adopting and non-adopting plants. Van Biesebroeck (2003) estimates 
the probability of adopting a new technology, implicitly defined as a set of complementary 
activities, jointly with a different production function for the old and new technology. 
Observable characteristics, such as ownership or periods of prolonged shut-down predict the 
probability of technology switches. The results indicate that one can separately identify an older 
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“mass” technology and a newer “lean” technology in the automotive industry. The coefficient 
estimates for the production function suggest that the mass technology has higher scale 
economies and is more labour intensive. The lean technology experiences less Hicks-neutral, but 
more labour-saving technological change. 

5.2 Evidence 
The effect of each of the three trends individually and their interactions on productivity is used to 
analyze complementarities. The plant-level data set from Harbour introduced earlier contains a 
measure of labour productivity, hours-per-vehicle (hpv), that is widely used in the industry. It 
will be the dependent variable in the analysis. As the bulk of capital equipment and energy use 
necessary to assemble a vehicle is relatively constant across plants and vehicles are similar in 
their purchased component content,13 the crucial measure of efficiency is the amount of worker-
hours needed to put each vehicle together. 

Next, a measure of the extent of adoption of each trend is needed. The measure of model 
proliferation (MP) can be taken directly from the list of vehicles, including variations, produced 
by each plant. The number of body styles and chassis configurations that are assembled at each 
point in time will both be used. In section 3.2 these two measures were shown to have increased 
more than models or platforms. Moreover, it is possible that models only differ by name and 
platforms are not uniformly defined across firms. Styles and configurations translate directly in 
observable physical differences between vehicles.  

The measure of adoption of flexible technology (FT) is derived from the range of varieties that is 
produced on each assembly line. When firms assemble a wider range of products, they can build 
additional plants or duplicate assembly lines within the same plant. Only when they increase the 
variety assembled on the same assembly line, it is counted as adoption of flexible technology. 
Given the large number of styles or configurations that each plant produces, it is inevitable that 
even the least flexible plants have to produce some of these on the same line. While the number 
of models or platforms per line has not increased much over the past eight years, see Figure 2, 
the cross-sectional variation provides a good indication which plants are truly flexible. Two 
measures are used in the regression: a discrete measure, whether the number of platforms per line 
is greater than one or not, and a continuous measure that takes values between 0.5 and 6.14 

The measure of outsourcing (O) is constructed from the same information used in Figure 4. The 
fraction of activities performed in-house, relative to all activities for which the outsourcing status 
is observed, is used as outsourcing measure.15 Plants that outsource less than the median fraction 
of activities have the outsourcing dummy set to one, plants that outsource more have O equal to 
zero. Note that this measures the inverse of outsourcing, which makes the discussion of the 
results more straightforward. 
                                                 
13 Firms might differ substantially in the extent to which they outsource components; differences at the plant-level 
are minimal, see Van Biesebroeck (2003). Note that the fraction of the value of components that is outsourced is 
independent from the fraction of outsourced activities, which will be controlled for in the regression. 
14 Platforms per line are calculated by dividing the total number of platforms that a plant produces by the average of 
body and assembly lines present. A plant with two lines that produces the same platform on both lines will have 
FT=0 in the discrete case and FT=0.5 in the continuous case. 
15 Activities can be outsourced to other plants of the same firm or to entirely independent plants. 
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In addition to these three proxies and a number of controls (ownership and location dummies and 
a time trend), I include interaction terms to allow for complementarities. Each of the three 
measures is expected to result in productivity losses as they diminish standardization and conflict 
with the realization of scale economies. If complementarities exist, the productivity penalty will 
be diminished if the firm jointly adopts other activities as well. In that case, the coefficients on 
the linear terms (α) should be negative, but those on the interaction terms (β) positive.  

Putting it all together, the estimating equation boils down to: 

εβββ

ααα

++×+×+×+

++=

 controls

ionsconfiguratstylesof # total
 tasksofnumber  total
house-in done tasks

lineassembly 
platforms

vehicle
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Estimation results are in Table 7. The first column contains the benchmark results, where both 
outsourcing and flexible technology are measured by a dummy variable and model proliferation 
is measured by the number of body styles. As expected, the three linear coefficients are positive. 
Doing more tasks in-house, assembling more than a single vehicle per assembly line, and 
assembling a greater variety of styles within each plant are all associated with higher labour 
input requirements. The strongest effect is for the flexible technology dummy, but higher model 
proliferation also yields a significant positive effect. 

The finding remains in the second column, whre chassis configurations are used instead of styles 
as a measure of model proliferation. The MP effect even becomes larger and is estimated much 
more precisely. In the last column, flexible technology is measured as a continuous variable 
instead of a dummy. All three linear coefficients are now estimated large and significantly 
different from zero. 

The interpretation of the magnitude of the linear coefficients is complicated by the interaction 
terms. Given that the averages for the outsourcing and model proliferation variables are 0.405 (O), 
2.81 (MP1), and 2.53 (MP2), a plant that produces more than a single platform on its assembly 
lines (FT1=1) has a 3.08 hours per vehicle productivity disadvantage in the first column, or a 2.75 
hours disadvantage in the second column. This effect grows even larger, to a 3.70 hour penalty for 
each extra platform that is assembled per line, if FT is measured continuously. 

Consistent with the presence of complementarities, the interaction terms are all negative. The 
positive coefficients in the equation indicate a negative productivity effect for each trend 
individually. If two trends occur together the effects are reversed. The negative coefficients on the 
interaction terms indicate that the productivity penalty is reduced if two activities are adopted 
together.  

In the benchmark case, only the interaction between flexible technology and model proliferation 
is significantly different from zero at usual significance levels. The effects of the other two 
interactions are estimated much less precisely, but the coefficients are large in an economic 
sense. Economic interpretations of the negative interaction effects in the context of automobile 
assembly follow below, in section 5.3. 
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Table 7: Impact of the three trends on productivity allowing for complementarities 

 Dependent variable: Hours per vehicle 

O (dummy) 1.869 1.265 7.855*** 

FT1 (dummy) 7.739*** 5.198***  

FT2  (continuous)   10.686*** 

MP1 (styles) 0.400*  1.934** 

MP2 (configurations)  0.817***  

FT  x O -1.562 -0.214 -6.000*** 

FT   x MP -1.432** -0.929** -1.621* 

O x MP -0.388 -0.202 -0.344 

Year -0.811*** -0.874*** -0.802*** 

Canada -1.192 -0.547 -1.348 

Mexico 17.288*** 16.769*** 17.544 

Japanese-owned -6.772*** -6.163*** -6.550*** 

R2 0.31 0.33 0.31 

Number of observations 734 652 734 
Note: * 10%, ** 5%, *** 1% significance level. 
Source: Author’s calculations based on data from Harbour reports (various years) 

The coefficient estimates on the control variables are consistent with our priors. The negative 
coefficient on the year trend indicates that each year the average number of hours required to 
assemble a vehicle declines by 0.81. This corresponds to a 2.5% annual rate of productivity 
growth.  

Productivity of Canadian plants is statistically indistinguishable from U.S. plants (the excluded 
category). Plants in both countries are more efficient than plants in Mexico, where an additional 
17 hours is needed to assemble each vehicle. The lower wage rate in Mexico might have lead 
firms to substitute some labour for capital. Alternatively, if the effect of some of the trends is 
nonlinear, the positive coefficient estimate for Mexico might simply reflect that the average 
Mexican plant produces a greater variety of models and performs more tasks in-house.  

Finally, Japanese-owned plants are able to assemble a vehicle in 6.8 fewer hours than their 
American or European competitors, consistent with previous findings for the industry, see 
Harbour (various years). Interacting the Japan dummy with the time variable (not reported) 
indicates that the Japanese advantage is quickly eroding. Japanese-owned plants improve 
productivity by 1.2% per year on average, against 2.7% for American-owned plants. 

5.3 Interpretation 
The results in Table 7 indicate that although each of the three trends is associated with a 
reduction in productivity, this penalty is reduced if two activities are adopted together. What 
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economic phenomena underlie these effects? I will discuss each of the three interactions in turn, 
starting with the strongest, and also the most intuitive, of the three: FT x MP. 

The minimum efficient scale of an assembly plant is rather large, estimated at 200,000 to 
250,000 vehicles a year. Offering consumers more choice in vehicles is likely to be very costly 
unless a firm manages to redesign its assembly plants to produce multiple models. While this can 
be costly in terms of lost productivity, it will obviously be less so if several models can be 
efficiently assembled on the same line.  

Duplicating assembly lines to increase variety makes costs proportional to variety. Flexible 
technology, on the other hand, has a fixed cost of adoption, but once a firm is capable to 
assemble various vehicles on the same line, increasing variety further will only be accompanied 
by minor cost increases. Flexibility has this real option component to it, as explored in Slade 
(2001). It puts the firm in a better position to change its mix of vehicles offered ex post.  

The negative coefficient on the FT x MP interaction indicates that the productivity penalty for 
the flexible technology is reduced if more models are assembled. Vice versa, the productivity 
penalty associated with producing a greater variety of vehicles is reduced if the plant adopts the 
flexible technology. If a sufficiently large number of body styles are produced, the flexible 
technology will even require less labour input. The interaction remains significantly negative in 
the robustness checks in the second and third column.  

The coefficient on the interaction between flexible technology and outsourcing is always 
negative, but only when FT is measured as a continuous variable is it statistically significant. In 
that case, the productivity penalty for the flexible technology is reduced if more tasks are done 
in-house, even though a reduction in outsourcing by itself requires a higher labour input. 

Adopting both practices together diminishes the productivity penalty associated with each 
practice individually. Keeping the number of models constant, space constraints are reduced 
when flexible technology allows the production of different models on the same assembly line. 
There is a strong negative correlation in the sample between the fraction of activities performed 
in-house and available floorspace, which in most plants is fixed even in the medium to long term. 
Also, flexible production requires fewer assembly lines to produce the same number of models, 
leading to less duplication of workstations and freeing up workers to perform different tasks and 
allowing more activities to be performed in-house. 

Finally, while the interaction between outsourcing and model proliferation is never significantly 
different from zero, the effect is consistently negative. The cost of performing activities in-house 
in terms of lost productivity decreases when a plant produces a greater variety of vehicles. This 
will happen when there is a fixed cost associated with the outsourcing of each activity for each 
model. As long as the number of models produced is below a threshold, outsouring is the 
efficient solution. Once the number of models crosses the threshold, the cost of performing an 
activity in-house will be below the sum of all the model-specific fixed costs. In-house activities 
are associated with large plant-level fixed costs, hiring extra workers, but have lower incremental 
costs per model produced.  

In practice, increased outsourcing has gone hand in hand with just-in-time inventory 
management. Components are delivered multiple times per day, often directly at the assembly 
line, bypassing the warehouse. If a plant builds a wider range of vehicles, the difficulty of 
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coordinating the multiple deliveries for vehicle-specific components with the constantly 
changing production schedule might make it more attractive to move some activities in-house. 

6 Policies Implications 
6.1 Location 
I now discuss some policy implications for Canada that stem from the trends and interactions 
identified in the previous section. Before discussing the importance of innovation and the 
integration of the Canadian and U.S. industry, I provide some background on the changing 
presence of automotive plants and firms in Canada. Table 8 indicates how the geographical 
distribution of plants has shifted toward the south and how foreign owned plants are gradually 
becoming more important in North American. A complete history of the geography of the 
industry is in Rubenstein (1992). 
Table 8: The number of North American assembly plants in operation (1975-2005) 

 1975 1985 1995 2004 
Total plants 68 85 88 84 
By country  
Canada 
USA North/East 
USA South/West 
Mexico 

 
10 
35 
18 
5 

 
12 
46 
18 
9 

 
14 
43 
18 
13 

 
10 
41 
22 (+2) 2 

11 (+1) 2 
By ownership 
American1 
Japanese 
European 

 
66 
1 
1 

 
79 
4 
2 

 
70 
14 
4 

 
65 
16  
3 

Notes:  1 Includes plants now owned by DaimlerChrysler; 2 under construction. 
Source: Ward’s Automotive Yearbook (various years) and Ward’s Infobank (2004) 

Since the establishment of the Auto Pact with the United States in 1965, Canadian production 
has been growing steadily and reached a peak of 3.05 million vehicles in 1999, which 
represented 17% of North American output. Canadian output has increased in most years since 
1965, but this is unlikely to continue. In the last fifteen years, the only additions to Canadian 
production capacity have been expansions at the Honda and Toyota plants at Alliston and 
Cambridge. Volvo and Hyundai closed their operations in Canada and the CAMI joint venture 
between GM and Suzuki has lately been operating at half capacity. GM closed the only 
remaining plant outside of Ontario, in Ste. Therese, QU, in 2002. Ford announced the closure of 
its Ontario Truck plant in 2004, while the future of the St. Thomas plant is uncertain, because of 
its aging product. DaimlerChrysler halted production in its Pillette Road van plant in Windsor in 
2003.16  

Some would argue that the Canadian government should be more aggressive in trying to attract 
firms. Location and investment subsidies are a widely debated and controversial policy tool for 
the industry, see for example the book by Molot (2005). In the previous entry wave, in the 1980s, 
                                                 
16 Industry Canada maintains a web site that covers the automotive industry in North America, with an emphasis on 
Canada. The site contains numerous statistics and a full list of firms active in Canada: 
http://strategis.ic.gc.ca/epic/internet/inauto-auto.nsf/en/Home  
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several firms entered the Canadian market or enlarged their presence. The latest wave of 
entrants, starting in the mid 1990s, has by and large avoided the northern part of the continent, 
including Canada.17 

Firms have chosen a more southern location for the majority of new assembly plants.  Even prior 
to the establishment of NAFTA, Mexico started to attract new assembly plants by virtue of its 
lower wage cost. Southern right-to-work states in the United States have offered automotive 
firms large incentives to locate there. European firms, BMW and Mercedes, were the first to 
open up plants in North Carolina and Alabama. Honda and Nissan, which already owned plants 
further north, chose Alabama and Mississippi for their second U.S. plants. American firms 
avoided an open confrontation with their unions and expanded their Mexican presence instead. 
Mexico increased its share of North American production from less than 2.5% in 1986 to 11% in 
2002 and exports two thirds of this output. 

The latest three assembly plants under construction are also in the South. Toyota is expanding 
into Texas and Baja, Mexico. Hyundai is constructing a plant in Alabama slated to start 
producing SUVs and cars in 2005 and a second one is likely to follow before the end of the 
decade. Few European firms have followed BMW and Mercedes, but the appreciation of the euro 
induced both firms to expand their U.S. assembly capacity and Volkswagen is also rumoured to 
consider production in the Unites States. Table 9 gives an overview of the ten most recently 
constructed light vehicle assembly plants in North America.  

Table 9: Location of the ten most recently constructed light vehicle assembly plants 

Plant name Owner Start-up Product 

Northern United States 
Princeton, IA 
Mishawaka, IA 
Lansing Gr. Rapids, MI 

 
Toyota 
GM (AM Gen.) 
GM 

 
1999 
2001 
2001 

 
Trucks 
Hummer 
Cars and trucks 

Southern United States 
Lincoln, AL 
Canton, MS 
Montgomery, AL  
San Antonio, TX 

 
Honda 
Nissan 
Hyundai  
Toyota 

 
2001 
2003 
2005 
2006 

 
Truck plant 
Full size pickup 
Cars and trucks 
Large pickup 

Mexico 
Toluca, Mex. 
Toluca North, Mex. 
Baja, Mexico 

 
BMW 
DaimlerChrysler 
Toyota 

 
1999 
2001 
2005 

 
Cars  
Trucks  
Small pickup 

Source: Ward’s Automotive Yearbook (various years); Automotive News (various issues) 

In April 2004, the government of Ontario launched the Ontario Automotive Investment Strategy, 
pledging $500 million in investment subsidies. A maximum of 10% of any investment would be 
contributed by the government, but only projects over $300 million can apply. In June 2004, the 
federal government launched the Canadian Skills & Innovation Project, a coordinated effort of 
                                                 
17 There have been few exceptions. GM (Hummer) and Toyota recently built new light truck plants in Indiana and 
the latest Cadillac plant, in Lansing Grand Rapids, MI, has been GM’s showcase of flexible manufacturing. 
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five federal departments. In an attempt to make Canada an attractive place for manufacturing 
investment, the government made $1 billion of investment subsidies available, half of which to 
match the Ontario government commitment. The project focuses on the aerospace and 
automotive industries and related suppliers. 

The American assemblers have been quick to seize the opportunity of government support. 
Investment talks related to the potential third shift at Chrysler’s Brampton assembly plant, GM’s 
Beacon project and Ford’s Centennial project to resurrect its Ontario Truck plant immediately 
gained momentum with the announced government funding. 

It should be noted, however, that employment at Canadian automotive component firms has 
overtaken final assembly employment several years ago. In 2002, employment was almost twice 
as high at component firms. The $300 million threshold for investments to qualify for funding is 
much more of a constraint for these smaller supplier firms.  

6.2 Innovation 
Supplier headquarters 

Economic research has discovered long ago that headquarters are often the place were innovation 
takes place. The increased integration between assemblers and suppliers has motivated many 
suppliers to locate close to the headquarters of vehicle assemblers or the largest Tier 1 suppliers, 
which are located mostly outside of Canada. 

The principle trade journal for the automotive industry, Automotive News, publishes an annual 
list of the top 150 OEM parts suppliers in North America. In 2002, only seven Canadian firms 
made the list and only three are among the world’s 100 largest suppliers. This is surprising as 
Canada’s share of world (NA) production in components exceeds 3% (5%) by far. 

The Canadian presence among large suppliers is down from nine firms in 1999. Only two firms 
managed to move up in the rankings, Magna International went from sixth to fifth place and the 
ABC Group moved up sixteen spots to 94. Only one firm, FAG Automation, grew sufficiently to 
enter the top 150.  

Four firms are slipping in the rankings and three firms disappeared. Each of these three––
Faurecia, Decoma International, and F&P Manufacturing––is part of a multinational firm that 
closed their Canadian divisional headquarters. One can only guess how much R&D activity 
moved with them. 

Michigan 

A striking fact is the importance of Michigan, where more than 50% of all large suppliers have 
their headquarters; not surprisingly it is also home to the three main assemblers and the four 
largest suppliers. Even within Michigan, the hometowns of the Big Three have attracted half of 
all state-wide suppliers. Geographical proximity has become a substitute for ownership ties to 
facilitate interaction between firms. As the upstream suppliers are becoming more involved in 
product development and the introduction of new technologies, more high value-added activities 
are shifting upstream. Integration between suppliers and assemblers is becoming increasingly 
important. 

Other Midwestern states (OH, IA, IL, PA) host another 25 of the largest suppliers, which 
underscores how geographically concentrated the industry really is. The establishment of several 
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assembly plants in the southern United States has increased the number of suppliers based there. 
The globalization of the supply chain also increased the number of non-U.S. firms in the top-100 
from two (both Canadian) in 1993 to nine in 2002. 

The importance of Michigan is not only apparent from the location of headquarters, but also in 
terms of recorded R&D spending. The Michigan Automotive R&D directory estimates that in 
1999 total R&D spending in Michigan totalled $18B, almost all of which was privately funded, 
and involved 65,000 employees. Only California performs more R&D, but on a per-capita basis 
Michigan is unrivalled in the United States. 70% of the research, $13.1B, was on automotive 
applications and the state single-handedly represents 85% of total U.S. R&D spending in the 
industry. This supports the earlier assertion that the industry is increasingly research based. 

Initiatives 

Both Ontario and Michigan have large research initiatives for the industry. The Canadian 
government funds the AUTO21 Network of Excellence that coordinates a large number of 
projects for the industry. It is organized at the University of Windsor and involves 270 
researchers. Over the 2002-04 period, AUTO21 received $15.9 million in government support, 
which to a large extent has been matched by private sector contributions. 

A similar public-private partnership in the United States is the Automotive Research Center, 
located at the University of Michigan. While similar in spirit to the Canadian initiative, it is 
several times bigger. The contribution of the U.S. Army alone is US$ 8 million per year for the 
next five years. 

Another initiative to bring public and private initiatives together has been the National Forum on 
the Automotive Innovation and Investment, organized in 2002 by the Conference Board of 
Canada. This involved a wide consultation of active firms and provided them with a forum to 
communicate their needs to the several layers of government. A public report is forthcoming. 

Finally, the private sector is also coordinating research initiatives by individual firms. The U.S. 
Council for Automotive Research and the Canadian Automotive Partnership Council provide a 
forum for firms to exchange ideas, set up collaboration, and communicate research results to the 
relevant players. The extremely high percentage of R&D that is funded privately in this industry 
underscores the importance of such bodies. 

Value Chain 

In a 2002 report for Accenture, “Estimating the new automotive value chain”, the Center for 
Automotive Research decomposes total sales in the industry by stage in the value chain. It is 
estimated that between 1990 and 2000 the share of sales that went to the two most studied 
components of the industry––distribution18 and assembly––declined from 21% to 16%. The 
largest increase was recorded by “other value added activities by the original equipment 
producers (assemblers), which increased from 15.9% to 22.5% of industry sales. This category 
includes design, investment and R&D. 

As the final assemblers have recently divested much of their component production, and some of 
the design and R&D with it, it is expected that parts and components will become more 
important in the future. Even in 2000 this category already accounted for 56% of industry sales, 
but this is projected to increase to 60.1% in the next ten years. 
                                                 
18 Distribution is defined as advertising, dealerships, and freight. 
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6.3 Integration with United States 
Border initiatives 

Mirroring the closer integration between suppliers and final assemblers, the Canadian industry is 
becoming increasingly intertwined with the United States. 93% of Canadian vehicle production 
is exported, mostly to the United States. This export dependence is not limited to the final 
production stage. In the aftermath of the 9/11 terrorist attacks it was quickly recognized that 
border delays would be especially harmful to the automotive industry.  

A recent conference organized by the Federal Reserve Bank of Chicago discussed several 
aspects of the Canadian-U.S. border. Most of the automotive trade between the two countries 
uses only three Ontario border crossings: Sarnia, Windsor, and Fort Erie. Under the current JIT 
inventory system and line sequencing practices, the industry would have a very hard time coping 
with transportation bottlenecks.  The rapidly increasing component trade, 71% increase from 
1991 to 2000, makes constant upgrades in border facilities a priority for the industry. In 
response, the Canadian government spent $600 million on the Border Initiative Fund. 

Exchange rate 

The rise in the Canadian-U.S. exchange rate is causing difficulties for Canadian exporters. After 
dropping from 0.752 in 1996 to a low of 0.621 in 2002, the exchange rate rose to a recent high of 
0.855. With 85% of Canadian automotive exports going to the United States, an increase of 
almost 40% in only two years puts severe cost pressure on Canadian firms. At the same time, 
steel prices are at a historic high and the Big Three are aggressively cutting purchase costs to halt 
the deline in their market shares. 

Different European firms have chosen to hedge their U.S. dollar exposure to varying degrees. In 
the short run, this cushioned the bottom line of well-hedged firms like BMW and Porsche. If the 
low dollar persists, hedging is only a postponement of the inevitable. In the U.K., where many 
multinationals have a large euro exposure, firms have been allowed to keep books in euro and 
most contracts with suppliers are denominated in euro. Both U.K. factories of Toyota interact 
with suppliers and customers almost exclusively on a euro basis. This could be considered in 
Canada as well. Firms that export the majority of their production to the United States could be 
allowed to use U.S. dollar accounting.   

Wage gradient 

The rise in outsourcing has increased the importance of smaller firms in the industry. It is well-
documented that wages rise with firm size, but the wage gradient differs by country. Small firms 
in the United States, in particular, pay much lower salaries than the industry average. In 1995, a 
U.S. automotive firm with employment of less than 20 workers only paid 55% of the average 
salary, while in Canada a similarly sized firm paid 75% of the Canadian average. The difference 
is smaller for the next larger group of firms (20-99 employees), which pay 64% of average 
salaries in the United States and 71% in Canada, but for even larger firms the difference between 
the two countries widens again. Complete statistics for 1995 are in Table 10.  

As a greater fraction of automotive component business shifts from large to small firms, it will 
contribute to the erosion of competitiveness of Canadian exporters. The increasing importance of 
component firms in Canada, relative to final assemblers, makes such shifts more likely and of 
greater importance. 
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Table 10: Wage gradient by employment category in the motor vehicle industry (1995) 
 Employees: 1-19 20-99 100-499 499+ Industry average 
Canada 0.75 0.71 0.81 1.10 US$34,300 (C$48,400) 

USA 0.55 0.64 0.68 1.06 US$41,000 
Note: Average salary (including benefits) for firms in different size-categories (measured by employment) as a 
fraction of the average salary for the industry. 
Source: OECD 

6.4 Policy conclusion 
I have documented three important trends in the automotive industry, which were shown to 
exhibit complementarities. As a result, any action that is taken to facilitate adoption of one 
activity will influence adoption of other activities. By the same token, any area in which the 
Canadian industry is lagging other countries diminishes the importance of the Canadian strengths 
as well. 

The same logic also applies to policy options. Any action in one area will have repercussions on 
other areas. Any failure to tackle remaing problems or obstacles diminishes the effect of policy 
changes that are implemented. The interdependence makes it more difficult to succesfully 
implement policy changes, as several dimensions have to be considered at the same time. 
However, it also increases the payoff for getting it right as a succesful strategy can start a 
virtuous circle. The larger stakes involved will hopefully motivate all parties, industry, 
government, and labour organizations, to work together. 
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