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ABSTRACT

SIZE, INVENTORY AND PRODUCTIVITY IN THE CANADIAN FOOD

PROCESSING INDUSTRY

Yi Wang Advisor:

University of Guelph, 2019 Professor Getu Hailu

The Canadian food manufacturing sector contributes about 2% to the national Gross

Domestic Product (GDP) and is a vital contributor to employment. This thesis examines

the relationships between size, inventory management, and productivity in the Canadian

food manufacturing sector. The findings of the study indicate that large plants are

more productive than small and medium plants. Additionally, inventory turnover and

productivity are positively correlated.
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Chapter 1 Introduction

1.1 Motivation

The manufacturing sector plays a fundamental role in Canada’s economy. According

to Statistics Canada (2019b), manufacturing contributes approximately $174 billion to

Canada’s GDP, which is equivalent to more than 10% of Canada’s GDP. Also, man-

ufacturing is one of the major exporters in Canada. Around 68% of Canada’s total

merchandise exports are contributed by manufacturers. Within the manufacturing in-

dustry, food manufacturing is the largest manufacturing employer that provided 246,000

jobs in 2014 and is the second largest manufacturing industry in terms of the value of

production. Food manufacturing supplies approximately 75% of all processed food and

beverage products to the domestic market. Food manufacturing is also the largest buyer

of primary agricultural commodities (Agriculture and Agri-Food Canada, 2016).

One of the characteristics of Canada’s food manufacturing is a high proportion of

small and medium-sized firms. There are approximately 6,500 food and beverage pro-

cessing establishments in Canada, where 90% of the establishments have less than 100

employees, 9% of the establishments have between 100 and 500 employees, and only

1% of the establishments have more than 500 employees (Agriculture and Agri-Food

Canada, 2016). In terms of scale, the Canadian food processing sector considerably lags

behind its counterpart in the United States. The number of employees and the sales

revenue of Canadian food processing establishments are below half of the United States.

Also, evidence of scale differences have been found across all sectors within the

1



Canadian food manufacturing(George Morris Centre, 2012). Moreover, George Morris

Centre (2012) found that large food processing establishments are much more productive

than small and medium-sized establishments at the industry level. Value added per

employee for establishments at the 50th percentile is about half the value added per

employee for these establishments at the 75th percentile.

The issue around firm size has attracted considerable attention from academia, gov-

ernment bodies, popular media, and businesses, and thus the size-productivity rela-

tionship has been extensively studied. Many empirical studies show that productivity

varies across firms of different sizes and large firms tend to be more productive. Leung,

Meh, and Terajima (2008), for example, examined the relationship between firm size

and productivity in the context of the manufacturing and non-manufacturing sectors

in Canada and the United States. Leung, Meh, and Terajima (2008) found that both

labour productivity and multifactor productivity were positively correlated with firm

size. Furthermore, around half of the Canada-U.S. labour productivity gap could be

attributed to the difference in the employment distribution. In addition, a number of

studies have been undertaken in the U.S. manufacturing sector to examine the relation-

ship between firm size and firm performance (Hall, 1986). Wagner (2002) finds a positive

relationship between firm size and productivity using a large plant-level panel data set

from Germany.

A large number of earlier studies find the evidence that economic performance of

larger firms is better than that of smaller firms, whether measured by productivity or

profitability. In contrast, only a few studies find that large firm size does not necessarily

suggest better performance (Brock and Evans, 1986). Advocates of small businesses

contend that small firms could be more efficient in the sense that large firms are more

2



likely to run into problems stemming from organizational complexity, which is commonly

seen in large establishments (Nguyen and Lee, 2002). To sum up, previous empirical

findings regarding the size-productivity relationship are mixed, and there is no consensus

on whether firm performance is associated with firm size. Notwithstanding the evidence

of economies of size has been found in most studies, there are still open questions about

the linkage between size and productivity in Canadian food manufacturing. Besides,

there is limited micro productivity research for the Canadian food manufacturing sec-

tor. Thus, conducting more micro productivity studies is important in the sense that

improving productivity for an organization is key to the growth of the whole economy

as corporations are an important component of the economy.

Another issue that has been brought to attention in the manufacturing sector is

the association between inventory management and productivity. With an increasing

interest in Just-in-time (henceforth, JIT) inventory management system and the well-

known success of the Japanese automobile industry, understanding the link between

firm size and inventory performance, on the one hand, and inventory performance and

productivity, on the other hand, provides better insights into the determinants of firm

performance. Inventory management is regarded as an essential component of logistics.

Koumanakos (2008) notes that firm performance is highly correlated with the efficiency

of inventory management. Poor inventory management can have a negative impact

on firm performance. For instance, too much inventory will lead to wastes in physical

space, increased financial burden, and increased possibility of damage, spoilage, and loss

(Koumanakos, 2008), which subsequently results in lower efficiency, lower productivity,

higher cost of production, and lower profitability.

A vast number of empirical studies have been published in the last few decades to

3



investigate the impact of inventory management on firm performance, most of which

were conducted in the retail and automobile industries. Huson and Nanda (1995) doc-

ument that the improvement in inventory, which followed after the adoption of JIT

inventory management system, led to a gain in earnings per share, for example, Deloof

(2003) finds a negative relationship between gross operating income and the number of

inventory days using data from Belgium over the period 1992-1996. Deloof’s findings

suggest that there is still room for profits that can be generated by the managers by

reducing the number of inventory days to the minimum. Similarly, Boute et al. (2007)

find that firms with very high inventory ratios are more likely to have lower performance

measures. Lieberman and Demeester (1999) find an increase in productivity in Japanese

automotive companies during periods of substantial inventory reduction. They provide

support to the idea that inventory reductions is the main contributor to productivity

gains. Similarly, Lieberman and Asaba (1997) show a strong correlation between inven-

tory reduction and productivity growth in the Japanese and the U.S. automotive sectors.

On the contrary, some other studies find a rather different inventory-performance rela-

tionship. For example, Balakrishnan, Linsmeier, and Venkatachalam (1996) find no

evidence that JIT adoption has a significant effect on firms’ return on assets (ROA),

which is a widely used metric to measure firm performance. Furthermore, Vastag and

Whybark (2005) note that inventory turnover is only weakly correlated to an index of

overall company performance, suggesting that “inventory management does not play the

role that quality management does in anchoring the cumulative capability buildup in

high performing firms” (Vastag and Whybark, 2005, p.137).

The purpose of this study is to examine the relationship between size, inventory,

and productivity for the Canadian food manufacturing sector. This study contributes

4



to the literature from the following aspects. First, there are limited studies on the size-

productivity relationship at the plant level. To fill this gap, this study is conducted at

the plant level, with the intention of shedding some light on the strategy for improv-

ing the Canadian food manufacturing sector’s productivity. Second, the study provides

insights into managerial decisions as inventories are closely related to plants’ daily ac-

tivities. To the best of my knowledge, there is no study has been conducted to examine

the relationship between inventory and productivity. In addition, the existing litera-

ture primarily focuses on the retail and manufacturing industries. Undoubtedly, food

manufacturing has not been given sufficient attention.

To address the objectives of the study, I estimate multifactor productivity and labour

productivity for each plant and each year. Multifactor productivity is estimated using

the control function semi-parametric approaches proposed by Olley and Pakes (1992),

later extended by Levinsohn and Petrin (2003) and Ackerberg, Caves, and Frazer (2006).

Labour productivity is measured as the ratio of output to the number of employees.

Then, I use fixed effects regressions to assess the effect of size and inventory on pro-

ductivity. The empirical results of this thesis indicate that large food processing plants

are more productive than small and medium plants for food manufacturing and its sub-

sectors. Second, there is strong correlation between inventory and productivity, and

that the inventory-productivity relationship appears to be bidirectional. Further, the

evidence for plants in the sub-sectors of food manufacturing suggest that inventory per-

formance and multifactor productivity are positively correlated. Specifically, improve-

ments in inventory performance can lead to multifactor productivity gains. Additionally,

higher levels of multifactor productivity can result in better inventory performance. For

labour productivity, I find evidence that size is positively correlated with inventory

5



management.

1.2 Research Questions

• Are larger firms more productive than small and medium firms?

• Does higher inventory turnover2 contribute to higher productivity?

1.3 Purpose and Objectives

The purpose of this study is to examine the relationship between size, inventory, and

productivity. For that purpose, I formulate the following objectives:

1. To measure the productivity of Canadian food processing plants.

2. To estimate the effect of size and inventory performance on productivity.

3. To estimate the effect of size and productivity on inventory performance.

1.4 Thesis Organization

The remainder of the thesis is organized as follows. Chapter 2 presents the back-

ground on food manufacturing in Canada and Ontario, with an emphasis on its role

in the Canadian economy. It also includes the strengths of the industry and its major

challenges.

Chapter 3 reviews the concepts of productivity, scale economies, and the importance

of inventory management to manufacturing. In addition, Chapter 3 reviews the empirical

2Inventory turnover is defined as the ratio of cost of goods sold against average inventory

6



studies on the size-productivity relationship and inventory-productivity relationship,

which helps identify the research gap to be addressed in this study.

Chapter 4 presents the theoretical framework. This chapter aims to explain how these

variables of interest to this study such as size and inventory management practices (e.g.,

JIT practices) can affect productivity. Additionally, it also covers the concepts associated

with production function, including production possibilities frontier and output distance

function.

Chapter 5 provides empirical approaches and compares different empirical techniques

employed to measure productivity. Chapter 6 discusses the source of data and defines

variables used in this study.

Chapter 7 presents the results for the research questions and discussion. The first

section presents summary statistics for the variables of interest to this study. The

second section provides the results for productivity estimates. The last section presents

the results for the relationship between size, inventory, and productivity with discussion.

Lastly, chapter 8 summarizes the findings and provides policy implications and con-

cluding remarks.

7



Chapter 2 Industry Background

This chapter presents a big picture of the Canadian food manufacturing sector, in-

cluding a short introduction and brief review of some important aspects and recent

developments related to this industry, which aims to give readers a better understand-

ing of the industry as well as enable me to effectively interpret the meaning of the

empirical results.

2.1 Canadian Food Manufacturing

The Canadian food and beverage processing industry represents one of Canada’s

major manufacturing sectors, accounting for 2% of the national Gross Domestic Product

(GDP). In 2017, the sales in food manufacturing and beverage manufacturing were 106

billion and 7 billion, respectively. The Canadian food manufacturing had experienced

a dramatic growth during the period from 2006 to 2016, with a 43% increase in sales

and the fastest growing sub-sector were grain and oil-seed milling. In addition, the

industry is the largest food supplier of 75% of all processed food and beverage products

in Canada and the largest buyer of agricultural production (Agriculture and Agri-Food

Canada, 2016).

Food manufacturing is also a vital contributor to Canada’s employment. The in-

dustry consists of approximately 6,500 food processing establishments, and it provides

job opportunities for more than 246,000 Canadians (Agriculture and Agri-Food Canada,

2016).
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The Canadian food manufacturing industry is broken down into 9 sub-sectors based

on types of goods produced. Among these sub-sectors, meat product manufacturing

was the largest sector in terms of the value of production ($26.3 billion), accounting

for 25% of all shipments in 2014. Dairy product manufacturing was the second largest

industry in food manufacturing creating $17.3 billion revenue in 2014, followed by grain

and oilseed milling with $10.6 billion revenue. Figure 2.1 provides revenues shares for

each sub-sector within the Canadian food and beverage processing industry in 2014

(Agriculture and Agri-Food Canada, 2016).

Figure 2.1: Shipments in all sub-sectors in the Canadian Food Manufacturing and
Beverage Manufacturing. Source: Agriculture and Agri-Food Canada
(2016)

The Canadian food manufacturing sector is characterized by a high percentage of

small and medium-sized plants. It is recorded that more than 90% of food processing

establishments are small operations with less than 100 employees, while only 0.4% of
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(a) Top 10 Canadian Food Processors (b) Top 10 International Food Processors in
Canada

Figure 2.2: Share of Total Retail Sales for Top 10 Canadian and International Food
Processors. Source: USDA Foreign Agricultural Service (2018)

establishments have greater than 500 employees. There are only four strong Canadian

companies in the global top 150 (measured by sales) and none of them are in the top 10

(Canada’s Economic Strategy Tables, 2018).

Figure 2.2 illustrates the shares of total retail sales for the top 10 Canadian food

processors and international food processors in Canada in 2018. As shown in Figure

2.2, in terms of total retail sales in 2018, top 10 Canadian food processors and top

10 international food processors in Canada collectively account for 37% and 34.6%,

respectively. Apparently, Canadian food manufacturing is dominated by a few large

firms, most of which are also global food manufacturers. One of the main hurdles to

expansion for small firms with low productivity is limited credit. Small firms are often

thought to have limited access to capital markets relative to large firms due to either a

lack of capital source or a much higher price of capital. Therefore, capital available per

worker in smaller firms is much less than that for large firms (Van Biesebroeck, 2005).

According to Van Biesebroeck (2005), in addition to a lack of credit, the other two major

obstacles faced by smaller firms are insufficient demand and difficulty of obtaining raw

materials.
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2.2 Industry Challenges

2.2.1 New Vision for Canadian Agri-Food Sector

The global demand for agri-food has been continuously growing in recent years,

and it is very likely to continue to expand as the world’s population estimated to rise

to 10 billion. For this reason, Canada has determined to seize these opportunities to

increase its agri-food industry’s competitiveness by setting goals of reaching $140 billion

(27% increase from $110 billion in 2017) in domestic sales of agricultural and food

processing products as well as $85 billion (32% increase from $67.6 billion in 2017)

in agriculture, agri-food and seafood exports by 2025 (Canada’s Economic Strategy

Tables, 2018). Therefore, food manufacturing, as a crucial component of Canada’s agri-

food manufacturing, needs to be more competitive on the global scale. Although the

Canadian food manufacturing has enormous potentials to be a significant contributor

to the growth of the agri-food sector and the Canadian economy, it is also important

to realize that there are some barriers to overcome in Canada in order to tackle the

challenges in the dynamic global food market.

2.2.2 R&D Investments

One of the significant obstacles that Canadian food processors need to overcome

is the slowdown in firm’s investments in innovation. Corporate R&D is a ubiquitous

measure of firm’s investment in innovation (Morck and Yeung, 2001). Roberts (2001)

finds that R&D intensity is proportional to the percentage of sales from new products

and the overall newness of the firm’s technology. Furthermore, R&D is associated with

productivity growths and improvements in the standard of living in an indirect way.
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Figure 2.3: Food Manufacturing Investment in Machinery and Equipment. Source:
Canada’s Economic Strategy Tables (2018)

However, in Canada, firm’s investment in R&D is lagging across all sectors, in particular

the food manufacturing sector. As a whole sector, the Canadian agri-food industry’s

R&D expenditures as a percentage of sales have dropped by 24% since 2008. In 2017, the

percentage of sales Canada spent on R&D was only 0.2%, compared to 0.6% in other

OECD countries such as the U.S. and France (Canada’s Economic Strategy Tables,

2018). Investment in food manufacturing is consistent with the agri-food sector; food

manufacturing investment in machinery and equipment as a percentage of sales declined

from 2.3% to 1.2% over the period from 1998 to 2016 (Canada’s Economic Strategy

Tables, 2018).

As discussed earlier, the average establishment size in Canada’s food manufacturing

lags behind that of the U.S.(George Morris Centre, 2012). However, Bonti-Ankomah

(2006) remarks that large-sized and foreign controlled establishments are more likely

to participate in R&D investment and technology adoption, and they contribute more

to exports than smaller firms. The reason is that large-sized and foreign controlled

establishments have the ability to pay for the cost of innovation, have better access
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Figure 2.4: Percentage of Food Processing Establishment Involved in R&D, by # of
employee. Source: Bonti-Ankomah (2006)

to financing, and take advantage of scale economies and scope in innovation, which

corresponds to the remarks from Van Biesebroeck (2005) as to the barriers that prevent

small firms from expansion.

2.2.3 Trade Environment

Up until 2011, food manufacturing had been suffering from trade deficit. This is

particularly significant over the past decade. During 1990 to 2011, imports increased

from $3.66 billion in 1990 to $16.55 billion in 2011. Exports, on the other hand, rose

significantly from $2.17 billion in 1990 to $7.55 billion in 2001, and then stayed stagnant

at $9-10 billion, peaking at $10.31 billion in 2011 (The Canadian Agri-Food Policy

Institute, 2012).

There are several factors that potentially result in trade deficit in food manufac-

turing. The Canadian dollar is an important determinant in terms of the industry’s
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competitiveness and profitability since it affects trade with other countries. Looking

back the historical CAD/USD exchange rate, the Canada dollar stood at 0.85 USD in

1990, fell gradually in 1990s to roughly 0.64 USD in 2001, and then trended upward

to the current level, which is approximately on par with the U.S. dollar (The Canadian

Agri-Food Policy Institute, 2012). The appreciation in the Canadian dollar is commonly

recognized as the main contributor to trade deficit as the exchange-rate pattern in part

reflects the timing of changes in the trade balance of processed food.

Changes in regional trade agreements is another factor that accounts for the trade

deficit between the U.S. and Canada. The Canada-US Free Trade Agreement (CUSTA)

of 1988 to 1989 enabled Canada to get greater trade access for the U.S. market for

processed food products. The modification of this trade agreement included Mexico in

1992 through NAFTA. Since then, the U.S. has signed several trade agreements with

many other countries, implying that other nations also get the same trade benefits as

Canada does, and thus the benefits of Canada’s relative access to NAFTA market have

been depleted by the U.S. regional trade (The Canadian Agri-Food Policy Institute,

2012).

In recent years, we can observe that trade deficit in food manufacturing is being

reversed through a weaker Canadian dollar, which is a positive sign for the Canadian

economy. Figure 2.5 exhibits the relationship between trade deficit in the Canadian food

manufacturing and exchange rate (USD/CAD). As presented in the figure, the exchange-

rate pattern to a large extent follows the trade balance pattern, reflecting the timing of

changes in the trade balance of food manufacturing. Additionally, it suggests that trade

balance is inversely related to exchange rate. The reason for this is straightforward. A

weak Canadian dollar would make foreign purchases relatively cheaper and vice versa.

14



Figure 2.5: Exchange rate and the trade balance of Canadian food manufacturing.
Source: Statistics Canada Trade Data Online (2019); Board of Governors
of the Federal Reserve System (2019)

The increasingly integrated North American economy has turned out to be a threat

to the Canadian food manufacturing sector, rather than offering it opportunities. As

mentioned in the earlier sections, few large food processing or manufacturing establish-

ments are located in Canada. Even worse, “much of Canada’s capacity is represented

by branch plants of the U.S. and other foreign firms” (The Canadian Agri-Food Policy

Institute, 2012).

2.2.4 Labour Shortage

Along with Canada’s manufacturing sector, food manufacturing also faces significant

and continuous human resources challenges. Employee shortages contribute significantly
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to the agri-food sector’s under-capacity. Canadian Agricultural Human Resource Coun-

cil (2016) remarks that there were still 26,400 jobs unfilled in the primary agricultural

sector in 2014 with the involvement of 45,600 TFWs (temporary foreign workers), in-

curring a loss of $1.5 billion in revenues, which is equivalent to 2.7% of product sales.

Furthermore, it is reportedly said that more than 85% of industrial butcher and meat cut-

ter job vacancies reported to Statistics Canada for the fourth quarter in 2017 continues

to be unfilled for more than 3 months (Statistics Canada, 2019b). Possible explanations

for this issue include a lack of skilled talent in both STEM (science, technology, engi-

neering and math) and other high-skilled occupations such as machine technicians, a

lack of information about industrial career opportunities for general job positions (i.e.,

electricians, plumbers) and awareness of agricultural careers (Canada’s Economic Strat-

egy Tables, 2018). In addition to lacking human resources, Canadian food processors

also suffer from chronic undercapacity of general labour, which has made them turn to

TFWs (Canada’s Economic Strategy Tables, 2018). Even with the assistance of TFWs,

food manufacturing is still unable to reach its maximum potential.

2.3 Food Manufacturing in Ontario

Ontario’s food processing sector is the largest in Canada and the third largest in

North America, with its yearly sales amount to $34 billion (Ontario Ministry of Agricul-

ture, Food and Rural Affairs, 2016). The top 2 categories in Ontario’s food processing

sector are meat product and bakery manufacturing (Ontario Ministry of Agriculture,

Food and Rural Affairs, 2016). There are around 3,000 food processing establishments

based in Ontario. This encompasses many world-renowned companies including Nestle,

Kellogg’s, Coca Cola, Kraft, AB InBev, and Pepsico, as well as numerous homegrown

16



companies such as Maple Leaf Foods, Dare Foods Limited and Weston Foods (Ontario

Ministry of Agriculture, Food and Rural Affairs, 2016). Ontario’s food processing sector

has its roots in rural regions. According to Ontario Ministry of Agriculture, Food and

Rural Affairs (2016), around 25% of Ontario food manufacturing businesses are located

in rural Ontario, bringing some advantages to the industry such as lower overall costs,

lower worker turnover, and better access to agricultural products. In addition to the

output directly generated by Ontario’s food processing sector, the growth of Ontario’s

food manufacturing is also beneficial to the whole economy in that its activities span

multiple industries such as transportation, packaging, retail, food services, and food

science (Service Canada, 2018).

There are several strengths that have helped shape Ontario’s food manufacturing as a

key player in North America. One signature feature of Ontario is its attractive location.

Ontario is the most populous province with 40% of Canada’s total population, making

it the most high-earning province in Canada. Due to its easy access to international

market (i.e., U.S. and Latin America), the industry can also easily take an advantage

of key distribution routes and main packaging companies given its proximity to them.

Ontario’s transportation infrastructure including highway, rail and sea networks help

expedite deliveries and keep local and international markets connected (MNP LLP,

2015).

Relatively low corporate tax rate is another reason why Ontario’s food manufactur-

ing can keep competitive. Figure 2.6 shows the combined federal and corporate tax

rate applied in manufacturing and processing (M&P) in different Canadian provinces.

According to the figure 2.6, Ontario has relative tax rate advantages compared to most

of the provinces, except for Yukon and Saskatchewan. The difference between the tax
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Figure 2.6: Corporate Income Tax Rates for M&P. Source: pwc (2017)

rates of Ontario and Saskatchewan is only 0.25%. The relatively low corporate rate in

Ontario to some extent accounts for the fact that most food manufacturing companies

decide to invest in Ontario. As the second largest food manufacturing sector in Canada,

Quebec’s corporate tax rate for M&P is nearly 2% higher than that of Ontario, which

makes it less attractive for investors.

Ontario, as one of the most representative food clusters on the continent, has at-

tracted nearly 3,000 food processing establishments, of which more than 1,000 food and

beverage manufacturers with over 50,000 employees are located in the Greater Toronto

Area (MNP LLP, 2015). Additionally, half of food processing giants are headquartered

in the Greater Toronto Area. The City of Guelph can be another example, which com-

bines primary agriculture and food processing organizations perfectly, including a great
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amount of public sector laboratory and research centres. The close collaboration be-

tween the University of Guelph and OMAFRA provides a reliable educated workforce,

quality research, and education opportunities (MNP LLP, 2015).

As with the national food manufacturing sector, the total revenues and value of

shipments of Ontario’s food and beverage sectors rose 11% to roughly $41 billion from

2007 to 2017, given that this time period largely overlapped with the occurrence of

the 2007-2009 financial crisis. On the other hand, during the same period, revenue

decreases were observed in other Ontario’s major manufacturing sector, e.g., motor

vehicle manufacturing. From 2007 to 2012, large increases in revenues occurred in several

Ontario food manufacturing sub-sectors, including the seafood sub-sector (76% increase),

animal food manufacturing (32% increase), bakeries and tortilla manufacturing sub-

sector (21% increase), and sugar and confectionery sub-sector (20%) (MNP LLP, 2015).

Ontario’s food manufacturing also suffers from trade deficit as with the national

industry. The trade imbalance has been deteriorating since 2007 as the sector’s imports

grew faster than exports. From 2010 to 2012, the sector’s exports rose 12% from $6.8

billion in 2010 to $7.6 billion in 2012, while there was a 20% surge in imports from $11.7

billion to $14 billion in 2012 (MNP LLP, 2015).

2.4 Challenges in Ontario Food Manufacturing

As with the national food manufacturing industry, Ontario’s food manufacturing

sector faces some similar challenges that prevent it from achieving the ambitious targets

outlined in the vision for the national agri-food sector. Figure 2.8 illustrates the trade

balance of Ontario’s food manufacturing from 1992 to 2017. Although total exports and

imports all increased overall during the indicated time period, the sector’s imports have
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Figure 2.7: Exchange rate and the trade balance of Ontario’s food manufactur-
ing from 1992 to 2017. Source: Statistics Canada Trade Data Online
(2019);Board of Governors of the Federal Reserve System (2019)

been increasing at a faster rate than its exports, particularly during the period from

2006 to 2017. Sector imports experienced a significant increase from $8.02 billion in

2006 to $16.68 billion in 2017, doubling its own value, while exports only increased from

$5.87 billion in 2006 to $9.85 billion in 2017. The sector’s trade imbalance therefore

has steadily increased due to the divergent growth rates of imports and exports. On

the one hand, increased imports facilitate foreign investment and strategic alliances in

Ontario, and some local food manufacturers rely on imported ingredients to produce their

products (MNP LLP, 2015). On the other hand, the trade deficit will likely continue to

deteriorate without investing in innovation and increasing automation and digitization

(MNP LLP, 2015).

Another major challenge faced by Ontario’s food manufacturing sector is rising
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operation cost. It is becoming increasingly costly for food manufacturers to operate in

major urban centres such as the Greater Toronto Area, mainly because of the associated

“expensive land costs, high commercial property tax, residential encroachment” (MNP

LLP, 2015). Along with increasing land costs, input costs (e.g., employment, energy,

water and waste management) are also trending upwards, resulting from “employee

attraction and retention efforts and international taxes on imported inputs” (MNP LLP,

2015). As a result of rising operation cost, the food manufacturing sector is associated

with low margins, which makes securing financing difficult, especially for those SMEs.

Canada’s regulatory environment is also considered another factor that can be detri-

mental to the food processing sector’s overall performance. First, the regulatory system

in Canada is blamed for lacking efficiency. Canada’s system is increasingly preventing

the industry from being responsive by discouraging innovative practices and products,

thereby restricting their ability to satisfy changing consumer food preferences (Canada’s

Economic Strategy Tables, 2018). Furthermore, the existing regulatory system is slow

at making approvals and not “being coordinated across departments and levels of gov-

ernment”, making Canadian manufacturers less competitive compared to other firms

located in other countries (Canada’s Economic Strategy Tables, 2018). Also, Canadian

manufacturers also are subject to high compliance costs due to the complicated and fre-

quently changing regulatory system, making them less competitive on the global scale.

According to MNP LLP (2015), “the current regulatory environment favours importers

over exporters”(MNP LLP, 2015, p.10). It is easier to import foreign food and beverage

products into Canada than export local food and beverages to overseas markets.
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2.5 Productivity in Manufacturing

The productivity gap between the manufacturing sectors of U.S. and Canada has

been a longstanding subject that intrigues Canada’s economists (see Baldwin, Yan et al.

(2014); Leung, Meh, and Terajima (2008)). It is well documented that the Canadian

manufacturing industry lags behind other OECD countries, especially the U.S. (Rao,

Tang, and Wang, 2008; Arcand and Lefebvre, 2010). The productivity gap between

Canada and USA has been persistent during the time period indicated in Figure 2.9.

During this time period, the average growth rate in labour productivity in Canada

was 1.9%, compared to 2.6% in the U.S. Baldwin, Yan et al. (2014) finds that foreign-

controlled enterprises were more important than domestically-controlled enterprises in

overall labour growth for this period. Figure 2.8 compares labour productivity growth

rates in the manufacturing sectors in Canada and U.S. over the period 1998-2016. It

is evident from the figure that the productivity growth rates in the U.S. consistently

surpassed that of Canada during most of the time. Productivity growth rates in both

manufacturing sectors fell dramatically during the global financial crisis 2007-2009. One

major difference during 2007-2009 is that Canada’s growth rates varied more consider-

ably compared to the U.S. The lowest growth rate in the U.S. during the recession was

approximately -0.5%, while it is -4% in Canada.

The literature suggests that the disproportionate number of small firms in Canada

in relation to the U.S. accounts for part of Canada’s lagging productivity. Baldwin,

Yan et al. (2014) quantified the relative importance of small and large firms in the

manufacturing sector in Canada and the U.S. and measured the relative productivity

levels of small versus large firms. They find that small firms accounted for 67% of hours

worked in Canada, compared to 56% in the U.S.. Furthermore, the productivity level,
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Figure 2.8: Productivity Growth in Labour Productivity in Canada/USA Manu-
facturing from 1998 to 2016. Source: Statistics Canada (2019d); U.S.
Bureau of Labor Statistics (2019)

defined as nominal gross domestic product per hour worked, for small Canadian firms

was 47% of that of large Canadian firms, while the productivity level in small U.S. firms

was around 67% of that of large firms. In addition, their results suggest that changes

in the size distribution of Canadian manufacturing have positive impacts on overall

productivity. Specifically, an increase in employment share of large firms would increase

Canadian nominal productivity by 6%.

The variations in exchange rates also had impacts on changes in productivity in

Canadian manufacturing. For instance, the increase in the value of the Canadian dollar

in relation to the U.S. dollar during post-2000 had a negative impact on Canadian food

manufacturers, in particular exporters. According to Baldwin and Yan (2012), “a rising
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value of the Canadian dollar relative to the U.S. dollar (equivalent to lowering home

tariffs and raising foreign tariffs) reduces export sales by making Canadian exports more

expensive in the U.S..” (Baldwin and Yan, 2012, p.834). On the other hand, they also

mention that the appreciation of the Canadian currency lowers the costs for imported

intermediate inputs, but the effect is said to be ambiguous. In sum, the appreciation

of the Canadian dollar has a clear negative impact on the productivity performance for

Canadian manufacturing through decreased export sales, while the impact of cheaper

imported ingredients on productivity is considered unclear.

In contrast to labour productivity, the changing pattern for multifactor productivity

in both Canadian manufacturing and the U.S. manufacturing shares a lot more similar-

ities. For instance, the average growth rate for Canadian manufacturing was 1.04% per

year and the average growth rate for the U.S. manufacturing, which was slightly higher

than that for Canadian manufacturing, which was 1.23%.

2.6 Productivity in Food Manufacturing

As noted by Ross et al. (2011), unlike Canadian business sectors and manufacturing

industry, food manufacturing did not experience a slowdown in productivity growth

since 2000. Rather, food manufacturing has witnessed accelerated productivity growth

in the post-2000 era. It is recorded that in 2007, the labour productivity level (defined as

the ratio of real GDP per hour) in the food manufacturing sub-sector was $51.81, which

was slightly higher than manufacturing at $51.14 and the average for total economy at

$48.20. However, considerable variations were observed within the sub-sectors of food

manufacturing back in 2007. For example, the labour productivity level for food
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manufacturing sub-sectors ranges from $20.25 to $72.713. The sub-sector with the high-

est labour productivity is animal food manufacturing, while the lowest sub-sector is

seafood product preparation and packaging. The labour productivity level for the re-

maining food manufacturing sub-sectors ranges from $50 to $60.

The labour productivity performance for food manufacturing sub-sector started to

pick up in a relatively recent period from 2000 to 2007. According to Ross et al. (2011),

over the period 1961 to 2007, “labour productivity, defined as real GDP per hour worked,

in the food processing sub-sector grew at an average annual rate of 2.37%”, which was

greater than the growth experienced by its business counterpart but less than the growth

rate of the manufacturing sector at 2.92% (Ross et al., 2011, p.14). It was observed that

during a more recent period from 2000 to 2007, the food manufacturing growth rate

increased from 2.37% to 2.63%, doubling the growth rates for manufacturing or the

business sector over the same period.

In stark contrast to labour productivity, the multifactor productivity growth rate for

food manufacturing was much below the growth rates for manufacturing. Ross et al.

(2011) notes that between 1961 to 2007, “food manufacturing experienced average annual

multifactor productivity growth of 0.97%, which is only three-fifths of the 1.59% attained

in manufacturing, but three times higher than the rate in the business sector, 0.35%”

(Ross et al., 2011, p.15). Between the period 2000 to 2007, the multifactor growth rate

for food manufacturing accelerated to 1.06%, whereas the multifactor growth rate for

manufacturing and the business sector dropped to -0.3%.

The economic literature suggests that productivity growth is largely driven by sev-

eral factors, including R&D, investment in human capital/physical capital, and scale

3Denoted using current dollars per hour worked
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economies, which corresponds to the evidence suggested by recent Canadian studies un-

dertaken for food manufacturing (Ross et al., 2011). At the provincial level, Lai (2015)

finds that there was a slowdown in multifactor productivity growth rate of 0.9% over

the period 2000 to 2015, which was considered largely caused by economies of scale.

Gervais, Bonroy, and Couture (2008) analyzed potential (dis)economies of scale in food

manufacturing. Specifically, they estimated economies of scale for the meat, bakery, and

dairy sector. Increasing returns to scale were found for the bakery and meat industries

in all provinces and small dairy-producing provinces, while decreasing returns to scale

were only found in two large dairy-producing provinces (Ontario and Quebec). In line

with Lai (2015), Piedrahita (2016) finds that multifactor productivity growth rates for

food manufacturing and its sub-sectors decreased over the period 2000 to 2011, which

was mainly explained by declines in technical change. In addition, she finds convincing

evidence that economies of scale exist at the plant level, implying that the production

scale for Canadian food manufacturers are not big enough to reach the cost minimizing

size.
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Chapter 3 Literature Review

3.1 Productivity

What is productivity? According to OECD (2015), productivity refers to a ratio

of outputs to inputs. Productivity measures the efficiency with which inputs such as

labour and capital are converted to output in an economy (OECD, 2015). Productivity

can be measured for different products, industries, or nations as a whole.

The importance of productivity to economic growth and social progress has attracted

a great deal of attention from academia and has been emphasized extensively in the pro-

ductivity literature. Krugman (1994), Baumol and Blinder (1993), and Hornbeck and

Moretti (2018) all acknowledge that productivity is crucial to economic gains and soci-

eties’ prosperity in the long-term. More specifically, Krugman (1994) notes that while

productivity does not represent everything, the standard of living of a nation is highly

associated with its productivity. Baumol and Blinder (1993) claim that growth in pro-

ductivity contributes to reductions in poverty, to increases in leisure, and to accessible

education, public health, environment, and the arts. In a recent empirical study, Horn-

beck and Moretti (2018) find that an increase in local productivity growth in the U.S.

manufacturing can lead to increases in employment and average earnings.

Multifactor productivity (MFP), or total factor productivity (TFP)4, is commonly

defined as the percentage of output not explained by the amount of inputs used in

production (Comin, 2017). In this sense, growth in MFP is therefore estimated as a

4For the rest of this thesis, MFP will be used for convenience.
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residual, or that part of GDP growth that cannot be explained by changes in labour

and capital inputs. Therefore, its level reflects how efficiently and intensely a decision

making unit (henceforth DMU)5 uses its inputs in production process (Comin, 2017;

OECD, 2019). Solow (1956), in one of his landmark articles, notes that growth in

MFP is a major driver of long-run growth in income per capita in an economy with

an aggregate neoclassical production function. Furthermore, MFP has been viewed

as a helpful concept in reviewing past economic growth patterns and predicting the

potential for future economic developments. Several factors account for changes in the

MFP. OECD (2019) concludes that “changes in management practices, brand names,

organizational structures, general knowledge, network effects, spillovers from production

elements, adjustment costs, economies of scale, the effects of imperfect competition and

measurement errors” can be reflected in changes in MFP.

In addition to MFP, labour productivity is another measure that extensively used to

assess how effectively inputs are converted into output. It is conventionally calculated as

the ratio of total output and labour input. In general, labour input is either measured by

the number of employees or hours worked. Most people do not have a clear understanding

with respect to the concept of productivity. In fact, MFP and labour productivity are

two different formal measures of productivity. There has been a long debate in academia

and policy circles as to which measure is better. While some people argue that MFP is

the proper measure to use because labour productivity is a much simpler and inaccurate

measure in the sense that it only partially reveals the productivity of labour regarding

the personal capacities of workers or the intensity of their effort, while others claim that

5According to Bezat (2009), DMU refers to “commercial entities that produce tangible goods and
services that are sold in the market place, enterprise involved in delivering services or in the non-market
sector, public bodies, national economic sector and etc.”
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the estimation of MFP relies on too many arbitrary assumptions (OECD, 2016; Sargent,

Rodriguez et al., 2001).

With regard to different views on productivity measurements and which one is better,

Sargent, Rodriguez et al. (2001) argue that “both measures have their place, and that

neither tells the whole story” (Sargent, Rodriguez et al., 2001, p.2). They conclude that

the choice of productivity measurement is determined by several factors: the time period

of interest, the quality and comparability of the capital stock data, and the growth model

assumed. I will discuss these factors in detail in the following section.

3.1.1 Overview of Productivity Measurement

OECD (2001) lays out five objectives of productivity measurement: (1) To trace

technical change; Griliches (1987) describes technology as “the currently known ways of

converting resources into outputs desired by the economy” and technology exists either

in its disembodied form (e.g., scientific results, new blueprints) or embodied in new prod-

ucts (i.e., superior in terms of design or quality), but the linkage between productivity

and technological is considered to be complicated. (2) To identify changes in efficiency;

full efficiency implies that the output of a DMU has reached its maximum possible

amount that is physically possible given current technology and a certain amount of

inputs (Diewert, Lawrence et al., 1999). (3) To discover real cost savings in produc-

tion; changes in capacity utilization, learning-by-doing and measurement errors can be

reflected in the change of productivity. (4) To enable comparisons among businesses;

inefficiencies can be easier found by allowing comparisons of productivity measures for

production processes, but a limitation of comparisons of productivity measurements is

that the resulting productivity measurements are hard to combine or aggregate because
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the corresponding productivity measures are written in physical units (e.g., cars per

day). (5) To measure standards of living; as mentioned earlier, productivity measure-

ments are essential to assessing standards of living. For example, per capital income is

regarded as the most frequently used indicator of living standards and it is positively

correlated to labour productivity as well as value added per hour worked. Additionally,

an economy’s potential output is closely linked to the long-run trend in MFP, which acts

as an indicator of the growth possibilities of economies and inflationary pressures.

The choice of productivity measurement is determined by the purpose of produc-

tivity measurement and data availability. Generally, productivity measurements can be

divided into single factor productivity measures (a measure of output linking to a single

input) and multifactor productivity measures (a measure of output linking to multiple in-

puts). There are three types of productivity measurement that are most commonly used

in the literature: labour and capital productivity, and MFP (Multifactor Productivity).

MFP can be either in the form of capital-labour MFP or in the form of capital-labour-

energy-materials MFP (also known as KLEMS), depending on which criteria is used.

The former MFP measurement is based on a value-added concept of output, while the

latter one is based on a concept of gross output (OECD, 2001).

3.2 Size and Productivity

3.2.1 Scale Economies

Firm size is considered as one of the main organisational factors that is closely cor-

related with efficiency. Theoretically, large-scale production makes the most economic

sense by the achievement of lower costs and higher returns. Thus, increasing the size of
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the industrial units has become a tendency to boost efficiency. In order to have a clear

understanding of the concept of the size of a business unit, it is necessary to distinguish

between some terms, for instance, the plant, the firm, and the industry. Generally, plant

refers to a factory or a mill. It includes not only the machinery and equipment built in

the factory building but also the workers employed therein. In contrast, the definition of

“firm” is much broader, which refers to the business unit or undertaking which owns the

plant (the factory, the shop, the warehouse or transport depot), controls, and manages

it (Triqueiros, 2000).

Despite a lack of preciseness, there are some widely used standards to measure the size

of a firm. These standards can be classified into two groups. The first group of standards

uses the amount of input as indicators to measure the size, for instance, capital invested,

value of the product, the number of employees, the amount of raw materials consumed,

while the second group of standards uses the amount of output to measure the size, for

example, volume of output and productive capacity of the plant. In sum, the concept

of firm size can be interpreted in various ways depending on the situations. A number

of proxy variables have been employed in previous empirical studies to measure firm

size, for example, the number of employees, total assets, sales, throughput or market

capitalization (Triqueiros, 2000).

Since most people have a vague idea of scale economies, it is important to distinguish

the two concepts at this point: economies of size and economies of scale. First of all, these

two are closely related concepts that are all used to describe the effect of changes in firm

size on production or costs, but each of them has its specific meaning (Rasmussen, 2012).

Economies of size links unit cost to the level of output. Simply put, if unit costs decrease

as output increases, economies of size exist. On the other hand, if unit cost increases as
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output increases, the diseconomies of size are observed (Beattie, Taylor, and Watts, 1985;

Debertin, 2012). Economies of scale is a concept that specifies how much of production

increases can be attributed to an increase in the scale of production. For instance,

when all inputs increase by the same proportion (e.g., doubled), if the corresponding

value of output more than doubles, then I observe increasing returns to scale. Similarly,

if the observed output less than doubles, then I observe decreasing returns to scale.

Lastly, if the observed output precisely doubles, I observe constant returns to scale.

Essentially, the concept of economies of scale largely differs from economies of size in

that it is a purely technical concept (Rasmussen, 2012). As such, economies of scale are

more commonly used in academia because of the multiple meanings it contains (Beattie,

Taylor, and Watts, 1985).

Besanko et al. (2009) discuss the topic of how economies relating to size from several

perspectives. Indivisibilities in fixed costs is the first factor identified. Suppose that

some inputs are fixed in size, then the unit costs can be reduced to the minimum when

these fixed inputs reach full capacity. Secondly, economies related to size can be linked

to inventory. It turns out that large firms are capable of maintaining lower ratios of

inventory to sales in relation to small ones, based on observations from the operation

theory (Besanko et al., 2009). In addition, when purchasing inputs, larger firms are

likely to obtain volume discounts while small firms cannot. Lastly, the costs of firm

capacity link itself with economies related to size, i.e., the incremental cost of increasing

capacity is decreasing. It is believed that a plant with a larger number of machines can

sustain a flow of output proportionally higher than one with a smaller number given

that the random effect of a single machine breaking down is much smaller in a larger

plant (Besanko et al., 2009).
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3.2.2 Empirical Studies on the Size-Productivity Relationship

Empirical evidence provides support to the size-productivity relationship. For in-

stance, Leung, Meh, and Terajima (2008) summarize the significant results from re-

search relating productivity and firm size in the Canadian economy over the period 1984

to 1997. The results suggest the following. First, larger firms tend to outperform small

firms in terms of labour productivity (measured as sales/number of employees) because

of the improved use of technology and training. Secondly, larger firms are believed to be

more capital intensive due to lower costs of capital and greater specialization. During the

study period, Canadian firms with more than 100 employees had sales level on average

27% higher than firms with less than 100 employees. In addition, Canadian firms had

sales level 82% of that of the United States. According to the authors, the Canada-U.S.

productivity gap can be fully explained by productivity lags in small firms (<20 employ-

ees) and large firms (>500 employees). For firms who have more than 20 but less than

500 employees, Canadian firms had similar or better performance in terms of labour

productivity in relation to the United States. To sum up, the empirical results from

Leung, Meh, and Terajima (2008) confirm that firm size is an important determinant of

productivity differentials.

Although a large body of literature suggests that firm size has significant effects

on firm growth rate and productivity, the empirical results supporting the theoretical

relationship between firm size and productivity have been mixed. For example, Dhawan

(2001) assesses the difference in productivity between large and small traded firms on the

U.S. stock exchanges over the period 1970-1989. The empirical results indicate that small

firms are in fact more productive in terms of labour productivity but riskier than large

firms. Likewise, Diaz and Sánchez (2008) examine the performance of manufacturing
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firms of different sizes in Spain over the period from 1955 to 2001 using stochastic frontier

analysis. They find that small and medium-sized firms are more efficient than the large

firms.

In conclusion, despite the fact that a significant amount of literature on the size-

productivity relationship at the firm level has shown that productivity is positively

correlated with size, the same conclusion cannot be directly drawn for the Canadian food

manufacturing sector with the absence of empirical evidence. Empirical studies related to

productivity have been undertaken for Canadian food manufacturing sector at the micro

and macro levels. For instance, Lai (2015) conducted a provincial-level study to examine

how much capacity utilization contributes to change in MFP for the Canadian food

manufacturing sector. He finds that every province, except Newfoundland, experienced

a slowdown in MFP over the study period. Piedrahita (2016) finds that exporters have

higher levels of productivity relative to non-exporters at the plant level. However, to

the present date, no other study has been undertaken to examine the size-productivity

relationship for the Canadian food manufacturing sector. In addition, there are some

studies conducted in other industries that suggest the opposite conclusion: small and

medium-sized firms tend to have better performances than large firms. To the best of

my knowledge, the question as to whether the evidence of scale economies can be also

found in the Canadian food manufacturing at the plant level and the possible linkage

between size and productivity is still unanswered.
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3.3 Inventory Management and Productivity

3.3.1 Inventory Management in Manufacturing

Presently, the core industries that most developed countries heavily rely on for eco-

nomic growth are in the service sector. The consulting and financial services industries,

in particular, provide a great amount of work opportunities to college graduates every

year (Silver et al., 1998). This fact leads many people to believe that manufacturing

is of less importance in this era, especially for developed countries such as the U.S.

and Canada. However, the above statement does not apply to certain industries. For

instance, textile/apparel, machine tool, and food-related industries still play a funda-

mental role in our daily life in the sense that they are highly relevant to national security

and they are the main source of national job opportunities. Given the essence of man-

ufacturing to a nation’s security and unemployment, manufacturing is still considered

vital to the health of most modern economies. Within the manufacturing industry, in-

ventory is undoubtedly the lifeblood of manufacturing firms. According to Silver et al.

(1998), the expenditures on inventory as a percent of GDP have been on a high level,

but are declining steadily over time because of the impacts of the growth of the service

sector and improved inventory management performance. Nonetheless, a great portion

of net fixed assets (44.2%) and total assets (16.3%) of U.S. manufacturing firms were

invested in inventory (Silver et al., 1998).

There are considerable opportunities for analysts, managers, consultants, and en-

trepreneurs to add value to manufacturing or logistics firms. Nevertheless, evidently,

most manufacturing firms fail to take the importance and complexities of inventory

management into account during the decision-making process. Silver et al. (1998)
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observed that “a surprising number of organizations leave decision in this crucial area to

rules of thumb, guesswork, or chance” (Silver et al., 1998, p.9). Moreover, “a majority of

organizations consider inventory control a middle or lower management responsibility-

a technical subject consisting of mathematical formulas, cost accounting, measurement,

the drudgery of keeping track of thousands of individual items of stock” (Silver et al.,

1998, p.9). In fact, good inventory management can potentially improve firm perfor-

mance, and this statement has been proven by many successful firms that outline the

importance of inventory management. Silver et al. (1998) observe that more than 90%

of the firms have managed to save 20% of cost by improving inventory or production

management without affecting customer service.

3.3.2 Inventory Management in Food Manufacturing

Lean manufacturing is a manufacturing philosophy widely adopted by a range of

industries worldwide, such as automobile manufacturing and machinery industry. Lean

manufacturing aims to provide products of better quality at the lowest possible cost by

eliminating all types of waste from the production process. Given the highly competitive

global marketplace, it is crucial for firms to be responsive to rapidly changing customer

demands so as to stay in business, which also serves as a motivation for them to adopt

lean manufacturing as a survival strategy (Seth and Gupta, 2005). A successful imple-

mentation of lean manufacturing practices can lead to a variety of positive improvements

in the organization, including higher productivity, lower unit cost, and inventory reduc-

tion, in particular finished goods and work-in-process (Seth and Gupta, 2005). Lean

manufacturing has been proven to be successful by numerous practitioners and organi-

zation. According to Dora et al. (2013), “the respondents indicated that improvement
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in operational performance, especially with overall productivity from the application of

lean manufacturing”(Dora et al., 2013, p.1).

The idea of lean manufacturing may look simple, but it could be difficult to im-

plement in practice, in particular for food manufacturing small to medium enterprises

(henceforth SMEs). There are several realistic obstacles to the adoption of lean prac-

tices in food manufacturing. The production of food processing SMEs is mainly based

on forecasts instead of actual demands. The anticipated lead time is always longer than

the actual lead time, which deviates production from actual demand. As a result, food

manufacturing SMEs end up with holding excessive finished goods. This could be a

significant hurdle to lean implementation, which promotes reducing inventory as much

as possible (Dora and Gellynck, 2015).

Furthermore, a range of variable combinations of lead times and production lead

times specific to the food manufacturing should be taken into account when adopting lean

practices, which makes the business even more complicated. Take the sausage processing

industry as an example, the lifespan of products is short while the procurement lead time

for raw material is long and the lead time for final packaging is short again. To sum

up, the existence of “just-in-time order, inconstant yield and variable processing time”

makes good production planning less achievable (Dora and Gellynck, 2015, p.276).

In addition, there are some industry-specific regulations food manufacturing SMEs

are required to comply with during lean implementation, for instance, mandatory clean-

ing responsibilities are applied to intermediate products using the same equipment. Sim-

ilarly, food manufacturers should take account of a variety of environmental factors such

as moisture and temperature, whereas the automobile sector does not need to consider

such things. There are still more regulations food manufacturing SMEs need to comply
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with while implementing lean practices, such as the quality assurance (QA) require-

ments. Food manufactures should also include food safety and efficiency issues as part

of the framework. For instance, Hazard Analysis and Critical Control Point (HACCP)

is widely used by food processing enterprises to control for food safety through “system-

atically identifying and analyzing microbiological, chemical and physical hazards and

reducing and eliminating them” (Dora and Gellynck, 2015, p.278). Therefore, there is a

need to adopt a new procedure to “measure the potential food hazards along with lean

waste and losses”, which further allows food processing plants to achieve sustainability

through systematic monitoring of the consumption of resources, leading to a decrease in

overuse (Dora and Gellynck, 2015, p.278).

Finally, it is important for food processing SMEs to select the proper lean practices

for implementation on the basis of the planning stages and their specific needs for better

operational performance (Dora and Gellynck, 2015). Previous case studies show that

not all lean practices are suitable for food processing SMEs. Adoption of inappropriate

lean practices, using correct practices in incorrect manners, or using lean practices in

a wrong order result in lean failures and more costs for firms adopting lean practices

(Abdulmalek, Rajgopal, and Needy, 2006). For example, implementing JIT does not

apply to every food processing establishment due to the high variation in demand. These

firms find that the important components (e.g., kanban and pull) of JIT do not fit in

with their production process.

In summary, even thought lean practices have been proven to be successful in many

fields, lean implementation in the food manufacturing industry turns out to be more

challenging than in other industries in the sense that the food industry is subjected to

certain inherent constraints, e.g., difficulty in production planning caused by
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different processing times in the production process. Additionally, it is required for food

processing SMEs to comply with the industry-specific in such as the QA requirements.

3.3.3 Lean Manufacturing Versus Traditional Manufacturing

Inventory management is an integral part of logistics, given its considerable impacts

on the performance of firms and supply chain (Shapiro and Wagner, 2009). As one of the

most popular management programs among manufacturers, lean production has been a

constant topic of discussion in the operations management literature. The concept of lean

manufacturing is widely accepted by a vast number of manufacturing firms, especially

those in the automotive and machinery industries, to boost operation performance.

More precisely, better operational performance is achieved by reducing lead time from

raw materials to finished goods (e.g., faster cycle times), reducing the amount of waste in

the process (e.g., controlling the input and output quality), and minimizing the physical

units in hand by working with suppliers and consumers (Capkun, Hameri, and Weiss,

2009). To better grasp the features of modern inventory management techniques and

further illustrate the benefits that a firm can obtain from adopting better inventory

management techniques, the idea of lean production is explained below in details.

Lean production stemmed from the Toyota Production System (TPS), which was

developed by Taiichi Ohno’s experiments and initiatives over recent decades at Toyota

Motor Company (Shah and Ward, 2007). A lean system is comprised of two main com-

ponents: one is called “Jidoka” and the other is called “Just-in-time (JIT)”. Jidoka and

JIT are two important lean methods that are widely adopted by modern manufacturers.

The former is more well-known to the public relative to the latter one. Althought they

are all lean methods, the focus of these two methods are quite different. While JIT

39



aims to produce the right part and the right amount at the right time, Jidoka focuses

on making problems occurred in the production visible (Liker and Morgan, 2006). As

opposed to the concept of traditional manufacturing, lean manufacturing considers in-

ventory wasteful in the organization. Rather, lean manufacturing emphasizes the role

of consumer demand in designing manufacturing systems and aims to be specialized in

activities required to bring the product to consumers, which includes detailed design, en-

gineering, production, order-taking, production scheduling, and delivery (Womack and

Jones, 1997). Overall, compared to traditional production, lean production is a more

consumer-based manufacturing strategy, which relies on a made-to-order basis.

The ultimate goal of lean manufacturing is to eliminate the wastes that arise from

the production process. Gupta and Jain (2013) define waste as “anything that does not

add value to the product” (Gupta and Jain, 2013, p.1). In essence, lean production

aims to manage variability in supply, process time, and demand (Shah and Ward, 2007).

Undoubtedly, variability is ubiquitous in the production process. For example, on the

supply side, variability occurs when suppliers are not able to deliver the right quantity

or quality at the right time or the right place (Womack, Jones, and Roos, 1990). This

variability can be controlled by developing a dependable and involved supplier base that

consists of some key suppliers with long-term contracts (supplier relationship/involve-

ment). Other measures that help manage supplier variability include providing regular

feedback on quality and delivery performance and providing training and development

for further improvement. Similarly, there are many practices and tools included in lean

production to control variability in process time. For instance, production quantities

are more predictable due to line balancing, which can be largely attributed to specify-

ing work to its smallest detail. Additionally, a stringent quality assurance regimen can
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improve efficiency by reducing rework and lead to reduced variability in process time.

More cross-trained employees are able to fill in for absent employees without disrupting

the flow, quality, and quantity of work (Monden, 2011). Finally, given the immense

negative effects that demand variability can cause to the entire production process and

daily production schedule, measures such as “takt-time” and “heijunka” are included

in lean production to counteract the effects of demand variability. More precisely, takt-

time is applied to measure the amount of production required to meet customer demand.

“heijunka” is a production smoothing technique that helps production be more adaptive

to the changing demand (Monden, 2011).

Contrary to lean production, buffered production systems rely heavily on high in-

ventory to maintain daily production, which were widely adopted by most Western

producers throughout most of the post-war period (Krafcik, 1988). Essentially, the

buffer production system buffers against nearly everything involved in the process of

production. Inventory levels were high to buffer against unexpected quality problems;

assembly lines had built-in buffers to assure daily production; repair areas were huge

to buffer against poor assembly line quality; legions of utility workers were kept on the

payroll in case of unexpected periods of high absenteeism (Krafcik, 1988).

On the global scale, the widespread acceptance of lean production has proven its

superiority over other production systems. Within the lean production system, inventory

levels are maintained at the minimal level so that costs incurred could be shaved and

quality problems could be detected and fixed immediately. Bufferless assembly lines

enable continuous flow production (Krafcik, 1988). Absent employees can be easily

replaced by other well-trained employees. Repair areas are tiny because of the belief

that a quality problem should be solved within the process, not within a rectification
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area. Although lean production is perceived as highly risky as any hiccup will stop

production, the potential gains are massive since lean production is characterized by

well-trained workforce, responsive suppliers, and good product designs (Krafcik, 1988).

The adoption of lean practices has entitled the most successful “lean” producers in

Japan and the West to all of these aforementioned important features. To conclude,

the choice of inventory management methods depends to a great extent on the costs

and efficiency of firms. Better inventory management methods such lean production

contribute to relatively low costs and high efficiency, thereby enabling firms perform

better in a highly competitive environment.

3.3.4 Empirical Studies on the Inventory-Productivity Rela-

tionship

Presently, it has been witnessed that themes within the operations management

literature have extended to interdisciplinary studies, such as conducting research that

combines the knowledge of inventory management with economics and corporate finance.

A main theme has gained ground gradually in recent decades. Researchers have started

focusing on examining the linkage between inventory behaviour and firm performance,

for example, firm productivity, especially in the retail and manufacturing industries.

From a social scientist’s standpoint, a better understanding of inventory behaviour con-

tributes to a better sense of not only how the macroeconomics of business cycles work,

but also of the microeconomics of the firm (Blinder and Maccini, 1991). At the macro

level, inventory movements is an important determinant of business cycles. Changes in

inventory can impose great influence on real gross national product (GNP). During the

postwar contraction in the United States, 87% of the drop in GNP was attributed to
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the drop in inventory investment. At the micro level, inventory behaviour varies from

firm to firm. Firms tend to behave differently in term of the levels and types of inven-

tories they hold. Also, inventory management involves much time and effort from firms

(Blinder and Maccini, 1991). Inventory accounts for a great portion of retailers and

manufacturers’ total assets and inventory management requires considerable resources

and capitals (Maican and Orth, 2018).

To date, the relationship between inventory and productivity has been investigated

only to a limited extent in the operations management literature, with an emphasis

on the automotive, machinery, and retail industries. Furthermore, most studies are

conducted at the industry level. For firm-level studies, they often had difficulty assessing

large data sets. Most of them have been conducted with relatively small sample size and

short study period. This results in a decrease in the statistical power of the study.

The empirical evidence from the limited literature suggests that there is a clear rela-

tionship between inventory management and productivity. In the automobile industry,

Lieberman and Demeester (1999) find increased productivity in Japanese automotive

companies during periods of substantial inventory reduction. The empirical results sug-

gest that the main contributor of productivity gains is inventory reductions. In a similar

study comparing the automotive sectors in the U.S. and Japan, Lieberman and Asaba

(1997) show a strong positive correlation between inventory reduction and productivity

growth in Japanese and U.S. automotive sectors. In the retail industry, Gaur, Fisher,

and Raman (2005) examine the correlation between inventory turnover and firm perfor-

mance (e.g., gross margin, capital intensity) in the U.S. retail industry and their findings

reinforce the findings by Lieberman and Demeester (1999) and Lieberman and Asaba

(1997). Koumanakos (2008) studies the effect of inventory management on firm
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performance using the financial information on medium to large Greek manufacturing

firms. Their results reveal that higher inventory levels are detrimental to the rate of

returns to assets, which is in line with other studies.

The relationship between productivity and inventory management appears to work

both ways. The theoretical framework that built in the work done by Lieberman and

Demeester (1999) illustrates the causality behind the inventory-productivity relationship

based on theory. First, a reduction in inventory will shorten the time spent on problem-

solving in the manufacturing process, e.g., variability, discontinuity, or waste. Firms

will subsequently benefit from reduced inventory and faster problem-solving process,

contributing to productivity gains. Less material and labour will be required to produce

the same amount of goods, thereby reducing the cost. Also, machine utilization will

be improved as production now involves less worker and equipment idleness. Then,

the demand for inventory will decrease as a result of solution of problems, implying

that inventory levels are also depend on productivity. The core explanation for this

relationship is that the demand for buffer inventories will decrease due to lower deficiency

rate and improved machine maintenance. Small lot sizes can be achieved because of

reduced setup times and costs.

The reverse correlation between inventory and productivity is strengthened empiri-

cally as well. Maican and Orth (2018) study the factors accounting for heterogeneity in

inventory behaviour and performance using a detailed data set for Swedish retail stores

and their products. Their empirical results indicate that store productivity contributes

to increases in inventory turnover, which is defined as the ratio of cost of goods sold

(COGS) and average inventory.

It is noteworthy that the reverse correlation between inventory management
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performance and productivity results in endogeneity problems, which are also known

as “simultaneity”. According to econometric theory, endogeneity problems stem from

3 major sources: (1) omitted variable, (2) reverse causality, and (3) measurement er-

ror. All of these sources result in biased regression coefficients. Here, reverse causality

is discussed at length as it is closely related to the main focus of this sections: the

inventory-productivity relationship. Omitting relevant variable make the coefficients

on included variables biased by excluding relevant variables. The endogeneity prob-

lem in the production function was first pointed out by Marschak and Andrews (1944),

which arises from the possible correlation between firms’ input choices and unobserved

firm-specific productivity. Therefore, productivity estimates are biased in the situation

indicated. Omitted variable bias will be discussed in detail in the context of the produc-

tion function in Chapter 5. Measurement error is a relatively straightforward concept to

understand. Literally, a regression model is also said to suffer from measurement errors

if data on independent variables are measured with error. The most frequently seen

types of measurement errors are reporting errors and coding errors.

As to reverse correlation, endogeneity is said to occur in a multiple regression model

if there is a unclear causality between a dependent variable and independent variables,

which is the case for the inventory-productivity relationship. Similar issues have also

been found in many other economic contexts, for example, quantity and supply by de-

mand and supply, investment and productivity, and sales and advertisement. As with

omitted variable and measurement error, reverse correlation in the model renders esti-

mated coefficients biased and it occurs when one performs the analysis without consider-

ing the reverse relationship. However, once the reverse correlation is taken into account,

I are able to obtain consistent estimates by estimating two equations of the reduced form
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through ordinary least squares (OLS).

In practice, using instrumental variables (IV) is the most commonly seen approach

to resolve endogeneity bias caused by causality. To be a qualified IV, the variable

must satisfy the following two requirements: (1) The variable must be correlated with

that independent variable in doubt; (2) The variable must be uncorrelated with the

error term. The use of IV in regression is realized by applying the technique such as

instrumental variables regression or two-stage least squares (TSLS) regression.

Previous research on the link between inventory and productivity has been mostly

restricted to automotive, machinery, and retail industries, most of which are either

outdated or not exhaustive at the time. As discussed in the previous section, few studies

have taken account into the reverse causality between inventory and productivity and

their study periods are primarily in the 90s. In addition, there are very few Canadian

studies have been conducted in this area. To the best of my knowledge, no study to date

has examined the relationship between inventory management and productivity for the

Canadian food processing sector. Therefore, this study attempts to fill these gaps.
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Chapter 4 Theoretical Framework

This chapter starts off with a systematic explanation of production function, which

serves as the fundamental framework for understanding productivity growth. Addi-

tionally, this chapter also includes the theory behind scale economies and its potential

impacts on productivity. Lastly, I discuss the importance of inventory management and

its linkage to firm performance, mainly focusing on the Just-in-time production system,

ranging from its philosophy and production scheduling scheme to its advantages and

disadvantages.

4.1 Production Technology

From the standpoint of the supply side, firms are cornerstones of supplying final

products. Before going further, it is important to bear in mind that firms face some

constraints in the production process, which place some restrictions on their ability to

transform inputs to outputs. In general, their constraint is known as technical capabil-

ities, or simply technology. The production function is defined as “a description of the

technical relationship between the inputs and outputs of a production process” based on

the majority of economics textbooks (Beattie, Taylor, and Watts, 1985; Varian, 1992).

Also, it reveals the maximum output(s) obtainable from a given vector of inputs.

I start out with the production set and production function. According to Varian

(1992), the firm’s production possibilities set consists of all technologically feasible pro-

duction plans. Assuming that there are n goods available to use and let z ∈ Rn denote
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an amount of each of the goods. A production set Z ⊂ Rn specifies the possible com-

binations that can be attained from the n goods. In other words, Z includes all the

“feasible” combinations of the goods. This convention allows us to measure inputs and

outputs using a production possibilities set. For example,

Z = {(x,y),x can produce y} (4.1)

where Z is a vectors (x, y), implying that x can produce y.

Conventionally, some essential properties are placed on a production set Z.

1. Z is nonempty: There have to be something feasible in the set.

2. Z is closed: This makes sure existence of optima in some cases.6

3. There is no free lunch: Z ∩ Rn
+ ⊂ {0}

4. Inaction is always possible: 0 ∈ Z

5. Free disposal is allowed: Mathematically, if z ∈ Z ⇒ z′ ∈ Z, ∀z′ ≤ z.7

6. Convexity: Z is a convex set.

For the sake of convenience, production sets are conventionally interpreted in the

form of production functions (Coelli et al., 2005). For example, a production set Z in

the single-output case can be expresses as:

f(x) = max{y ∈ Rn
+ : (y,−x) ∈ Z} (4.2)

where y is the actual output, x is the actual inputs.

6Varian (1992) call item 1 and item 2 collectively as “regularity”.
7Varian (1992) calls this “monotonicity”.
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Following Färe and Grosskopf (2004), the notation x and y are used to represent a

non-negative K × 1 input vector and non-negative M × 1 output vector. Given that the

single-input case is rare in reality, and thus, it is more useful to interpret the production

function in a general way. For example, a multiple-input, single output production can

be represented as:

y = f(x) (4.3)

where y represents the actual total output produced by the firm; x = (x1, x2, ..., xN)′

represents anN×1 vector of inputs; f(.) represents the underlying production technology

in the industry; f(x) is the maximum output that can be produced given the vector of

inputs x. A production plan is considered technologically efficient if it is impossible

to produce the same amount of output with less inputs or produce more output using

the same amount of input. The set of production plans is technically efficient if the

transformation function T : Rn → T (y) = 0 if and only if y is efficient (Varian, 1992).

4.1.1 Production Possibilities Frontier

Before getting into the production possibilities frontier (production frontier for short),

it is important to understand that productivity and efficiency are two similar but slightly

different concepts. The terms, productivity and efficiency, have been used interchange-

ably in the past. However, they are not exactly the same things. I will use a figure

to better demonstrate the concepts of productivity and efficiency and their differences

right after.

Essentially, the production frontier represents the maximum output that can be

produced given different input levels. It is therefore considered a reflection of the current

state of technology in the industry. Firms are considered “technically efficient” if they
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operate on the frontier. Otherwise they are not “technically efficient” (i.e., beneath the

frontier). Points along the production frontier are regarded as an efficient subset of a

feasible production set.

Figure 4.1: Productivity, Technical Efficiency and Scale Economies; Source: Beattie,
Taylor, and Watts (1985)

Figure 4.1 distinguishes the differences between productivity and technical efficiency.

As noted at the beginning of Chapter 2, I define productivity as a ratio of total output

to total input: y/x. Therefore, I am able to measure productivity of different estab-

lishments using their slopes. Providing that firm operating at point A were to move

to technical efficient point B, the slope would increase, meaning higher productivity at

point B. As I can observe, point B and point C all lie on the production frontier f(x),

and thus they are all technically efficient. However, the firm operating at point C is
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considered as having the optimal scale and the maximum possible productivity. Ex-

cept for point C, operation at any other point on the production frontier implies lower

productivity. Moving from point C to point B can be an example of exploiting scale

economics in that firm operating at point C is constant returns to scale, whereas point

B is decreasing returns to scale.

Above all, I am able to conclude that firms being technical efficient does not necessar-

ily imply that they are also operating at maximum productivity. Most firms operating

on the production frontier can still improve productivity by changing the operation of

scale.

4.2 Multifactor Productivity

MFP is initially known as “Solow Residual” as it was first proposed by Solow (1956) in

one of his representative publications, in which MFP is defined as the residual component

of GDP growth that cannot be explained by the growth of the assumed inputs such as

capital and materials. Basically, his solution was based on the total differential of the

production function (in log levels). In order to illustrate his framework, the aggregate

production function is expressed as the following with a Hicksian shift netural parameter

and constant returns to scale:

Y (t) = f(K(t), A(t)L(t)) (4.4)

where Y denotes aggregate output, K is capital, L is labour, A is MFP, and t is time.

Then, I can totally differentiate equation (4.1) with respect to time and obtain the
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following equation:

Ẏ (t) =
∂f

∂K(t)
K̇(t) +

∂f

∂L(t)
L̇(t) +

∂f

∂A(t)
Ȧ(t) (4.5)

In the sake of the simplicity of equations, dots above the variables represents derivative

with respect to time. For example, Ẏ (t) = ∂Y (t)
∂(t)

Dividing both sides through by Y (t) and rearranging the equations, the equation

becomes:

˙Y (t)

Y (t)
=

∂f

∂K(t)

K(t)

Y (t)

K̇(t)

K(t)
+

∂f

∂L(t)

L(t)

Y (t)

L̇(t)

L(t)
+

∂f

∂A(t)

A(t)

Y (t)

Ȧ(t)

A(t)
(4.6)

It should be given attention that ∂f
∂K(t)

K(t)
Y (t)

and ∂f
∂L(t)

L(t)
Y (t)

are simply elasticity of output

with respect to capital and labour, respectively. Therefore, the equation can be written

as:
˙Y (t)

Y (t)
= αK

K̇(t)

K(t)
+ αL

L̇(t)

L(t)
+R(t) (4.7)

Moving R(t) from the right hand side to the left hand side, the equation then be-

comes:

R(t) =
˙Y (t)

Y (t)
− αK

K̇(t)

K(t)
− αL

L̇(t)

L(t)
(4.8)

Equation 4.8 can be also interpreted as:

R(t) = ∆ln(yt)− αK∆ln(kt)− αL∆ln(L(t) (4.9)

where R(t) on the left hand side equals A(t)
Y (t)

∂f
∂A(t)

Ȧ(t)
A(t)

from equation (4.3). In essence, the

expression shows that the growth of real output can be attributed to three components:
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the growth rates of labour and capital (both measured by output elasticities) as well as

growth in MFP. Growth in MFP is the portion of the growth of real output that cannot

be explained by the accumulation of capital and labour.

4.3 Inventory Management and Firm Performance

4.3.1 Overview of Inventory Management

Inventories have an important impact on the balance sheet and the income statement.

First, inventories are one of the current assets of an organization that appears on the

income statement. With other things being equal, a reduction in inventories lowers

assets relative to liabilities. On the other hand, the revenues brought by reductions in

inventories would be used to purchase other types of assets or to pay the liabilities off.

Changes in either current assets or current liabilities would also influence the current

ratio, which is defined as the ratio of current assets to current liabilities. Shareholder

value is vulnerable to improvements in inventory management given that inventory is

part of working capital and the interest payments to finance the inventory are part of

operating expenses. Inventory turnover is one of the most commonly used performance

measures for inventory management. We define inventory turnover as:

Inventory turnover =
Annual sales or usage (at cost)

Average inventory (in $)
(4.10)

Turnover is useful in the sense that it enables us to compare divisions of a firm or

firms in an industry.

According to Silver et al. (1998), inventory management is about “decision regarding
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purchasing, distribution, and logistics, and specially addresses when and how much to

order” (Silver et al., 1998, p.15). There are two major objectives for inventory man-

agement. First, commonly, inventory performance is measured by inventory turnover,

which is a ratio of annual cost of good sold to average inventory8.

In manufacturing, inventories are commonly divided into three categories: raw ma-

terials, work-in-process (WIP hereafter), and finished goods. Given the fact that man-

ufacturing displays heterogeneity among firms in term of production processes, their

inventories are thus distributed differently, depending on the type of industry. For in-

stance, the inventories of manufacturers of railroad rolling stock are concentrated in raw

materials and work-in-process, with just a few finished products. The reason is that

their production is primarily on the basis of specific consumer order, and the storage

costs of diesel engines are huge. Likewise, in the apparel industry, most of their orders

are made-to-order because of different fashion styles. Therefore, apparel manufacturers

usually choose to hold few finished goods. On the other hand, for manufacturers of

rubber products, such as automobile tires, inventories are mostly in finished goods as

they are able to store finished goods in a cheaper and easier way in relation to other

industries.

As to food manufacturing (NAICS9311) and its sub-sectors (NAICS 3111-3119), the

materials involved in the process of production are primarily perishable raw materials.

For example, dairy product manufacturing (NAICS 3115) processes milk, cheese, and

other dairy products; grain and oilseed milling (NAICS 3112) process shortening, mar-

garine, and other fats and oils. In sum, food manufacturers process raw fruits, vegetables,

grains, meats, and dairy products into finished goods and supply them to the grocery

8Average Inventory = Opening Inventory+Ending Inventory
2

9NAICS is the abbreviation for North American Industry Classification System

54



or wholesaler who will consequently sell these finished goods to households, restaurants,

or institutional food services. The most updated data on manufacturer’s sales, invento-

ries, orders, and inventory to sales ratios from Statistics Canada (2019c) indicate that

inventories in finished goods are considerably greater than that in raw materials in food

manufacturing. Among several sub-sectors of food manufacturing, the storage of finished

goods is much more than that of raw materials, especially in fruit and vegetable pre-

serving and specialty food manufacturing, dairy product manufacturing, meat product

manufacturing, and seafood product preparation and packaging.

4.3.2 Inventory Costs

To better understand and describe an inventory model, I start off by introducing

a number of components that are considered important for inventory management and

production planning and scheduling decisions.

1. The unit value of the product, namely, the cost of ordering or producing the

product. Generally, it is represented by symbol ν in the model introduced in the

following section.

2. Holding costs (also known as “storage costs”): this includes all costs re-

lated to the storage of the inventory until it gets sold or used. More precisely,

it is primarily comprised of “the opportunity cost of the money invested, the ex-

penses incurred in running a warehouse, handling and counting costs, the costs of

special storage requirements, deterioration of stock, damage, theft, obsolescence,

insurance, and taxes” (Silver et al., 1998, p.152). In the model, holding costs are

represented using the term “Īνr”. I will discuss this term in detail later.
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3. Shortage costs (or “unsatisfied demand cost”): as implied by its name, this

term is defined as the difference between “the demand for the commodity and

the current available stocks” (Silver et al., 1998, p.152). Shortage costs can be

categorized into either “backlogging” or “no backlogging”, depending upon the

situation. These two terms will be discussed in details in a later section.

4. Fixed costs (also known as “the ordering or setup cost”): it comes in

in a number of ways, including “the cost of order forms, postage, telephone calls,

authorization, typing of orders, receiving, (possibly) inspection” (Silver et al., 1998,

p.152). In the model, fixed costs are denoted by symbol A.

5. Salvage costs: salvage costs represent the cost that associated with selling items

at discounted prices.

6. System control costs: system control costs depend on what decision system is

selected. In general, these cover “the costs of data acquisition, data storage and

maintenance, computation”, as well as the costs related to human capital, such as

“training, alienation of employees” (Silver et al., 1998, p.151).

4.3.3 Economic Order Quantity Model

There are various inventory models that we can choose from, depending on the prop-

erties of the goods firms produce. For instance, the newsvendor is commonly used to

describe the inventory behaviour of firms whose products or ingredients fall into the

following two categories: (1) style goods, for example, newspaper; (2) perishable items,

for example, fruit and vegetables. Here, I will briefly introduce the basic economic order

quantity (EOQ) model not only for simplicity but also because it plays an important
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role in the majority of decision systems that widely used nowadays (Silver et al., 1998).

This model is used to describe the most common inventory situation faced by manufac-

turers, retailers, and wholesalers. In addition, cost minimization is used to determine

the optimal amount to order throughout the model. Specifically, inventory levels are

decreased over time, and thus are replenished by a batch of new units they ordered. It

is worth mentioning that the content contained in this section mainly comes from the

fifth chapter of the book by Silver et al. (1998).

Denotations that appear in the model are listed as follows:

Q = the replenishment order quantity (in units).

A = the fixed cost component (in $).

ν = the unit value of an item (in $/units).

r = the carrying charge (in $/units).

D = the demand rate of the item (in units/unit time).

TRC(Q) = the total relevant costs per unit time (in units/unit time)

Assuming that the parameters involved are constant through time, it is natural to

assume that the order quantity for each replenishment, Q, to be constant. Moreover,

given the fact that: (1) demand is deterministic, (2) there is no lead time for replenish-

ment, and (3) planned storage is not allowed in this basic EOQ model. Therefore, the

time that each replenishment will be made is exactly when there is no inventory left.

Given that Q
D

is the time between replenishments, the time to use up Q units at a

rate of D units per unit time. It is clear that the number of replenishments per unit time

is D
Q

. Additionally, ν is assumed to be independent of Q. Therefore, the replenishment
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Figure 4.2: Behaviour of Inventory Level with Time. Source: Silver et al. (1998)

costs per unit time (Cr) are given by:

Cr = (A+Qν)
D

Q
(4.11)

or

Cr =
AD

Q
+Dν (4.12)

It is obvious that the second component of equation (4.17) does not depend on Q,

hence, does not have an impact on the determination of the best Q. Therefore, I will

leave it out temporarily for now.

In addition to the replenishment costs, I also account for the storage cost. The costs

of carrying inventory across time can be written as:

Cc = Īνr (4.13)

where Ī represents the average inventory level, measured in units. As shown in the
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figure, the average height of the sawtooth is Q
2

. Hence,

Cc =
Qνr

2
(4.14)

Adding equation (4.18) and equation (4.19) with the absence of the Dν term from

equation (4.18), the total relevant costs per unit time can be obtained as below

TRC(Q) =
AD

Q
+
Qνr

2
(4.15)

From the above equations, I am able to observe that the replenishment cost per unit

time is negatively related to Q, but the carrying cost is positively related to Q.

One possible way to find the minimum of Q is to use the necessary condition that

the first derivative of TRC(Q) is zero at the minimum:

dTRC(Q)

dQ
= 0 (4.16)

which is equivalent to:

νr

2
− AD

Q2
= 0 (4.17)

I can obtain EOQ by solving equation (4.22),

EOQ =

√
2AD

νr
(4.18)

Substituting equation (4.23) into equation (4.20), I observe that the two cost com-

ponents that consist of TRC(Q) are equal at the EOQ and equation (4.20) becomes:

TRC(EOQ) =
√

2ADνr (4.19)
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I should bear in mind that the equality of the two cost components at the point where

their sum is minimized is a rare case and it shall not be applied universally. Equation

4.18 states that the total relevant costs can be minimized by choosing the economic order

quantity. Furthermore, reducing the fixed cost A or the costs of carrying inventory r

would drive down the total cost curve, which is essentially what JIT system focuses on.

Also from equation 4.23, it can be seen that a drop in the fixed cost A will lead to a

lower EOQ, thus reducing the average inventory level.

The EOQ can be expressed in a number of ways. For instance, it can be written as

the number of months that it will satisfy. The time supply, TEOQ is given as:

TEOQ =
12EOQ

D
=

√
288A

rDν
(4.20)

It can also be written as an implied turnover ratio, which is defined as the ratio of

annual demand rate and the average inventory level:

TR =
D

Ī
=

D
EOQ
2

=

√
2Dνr

A
(4.21)

The above relation shows that the turnover ratio increases as the demand rate D

increases.

4.3.4 Just-in-Time Technology

JIT was first developed by the Toyota Motor Corporation, with the intention of

satisfying consumer demands without causing any delays. Silver et al. (1998) define JIT

as “a total manufacturing system encompassing product design, equipment selection,

material management, quality assurance, line layout, job design, and productivity
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improvement (Silver et al., 1998, p.631). Essentially, JIT aims to remove all the waste

from the manufacturing environment, while pursuing the right quantity with the highest

quality at the exactly the right time. In JIT, “wastes” refer to a number of things.

In addition to reducing inventory levels as we discussed before, “wastes” also include

“over production, waiting, motion, transportation, over-processing, producing defective

products, and other additional wastes” (e.g., underused resource and labour) (Kovács

et al., 2012, p.11). Additionally, JIT also intends to eradicate all uncertainty. One good

example would be machine breakdowns. Above all, JIT is dynamic rather than static

as the firm always pursue continuous improvements; JIT strives to minimize non-value

added activities, which help shorten lead time, or in other words, improve throughput.

To achieve the aforementioned goals, in particular the goal of zero inventory, a firm

needs to follow a set of systematic steps:

1. The need for high levels of quality (both in-house and with suppliers) is given

extreme attention.

2. Setup and changeover times are shortened as much as possible.

3. Lead times are shortened as much as possible.

4. Plant sizes are reduced as much as possible and also standardized. Very low

setup times allow the economical production of small plant sizes and improve the

utilization of equipment.

5. Work-in-process (WIP) inventory should be placed at a visible place (i.e., the

factory floor) rather than in the stockroom, with the purpose of making WIP

easily seen and counting WIP quickly.
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6. Inventory is systematically decreased when the plant is in reasonable balance with

regard to stable, roughly equal A decrease in inventories usually give rise to the

discovery of a problem (bottleneck) area. Once the problem is identified, inventory

is increased for the time being, so that production can be continued smoothly until

the problem is fixed.

7. The problem is fixed in a cost-effective way.

Silver et al. (1998) use a vivid analogy to explain the philosophy of JIT and describe

the relationship between JIT and productivity. They equate inventories to water in a

river. When the water is at a high level, it is impossible for us to observe dangerous

rocks (barriers to higher productivity) under the surface of the water. However, the

rocks can be identified and removed once the water (inventory) level is lowered, hence,

the waterway keeps opening (improving productivity). They also state that “it is often

more beneficial to change the givens of the inventory system than to optimize the amount

of inventory given parameters”, which means that one organization can draw down the

entire total relevant cost curve by reducing the fixed order cost (A) in the EOQ model

(Silver et al., 1998, p.633). Furthermore, Silver (1992) states that “even significant

departures from the optimal quantity with this new A value are less expensive than the

optimal order quantity with the original A value” (Silver et al., 1998, p.633).

JIT production is usually applied to a high-volume, repetitive manufacturing envi-

ronment with a reasonably consistent workload. The inflow of subassemblies depends

on final assembly. The related manual information system is called Kanban (cards in

Japanese). This system play a two-fold role in a JIT system: 1) to guide the short-range

of operation by assigning a prescribed number of cards. 2) to help reduce the WIP

inventory by removing cards from the system in a systematic manner. The amount
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of in-process inventory between any two work centres depends on the number of cards

assigned to that particular two centres. Therefore, the Kanban control system is said to

be operated in a pull mode, meaning that production does not need to be started until

its output is needed by the next stage of production. In contrast to the pull mode, push

mode implies that the production of the work centre is not affected by the next stage’s

demand. Instead, it produces to a forecast. Materials Requirements Planning (MRP)

can be a good example of producing goods based on predictions.

4.3.5 Strengths and Weaknesses of Just-in-Time

Successful implementation of JIT can bring a variety of benefits. The most significant

strength of implementing JIT is that it helps save both space and cost, while improving

product quality through continuous improvement efforts and smaller lot sizes. Further-

more, it can potentially lead to higher productivity according to two empirical studies as

noted previously (Lieberman and Demeester, 1999; Huson and Nanda, 1995). Short lead

times allow firms to shift from make-to-stock to make-to-order, and hence respond to

demands from customers quicker. Additionally, given short lead times, tracking inven-

tory becomes less necessary as it progresses through the factory. Production planning

becomes much easier to do once firms figure out the best level schedule because schedules

in JIT are equal. Production becomes more reliable as JIT visualize the problems

Despite numerous advantages of JIT discussed earlier, it is very important for us to

aware the weaknesses of JIT. First and foremost, it is more of a caveat rather than a

weakness. JIT does not fit all environments and it should be applied in the right place.

For instance, JIT is not appropriate for those firms whose products have high variability

and unstable demand as the demand increases with variability. Furthermore, JIT also
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does not work for continuous process industries where stages of production are closely

related. In this case, kanbans are not necessary to control the movements of materials

because the entire facility operates as a whole.

JIT is also considered sensitive to uncertain events such as plant shutdowns and un-

stable demands, mainly because of the low levels of inventory. Due to the necessity of

introducing Kanban cards for all the components, JIT is incapable of dealing with fre-

quent new product introductions. Also, as documented by Miller (1991) and Moinzadeh,

Klastorin, and Berk (1997), JIT can easily cause highway congestion by delivering small

lots frequently.
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Chapter 5 Empirical Framework

This chapter provides an overview of two econometric approaches employed to mea-

sure total factor productivity: the production function approach, and stochastic frontier

analysis, with an emphasis on the former approach. The second section of this chapter

provides an overview of how the relationships between plant size/inventory management

and productivity are estimated in this paper.

5.1 Empirical Methods

There are several methods that can be used to measure MFP. Del Gatto, Di Lib-

erto, and Petraglia (2011) survey the approaches and categorize them into deterministic

and econometric methodologies, which can be further categorize into frontier and non-

frontier approaches. The most commonly used approaches in the econometric study are

the production function approach or Stochastic Frontier Analysis (SFA). The produc-

tion function approach is widely accepted due to its ability to cope with endogeneity

problems that arise when dealing with input choices and the unobserved firm-specific

productivity shocks. The economic intuition behind this is straightforward. “Profit-

maximizing firms respond to positive productivity shocks by expanding output, which

requires additional inputs.” (Petrin, Poi, and Levinsohn, 2004, p.113). Furthermore,

Petrin, Poi, and Levinsohn (2004) claim that “Negative shocks lead firms to pare back

output, decreasing their input usage.” Essentially, the correlation between unobserved

productivity shocks and input levels stated above can give rise to the endogeneity
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problem, hence, OLS estimates of production functions and estimates of productivity

are biased.

Using proxy variables to account for endogeneity is first proposed by Olley and Pakes

(1992) (henceforth, OP), in which investment variables are included in models to rem-

edy endogeneity problems. The essence of proxy variables methodologies is that one

can invert optimal input decisions to make unobserved productivity shocks observable

to an econometrician (Ackerberg, Caves, and Frazer, 2006). However, the investment

proxy can be only applied for plants reporting non-zero investment in practice, which

potentially eliminate a great portion of observations. In order to address this prob-

lem, Levinsohn and Petrin (2003) (henceforth, LP) then propose a modification of the

OP approach by suggesting that intermediate inputs should be included in production

functions instead of investment variables. Levinsohn and Petrin (2003) point out that

the LP procedure have two major advantages compared to the OP procedure. First, as

mentioned previously, the investment proxy can only be applied to plants with non-zero

investments, leading to a reduction in observations, but that is not the case for the LP

procedure as the use of intermediate inputs such as materials and energy are always

positive. Second, intermediate inputs connect the estimation strategy and the economic

theory in a simple way, in the sense that intermediate inputs are considered as flexible

inputs in most cases, and hence not subject to adjustment costs like state variables

(i.e., capital and labour) do, which are the likely reason that accounts for reductions in

observations.

One important limitation of the production function approach is that it assumes pro-

duction is always fully efficient in terms of technology, implying that the observed output

equals the potential level of production at the moment. Additionally, the “invertibility
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condition” implied by the LP procedure shows another drawback of the LP procedure,

as it needs to be true for all firms, regardless of their size and market (Del Gatto,

Di Liberto, and Petraglia, 2011).

An alternative approach of estimating MFP is SFA, which is a well-developed em-

pirical tool that widely employed by researchers in both macro and micro contexts in

the field of efficiency analysis. Unlike the assumption of the LP procedure that plants

are fully efficient, STA allows the existence of technical inefficiency of production of

firms. This assumption allows one to decompose productivity changes into two parts:

the change in technical efficiency and technical progress. Essentially, productivity is

referred to as the output-input ratio and thus productivity growth is the residual be-

tween output growth and input growth. SFA enables the decomposition of inefficiency

and other possible causes of the discrepancy between observed and maximum potential

output (Del Gatto, Di Liberto, and Petraglia, 2011).

In contrast, SFA does not assume firms are always fully efficient, allowing the dif-

ference between actual output and theoretical output. It instead requires specifying

a functional form for the production frontier along with the assumption of a common

technical change across production units.

The analysis of this thesis is solely based on the production function approach as

the ultimate purpose of this thesis is to measure productivity in the Canadian food

manufacturing rather than performing an efficiency analysis. The details in calculat-

ing productivity of the Canadian food manufacturing using the production function

approach will be explained in the following section.
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5.2 Production Functions

5.2.1 Levinsohn and Petrin

As stated previously, OLS production function estimates are possibly biased due

to the fact that firms tend to make input decisions based on firm-specific productivity

that is only known to firms but not known to econometricians, which in turn leads

to simultaneity problems. The method proposed by Levinsohn and Petrin (2003) can

be served as a solution to this potential problem. According to Levinsohn and Petrin

(2003), the production function can be written as:

yit = β0 + βllit + βkkit + βmmit + ωit + εit (5.1)

where yit is the log of plant i’s output at time t, and l, k and m denote log of labour,

capital, and intermediate inputs such as electricity or materials. The error term consists

of two components: ωit and εit. The former error term is considered as known to firms

as they make input decisions but not observable to econometricians. The latter error

term is not correlated with input choices.

Levinsohn and Petrin (2003) write the intermediate input’s demand as a function of

two state variables in their model, kit and ωit , or:

mit = mit(kit, ωit) (5.2)

In essence, both the OP and LP procedures allow an econometrician to observe

unobserved productivity shocks by inverting optimal input demand functions (equation

5.2), implying that demand functions are strictly increasing in kit and ωit for the OP
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and LP procedures to work. This monotonicity enables us to invert the input demand

function to obtain ωit = ωit(mit, kit).

Then, equation (5.1) can be rewritten as:

yit = βllit + Φt(mit, kit) + εit (5.3)

where

Φt(mit, kit) = β0 + βkkit + βmmit + ωit(mit, kit) (5.4)

Both the OP and LP procedures propose a two-step estimation method in order

to consistently estimate the coefficients on the variable inputs and the capital inputs

(Wooldridge, 2009). More precisely, the coefficients on the variable inputs can be ob-

tained using semiparametric methods in the first stage. Then, the coefficients on capital

inputs can be derived under assumptions on the dynamics of the productivity process

in the second stage (Wooldridge, 2009).

Levinsohn and Petrin (2003) illustrate the above idea based on the exposition in

Robinson (1988), which takes the expectation of equation (5.3) conditional on iit and kit.

Petrin, Poi, and Levinsohn (2004) suggest using third-order polynomial to approximate

kit and mit in estimation. Such that:

E[yit|mit, kit] = βlE[lt|mit, kit] + Φit(mit, kit) (5.5)

Subtracting equation (5.5) from equation (5.3) yields:

yit − E[yit|mit, kit] = βl(lit − E[lt|mit, kit]) + εit (5.6)
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Then, a consistent estimator of βl can be obtained using no-intercept OLS.

Additionally, Olley and Pakes (1992) assume that

• ωit is governed by a first-order Markov process, meaning that current productivity

is dependent on productivity in the last period.

• Capital does not immediately respond to εit, which is defined as the innovations

in productivity over last period’s expectation, such that:

εit = ωit − E[ωit|ωit−1] (5.7)

They define y∗it as output net of labour’s contribution, given by:

y∗it = yit − βllit = β0 + βkkit + E[ωit|ωit−1] + ε∗it (5.8)

It is worth noting that

ε∗it = εit + εit (5.9)

Levinsohn and Petrin (2003) show that this estimation procedure can produce consis-

tent estimates of βk. After obtaining the estimates of the production function, we can

estimate productivity by:

ω̂it = yit − (β̂0 + β̂1lit + β̂2kit + β̂3mit + ε̂it) (5.10)

MFP = exp(ω̂it) (5.11)
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5.2.2 Ackerberg, Caves and Frazer

Another and more recent extension of the production function approach is proposed

by Ackerberg, Caves, and Frazer (2006) (henceforth, ACF). Based on structural tech-

niques developed by Olley and Pakes (1992) and Levinsohn and Petrin (2003), they argue

that the techniques employed in the former two literatures, especially those of Levinsohn

and Petrin (2003), must overcome collinearity problems which make the methodology

less convincing. Therefore, Ackerberg, Caves, and Frazer (2006) suggest alternative

methodologies which fix collinearity problems mentioned above.

Specifically, Ackerberg, Caves, and Frazer (2006) argue that one of the collinearity

problems lies in the following stage of the respective estimation procedure in OP and

LP, respectively:

yit = βllit + f−1t (iit, kit) + εit (5.12)

yit = βllit + f−1t (mit, kit) + εit (5.13)

Recall from the above that the objective of the first stage for both approaches is

to estimate the coefficient on labour. The question now raised by Ackerberg, Caves,

and Frazer (2006) is that “whether even βl can be identified from these regressions

under the above assumptions” (Ackerberg, Caves, and Frazer, 2006, p.9). That is, the

accuracy of OP and LP should be built upon a fact that the labour input in regressions

is independent of non-parametric terms (i.e., f−1t (mit, kit) in LP).

Since the major techniques employed in this thesis is ACF, I will mainly focus on

talking about ACF. The data generating process (DGP) of Levinsohn and Petrin (2003)
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assumes that material and labour are chosen at the same point and they are all flexible

to change and non-dynamic. As such, it may be reasonable to assume that they are

decided in similar ways. As discussed previously, materials can be written as a function

of MFP and capital, for example:

mit = mit(kit, ωit) (5.14)

Likewise, the input of labour may be written in a similar way:

lit = lit(kit, ωit) (5.15)

Equation 5.14 and 5.15 suggest that both materials and labour can be written as

a function of identical state variables, ωit and kit, regardless of a subtle difference in

the functional form. Taking a step further, this essentially means that the choice of

variable inputs determines by the fixed capital input determined previously and the

current productivity shock.

Following the assumptions in the LP procedure, intermediate inputs at time t depends

on the choice of variable inputs (k and m). Also, the monotonicity assumption allows us

to invert the input function of intermediate inputs. We end up obtaining the following

equation by substituting the equation of productivity shock into equation 5.15:

lit = lit(kit, f
−1
t (mit, kit)) = hit(mit, kit) (5.16)

which basically states that the coefficient βl is not identified at the first stage, given the

perfect collinearity between lit and the non-parametric function.

To address this problem, Ackerberg, Caves, and Frazer (2006) perturb the LP and
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OP procedures to some extent. The major difference lies in the first stage of estimation.

As already discussed above, the first stage in LP and OP is used to obtain the coefficient

of labour, while no coefficients will be estimated in the new approach. In ACF, the input

coefficients are obtained in the second stage. The key objective of the first stage in the

ACF is to separate ωit from εit. The reason being that the choice of labour inputs is

made in advance of that of material inputs in the setup of the ACF framework. More

precisely, ACF assumes that lit is determined at time t − b (0 < b < 1), while kit and

mit are chosen at time t − 1 or earlier and time t, respectively. In addition to time

assumptions, ACF also assumes that labour inputs are “less variable” than materials.

They justify this argument by stating the following: (1) it takes time for firms to train

new workers; (2) firms should notify employees ahead of time before firing them.

Based on the assumptions stated above, the input of materials for a firm is specified

as:

mit = mit(ωit, kit, lit) (5.17)

Similar to LP and OP, ωit as a function of mit, kit, and lit can be easily obtained

by inverting equation 5.17. Substituting it into the production function leads us to the

following:

yit = βllit + f−1t (mit, kit, lit) + εit (5.18)

While there are no coefficients to be estimated in the first stage of ACF, the composite
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term Φit can still be estimated, which is represented as:

Φt(mit, kit) = β0 + βllit + βkkit + βmmit + f−1t (mit, kit, lit) (5.19)

This procedure essentially enables us to get output net of the untransmitted shock

εit.

The main goal of the second stage is to estimate βk and βl. To achieve this goal, two

independent moment conditions are required. Recall the assumptions of LP and OP,

the first-stage Markov process is applied to ωit, namely the equation 5.7. Equation 5.7

leads to the second stage moment condition employed in LP and OP, which is specified

as:

E[εit|kit] = 0 (5.20)

Give the time assumptions of ACF, the above moment condition does not apply to

lit as lit is determined after time t. Therefore, it is natural to presume that lit is at least

partially correlated with εit. Ackerberg, Caves, and Frazer (2006) suggest using lagged

labour, lit−1 instead, which is decided at time t− b− 1. As such, the moment condition

is written as:

E[εit|lit−1] = 0 (5.21)

Finally, βl and βk are obtained by optimizing the aforementioned moment conditions.

Given a candidate value of βl and βk, the implied ωit can be calculated as follows:

ωit(βk, βl) = Φ̂it − βkkit − βllit (5.22)
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5.3 Productivity and Plant Size/Inventory Manage-

ment

To examine the relationships between size/inventory management and productivity,

the research questions needed to be addressed in this thesis are listed as below:

• Do larger firms tend to be more productive than small and medium firms?

• Does higher productivity in turn improve inventory management performance?

There are some evidence available from past empirical studies as well as economic

theory to justify the research questions I propose above. As to the first research question,

numerous empirical studies conducted at the firm or industry level suggest that larger

firms tend to be more productive and more likely to survive than small and medium

firms (Diaz and Sánchez, 2008; Van Biesebroeck, 2005; Pagano and Schivardi, 2003),

while only a few studies state that small firms are considerably more productive yet more

risky than large firms (Dhawan, 2001). Past studies have been repeatedly emphasizing

some advantages large firms own relative to small firms, ranging from market power

and strategic groups of large firms, to the benefits of scale economics that are exclusive

to large firms (Dhawan, 2001). Given the evidence from the literature and theories

mentioned earlier, it is natural for us to assume that large firms are more likely to

outperform the others in terms of productivity in the Canadian food processing industry.

With respect to the second and third research question, according to the literature,

inventory takes up the largest portion of working capital of a manufacturer, therefore,

the liquidity risk of a retailer primarily depends on inventory management (Gaur and

Kesavan, 2015). Additionally, the wide acceptance of “just-in-time”(JIT) provides us
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a new perspective that maintaining inventory at the minimal level contributes to a de-

crease in cost and an increase in efficiency. In other words, it shows that those firms with

their inventories being maintained at the minimal level are more likely to be competitive.

Also, the relationships between inventory and productivity are considered bidirectional.

In a recent work done by Maican and Orth (2018) that studies inventory behaviour/de-

mand and productivity in Swedish retail stores, the empirical results show that store

productivity is positively correlated with inventory performance. Consequently, follow-

ing on the positive relationship between productivity and inventory turnover, it is also

natural to assume that growth in productivity over time can be in part attributed to

growth in inventory turnover.

To fully address the above research questions, this thesis first estimates labour pro-

ductivity and multifactor productivity for each plant in each year included in the sample.

Then, panel data regressions are used to estimate:

1. The effect of size and inventory turnover on productivity

2. The effect of size and productivity on inventory turnover

The relationships between size, inventory performance and the level of productivity are

examined by introducing the following equations:

ln(MFPit) = β0 + β1Size it + β2 ln(Inventoryit) + δ + γit + uit (5.23)

ln(Inventoryit) = β0 + β1 ln(MFPit) + β2Sizeit + δ + γit + εit (5.24)

where i denotes the index of the plant, and t represents time t; Sizeit is dummy variables

reflecting plant size based on the number of total employees; ln(Inventoryit) represents
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the log of inventory turnover for plant i at time t; δ denotes location and sector fixed

effects; γit is a vector of firm level characteristics, including age, export, and owner-

ship. Ownership is a dummy variable informing whether a plant is Canadian-owned or

foreign-owned. Export is also a dummy variable indicating plants’ export status. β
′

are

parameters to be estimated; uit and εit are all error terms. Please refer to Chapter 6 for

more details about the variables used in this study.
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Chapter 6 Data and Variable Definitions

This chapter provides a comprehensive description of data and variables used in this

research.

6.1 Data

A plant-level data set from the Annual Survey of Manufacturing and Logging In-

dustries (henceforth, ASML) is used for the analysis. As the name implies, it is a

survey of the manufacturing and logging industries in Canada. According to Statistics

Canada (2019a), ASML is “intended to cover all establishment primarily engaged in

manufacturing and logging activities, as well as the sales offices and warehouses which

support these establishments.” Data are collected using a range of approaches, mainly

by answering an electronic questionnaire. Other available options include paper ques-

tionnaires, telephone interviews, and other electronic filing methods (Statistics Canada,

2019a). The ASML data set is categorized based on the North American Industry

Classification System (NAICS). The NAICS is an industry classification system devel-

oped through the collective efforts of the statistical agencies of Canada, Mexico and

the United States (Statistics Canada, 2019a). The process of collecting and publishing

data on inputs and outputs is based off of NAICS. For the sake of statistical uses, data

on inputs and outputs must be used together and collected in a consistent way, which

facilitates production-related analyses such as measuring productivity, unit labour costs,

capital intensity of production, and investigating production relationship in the economy
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(Statistics Canada, 2015). According to NAICS, economic establishments are classified

according to their input structures, labour skills and production processes (Statistics

Canada, 2019a). There are twenty sectors within the NAICS structure. Industries

within these sectors can be further categorized based on the production criterion. This

study focuses on manufacturing (NAICS 31-33), food manufacturing (NAICS 311) along

with its nine sub-industries (NAICS 3111-3119).

The analysis covers the period 2000 to 2011. The variables in the database include

gross output, value-added, employment, salaries/wages, inventories, cost of materials

and supplies, cost of purchased fuel and electricity, ownership status, age of plants. In

order to appropriately create a longitudinal data set, the variables included need to be

converted into real terms. The price indices used in the analysis come from the Industry

KLEMS Productivity Program, which “develops the industry productivity database that

includes MFP indexes, output, capital (K ), labour (L), energy (E ), materials (M ) and

services (S ) inputs for the individual industries of the business sector at various levels

of industry aggregation” (Statistics Canada, 2007). Additionally, 3-digit and 4-digit

NAICS industry level price deflators were used to deflate inputs and outputs to real

terms.

6.2 Data Cleaning

First of all, it is important to exclude those observations with negative or zero values

on either output or inputs and imputed observations. Imputed data are designed to

“determine plausible values for all variables that are missing or inconsistent in both

the collected and administrative data records that cover the ASML target population”

(Statistics Canada, 2007). In most circumstances, imputation occurs when there is
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no response, when the questionnaire is not fully completed, or when reported data

are considered wrong during the error detection steps (Statistics Canada, 2019a). The

following lists other criteria we used to clean the data set: 1) except for the number

of employees and labour cost, observations with values less than 10 for outputs and

inputs were removed from our sample due to the fact they are all used for productivity

estimation. These variables include total revenue, capital, energy and material. I did not

apply the same criteria to labour due to the fact that more than 50% of the observations

would be eliminated as food manufacturing consists of a predominant number of small

firms. 2) observations with important information missing were discarded. Important

information is referred to a number of things. First, information on NAICS code; plants

with missing NAICS code are excluded from the sample. Second, plants must have

positive inputs and outputs, otherwise it does not make sense for us to include them in

the sample.

6.3 Variable Definitions

Output

There are two widely used metrics to measure output. They are gross output and

value-added, respectively. According to Schreyer (2001), gross output is defined as “the

goods or services that are produced within a producer unit and that become available

for use outside the unit” (Schreyer, 2001, p.129). It is measured as sales or revenue from

production for most industries (Cobbold, 2003). In sum, the main difference between

gross output and value added is whether intermediate inputs are included. Intermediate

inputs are known as “the foreign and domestically-produced goods and services used

up by an industry in the process of producing its gross output” (Cobbold, 2003, p.4).
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Value-added can be easily obtained by subtracting cost of intermediate inputs and it

represents only the value of labour and capital consumed in production.

In practice, the value added approach is favoured by most studies in the sense that

it is a simple measure that avoids dealing with inter-industry and intra-industry flows

of goods and services (Cobbold, 2003). Furthermore, productivity measures estimated

using the value-added approach are comparable across different sectors or industries

because current price values and quantity indices of value added can be easily added up

or aggregated. Additionally, the value-added approach is considered as more suitable for

firms with the intention of maximizing profits compared to the gross output approach

Cobbold (2003).

However, the use of value-added approach is also criticized for some disadvantages.

First, it is conceptually flawed given that “there is nothing in the real world that resem-

bles real value added as plants do not produce things in units of value added” (Oulton

and O’Mahony, 1994, p.33). Second, value-added productivity growth are commonly

considered upward biased and their values are greater than gross output-based produc-

tivity growth estimates. Similarly, it also produces biased estimates of the contribution

to growth (Cobbold, 2003).

As opposed to the value-added approach, using gross output as output measures

allow intermediate inputs to be a source of industry growth, and thus it enables us to

access to more details about the production process. However, including intra-industry

flows of intermediate inputs will likely lead to double-counting on both input and output,

which “ obscure the extent of technological change or changes in efficiency taking place

in the industry or sector as a whole” and “introduce a bias into productivity growth

trends” (Cobbold, 2003, p.15).

81



The empirical results of this study are primarily based on gross-output based mea-

sures while value-added measures are also used for robustness check.

Inputs

Labour: Similar to output, there are several alternative metrics widely used to measure

labour input for an industry. According to Schreyer (2001), the most recommended

measure is the number of hours worked in the sense that it connects closely to the

amount of productive services provided by workers, while the least recommended, but

simplest, measure is a head count of employee jobs, ignoring quality differences for the

time being. A head count of employee jobs is considered “neither reflects changes in the

average work time per employee nor changes in multiple job holdings and the role of self-

employed persons nor in the quality of labour” (Schreyer, 2001, p.40). Another feasible

measure for alternative labour input is full-time equivalent jobs (or persons), defined

as “the number of total hours worked divided by average annual hours actually worked

in full-time jobs” (Schreyer, 2001, p.48). Therefore, In this measurement, part-time

workers accounts for a smaller proportion compared to full-time workers.

The choice of labour input measure has different impacts on labour productivity

estimates. For example, Schreyer (2001) shows that “the productivity measures based

on total hours rise significantly faster than those based on other employments” and

“correcting for part-time employment hardly changes the productivity series” in industry

(Schreyer, 2001, p.40). However, for those industries whose employment is primarily

comprised of part-time workers, for instance, the service sector, the labour productivity

estimates are largely different based on the different use of measures for employment.

For this study, we use total number of employees to measure plants’ labour input.

Capital: Following the definition given by OECD (2001), capital services means “the
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flow of productive services provided by an asset that is employed in production” (OECD,

2001, p.123). It is essentially a physical quantity and should be distinguished with other

easily confused concepts such as the value and price of capital. It is important to know

that capital can be measured from both a flow and a stock perspective. According

to Statistics Canada (2018), capital flows are defined as “the amount of new capital

entering the asset boundary of an economic territory within an accounting period”,

while capital stocks are defined as “an important part of national wealth and speaks to

the level of production that can be carried out at any given point in time.” In essence, the

former capital measure is more dynamic and the latter one is relatively static. However,

they are equally important in the sense that both capital flows and capital stocks all

reflect economic trends (Statistics Canada, 2018). Capital flows reflect more on the

latest trends whereas capital stocks reflect more on overall economic welfare (Statistics

Canada, 2018). Empirically, capital input is usually measured as the total monetary

value of all machinery, equipment, and buildings. Since measure of capital is not available

in the ASML data set at the firm level. As an alternative, a measure of capital stock

was provided by the General Index of Financial Information (GIFI). By definition, the

GIFI is “a standard list of codes generally found on financial statements” (Government

of Canada, 2019). GIFI codes are used by the Canada Revenue Agency (CRA) to

facilitate thier electronic filling and T2 processing system. Since 2000, all corporations

(except for insurance corporations) are obligated to prepare their financial statements

using the GIFI codes (Government of Canada, 2019). For resource or manufacturing

industries, their financial statements reports information on the value of total tangible

capital and accumulated amortization. Because the information provided by Canada

Revenue Agency is not compatible with that of ASML, we use the product of capital
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intensity and total salaries and wages instead of total tangible asset to represent capital.

Energy: Energy is the total cost of heat and power, electricity, gasoline, natural gas,

heavy fuel oil, and other energy types including steam, oxygen, hydrogen.

Materials: Materials are equivalent to cost of materials and supplies.

Size: Plant size is determined by the number of employees of plants or sales. Firms

are classified into three categories: small, medium and large. Small firms are defined as

firms with less than 100 employees; Medium firms’ employee number ranges from 100 to

500; Large firms are those firms with more than 500 employees.

Inventories: Values of opening and closing inventory are recorded for 4 types of in-

ventory: 1) finished products; 2) goods in progress; 3) goods purchased for resale; 4)

raw materials. However, in this study, inventories are considered as a whole for the

convenience of interpretation, namely, I aggregated data across various inventory types

and obtain total inventory.

Ownership: This is a dummy variable reflecting the ownership of plants. Ownership

equals to 1 if Canadian-owned. Otherwise they are described as “foreign owned”.

Export: This a dummy variable denoting whether the plants are exporters or not. Ex-

port equals to 1 if plants are exporter. Otherwise they are described as “non-exporter.”

Province: This is a dummy variable reflecting the originating province for shipments.

Industry: This is a dummy variable assigned to each sub-industry of food manufactur-

ing.
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Chapter 7 Results and Discussion

This chapter provides the results for the production function estimated using the

Ackerberg-Caves-Frazer translog production function. Also, the productivity estimates

obtained from the Levinsohn and Petrin production function are available in the ap-

pendix. The first section of this chapter includes descriptive statistics for the inputs and

output used in this study. The following section includes the results for productivity

estimates using the Ackerberg-Caves-Frazer translog production approach. Productivity

estimates used in regression in the second stage to determine the relationship between

productivity, size, and inventory are derived through the Ackerberg-Caves-Frazer ap-

proach production function.

7.1 Summary Statistics

Figure 7.1 and 7.2 depict yearly change in output and inputs for manufacturing and

food manufacturing, respectively. On average, gross output increased at 0.8% per year

over the indicated period for manufacturing, while gross output increased at 4% per

year for food manufacturing. As can be seen from the figures, food manufacturing has

relatively stable performance in terms of total output compared to that of manufacturing,

especially during the 2008-2009 global economic recession, where the growth rate of

output for food manufacturing remained positive with a increase of 3.8% in contrast to

−6% for manufacturing.

Notably, demands of energy and material for manufacturing plummeted from 2004
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Figure 7.1 Yearly Change in Output and Inputs for Manufacturing from 2000 to 2011
Source: Author’s Calculation

to 2007. According to Natural Resources Canada (2012), the manufacturing sectors

consists of 21 sub-sectors, but seven sub-sectors contributed more than 90% of the to-

tal energy consumption of the industry. These sub-sectors are Paper Manufacturing,

Primary Metal Manufacturing, Petroleum and Coal Product Manufacturing, Chemical

Manufacturing, Wood Product Manufacturing, Food Manufacturing and Non-Metallic

Mineral Product Manufacturing, as per their share of energy consumption. Figure 7.1

shows that change energy consumption and total output in the overall manufacturing

sector moved in different directions. Energy consumption for the industry went down

significantly while total output rose steadily, leading to improvement in energy inten-

sity10 (Natural Resources Canada, 2012). On the other hand, change in energy and

10Energy intensity is the ratio of total primary energy use to total GDP; total primary energy use
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total output for food manufacturing moved consistently over the indicated period. In

summary, food manufacturing’s performance, especially output, tends to fluctuate less

compared to that of manufacturing.

Figure 7.2 Yearly Change in Output and Inputs for Food Manufacturing from 2000 to 2011
Source: Author’s Calculation

refers to“the fuels and flows that a country uses to get energy” (University of Calgary, 2018).
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Figure 7.3 and 7.4 demonstrate input cost shares for manufacturing and food man-

ufacturing over the period 2000 to 2011. Over the period, despite a slight decrease in

capital consumption for manufacturing from 2009 to 2011, capital consumption shares

for both manufacturing and food manufacturing exhibited an upward trend over the

period, which implies that both industries became more capital intensive than previous

years. On the other hand, as suggested by the figures, labour consumption shares fell

gradually over the period for both industries, primarily caused by improved technolog-

ical accessibility as well as the wide acceptance of lean production. Not surprisingly,

material consumption shares accounted for the largest portion of total production costs

for both industries as the production of most manufactured goods rely heavily on various

kinds of materials.

Figure 7.3 Input Cost Shares for Manufacturing from 2000 to 2011; Source: Author’s
Calculation
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Figure 7.4 Input Cost Shares for Food Manufacturing from 2000 to 2011; Source: Author’s
Calculation

A gradual decrease in material consumption shares may suggest the presence of

economies of scale since total output increased while material cost shares decreased.

Energy consumption shares remained flat for manufacturing and food manufacturing

over the period.
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Figure 7.5 and 7.6 show decomposition of plant expenditure on inventory for manu-

facturing and food manufacturing, respectively. As mentioned previously in Chapter 6,

there are 4 major inventory types involved in production process: raw materials, goods

in progress, finished goods, and goods purchased for resale. As can be easily seen from

figure 7.5, of the total spent on inventories for manufactures, raw material accounts for

the largest portion throughout the indicated period. Raw material is the basic material

from which product is made. A great number of sub-sectors within manufacturing rely

heavily on raw material in their daily operation. For instance, a car manufacturing needs

steel to build the body, fabric or leather for the seats. In addition, goods in process,

also known as work in process (WIP), and finished goods represents sizeable shares of

inventory expenditures. It is important to notice that one of the objectives of the JIT

inventory management system is to reduce raw materials and WIP (Koumanakos, 2008).

The demand for finished products tends to be steady over time while there is a noticeable

decrease in the demand for goods in progress between 2002 and 2004. Not surprisingly,

goods purchased for resale was the lowest as they were good acquired by plants with the

intention to resell them without processing them.

The cost structure of inventory appears to be quite different for food manufacturing

relative to manufacturing. This is due to the fact that most ingredients involved in

the production process of food manufacturing are perishable, e.g., fruit and vegetables,

which makes food manufacturing’s inventory management more complicated than other

industries. In essence, food manufacturers are responsible for delivering products to

retailers and wholesalers and eventually to consumers. As shown in figure 7.4, the

largest inventory expenditure was on finished products, representing more than 50% of

total inventory throughout the period 2000-2011. The majority of sub-sectors within
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Figure 7.5 Inventory Cost Shares for Manufacturing from 2000 and 2011; Source: Author’s
Calculation

food manufacturing rely heavily on finished products due to the perishability of the

materials, for example, fruit and vegetable preserving and specialty food manufacturing,

dairy product manufacturing and meat product manufacturing as implied by name. This

was followed raw materials, accounting for approximately 40% of total inventory. Goods

in progress are goods purchased for resale were fairly constant throughout the whole

time period. The demand for goods in process for food manufacturing was quite low

probably due to the fact that the time required for food processing is relatively shorter

compared to manufacturing. However, goods in process are necessary to these industries

that required considerable amount of time to complete, such as transportation equipment

manufacturing.
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Figure 7.6 Inventory Cost Shares for Food Manufacturing from 2000 and 2011; Source:
Author’s Calculation

Figure 7.7 and 7.8 presents inventory turnover distribution for manufacturing and

food manufacturing, respectively. Inventory performance can be interpreted in a number

of ways, for example, inventory turnover, the sales-to-inventory ratio, and gross margin

to inventory (Maican and Orth, 2018). This study focuses on the former two measures,

which are inventory turnover and sales to inventory. I choose to use the log form of

both inventory turnover and sales-to-inventory ratio with the intention to make the

distribution as close to the normal distribution as possible so as to reduce the potential

negative impact on regression results.

As can be observed from the figures, after taking the log, inventory turnover distri-

bution now approximates to the bell-shaped normal distribution, but it still comes with

long tails on both sides, meaning that inventory turnover for a large amount of plants is
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either too high or too low. Sales to inventory is also the case applying the same reasoning.

As expected, sales-to-inventory distribution has a larger mean relative to that of inven-

tory distribution because sales is measured at the selling price, whereas cost of goods

sold (COGS) is measured at the cost. That being said, it is important to distinguish

the meaning of these two measures for interpretation purposes. Despite both inventory

turnover and sales-to-inventory describe how quickly a plants sells through inventory,

inventory turnover ratios use COGS in the numerator while sales-to-inventory ratio use

sales revenue, which involves the irreverent impact coming from gross margin. Strictly

speaking, inventory turnover is more accurate in relation to sales-to-inventory ratios in

the sense that both the numerator and denominator are measured at cost. In contrast,

sales-to-inventory to some degree exaggerates the actual inventory performance of the

company as the numerator is measured at selling price while the denominator is mea-

sured at cost. However, this subtle variation in inventory performance metrics should

not be problematic, at least in my case, since the sample consists of a predominant

number of small and medium-sized plants with little marketing power and profitability.
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(a) Inventory Turnover (b) Sales to Inventory

Figure 7.7: Inventory Turnover Distribution (in log) for Manufacturing. Source:
Author’s calculations

(a) Inventory Turnover (b) Sales to Inventory

Figure 7.8: Inventory Turnover Distribution (in log) for Food Manufacturing.
Source: Author’s calculations
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Following the criteria proposed by Leung, Rispoli, and Gibson (2011), plants are di-

vided into 3 classes: small, medium, and large. Table 7.1 displays plant size distribution

for manufacturing, food manufacturing, and it sub-sectors. Agriculture and Agri-Food

Canada (2016) states that “90% of establishments have less than 100 employees, 9%

have between 100 and 500 employees, while only 1% of establishments have more than

500 employees” in the food and beverage processing sector. This statement is confirmed

by Table 7.1. Of all the observations for food manufacturing plants, large plants only

account for slightly over 1%, while small plants constitute nearly 90% of them. As with

food manufacturing, manufacturing is also dominated by a disproportionate number of

small plants. Less than 1% of the observations are large plants, whereas small plants

represent 91.6%. Similar evidence is also found in the sub-sectors. 5 out of 9 sub-sectors

have less than 1% of large plants in their observations, in particular animal food man-

ufacturing, which is completely made up of small and medium-size plants. Based on

the table shown above, it is confident for us to remark that plant size distribution for

all the sectors is right-skewed even in the absence of density plots, implying that the

mean size is smaller than the median size. The right-skewed plant size distribution is

supported by a large body of literature. For instance, the seminal study by Gibrat and

Les Inégalites Économiques (1931) assumes that firm size distribution is stable over time

and close to lognormal.

As discussed in Chapter 2, there are a number of factor preventing small firms from

expansion, of which the most significant factor contributing to this skewed distribution

is financial constraints. Under most circumstances, small firms have more difficulty

accessing formal sources of external finance, such as bank loans. According to Beck

and Demirguc-Kunt (2006), large firms finance with bank finance 13% more than small
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Table 7.1: Plant Size Distribution for Manufacturing, Food Manufacturing, and its
Sub-sectors

Industry Observation # Small Medium Large
Manufacturing 471,953 432,309 35,991 3,653

(91.60%) (7.63%) (0.77%)
Food Manufacturing 47,582 41,513 5,446 623

(87.25%) (11.40%) (1.35%)
Animal Food 5,086 4,959 127 0

(97.50%) (2.50%) (0%)
Grain and Oilseeds 1,511 1,327 165 19

(87.82%) (10.92%) (1.26%)
Sugar 1,868 1,559 253 56

(83.45%) (13.54%) (3.01%)
Fruit and Vegetables 3,385 2,779 527 79

(82.10%) (15.57%) (2.33%)
Dairy 3,811 3,187 587 37

(83.63%) (15.40%) (0.97%)
Meat 7,102 5,571 1,268 263

(78.44%) (17.85%) (3.71%)
Seafood 5,382 4,338 991 53

(80.60%) (18.41%) (0.98%)
Bakery 14,293 13,300 922 71

(93.05%) (6.45%) (0.5%)
Other 5,144 4,493 606 45

(87.44%) (11.78%) (0.78%)

Notes: Percent probabilities in parenthesis; Rounded to 2 decimal places.
Small: < 100 employees; Medium: 100 to 499 employees; Large: ≥ 500 employees.

96



firms. On the other hand, financial structure for small firms primarily consists of informal

sources of finance, including moneylenders of family and friends. Cabral and Mata (2003)

found direct evidence that financing constraints to some degree results in increased

skewness in the size distribution.

Another important determinant of firm size distribution is age. Cabral and Mata

(2003) notes that firm size distribution becomes symmetric as firm ages. Specifically,

the size distribution for young firms are concentrated on the lower tail and much more

skewed compared to the overall firm size distribution. As firms get older, the distribution

moves to the right tail and the degree of skewness reduces gradually.

7.2 Productivity Estimates

This section provides the results for productivity estimates based on the translog

ACF production function approach. As noted earlier, the main focus of this study is the

ACF approach as it has fixed the potential problems that OP and LP may incur during

the analysis. Table 7.2 and 7.3 show productivity estimates based on the translog ACF

approach.

Numerous productivity studies have been undertaken in the Cobb-Douglas produc-

tion framework. The popularity of applying the Cobb-Douglas production function in

empirical work can be attributed to 2 important reasons. First, the Cobb-Douglas pro-

duction function is easy to interpret. Second, it also fits most economic data well. But

meanwhile, the simplicity of the Cobb-Douglas production function brings it several

drawbacks. First, all inputs involved need to be positive for it to use. Second, it as-

sumes constant returns to scale for all levles of factors, which can be mathematically

interpreted as
∑n

i=1 αi = 1 (Kadiyala, 1972). Apparently, it does not always hold in
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reality.

Estimating production function in the Cobb-Douglas production function frame-

work using the estimation procedures proposed by Olley and Pakes (1992), Levinsohn

and Petrin (2003) and Ackerberg, Caves, and Frazer (2006) can be problematic in prac-

tice. Bond and Söderbom (2005) argues that coefficients on perfectly variable inputs

(e.g., materials) may be difficult to identify under a Cobb-Douglas framework due to

the presence of adjustment costs. Knowing that using the Cobb-Douglas production

function can potentially result in biased coefficients on perfectly variable inputs and

biased productivity estimates, it is important for me to use another function form with

the intention to avoid the issues stated above.

Given the limitations to the Cobb-Douglas function, I turn to a more flexible function

form -translog production function. The concept of the translog production function is

proposed with an attempt to overcome “the problems of strong separability (additivity)

and homogeneity of Cobb-Douglas and CES production function and their implications

for the production frontier” (Pavelescu et al., 2011, p.132). The translog production func-

tion is a representative for a class of flexible functional forms. Unlike the Cobb-Douglas

production function, it does not impose strict assumptions such as perfect substitution

between production factors or perfect competition on the production factor market. In

addition, the translog production function extends the relationship between the output

and the inputs from linear to non-linear. Due to its properties, the translog production

function can be used for manifold purposes, including the second order approximation

of a linear-homogeneous production, the estimation of the Allen elasticities of substitu-

tion, the estimation of the production frontier or the total factor productivity dynamics

(Pavelescu et al., 2011).
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Lastly, unfortunately, I regret that I was not able to obtain elasticity for the translog

production function because lack of time and lack of proper techniques, which makes

it impossible for me to interpret these productivity estimates shown below. As such,

future endeavours should be devoted to obtain information on elasticity so as to get

a better understanding of the meaning of these productivity estimates and then use

this information further to determine whether industries are increasing returns to scale,

constant returns to scale, or decreasing returns to scale.
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Table 7.2: Ackerberg Caves Frazer Translog Production Function Estimates

Manufacturing Food
Manufac-

turing

Animal
Food

Grain Sugar Fruit and
Vegetable

Labour -0.0485*** -0.243*** -0.130*** -0.411*** -0.640*** -1.486***
(-23.45) (-86.95) (-89.18) (-128.20) (-146.34) (-644.38)

Capital 0.160*** 0.0237*** 0.0195*** -0.0586*** -0.205*** 0.108***
(791.12) (5.56) (12.93) (-7.61) (-65.34) (28.04)

Materials -0.236*** -0.509*** -0.0433*** -0.519*** -0.651*** -0.468***
(-79.22) (-150.98) (-15.55) (-244.42) (-119.65) (-427.88)

Energy 0.548*** 0.903*** 0.840*** 1.539*** 1.641*** 1.840***
(1397.61) (233.59) (256.81) (954.23) (393.37) (617.95)

Labour Squared 0.0581*** 0.0414*** 0.0113*** 0.0360*** 0.118*** 0.0666***
(103.86) (25.31) (6.32) (12.14) (59.44) (15.47)

Labour*Capital 0.0224*** 0.0982*** 0.159*** 0.143*** 0.0752*** 0.177***
(31.58) (60.11) (126.97) (193.34) (28.2) (197.11)

Labour*Materials -0.0749*** -0.0762*** -0.127*** -0.0183*** -0.135*** -0.0012
(-131.35) (-18.07) (-24.87) (-22.25) (-46.73) (-0.31)

Labour*Energy 0.00106** -0.0335*** 0.0123*** -0.110*** -0.0522*** -0.150***
(1.98) (-15.58) (5.14) (-327.55) (-44.91) (-197.30)

Capital Squared -0.00875*** -0.0266*** -0.0281*** -0.0297*** -0.0288*** -0.0333***
(-8.82) (-22.77) (-32.08) (-18.39) (-28.36) (-61.87)

Capital*Materials 0.0585*** 0.0767*** 0.000972 0.00762*** 0.187*** 0.0547***
(62.76) (41.82) (0.74) (18.62) (33.56) (25.66)

Capital*Energy -0.0530*** -0.144*** -0.111*** -0.0956*** -0.226*** -0.182***
(-6.17) (-31.84) (-100.92) (-55.88) (-44.46) (-64.60)

Materials Squared 0.0511*** 0.0232*** 0.0869*** 0.0665*** -0.00558 -0.0165***
(80.32) (13.62) (30.28) (33.18) (-1.52) (-11.31)

Materials*Energy -0.00977*** 0.0540*** 0.0132*** -0.0322*** 0.0575*** 0.0895***
(-3.91) (22.11) (6.02) (-10.36) (15.42) (81.64)

Energy Squared 0.0165** 0.0607*** 0.0564*** 0.118*** 0.104*** 0.124***
(2.42) (79.18) (23.73) (32.53) (21.78) (27.8)

Observations 471953 47582 5086 1511 1868 3385
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Table 7.3: Ackerberg Caves Frazer Translog Production Function Estimates - Continued

Dairy Meat Seafood Bakery Other

Labour -0.322*** 0.285*** 0.237*** -0.0382*** -0.925***
(-53.98) (87.53) (69.74) (-13.95) (-250.50)

Capital 0.431*** 0.438*** -0.0920*** -0.635*** -0.141***
107.09 35.45 (-39.58) (-918.10) (-31.90)

Materials -0.0692*** -0.737*** -0.507*** 0.762*** -0.159***
(-16.39) (-264.33) (-912.92) (327.88) (-35.54)

Energy 0.675*** 0.658*** 0.600*** 0.0433*** 1.174***
(162.08) (449.71) (236.47) (9.68) (442.54)

Labour Squared 0.0299*** 0.0233*** 0.0230*** 0.0843*** 0.105***
(12.36) (7.53) (6.22) (14.99) (24.08)

Labour*Capital 0.0994*** 0.0311*** 0.113*** 0.0125 0.0504***
(23.39) (8.13) (10.49) (1.18) (35.47)

Labour*Materials -0.121*** -0.0128 -0.118*** -0.135*** -0.0259***
(-38.39) (-1.20) (-29.77) (-44.29) (-20.64)

Labour*Energy 0.0416*** -0.0328*** -0.0395*** -0.0292*** -0.0968***
23.35 (-10.50) (-11.83) (-3.02) (-20.87)

Capital Squared -0.0121** 0.0102 -0.0124*** (-0.0017) -0.0367***
(-2.53) (1.06) (-2.82) (-0.32) (-18.95)

Capital*Materials -0.0190*** 0.0206*** -0.0235*** 0.176*** 0.134***
(-4.55) (4.74) (-3.74) (15.4) (74.03)

Capital*Energy -0.104*** -0.0672*** -0.0515*** -0.119*** -0.122***
(-19.83) (-63.09) (-18.95) (-61.85) (-45.18)

Materials Squared 0.0876*** 0.0520*** 0.107*** -0.0718*** -0.0234***
(16.31) (5.76) (13.64) (-11.11) (-6.22)

Materials*Energy 0.0190*** -0.0222*** -0.0122 0.0716*** -0.00228***
(4.56) (-11.94) (-1.34) (23.26) (-3.00)

Energy Squared 0.0316*** 0.0582*** 0.0675*** 0.0549*** 0.110***
(25.51) (13.15) (4.66) (10.2) (48.25)

Observations 3811 7102 5382 14293 5144

t-statistics in parenthesis. ***p < 0.01, **p < 0.05, *p < 0.1



7.3 Productivity Distribution

Figure 7.9 and 7.10 depict productivity distribution for plants of all sizes (small,

medium, large) in manufacturing and food manufacturing, respectively. Also, produc-

tivity distribution for the sub-sectors within food manufacturing can be found in the first

section of the appendix. It is visually clear that these two figures specify the pattern

of productivity distribution for plants of different sizes. That is, the productivity level

increases as size increases. As shown in figure 7.8, large food manufacturing plants have

higher mean and lower variance than small and medium plants.

Figure 7.9: Productivity Distributions for Plants of Different Sizes in Manufacturing
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Figure 7.10: Productivity Distributions for Plants of Different Sizes in Food Manu-
facturing

I find a similar pattern in food manufacturing. The productivity level is positively

correlated with plant size. The average MFP of large plants for food manufacturing is

significantly higher than that of small plants. Also, it appears that variance decreases

as plant size increases. The evidence is also found in the sub-sectors. It is to be noticed

that productivity distributions for plants in food manufacturing have obvious larger

variances compared to the overall manufacturing sector, in particular small plants in

food manufacturing.

The large productivity variance for small plants can be, in part, explained by dif-

ferences in technologies. It is important to mention that this study defines plant size
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according to the number of employees. However, investments in technologies contributes

to the automation of the production process. On the other hand, the demand for labour

decreases as the result of the higher extent of automation. Therefore, it intuitively makes

sense that there are few small plants with better technologies that are as productive as

larger plants.

7.4 Productivity Dispersion

As suggested by Syverson (2004), the evidence of the existence of heterogeneity

has been widely found in plant productivity levels through empirical explorations, even

within narrowly defined industries such as four-digit SIC. Following Syverson (2011), I

compute productivity dispersion in MFP for all industries included in this study, ranging

from NAICS 2-digit sector (e.g., manufacturing (31)) to NAICS 4-digit sector (e.g., ani-

mal food manufacturing (3111)). Productivity dispersion for each industry is calculated

Table 7.4: Dispersion in MFP for the Interquartile Range and the 90-10 Percentile
Range

Industry Interquartile
Range

90-10 Percentile
Range

Manufacturing 1.8838 3.6517
Food Manufacturing 4.0274 6.7528
Animal Food 2.1632 3.9412
Grain and Oilseeds 4.7179 7.2508
Sugar 5.1865 10.3843
Fruit and Vegetables 6.1082 11.0903
Dairy 2.9199 4.9663
Meat 1.5148 2.5888
Seafood 1.8988 3.5387
Bakery 2.7802 7.4109
Other 5.4118 9.8778

Notes: Values are rounded to 4 decimal places.

104



by taking the ratio of the logged MFP for the bottom of the productivity distribution

from the logged MFP for the top ot the distribution. In this study, I examine the 75th-

25th and the 90th-10th ratios. These ratios are used to give information about by how

much a plant located at the upper tail of the productivity distribution is productive

than one located at the lower tail of the productivity distribution.

Table 7.4 presents considerable variance in plant-level productivity distribution mo-

ments for manufacturing, food manufacturing, and its sub-sectors. In line with Syverson

(2004) who found that the heterogeneity in productivity is a persistent phenomenon, we

find large productivity dispersion across the industries. For example, in Canadian man-

ufacturing, a plant at the top 75% of the productivity distribution produces almost

twice as much output using the same inputs as one at the bottom 25%. A even larger

productivity dispersion is found in Canadian food manufacturing with a plant at the top

75% makes more than 4 times more output than a plants at the bottom 25%. Similar

evidence is found within the sub-sectors as well.

Syverson (2004) summarizes a number of reasons explaining the dispersion in pro-

ductivity. He notes that a large body of literature explains the sources of productivity

dispersion from the supply side, such as technology shocks, differences in managerial skill

and investment patterns, while little attention has been paid to explanations from the

demand side. Therefore, he outlines that “demand-side (output market) conditions can

also play an important role in explaining persistent productivity dispersion.” (Syverson,

2004, p.534) contends that productivity dispersion can be partially attributed to im-

perfect product substitutability that prevents customers from shifting their purchases at

no/low cost. In addition, Syverson (2004) suggests that “Industries with very segmented

(in either geographic or product space) output markets can support large productivity
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differences”, which to some degree explains why large productivity dispersion is found

in the Canadian food manufacturing and its sub-sector (Syverson, 2004, p.534).

7.5 Productivity Aggregate

7.5.1 Multifactor Productivity

Figure 7.11 demonstrates how multifactor productivity changes in manufacturing

and food manufacturing during the period 2000 to 2011. First, plant-level productiv-

ity estimates were calculated based on the ACF translog production function approach.

Multifactor productivity at the sector and industry level is an aggregate of the pro-

ductivity estimates for each plant. As such, we can then obtain plant-level multifactor

productivity to sector and industry level using the following formula:

MFPt =
i=I∑
i=1

(
revenueit∑i=I
i=1 revenueit

∗ ω̂) (7.1)

where ω̂ refers to the productivity estimate for plant i at time t.

Figure 7.11 shows that from 2000 to 2011, both manufacturing and food manufactur-

ing experienced a considerable slowdown in MFP, in particular during the period 2002

to 2009. It can be seen from the figure that, despite a downward trend in the MFP

growth for food manufacturing between 2000 to 2008, it still had periods of growth, for

instance, there was a gradual increase in MFP from 2003 to 2005. In sharp contrast to

food manufacturing, the decline in MFP for manufacturing was continuous from 2000

to 2009. From 2000 to 2009, the MFP for manufacturing declined at an average rate

of -6.82%, whereas the MFP for food manufacturing only declined at an average rate of

-1.14%. In consistent with Gu and Li (2017); Piedrahita (2016), MFP for manufacturing
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fell significantly during the 2007-2009 financial crisis, which is also the case for food

manufacturing. Food manufacturing decreased rapidly during the financial crisis, reach-

ing the bottom in 2009 at only 51.74% of the MFP in 2000. After the financial crisis,

there was a clear upward trend for MFP for both manufacturing and food manufactur-

ing. However, the two industries started to pick up at different times and different rates.

As can be observed from figure 6.6, the MFP for food manufacturing began to rise since

2008, while manufacturing started to recover from 2009 onwards. After the post-crisis

period, MFP for manufacturing increased faster than that of food manufacturing.

Figure 7.11: Multifactor Productivity for Manufacturing and Food Manufacturing
Between 2000 to 2011. Source: Author’s calculation

The slowdown in productivity over the indicated time period can be attributed to

a number of factors, including insufficient investment in R&D, the rising value of the

Canadian dollar, low capital utilization rate, squeezed margin on Canadian food
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processors, food plant closures, smaller scale (Sequin and Sweetland, 2014). These fac-

tors directly prevent food processing plants from participating in technological improve-

ments. Piedrahita (2016) claims that “even if plants innovate, output might not grow

sufficiently to spread out the costs of the innovation” due to insufficient demand for

Canadian processed food and a deteriorating trade balance, thereby increasing average

cost and lower the productivity level (Piedrahita, 2016, p.91).

7.5.2 Labour Productivity

In addition to MFP, labour productivity11 is also estimated for comparison purposes

in this study. A large number of publications in the context of Canadian manufacturing

revolve around labour productivity as labour productivity is said to be closely related

to the public’s living standards relative to MFP. It is also an important determinant of

economic growth and good indicator of firm efficiency.

Figure 7.12 presents trends in labour productivity for manufacturing and food manu-

facturing changes between 2000 to 2011. As illustrated in figure 7.7, labour productivity

for manufacturing seems to grow faster than that for food manufacturing. Nonetheless,

throughout the entire period, food manufacturing grew at an annual average rate of

5.45%, whereas manufacturing grew at an annual average rate of 5.14%. This is in line

with Ross et al. (2011) who found that from 2000 to 2007, food manufacturing grew

at a faster rate than manufacturing. Also, during the same period, food manufacturing

surpassed 16 out of 20 other manufacturing industries (Ross et al., 2011).

From 2000 to 2001, both manufacturing and food manufacturing experienced a gain

in labour productivity. However, since that time, it saw a steady increase in labour

11Labour productivity is defined as the ratio of output to the number of employees.
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Figure 7.12: Labour Productivity for Manufacturing and Food Manufacturing Be-
tween 2000 to 2011. Source: Author’s calculation

productivity for food manufacturing, while food manufacturing experienced a temporary

decrease in labour productivity between 2001 and 2002, then started to pick up in 2003.

Unlike multifactor productivity, labour productivity level for both industries peaked in

2008, during which total output for a vast number of industries dropped significantly.

Between 2008 and 2009, both manufacturing and food manufacturing experienced a

decline in labour productivity. Notwithstanding, labour productivity for food manufac-

turing was less sensitive to the negative impacts from the global financial crisis. Labour

productivity for both manufacturing and food manufacturing began to recover with a

upward trend since 2009.

What can explain the growth in labour productivity for manufacturing and food

manufacturing? There are a number of reasons behind the growth in labour productivity.
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According to Statistics Canada (2011), labour productivity growth results from increases

in capital intensity, increases in the proportion of skilled workers and from all other

source, namely, multifactor productivity gains. As seen in figure 7.3 and 7.4, which

show input cost shares for manufacturing and food manufacturing, capital consumption

shares for both manufacturing and food manufacturing exhibited an upward trend over

the whole period. By contrast, labour consumption shares for manufacturing declined

gradually and labour consumption shares for food manufacturing remained constant

during the same period. This suggests that increases in labour productivity for both

manufacturing and food manufacturing can be due to increases in the use of capital and

decreases in the use of labour, which lead to increases in capital intensity.
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7.6 Size, Inventory and Productivity

In this study, plants were sorted into size categories based on the criteria proposed

by Leung, Rispoli, and Gibson (2011) in the context of the Canadian economy. Follow-

ing their definition, plants are categorized into three types according to the number of

employees: small-sized plants have less than 100 employees; medium-sized plants have

more than 100 employees but less than 500 employees; large-sized plants have more than

500 employees. With respect to the metrics used to measure inventory performance, I

note some variation in defining inventory turnover. A large number of empirical stud-

ies/textbooks (see Gaur, Fisher, and Raman (2005); Maican and Orth (2018)) define

inventory turnover as the ratio of cost of goods sold against average plant-level inven-

tory, whereas some publications, for example, Davis (2012) uses sales as the numerator,

rather than COGS. In this study, both measures are utilized for comparison purposes.

It is worth mentioning that except the age of plants, all the variables we included in

the regression are in log form. I analyzed the relationships between size, inventory

and productivity using a fixed effects regression of productivity of plant i at time t on

three categorical variables (small, medium, large) and inventory performance measures

(inventory turnover or sales to inventory). In addition to these regressors that of in-

terest to this study, control variables were included throughout the analysis. Industry

and provincial fixed effects were included to control for heterogeneity in industry and

geographical location. Ownership is taken into consideration in the form of a binary

variable since foreign-owned plants are more productive than domestic-owned plants.

Likewise, there is a variable named “export” indicating current export status of plants

as exporters tend to be more productive in relation to non-exporters as outlined by

Piedrahita (2016). Other control variables included in the regression are the age of the
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plant and recession 12

7.6.1 Productivity Persistence

As indicated in the results, the sign of the coefficient for lagged productivity is signif-

icantly positive across the industries, which suggests that plant productivity is partially

serially correlated. Specifically, I find that current MFP/LP is positively correlated

to one-year-lagged productivity in Canadian manufacturing and food manufacturing.

The supportive evidence can be found in a seminal work by Syverson (2011), suggesting

that “productivity differences across producers are not fleeting” (Syverson, 2011, p.327).

Syverson (2011) finds that the coefficient on a producers’ MFP is positively correlated

with its one-year-lagged TFP with the magnitude ranging from 0.6 to 0.8 in the context

of U.S. manufacturing. However, for the Canadian manufacturing and food manufactur-

ing sectors, this positive relationship appears to be weaker compared to that of the U.S,

in the sense that the magnitudes are all below 0.5. For example, a 1% increase in lagged

MFP for manufacturing will lead to 0.48% increase in current MFP for manufacturing.

The heterogeneity across firms regrading investment decision-making can be a poten-

tial explanation to this persistence since those firms that choose not to invest in R&D

will continue to use old technologies (Holden et al., 2010). Food manufacturers pre-

sumably have no incentive towards productivity improvements, mainly because they all

produce non-patent-protected products. Furthermore, according to Holden et al. (2010),

for those plants producing non-patent-protected products, “their production process will

only be improved when it is so far behind the frontier that the adoption of a marginally

better technology is almost free” (Holden et al., 2010, p.2).

12Recession represents the Great Recession in world markets featured the years of 2008 and 2009.
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Previous studies such as Demsetz (1973) claim that firm profitability will likely to

be improved with increasing persistence in productivity levels. Additionally, the finding

from Stierwald (2009) further illustrates the relationship between lagged productivity

and productivity persistence. They find that profitability of firms are positively associ-

ated with their productivity levels and productivity persistence.

7.6.2 Size and Productivity

Table 7.5 and 7.6 present the empirical results for manufacturing (NAICS31) and food

manufacturing (NAICS311). As indicated earlier, provincial and industry fixed effects

were included throughout the analysis. However, they were removed due to confidential-

ity reasons. Also, robust standard errors were included to account for heteroscedasticity

and autocorrelation.

From table 7.9 and 7.10, it is evident that large plants tend to have higher levels

of MFP in relation to small and medium-sized plants, whereas small and medium-sized

plants tend to have higher labour productivity than large-sized plants. On the other

hand, the results suggest that small and medium-sized plants are more productive rela-

tive to their large counterparts. A convincing explanation for this can be found from the

work conducted by Leung, Meh, and Terajima (2008). They documented the relative

labour productivity numbers by industry groups. They find that “only in agriculture do

small firms clearly have higher productivity than large firms. This may be due to the fact

that there are relatively few firms with more than 100 employees in agriculture” (Leung,

Meh, and Terajima, 2008, p.11). This is the case in food manufacturing as suggested

by table 7.8. As with the agriculture sector, food manufacturing and its sub-sectors

are dominated by small and medium-sized plant, which accounts for its higher labour
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productivity in relation to large plants. As shown on the tables, the coefficients on

small and medium-sized plants are statistically significant for manufacturing and food

manufacturing in the regression where MFP is the dependent variable. Likewise, the

coefficients on small and medium-sized plants are statistically significant in the models

where labour productivity is the dependent variable.

The results are consistent with Leung, Meh, and Terajima (2008); Diaz and Sánchez

(2008); Buccola (2000), who all found that large firms are more productive than small

and medium-sized firms.

7.6.3 Inventory Performance and Productivity

In addition to the significance of the size-productivity relationship, I also find that

the coefficients on both inventory performance measures are statistically significant in

the regression, regardless of whether the regression includes lagged productivity or not.

Two versions of empirical results are provided. One version includes lagged productivity

while the other version did not include lagged productivity. Theoretically, on the basis of

firm effect models proposed by Demsetz (1973) and Jovanovic (1982), which I mentioned

in the previous section, it is believed that the regression with the lagged term is more

refined than the regression without the lagged term. Empirically, the regression with

the lagged term has a higher adjusted R2 than the regression not including the lagged

term.

The results on the inventory-productivity relationship are also available in table

7.5 and 7.6. The results suggest that productivity is positively correlated to inventory

performance, whether measured by inventory turnover or sales to average inventory.

Noticeably, improvements in inventory performance has a larger impact on MFP than
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labour productivity in terms of magnitude. For instance, a 1% increase in inventory

turnover would give rise to a 0.11% increase in MFP, in contrast to only 0.0287% for

labour productivity.

7.6.4 Control Variables and Productivity

In addition to looking at the impacts of size, inventory performance on productivity,

it can also be seen from table 7.9 that the coefficients on export are all statistically signif-

icant, implying that exporters tend to be more productive than non-exporters for MFP

and labour productivity for manufacturing. This finding is consistent with Piedrahita

(2016); Baldwin, Yan et al. (2015), whose empirical results also suggest that exporters

have on average, higher levels of MFP in relation to their non-exporter counterparts.

However, the similar evidence is found only for labour productivity for food manufac-

turing, meaning that exporter are tend to have higher levels of labour productivity than

non-exporters and that the export status does not significantly correlated to MFP of

Canadian food manufactures.

The results suggest that plants’ ownership status also affects their productivity, in

particular in the manufacturing sector. The coefficients are nearly statistically signifi-

cant in all of the regression, indicating that foreign-owned plants have higher levels of

productivity in relation to their Canadian-owned counterparts. Once again, ownership

status appears to be insignificant for MFP and labour productivity for food manufac-

turing. Productivity seems to decrease as plants grow older. Loderer and Waelchli

(2010) proposed two possible explanations regarding this phenomenon. First, they be-

lieve that corporate aging is often accompanied by “costs rise, growth slows, assets

become obsolete, and investment and R&D activities decline”. Second, old-aged plants
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could “advance the diffusion of rent-seeking behaviour inside the firm”, which is justified

by “the poor governance, larger boards, and higher CEO pay” observed in older firms

(Loderer and Waelchli, 2010, p.1). As expected, recession has a negative impact on MFP

for both manufacturing and food manufacturing. Unexpectedly, labour productivity for

manufacturing and food manufacturing during the Great Recession period turns out to

be on average higher than the other years included in the analysis.
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Table 7.5: Size, Inventory and Productivity in Manufacturing Between 2000 and 2011

Dependent Variable

Multifactor Productivity (31) Labour Productivity (31)
(1) (2) (3) (4) (5) (6) (7) (8)

Lagged MFP/LP 0.383*** 0.438*** 0.294*** 0.376***
(91.52) (98.42) -99.52 -115.41

Small -0.604*** -0.820*** -0.592*** -0.828*** 0.540*** 0.629*** 0.492*** 0.604***
(-31.38) (-39.03) (-30.35) (-39.25) -28.69 -30.96 -27.05 -28.69

Medium -0.288*** -0.385*** -0.282*** -0.386*** 0.225*** 0.263*** 0.203*** 0.258***
(-16.49) (-20.21) (-16.01) (-20.24) -13.16 -14.28 -12.39 -13.57

Sales Inv 0.169*** 0.209*** 0.234*** 0.275***
(86.45) (106.71) -99.25 -116.96

Inv Turnover 0.0546*** 0.0695*** 0.00510** 0.000801
(29.74) (36.48) -2.43 -0.37

Age -0.00384***-0.000872**-0.0111***-0.0111***0.00187***-0.00735***-0.00981***-0.0227***
(-13.39) (-2.29) (-38.12) (-26.41) -5.11 (-17.12) (-27.29) (-45.16)

Export 0.0241*** 0.0514*** 0.0548*** 0.0961*** 0.0714*** 0.111*** 0.109*** 0.170***
(11.37) (21.00) (25.17) (36.69) -26.23 -38.29 -38.57 -52.65

Ownership -0.0139* -0.0310*** -0.0152* -0.0358*** -0.0134 -0.0338*** -0.0170* -0.0405***
(-1.72) (-3.13) (-1.88) (-3.53) (-1.42) (-3.20) (-1.87) (-3.74)

Recession -0.0287*** -0.0214*** -0.0254***-0.0153***0.0120*** 0.0258*** 0.0136*** 0.0293***
(-19.29) (-13.11) (-15.86) (-8.58) -6.4 -12.88 -6.74 -13.27

Constant 6.923*** 11.11*** 6.593*** 11.46*** 7.204*** 10.52*** 6.835*** 11.21***
(136.90) (477.95) (120.57) (490.08) -188.45 -456.32 -161.53 -470.75

Observations 366669 461429 366669 461429 366669 461429 366669 461429

Notes: The dependent variable from (1) through (4) is MFP, from (5) to (8) is LP.
Lagged MFP/LP is included in (1) to (4) and (5) to (8), respectively.
t-statistics in parenthesis. ***p < 0.01, **p < 0.05, *p < 0.1 .
Provincial, Industry Fixed Effects and Robust Standard Errors.
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Table 7.6: Size, Inventory and Productivity in Food Manufacturing Between 2000 and 2011

Dependent Variable

Multifactor Productivity (311) Labour Productivity (311)
(1) (2) (3) (4) (5) (6) (7) (8)

Lagged MFP/LP 0.481*** 0.477*** 0.309*** 0.391***
(36.68) (37.31) (38.72) (46.84)

Small -0.807*** -1.182*** -0.801*** -1.173*** 0.736*** 0.833*** 0.701*** 0.821***
(-15.92) (-18.37) (-15.69) (-17.81) (16.69) (18.25) (16.39) (17.67)

Medium -0.341*** -0.500*** -0.337*** -0.498*** 0.283*** 0.304*** 0.264*** 0.296***
(-8.46) (-9.55) (-8.30) (-9.24) (8.06) (8.23) (7.81) (7.83)

Sales Inv 0.0371*** 0.0541*** 0.211*** 0.267***
(4.95) (6.36) (32.92) (40.89)

Inv Turnover 0.110*** 0.139*** 0.0287*** 0.0419***
(12.59) (13.87) (4.25) (5.66)

Age 0.0000706 0.0271*** 0.00177 0.0269*** -0.00502***-0.00790***-0.0160***-0.0235***
(0.06) (15.15) (1.35) (15.16) (-4.02) (-5.24) (-12.38) (-13.25)

Export 0.00821 0.00624 0.0158* 0.0182 0.0296*** 0.0763*** 0.0623*** 0.132***
(0.85) (0.49) (1.65) (1.44) (2.90) (6.91) (6.11) (11.27)

Ownership -0.0745* -0.0708 -0.0726* -0.0673 0.0269 0.0243 0.0258 0.0315
(-1.87) (-1.37) (-1.88) (-1.32) (1.07) (0.74) (0.93) (0.88)

Recession -0.0152** -0.0329***-0.0169***-0.0338*** 0.0636*** 0.0679*** 0.0663*** 0.0727***
(-2.56) (-4.40) (-2.85) (-4.56) (9.16) (9.03) (9.12) (8.93)

Constant 9.946*** 18.49*** 9.782*** 18.24*** 7.001*** 10.45*** 6.570*** 11.09***
(39.97) (224.25) (40.73) (215.54) (70.68) (182.70) (61.12) (184.23)

Observations 37604 46805 37604 46805 37604 46805 37604 46805

Notes: The dependent variable from (1) through (4) is MFP, from (5) to (8) is LP.
Lagged MFP/LP is included in (1) to (4) and (5) to (8), respectively.
t-statistics in parenthesis. ***p < 0.01, **p < 0.05, *p < 0.1 .
Provincial, Industry Fixed Effects and Robust Standard Errors.



7.6.5 Reverse Correlation Between Inventory and Productivity

The empirical results in Table 7.11 and 7.12 answer the question whether produc-

tivity is correlated with inventory performance. As expected, the results show that

productivity is positively correlated with inventory performance, which is in line with

Lieberman and Asaba (1997) and Maican and Orth (2018). Again, changes in MFP

will have a greater effect on inventory turnover than that of labour productivity. For

example, in food manufacturing, a 1% change in MFP leads to a 0.21% increase in in-

ventory turnover, whereas a 1% change in labour productivity only results in a 0.0632%

improvement in inventory turnover. Among control variables, it can be observed that

inventory performance decreases as the age of plant increases for manufacturing and food

manufacturing. The coefficients on export are all significantly positive in the regression

where sales to inventory is used to measure inventory performance. This is probably

because exporters tend to earn more revenues than non-exporter and sales revenue is

the numerator for sales-to-inventory ratios.

Despite not the focus of this study, there is a lack of evidence here supporting the

existence of the size-inventory relationship in manufacturing and food manufacturing.

Here, I only find that size is positively correlated with inventory performance in the cases

where labour productivity is utilized as productivity measure. However, there is no clear

pattern showing that the size-inventory relationship exist when MFP is used as produc-

tivity measure. The EOQ and newsvendor models, widely appear in the operations

management literature, state that inventory turnover should be positively correlated

with the size of a firm due to economies of scale and scope (Gaur and Kesavan, 2015).

Lastly, it is important to note that the coefficients on productivity (MFP and LP)

and inventory performance measurements (sales-to-inventory and inventory turnover) in
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our regression are possibly biased due to reverse correlation between inventory and pro-

ductivity. Notwithstanding, this should not affect the conclusions drawn regarding the

inventory-productivity relationship. That is, inventory performance and productivity

are positively correlated.

Table 7.7: Inventory and Multifactor Productivity in Manufacturing and Food Man-
ufacturing Between 2000 and 2011

Dependent Variable: Inventory Performance Measurement

Manufacturing (31) Food Manufacturing (311)
(1) (2) (3) (4)

Sales Inv Inv Turnover Sales Inv Inv Turnover
MFP 0.833*** 0.191*** 0.133*** 0.210***

(127.99) (36.60) (6.86) (14.96)
Small 0.607*** -0.0117 0.0971 0.165**

(15.99) (-0.34) (1.25) (2.30)
Medium 0.306*** 0.0240 0.0328 0.0778

(8.60) (0.73) (0.51) (1.29)
Age -0.0456*** -0.0190*** -0.0649*** -0.0275***

(-64.30) (-29.69) (-24.39) (-13.48)
Export 0.136*** -0.0123*** 0.205*** -0.00930

(27.05) (-2.71) (10.87) (-0.58)
Ownership 0.00577 0.00230 0.0338 -0.00113

(0.36) (0.16) (0.70) (-0.03)
Recession 0.0283*** -0.0464*** 0.0244** 0.0207**

(8.98) (-15.54) (2.20) (2.23)
Constant -7.189*** 0.296*** 0.361 -1.021***

(-85.28) (4.24) (0.99) (-3.85)
Provincial Fixed Effects Yes Yes Yes Yes
Industry Fixed Effects Yes Yes Yes Yes

Observations 461429 461429 46805 46805

t-statistics in parenthesis. ***p < 0.01, **p < 0.05, *p < 0.1 .
Robust Standard Errors.
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Table 7.8: Inventory and Labour Productivity in Manufacturing and Food Manufac-
turing Between 2000 and 2011

Dependent Variable: Inventory Performance Measurement

Manufacturing (31) Food Manufacturing (311)
(1) (2) (3) (4)

Sales Inv Inv Turnover Sales Inv Inv Turnover
LP 0.685*** 0.00137 0.652*** 0.0632***

(143.09) (0.37) (41.99) (5.62)
Small -0.506*** -0.173*** -0.593*** -0.136**

(-14.41) (-5.05) (-8.20) (-2.02)
Medium -0.195*** -0.0506 -0.226*** -0.0462

(-5.89) (-1.56) (-3.77) (-0.81)
Age -0.0405*** -0.0214*** -0.0458*** -0.0210***

(-58.66) (-33.31) (-20.49) (-10.47)
Export 0.0994*** 0.00583 0.121*** -0.0140

(20.28) (1.27) (6.91) (-0.86)
Ownership 0.00344 -0.00453 0.00449 -0.0177

(0.22) (-0.32) (0.10) (-0.40)
Recession -0.00748** -0.0500*** -0.0276*** 0.00936

(-2.37) (-16.62) (-2.66) (1.00)
Constant -5.173*** 2.501*** -4.477*** 2.183***

(-78.41) (44.84) (-23.55) (14.97)
Provincial Fixed Effects Yes Yes Yes Yes
Industry Fixed Effects Yes Yes Yes Yes

Observations 461429 461429 46805 46805

t-statistics in parenthesis. ***p < 0.01, **p < 0.05, *p < 0.1 .
Robust Standard Errors.

121



Chapter 8 Summary, Conclusion, and Pol-

icy Implications

8.1 Summary

Food manufacturing plays a fundamental role in the Canadian economy and the

manufacturing sector as it directly links to national security. However, it saw a sig-

nificant drop in its competitiveness compared to other developed countries from 2000

onwards, in particular the United States, primarily due to a lack of investment in R&D,

the appreciation of the Canadian dollar, smaller production scale, and labour shortage.

Recent studies by Lai (2015) and Piedrahita (2016) were conducted with an attempt

to understand the reasons behind the decline in food manufacturing’s productivity and

provide viable solutions to this problem from different angles. Following Lai (2015) and

Piedrahita (2016), this study chose to look at the relationship between plant size, inven-

tory, and productivity. The results from previous Canadian studies already suggested

that productivity increases as firm size increases, for example, Leung, Meh, and Ter-

ajima (2008). In addition, from a manufacturer’s perspective, inventory accounts for

a large proportion of the total assets. Inventory management has been proven to be

critical to firm performance by numerous previous empirical studies.

This study was set out to address the following research gaps: 1) few productivity

studies have been published at the micro level in food manufacturing; 2) limited studies

on the relationships between size, inventory, and productivity in food manufacturing.
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This study used detailed micro data sets from the Annual Survey of Manufacturers

and Loggers (ASML) and the General Index of Financial Information (GIFI) for man-

ufacturing and food manufacturing over the period 2000-2011. To answer the research

questions, different empirical approaches were employed to estimate productivity at the

plant level. The productivity estimation was based on the semi-parametric control func-

tion approaches proposed by Levinsohn and Petrin (2003) and Ackerberg, Caves, and

Frazer (2006). The Cobb-Douglas production function and the Translog production

function were used in this study. Productivity estimates produced from the first stage of

analysis were used to examine the relationship between size, inventory, and productivity.

The results presented in the main body of the thesis are based on the ACF Translog

production function due to its intrinsic flexibility. In the second stage, fixed effects re-

gressions with robust standard errors were used to examine the relationships between

size, inventory, and productivity.

In line with Lai (2015), Piedrahita (2016), and Gu and Li (2017), the results indicate

that there was a clear downward trend for MFP for both manufacturing and food manu-

facturing in the post-2000 period. From 2000 to 2009, the MFP for food manufacturing

declined at an average rate of -1.14%. As opposed to MFP, labour productivity for both

manufacturing and food manufacturing was trending up thorough the study period. I

find that food manufacturing’s labour productivity grew at an annual average rate of

5.45% during the study period, which was slightly above that of manufacturing (5.14%).

A number of conclusion can be drawn from the second stage of the analysis. First,

productivity is persistent over time. That is to say, productivity at time t is strongly

correlated with productivity at time t− 1. Second, we find a strong correlation between

MFP and plant size over the period from 2000 to 2011. Small and medium plants were
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less productive than large plants. For example, in food manufacturing, MFP for small

and medium plants were, on average, 0.807% and 0.341% less than that of large plants.

However, labour productivity for small and medium-sized firms were higher than that

of large firms. For example, in food manufacturing, MFP for small and medium plants

were, on average, 0.736% and 0.283% higher than that of large plants. Third, I find a

strong correlation between inventory performance13 and productivity. Improvements in

inventory performance contribute to higher productivity. At the same time, productivity

gains can also lead to better inventory performance. Specifically, a 1% increase in

inventory turnover may lead to a 0.11% increase in MFP. Additionally, I find that

improving productivity affect inventory performance more in terms of magnitude. For

example, a 1% increase in productivity may increase inventory performance by 0.21%.

It is noteworthy that, despite not the focus of this study, there is no strong evidence

supporting the size-inventory relationship in the regression where MFP was included. I

find that size and inventory are positively correlated when labour productivity is used

as a measure of productivity. Regarding the size-inventory relationship, the operations

management literature suggests that inventory turnover increases with size, but this

does not seem to completely hold in the context of Canadian manufacturing and food

manufacturing (Gaur and Kesavan, 2015).

8.2 Limitations and Suggestions for Future Research

There are certain data, measurement, method-related limitations needed to be pointed

out at this stage. First, the output and inputs at the plant were obtained from deflating

13Two measures were used to proxy for inventory management: inventory turnover and sales to
inventory.
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industry-level price indices due to the lack of data on plant-level prices, which essentially

means that the Law of One Price holds for all plants. However, if plants’ choices on

inputs are associated with firm-level price variation, this will give rise to bias in input

coefficients. This bias is also known as “omitted output price bias” (Van Beveren, 2012).

Furthermore, failure to take behavioural objectives such as profit maximization or cost

minimization into account can result in distortions in changes in MFP (Van Beveren,

2012). Therefore, more detailed data sets including plant-level prices are encouraged to

be used in future research. Also, behavioural objectives such as profit maximization and

cost minimization should be taken into consideration in future research.

Second, recall that labour productivity is defined as the ratio of total output and

number of employees in this study due to data limitations. This limitation is also

specified in Chapter 6. As pointed out by Schreyer (2001), hours worked is the most

recommended measure for labour inputs as it directly correlated with the amount of

productive services from worker, while the least recommended measure for labour in-

puts by Schreyer (2001) is a head count of employee jobs, which is used in this study

because there were no data available for hours worked. A head count of employee jobs

is criticized for ignoring quality differences in labour and changes in the average work

time per employee and thus the labour productivity estimates may not fully reflect the

real situation in Canadian food manufacturing.

Third, inventory turnover and sales to average inventory are far away from perfect

as inventory performance measurements. Gaur, Fisher, and Raman (2005) state that

the variation hidden in inventory turnover compromises it usefulness in performance

analysis. The annual inventory turnover of U.S. retailers was found varied significantly

across firms, and within firms over the years (Gaur, Fisher, and Raman, 2005). For
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example, the annual inventory turnover ratios varied widely at Best Buy stores, ranging

from 2.85 to 8.53 over the period from 1987 to 2000. Similar evidence was found in this

study as well. As indicated by the kernel density plot for inventory turnover for food

manufacturing, it turns out that inventory turnover varied significantly across plants and

within plants over time. However, the factors behind impacting these variations have

not been well studied to date. Therefore, it is difficult to determine whether inventory

turnover is a good indicator of inventory productivity or not. These aforementioned

measure-related limitations should be addressed using more detailed data sets.

Fourth, the possible inconsistent use of inventory valuation methods may introduce

bias in the estimated coefficients. According to Statistics Canada (2015), except feder-

ally regulated industries such as fisheries and forestry, food and drug, energy, health and

so on, most industries are required to comply with the guidelines of the Canadian Insti-

tute of Charted Accountants, which are similar to the Generally Accepted Accounting

Principles (GAAP) of the Canadian Institute of Charted Accountants. Since January 1,

2011, Canadian private enterprises were required to use Accounting Standards for Pri-

vate Enterprises (ASPE) or International National Reporting Standard (IFRS). GAAP

imposes no restrictions on the use of inventory valuation methods. That is, firms are free

to choose one of the most commonly accepted inventory valuation methods: “First In,

First Out” (FIFO); “Last In, First Out” (LIFO); “Weighted average method”. However,

only FIFO is allowed under IFRS. Given that this study covers the period from 2000

and 2011, only the year of 2011 is subject to IFRS, whereas the financial information on

the other years is subject to GAAP. This can introduce biases in estimated inventory

turnover, as the choice of inventory valuation methods would affect financial statements

differently. Therefore, it would be helpful if future researchers can get access to data
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sets based on the same accounting principle throughout the entire study period.

Fifth, recall that the literature suggests that there is a reverse correlation between

productivity and inventory, namely, inventory and productivity jointly determines each

other at the same time. Also, plant size is also likely to correlate with the error them.

That said, we did not correct for the endogeneity problem caused by the reverse correla-

tion, thus, future researcher are encouraged to correct this problem using instrumental

variables (IV) or other techniques. Ideally, this problem would be solved if we can

find a variable that is strongly correlated with the explanatory variables (e.g., inventory

performance) but not correlated with the error term.

Finally, the study period 2000 to 2011 is a bit out of date from the standpoint of

plants’ situations in 2019. This suggests that the results only reveal the relationships

between size, inventory, and productivity during that specific study period. This is

especially true for inventory performance as inventory turnover varies widely over time

(Gaur, Fisher, and Raman, 2005). If possible, more endeavours are required to obtain

the most up-to-date data to study the current relationships between size, inventory, and

productivity.

8.3 Policy and Managerial Implications

This study finds that large plants are more productive than small and medium-

sized plants, which is in line with the findings from George Morris Centre (2012) at the

industry level. The results indicate that promoting scale can serve as a practical way

for the food processing industry to obtain productivity gains. Also, it is a workable plan

in the sense that the Canadian food retail industry is more concentrated compared to

many other countries such as the U.S.. This provides a possibility to increase scale in
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food processing in the future (George Morris Centre, 2012).

First, the realization of increased scale in food processing has to rely on new tech-

nology. The focus of government policies should be on expediting the process of new

technology adoption. For example, the adoption of labour and energy saving technolo-

gies should be encouraged by the governments at the federal and provincial levels. This

will result in job losses in the short term. However, it should be beneficial in the long

term as jobs for more higher skilled workers will be created (George Morris Centre,

2012). Educational activities designed to raise awareness with respect to the impor-

tance of productivity and scale in the production process are necessary as well. The

Canadian government is encouraged to offer public resources and motivations to firms

to examine and upgrade processes and technology in relation to scale that help increase

competitiveness (George Morris Centre, 2012). The most crucial way to increase scale

is to reinforce the role of investment and R&D in production. As pointed out by George

Morris Centre (2012), Canadian food manufactures’ investments in machinery are on

average lower than in other industries, in particular in machinery and equipment per

employee. Compared to their U.S. counterparts, there is an easily observable lag in

investment, which should be seriously taken into account to address the gaps in scale

and productivity. In terms of R&D, collaboration between universities and enterprises

is strongly recommended, especially these small businesses that may have difficulty as-

sessing funds for research. As outlined in Chapter 2, one major obstacle that prevents

small businesses from expanding is a lack of credit. Therefore, governments should work

towards reducing the barriers for small food processing establishments to get loans from

banks, e.g., government subsidies.

Second, this study sheds some light on the management practices, as it focuses on
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one of the most important assets in a plant and closely associated with the hands-on

decisions of firm management. The results indicate that the improvement in inventory

performance can have a beneficial impact on productivity, which offers incentives for the

management of food processing enterprises to actively involve in activities that improve

their inventory management, e.g., maintaining their inventory levels as low as possible

while satisfying the demand from retailers and wholesalers (Monden, 2011). The results

also suggest that productivity, on the other hand, is positively correlated with inventory

performance. Therefore, striving for productivity gains is also fundamental to improve-

ments in inventory performance. This guides the management to target productivity

gains as they are essential to inventory performance as well.

8.4 Conclusion

Canada’s food manufacturing is characterized by a high percentage of small and

medium firms with approximately 1% of the establishments having more than 500 em-

ployees. Firm size has been proven in previous studies that is directly correlated with

productivity and efficiency. The evidence of economies of scale has already found in

Canadian food manufacturing at the industry level (George Morris Centre, 2012). How-

ever, the question as to whether economies of scale exists at the plant level remains

unanswered. In recent decades, the worldwide success of JIT production pioneered by

Toyota has received considerable attention from academia and industries. The adoption

of JIT provides firms some new perspectives on inventory management. Improvements

in inventory performance can lead to productivity gains through reduced inventories,

shorter lead times, setup and changeover times. That being said, obtaining a better

understanding of how productivity relates to firm size and inventory management is
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fundamental to help Canadian food manufacturers succeed in the current increasingly

competitive trading environment.

To summarize the major takeaways of this research, recall that the first objective of

the study was to examine the size-productivity relationship for Canadian food manu-

facturing. The first finding of this study suggests that productivity is highly correlated

with plant size across manufacturing and food manufacturing. That is, large plants tend

to have higher multifactor productivity than small and medium-sized firms. However,

labour productivity for small and medium-sized plants is higher than for large plants.

The findings are consistent with the majority of the literature and economic theory.

Canadian food manufacturers need to seek the benefits of scale to improve productivity

(see Capkun, Hameri, and Weiss (2009); Diaz and Sánchez (2008); Leung, Meh, and

Terajima (2008)). As a viable solution to this lacking scale problem, governments are

encouraged to give support to food processors, in particular small processors,

The second finding of this study shows that inventory management is key to achieving

productivity gains in food manufacturing, which answers the second research question

of this study. Furthermore, the inventory-productivity relationship is proven to be bidi-

rectional. Improvements in inventory management can lead to productivity gains, while

an increase in productivity can also contribute to better inventory performance. This

finding turns out to be consistent with the broader literature as plants with awareness

of inventory management tend to outperform other plants in terms of productivity and

financial performance (see Maican and Orth (2018); Lieberman and Asaba (1997); Silver

et al. (1998)). It is worthwhile to note that the relationship between size and inventory

performance is inexplicable in the context of Canadian manufacturing and food manu-

facturing. The results fail to present strong evidence to support the positive relationship
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between inventory and size that has been widely found in the operations management lit-

erature (see Gaur and Kesavan (2015)). Yet, I find that size and inventory performance

are positively correlated in the cases where labour productivity is used as productivity

measurement.

To conclude, the results of this study provide some insights into improving produc-

tivity in Canadian food manufacturing. To compete effectively in the global market,

Canadian food manufacturers need to increase their scale to seize the benefits from scale

economies. Improving operation management, such as inventory performance, is also im-

portant to increasing productivity of Canadian food manufacturing as indicated by the

results. To solve the aforementioned challenges facing by Canadian food manufacturers,

increasing investments in machinery, equipment and giving attention to R&D could be

beneficial. For example, investment in digital technologies such as blockchain and radio

frequency identification promises potential improvement in inventory management.
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Appendix A

Translog Kernel Density Plots for

Productivity
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(a) Animal Food Manufacturing (b) Grain and Oilseeds Milling

(c) Sugar and Confectionary Product Manu-
facturing

(d) Fruits and Vegetables

13The kernel density plot for large plants in animal food manufacturing is not available due to
insufficient observation number.
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(e) Dairy Product Processing (f) Meat and Poultry Processing

(g) Seafood Product Preparation and Packag-
ing

(h) Bakery and Tortillas Manufacturing

(i) Other Manufacturing
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Appendix B

Levinsohn and Petrin Production

Function Estimates Across

Industries
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Table B.1: Levinsohn and Petrin Production Function Estimates

Industry Labour Energy Capital Materials

Manufacturing-31 0.279*** 0.223*** 0.231*** 0.129***
(102.82) (65.06) (16.76) (46.6)

Food Manufacturing-311 0.176*** 0.264*** 0.252*** 0.0974***
(46.04) (6.54) (12.43) (4.90)

Animal Food-3111 0.0325 0.341*** 0.150*** 0.361***
(1.22) (7.2) (8.29) (4.81)

Grain and Oilseeds-3112 0.136*** 0.0895*** 0.101*** 0.573***
(4.1) (2.71) (2.69) (7.14)

Sugar-3113 0.141*** 0.0551 0.369*** 0.257***
(4.88) (0.83) (17.59) (3.45)

Fruit and Vegetables-3114 0.129*** 0.211*** 0.184*** 0.173**
(5.71) (2.81) (7.52) (2.28)

Dairy-3115 0.0344*** 0.281*** 0.133*** 0.295***
(2.7) (5.25) (18.85) (2.95)

Meat-3116 0.144*** 0.162*** 0.135*** 0.260***
(9.86) (40.26) (4.13) (7.59)

Seafood-3117 0.178*** 0.135*** 0.111*** 0.374***
(6.64) (11.81) (8.93) (22.53)

Bakery-3118 0.268*** 0.150*** 0.374*** -0.0195
(15.85) (6.4) (24.5) (-0.74)

Other-3119 0.222*** 0.150*** 0.282*** 0.117***
(7.52) (22.29) (15.59) (6.64)

t-statistics in parenthesis. ***p < 0.01, **p < 0.05, *p < 0.1
Notes: Observations numbers by NAIC Code: 31- n=471953, 311- n=47582, 3111- n=5086,
3112- n=1511, 3113- n=1868, 3114- n=3385, 3115- n=3811, 3116- n=7102, 3117- n=5382,
3118- n=14293, 3119- n=5144
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Table B.2: Size, Inventory and Multifactor Productivity in Animal Food Manufacturing and Grain and Oilseed
Milling Between 2000 and 2011

Dependent Variable: Multifactor Productivity (Translog ACF)

Animal Food Manufacturing (3111) Grain and Oilseed Milling (3112)
(1) (2) (3) (4) (5) (6) (7) (8)

Lagged MFP 0.521*** 0.534*** 0.293*** 0.271***
(13.92) (13.31) (2.91) (2.70)

Small -0.209*** -0.430*** -0.186*** -0.403***-0.457*** -1.275*** -0.457*** -1.426***
(-3.11) (-4.05) (-2.96) (-4.02) (-4.01) (-8.33) (-4.06) (-9.40)

Medium 0 0 0 0 0 -0.824*** 0 -0.983***
(.) (.) (.) (.) (.) (-8.62) (.) (-10.50)

Sales to Inv 0.134*** 0.185*** 0.0859* 0.105*
(4.52) (5.19) (1.68) (1.71)

Inv Turnover 0.0960*** 0.123*** 0.219*** 0.240***
(4.13) (4.18) (3.98) (4.01)

Age -0.00776*** 0.000597 -0.0113*** -0.00511 0.0112 0.0278*** 0.0130 0.0265***
(-2.74) (0.13) (-3.76) (-1.06) (1.21) (2.81) (1.41) (2.66)

Export 0.00467 0.0429 0.0108 0.0530* 0.0715 0.0669 0.0914* 0.0860
(0.19) (1.39) (0.45) (1.72) (1.30) (0.92) (1.65) (1.19)

Ownership -0.0497 0.0260 -0.0471 0.0281 -0.179*** -0.309*** -0.167** -0.284***
(-1.14) (0.31) (-1.03) (0.33) (-2.75) (-3.67) (-2.20) (-3.27)

Recession 0.0376*** 0.0161 0.0427*** 0.0232 0.0729** 0.0755** 0.0694** 0.0737**
(2.70) (0.82) (3.03) (1.17) (2.13) (2.09) (1.99) (2.01)

Constant 7.632*** 15.86*** 7.502*** 16.01*** 14.32*** 20.74*** 14.40*** 20.54***
(12.19) (95.30) (11.26) (107.80) (7.07) (85.20) (7.12) (99.05)

Observations 4103 5034 4103 5034 1187 1493 1187 1493

t-statistics in parenthesis. ***p < 0.01, **p < 0.05, *p < 0.1 .
Provincial Fixed Effects and Robust Standard Errors.
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Table B.3: Size, Inventory and Multifactor Productivity in Sugar and Confectionary Product Manufacturing and
Fruits and Vegetables Between 2000 and 2011

Dependent Variable: Multifactor Productivity (Translog ACF)

Sugar Manufacturing (3113) Fruits and Vegetables (3114)
(1) (2) (3) (4) (5) (6) (7) (8)

Lagged MFP 0.439*** 0.478*** 0.293*** 0.321***
(6.76) (9.31) (7.03) (7.98)

Small -1.132*** -1.876*** -1.053*** -1.839*** -2.028*** -2.460*** -1.883*** -2.385***
(-4.03) (-5.12) (-3.63) (-4.47) (-8.00) (-9.52) (-7.46) (-8.99)

Medium -0.531** -0.760** -0.521** -0.806** -0.669*** -0.856*** -0.630*** -0.831***
(-2.38) (-2.57) (-2.23) (-2.47) (-4.28) (-4.90) (-4.16) (-4.49)

Sales to Inv -0.228*** -0.259*** -0.210*** -0.206***
(-3.37) (-3.75) (-3.49) (-3.57)

Inv Turnover 0.282*** 0.402*** 0.268*** 0.302***
(3.71) (4.37) (4.09) (5.44)

Age 0.0131 0.0809*** 0.0130 0.0265*** 0.00727 0.0581*** 0.0151 0.0672***
(1.26) (6.18) (1.41) (2.66) (0.73) (4.73) (1.54) (5.16)

Export 0.00168 -0.0691 0.0914* 0.0860 -0.0221 -0.0767 -0.0789 -0.112
(0.02) (-0.76) (1.65) (1.19) (-0.35) (-0.97) (-1.24) (-1.41)

Ownership 0.189 0.252 -0.167** -0.284*** -0.154 -0.103 -0.181 -0.118
(0.94) (0.73) (-2.20) (-3.27) (-1.07) (-0.50) (-1.40) (-0.62)

Recession -0.126** -0.168*** 0.0694** 0.0737** -0.00370 -0.0127 0.00463 -0.00973
(-2.36) (-2.72) (1.99) (2.01) (-0.09) (-0.27) (0.10) (-0.20)

Constant 16.54*** 28.54*** 14.43*** 27.20*** 25.40*** 34.79*** 23.38*** 33.65***
(8.62) (52.53) (9.68) (45.46) (17.28) (101.68) (16.95) (99.80)

Observations 1516 1860 1516 1860 2672 3348 2672 3348

t-statistics in parenthesis. ***p < 0.01, **p < 0.05, *p < 0.1 .
Provincial Fixed Effects and Robust Standard Errors.
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Table B.4: Size, Inventory and Multifactor Productivity in Dairy Product Processing and Meat and Poultry
Processing Between 2000 and 2011

Dependent Variable: Multifactor Productivity (Translog ACF)

Dairy Product Processing (3115) Meat and Poultry Processing (3116)
(1) (2) (3) (4) (5) (6) (7) (8)

Lagged MFP 0.439*** 0.443*** 0.349*** 0.472***
(10.57) (10.75) (12.44) (14.13)

Small -0.714*** -1.001*** -0.725*** -1.021*** -0.298*** -0.437*** -0.250*** -0.411***
(-4.28) (-4.87) (-4.38) (-5.05) (-4.74) (-6.30) (-4.90) (-6.70)

Medium -0.314*** -0.423*** -0.322*** -0.437*** -0.150*** -0.194*** -0.136*** -0.196***
(-3.00) (-3.46) (-3.18) (-3.75) (-3.16) (-3.76) (-3.75) (-4.83)

Sales to Inv 0.0928***0.0918*** 0.206*** 0.238***
(4.85) (4.21) (12.59) (13.91)

Inv Turnover 0.0131 -0.0169 0.000441 0.00660
(0.73) (-0.86) (0.03) (0.40)

Age 0.0102*** 0.00875* 0.00766** 0.00622 0.00837*** 0.000939 0.000169 -0.00757**
(2.71) (1.78) (2.06) (1.26) (4.13) (0.38) (0.08) (-2.46)

Export 0.0296 0.00648 0.0270 0.00213 0.0453*** 0.0571***0.0657*** 0.0900***
(1.08) (0.18) (0.99) (0.06) (2.99) (3.29) (4.40) (4.99)

Ownership 0.110 0.144 0.116 0.173* -0.0855 -0.122 -0.0437 -0.107
(1.02) (1.46) (1.01) (1.67) (-1.41) (-1.54) (-0.70) (-1.30)

Recession -0.0235 -0.00932 -0.0187 -0.000256 -0.0132 -0.0275** -0.00216 -0.0267*
(-1.64) (-0.56) (-1.29) (-0.02) (-1.22) (-2.23) (-0.19) (-1.94)

Constant 7.247*** 12.82*** 7.416*** 13.10*** 4.523*** 7.219*** 4.158*** 7.887***
(13.89) (55.38) (14.09) (57.56) (20.23) (62.23) (15.16) (69.62)

Observations 2973 3787 2973 3787 5693 7009 5693 7009

t-statistics in parenthesis. ***p < 0.01, **p < 0.05, *p < 0.1 .
Provincial Fixed Effects and Robust Standard Errors.
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Table B.5: Size, Inventory and Multifactor Productivity in Seafood Product Preparation and Bakery and Tortillas
Manufacturing Between 2000 and 2011

Dependent Variable: Multifactor Productivity (Translog ACF)

Seafood Product (3117) Bakery and Tortillas Manufacturing (3118)
(1) (2) (3) (4) (5) (6) (7) (8)

Lagged MFP 0.413*** 0.447*** 0.396*** 0.486***
(12.21) (11.55) (16.69) (29.14)

Small -0.186*** -0.340*** -0.180*** -0.356*** -0.768*** -1.243*** -0.627*** -1.167***
(-3.21) (-4.85) (-2.99) (-5.14) (-5.99) (-6.77) (-6.17) (-6.27)

Medium -0.0341 -0.0939* -0.0365 -0.106** -0.216** -0.458*** -0.148* -0.438**
(-0.83) (-1.78) (-0.83) (-2.01) (-2.06) (-2.69) (-1.95) (-2.49)

Sales to Inv 0.170*** 0.210*** -0.259*** -0.291***
(8.68) (10.29) (-12.87) (-15.75)

Inv Turnover 0.118*** 0.137*** 0.0868*** 0.0927***
(6.29) (7.15) (3.62) (3.54)

Age -0.0212***-0.0233***-0.0246***-0.0294***-0.00844**0.0642***0.0173*** 0.106***
(-5.97) (-5.27) (-6.76) (-6.23) (-1.98) (13.43) (4.60) (24.17)

Export 0.0373 0.110*** 0.0619** 0.149*** -0.0585* -0.0732** -0.182*** -0.217***
(1.54) (3.92) (2.54) (5.10) (-1.82) (-2.04) (-5.89) (-5.95)

Ownership -0.504* -0.652** -0.558 -0.701** -0.256 -0.649** -0.279* -0.745**
(-1.65) (-2.47) (-1.63) (-2.40) (-1.53) (-2.39) (-1.90) (-2.57)

Recession -0.0307 -0.0548** -0.0361* -0.0696*** -0.000887 -0.00146 -0.0369** -0.0341*
(-1.58) (-2.38) (-1.76) (-2.91) (-0.05) (-0.07) (-2.21) (-1.65)

Constant 6.488*** 10.89*** 6.315*** 11.14*** 16.86*** 27.12*** 13.45*** 25.89***
(13.55) (40.67) (11.73) (38.66) (24.97) (81.96) (28.44) (72.21)

Observations 4042 5131 4042 5131 11285 14044 11285 14044

t-statistics in parenthesis. ***p < 0.01, **p < 0.05, *p < 0.1 .
Provincial Fixed Effects and Robust Standard Errors.



Table B.6: Size, Inventory and Multifactor Productivity in Other Food Manufactur-
ing Between 2000 and 2011

Dependent Variable: Multifactor Productivity (ACF)

Other Food Manufacturing(3119)
(1) (2) (3) (4)

Lagged MFP 0.408*** 0.420***
(14.01) (15.37)

Small -1.343*** -2.040*** -1.325*** -2.019***
(-4.22) (-7.06) (-5.35) (-6.56)

Medium -0.519* -0.909*** -0.454** -0.880***
(-1.74) (-3.48) (-2.11) (-3.16)

Sales to Inv -0.241*** -0.163***
(-6.42) (-4.19)

Inv Turnover 0.196*** 0.381***
(3.86) (5.89)

Age 0.0163** 0.100*** 0.0315*** 0.116***
(2.22) (9.84) (4.29) (12.32)

Export -0.0216 -0.128** -0.0419 -0.125**
(-0.43) (-2.07) (-0.87) (-2.09)

Ownership -0.0890 0.0563 -0.0421 0.0945
(-0.61) (0.29) (-0.31) (0.48)

Recession -0.0943*** -0.115*** -0.0981*** -0.119***
(-2.91) (-2.80) (-2.93) (-2.87)

Constant 19.66*** 31.59*** 18.15*** 30.19***
(19.80) (91.77) (20.89) (76.79)

Observations 4032 5099 4032 5099

t-statistics in parenthesis. ***p < 0.01, **p < 0.05, *p < 0.1 .
Provincial Fixed Effects and Robust Standard Errors.
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Table B.7: Size, Inventory and Labour Productivity in Animal Food Manufacturing and Grain and Oilseed Milling
Between 2000 and 2011

Dependent Variable: Labour Productivity

Animal Food Manufacturing (3111) Grain and Oilseed Milling (3112)
(1) (2) (3) (4) (5) (6) (7) (8)

Lagged LP 0.398*** 0.431*** 0.310*** 0.351***
(19.54) (19.11) (6.35) (7.50)

Small 0.557*** 0.813*** 0.578*** 0.866***0.472*** 0.388*** 0.444*** 0.115
(5.03) (6.90) (5.88) (8.24) (4.69) (3.28) (4.29) (0.94)

Medium 0 0 0 0 0 -0.188** 0 -0.435***
(.) (.) (.) (.) (.) (-2.41) (.) (-5.24)

Sales to Inv 0.177*** 0.251*** 0.214*** 0.293***
(5.68) (7.26) (4.84) (7.00)

Inv Turnover 0.0512** 0.0737** 0.0171 0.0573
(2.37) (2.57) (0.44) (1.48)

Age -0.00318 0.0160***-0.00931** 0.00819 0.0121**0.0247*** 0.00750 0.0181*
(-0.88) (3.33) (-2.45) (1.57) (2.10) (3.01) (1.16) (1.95)

Export -0.0478 0.00606 -0.0464 0.0125 0.0443 0.0669 0.0553 0.0990*
(-1.54) (0.17) (-1.50) (0.33) (0.91) (1.29) (1.08) (1.71)

Ownership 0.00448 0.0193 0.00736 0.0156 0.0221 0.0601 0.0198 0.0554
(0.10) (0.26) (0.16) (0.20) (0.20) (0.54) (0.20) (0.67)

Recession 0.0542*** 0.0281 0.0656*** 0.0439* 0.149*** 0.178*** 0.147*** 0.171***
(2.84) (1.26) (3.31) (1.85) (4.49) (4.98) (4.26) (4.46)

Constant 6.818*** 11.32*** 6.725*** 11.77***7.811*** 11.53*** 7.797*** 12.37***
(24.91) (68.94) (22.50) (84.35) (12.90) (57.76) (12.92) (66.42)

Observations 4103 5034 4103 5034 1187 1493 1187 1493

t-statistics in parenthesis. ***p < 0.01, **p < 0.05, *p < 0.1 .
Provincial Fixed Effects and Robust Standard Errors.
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Table B.8: Size, Inventory and Labour Productivity in Sugar and Confectionary Product Manufacturing and
Fruits and Vegetables Between 2000 and 2011 Between 2000 and 2011

Dependent Variable: Labour Productivity

Sugar Manufacturing (3113) Fruits and Vegetables (3114)
(1) (2) (3) (4) (5) (6) (7) (8)

Lagged LP 0.302*** 0.403*** 0.318*** 0.361***
(9.76) (12.53) (9.33) (11.15)

Small 0.573*** 0.739*** 0.517*** 0.735*** 0.768*** 0.752***0.709*** 0.719***
(4.14) (5.41) (4.07) (5.34) (7.44) (7.32) (7.37) (7.26)

Medium 0.260*** 0.325*** 0.240*** 0.357*** 0.376*** 0.360***0.364*** 0.354***
(3.65) (4.53) (3.62) (4.34) (8.68) (6.97) (9.00) (6.35)

Sales to Inv 0.234*** 0.316*** 0.183*** 0.210***
(6.59) (10.19) (5.73) (7.36)

Inv Turnover -0.118*** -0.0961** -0.0468 -0.0825***
(-2.90) (-2.06) (-1.63) (-2.91)

Age -0.0192***-0.0190***-0.0225***-0.0269*** 0.00101 -0.00165 -0.00508 -0.0100
(-3.29) (-2.80) (-3.36) (-3.03) (0.19) (-0.28) (-0.96) (-1.56)

Export 0.00156 0.0513 0.0622 0.148** 0.0956***0.151***0.131*** 0.190***
(0.03) (0.88) (1.07) (2.32) (3.10) (4.52) (4.18) (5.55)

Ownership 0.0419 -0.00653 0.0759 0.00534 -0.0234 -0.0203 -0.0143 -0.0144
(0.64) (-0.06) (1.34) (0.06) (-0.63) (-0.41) (-0.36) (-0.27)

Recession 0.131*** 0.128*** 0.0865** 0.0666 0.0226 0.0399 0.0125 0.0356
(3.22) (3.09) (2.16) (1.58) (0.93) (1.54) (0.49) (1.27)

Constant 7.302*** 10.56*** 6.848*** 11.39*** 7.093*** 10.84***7.097*** 11.49***
(20.64) (63.61) (17.77) (64.44) (18.54) (83.22) (18.13) (95.16)

Observations 1516 1860 1516 1860 2672 3348 2672 3348

t-statistics in parenthesis. ***p < 0.01, **p < 0.05, *p < 0.1 .
Provincial Fixed Effects and Robust Standard Errors.
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Table B.9: Size, Inventory and Labour Productivity in Dairy Product Processing and Meat and Poultry Process-
ing Between 2000 and 2011

Dependent Variable: Labour Productivity

Dairy Product Processing (3115) Meat and Poultry Processing (3116)
(1) (2) (3) (4) (5) (6) (7) (8)

Lagged LP 0.408*** 0.427*** 0.334*** 0.406***
(13.20) (13.54) (14.36) (14.64)

Small 0.770*** 1.015*** 0.738*** 0.981*** 0.525*** 0.613*** 0.524*** 0.638***
(6.02) (6.81) (5.51) (6.09) (6.41) (7.93) (6.81) (8.51)

Medium 0.190** 0.332*** 0.171* 0.308** 0.153*** 0.190*** 0.145*** 0.188***
(2.18) (2.76) (1.78) (2.31) (2.93) (4.27) (3.16) (4.91)

Sales to Inv 0.145*** 0.176*** 0.204*** 0.250***
(6.03) (5.89) (11.00) (12.22)

Inv Turnover 0.0221 -0.00945 0.0283* 0.0424**
(1.02) (-0.39) (1.90) (2.41)

Age -0.0144*** -0.00444 -0.0183***-0.00897* -0.00340 -0.00375 -0.0108***-0.0121***
(-3.33) (-0.84) (-4.33) (-1.66) (-1.18) (-1.03) (-3.55) (-2.89)

Export 0.0284 0.0292 0.0232 0.0234 0.0313 0.0691*** 0.0497** 0.103***
(0.68) (0.56) (0.58) (0.46) (1.47) (2.91) (2.28) (4.14)

Ownership 0.0448 0.114 0.0509 0.171 0.000750 0.0536 0.0123 0.0654
(0.37) (1.03) (0.37) (1.35) (0.01) (0.67) (0.19) (0.76)

Recession -0.00848 0.00552 -0.00190 0.0212 -0.0138 -0.0350** -0.00816 -0.0348*
(-0.44) (0.25) (-0.09) (0.91) (-0.93) (-2.12) (-0.52) (-1.93)

Constant 6.494*** 11.15*** 6.619*** 11.62*** 7.043*** 10.82*** 6.710*** 11.42***
(17.13) (56.77) (15.91) (54.86) (25.13) (90.24) (19.93) (96.97)

Observations 2973 3787 2973 3787 5693 7009 5693 7009

t-statistics in parenthesis. ***p < 0.01, **p < 0.05, *p < 0.1 .
Provincial Fixed Effects and Robust Standard Errors.
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Table B.10: Size, Inventory and Labour Productivity in Seafood Product Preparation and Bakery and Tortillas
Manufacturing Between 2000 and 2011

Dependent Variable: Labour Productivity

Seafood Product Preparation (3117) Bakery and Tortillas Manufacturing (3118)
(1) (2) (3) (4) (5) (6) (7) (8)

Lagged LP 0.320*** 0.370*** 0.231*** 0.365***
(11.89) (12.21) (19.10) (27.78)

Small 1.149*** 1.279*** 1.108*** 1.234*** 0.849*** 0.880*** 0.766*** 0.832***
(7.12) (6.94) (6.87) (6.41) (7.67) (6.91) (5.97) (4.90)

Medium 0.586*** 0.648*** 0.555*** 0.616*** 0.381*** 0.358*** 0.350*** 0.339**
(4.01) (3.75) (3.79) (3.40) (4.02) (3.26) (3.06) (2.21)

Sales to Inv 0.189*** 0.231*** 0.248*** 0.296***
(8.81) (10.26) (30.15) (37.09)

Inv Turnover 0.0596*** 0.0497*** 0.0439*** 0.0664***
(3.70) (2.93) (3.29) (4.93)

Age -0.0217***-0.0332***-0.0258***-0.0395*** -0.00252 -0.0178***-0.0243*** -0.0513***
(-4.92) (-6.48) (-5.70) (-7.00) (-1.04) (-6.56) (-9.21) (-14.75)

Export 0.0822*** 0.137*** 0.0998*** 0.171*** -0.0104 0.0493** 0.0861*** 0.179***
(2.73) (4.33) (3.26) (5.06) (-0.45) (2.11) (3.55) (6.92)

Ownership -0.197 -0.397 -0.304 -0.469 0.0800 0.138 0.121 0.223
(-0.71) (-1.51) (-0.88) (-1.62) (0.93) (1.14) (1.37) (1.46)

Recession -0.00729 0.00190 -0.0221 -0.0271 0.148*** 0.170*** 0.162*** 0.196***
(-0.33) (0.08) (-0.96) (-1.03) (9.73) (10.81) (10.06) (11.14)

Constant 6.594*** 10.28*** 6.510*** 10.87*** 7.111*** 9.603*** 6.251*** 10.31***
(15.22) (31.40) (12.80) (31.43) (37.82) (51.55) (29.23) (41.20)

Observations 4042 5131 4042 5131 11285 14044 11285 14044

t-statistics in parenthesis. ***p < 0.01, **p < 0.05, *p < 0.1 .
Provincial Fixed Effects and Robust Standard Errors.



Table B.11: Size, Inventory and Labour Productivity in Other Food Manufacturing
Between 2000 and 2011

Dependent Variable: Labour Productivity

Other Food Manufacturing(3119)
(1) (2) (3) (4)

Lagged LP 0.290*** 0.362***
(11.73) (13.97)

Small 0.471*** 0.522*** 0.486*** 0.538***
(4.63) (5.45) (4.12) (5.76)

Medium 0.214** 0.181** 0.202* 0.184**
(2.35) (2.29) (1.84) (2.37)

Sales to Inv 0.227*** 0.257***
(12.54) (14.43)

Inv Turnover -0.0147 0.00283
(-0.68) (0.13)

Age -0.00279 -0.000958 -0.0130*** -0.0135***
(-0.86) (-0.23) (-3.86) (-2.88)

Export 0.0715*** 0.128*** 0.0926*** 0.167***
(3.15) (4.99) (3.92) (5.94)

Ownership 0.0377 -0.0530 0.0165 -0.0769
(0.67) (-0.80) (0.29) (-1.06)

Recession 0.0747*** 0.0752*** 0.0757*** 0.0766***
(4.05) (3.88) (3.94) (3.82)

Constant 7.474*** 10.87*** 7.216*** 11.50***
(24.72) (93.79) (21.66) (93.61)

Observations 4032 5099 4032 5099

t-statistics in parenthesis. ***p < 0.01, **p < 0.05, *p < 0.1 .
Provincial Fixed Effects and Robust Standard Errors.
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Table B.12: Inventory and Multifactor Productivity (Translog ACF) in Animal Food, Grain, and Sugar Industries
Between 2000 and 2011

Dependent Variable: Inventory Performance Measurement

Animal (3111) Grain (3112) Sugar (3113)
(1) (2) (3) (4) (5) (6)

Sales Inv Inv Turnover Sales Inv Inv Turnover Sales Inv Inv Turnover
MFP(Translog ACF) 0.387*** 0.212*** 0.140* 0.245*** -0.190*** 0.160***

(6.03) (4.28) (1.93) (4.82) (-3.26) (4.65)
Small 0.413* 0.262 -0.693*** 0.577*** -0.340* 0.197

(1.70) (1.11) (-3.57) (4.39) (-1.76) (1.08)
Medium 0 0 -0.653*** 0.543*** -0.0652 0.185

(.) (.) (-4.57) (5.24) (-0.51) (1.45)
Age -0.0292*** 0.000676 -0.0270** -0.0109 -0.0128 0.00157

(-5.13) (0.13) (-2.59) (-1.19) (-1.20) (0.21)
Export -0.0140 -0.0873 0.0922 -0.0539 0.260*** 0.0862

(-0.22) (-1.53) (1.22) (-0.84) (3.61) (1.46)
Ownership -0.0433 -0.0755 0.00376 -0.0453 0.0551 0.0588

(-0.53) (-0.85) (0.03) (-0.39) (0.34) (0.37)
Recession 0.0697** 0.0583* -0.0339 -0.0207 -0.193*** -0.0562

(2.27) (1.95) (-0.77) (-0.53) (-3.23) (-1.28)
Constant -3.798*** -0.891 0.384 -2.903*** 7.352*** -2.469**

(-3.61) (-1.10) (0.25) (-2.68) (4.43) (-2.50)

Observations 5034 5034 1493 1493 1860 1860

t-statistics in parenthesis. ***p < 0.01, **p < 0.05, *p < 0.1 .
Provincial Fixed Effects and Robust Standard Errors.
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Table B.13: Inventory and Multifactor Productivity in Fruits and Vegetables, Dairy and Meat and Poultry In-
dustries Between 2000 and 2011

Dependent Variable: Inventory Performance Measurement

Fruits and Vegetables (3114) Dairy (3115) Meat and Poultry (3116)
(1) (2) (3) (4) (5) (6)

Sales Inv Inv Turnover Sales Inv Inv Turnover Sales Inv Inv Turnover
MFP (Translog ACF) -0.101*** 0.113*** 0.254*** -0.0429 1.020*** 0.0209

(-3.50) (5.54) (4.00) (-0.85) (18.64) (0.39)
Small -0.324** 0.0780 0.0762 -0.268 0.530*** 0.0822

(-2.36) (0.58) (0.40) (-1.23) (3.25) (0.55)
Medium -0.0820 0.0105 -0.0198 -0.151 0.191 0.00343

(-1.03) (0.13) (-0.12) (-0.76) (1.48) (0.03)
Age -0.0316*** -0.0114* -0.0267*** -0.0131* -0.0284*** -0.0160***

(-3.99) (-1.74) (-3.59) (-1.85) (-5.52) (-3.01)
Export 0.182*** -0.00163 -0.0287 -0.107 0.0472 0.0263

(3.08) (-0.03) (-0.38) (-1.41) (1.22) (0.69)
Ownership 0.000259 0.0550 0.278** -0.0511 0.176* 0.123

(0.00) (0.85) (2.32) (-0.50) (1.80) (1.42)
Recession -0.0237 0.00666 0.0860*** 0.0710** 0.0313 0.0218

(-0.61) (0.21) (2.75) (2.30) (1.34) (0.97)
Constant 5.652*** -1.586** -0.790 3.426*** -5.172*** 2.702***

(5.70) (-2.29) (-0.94) (5.08) (-11.14) (6.07)

Observations 3348 3348 3787 3787 7009 7009

t-statistics in parenthesis. ***p < 0.01, **p < 0.05, *p < 0.1 .
Provincial Fixed Effects and Robust Standard Errors.
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Table B.14: Inventory and Multifactor Productivity in Seafood, Bakery and Other Food Manufacturing Between
2000 and 2011

Dependent Variable: Inventory Performance Measurement

Seafood (3117) Bakery (3118) Other (3119)
(1) (2) (3) (4) (5) (6)

Sales Inv Inv Turnover Sales Inv Inv Turnover Sales Inv Inv Turnover
MFP (Translog) 0.729*** 0.379*** -0.390*** 0.0539*** -0.0988*** 0.150***

(12.03) (8.08) (-12.76) (3.68) (-3.75) (6.23)
Small 0.0326 -0.122 -0.664*** -0.118 -0.139 0.223

(0.20) (-0.78) (-3.14) (-0.97) (-0.57) (0.76)
Medium -0.0827 -0.133 -0.236 0.0114 -0.0811 0.0569

(-0.67) (-1.07) (-1.18) (0.10) (-0.36) (0.20)
Age -0.00557 0.0147* -0.0863*** -0.0611*** -0.0382*** -0.0370***

(-0.68) (1.95) (-14.46) (-16.04) (-5.50) (-5.91)
Export 0.0281 -0.137*** 0.381*** 0.113*** 0.138*** -0.0521

(0.54) (-2.74) (9.59) (3.90) (3.50) (-1.56)
Ownership 0.182 0.0948 0.0158 0.121 -0.0866 -0.0708

(0.31) (0.16) (0.10) (1.05) (-0.73) (-0.70)
Recession -0.0897** -0.0942*** 0.0864*** 0.0453*** -0.00622 0.0236

(-2.27) (-2.68) (3.97) (2.60) (-0.20) (0.91)
Constant -5.221*** -1.326* 13.35*** 1.925*** 5.557*** -2.049***

(-6.10) (-1.86) (15.86) (4.59) (6.46) (-2.62)

Observations 5131 5131 14044 14044 5099 5099

t-statistics in parenthesis. ***p < 0.01, **p < 0.05, *p < 0.1 .
Provincial Fixed Effects and Robust Standard Errors.
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Table B.15: Inventory and Labour Productivity in Animal Food, Grain, and Sugar Industries Between 2000 and
2011

Dependent Variable: Inventory Performance Measurement

Animal (3111) Grain (3112) Sugar (3113)
(1) (2) (3) (4) (5) (6)

Sales Inv Inv Turnover Sales Inv Inv Turnover Sales Inv Inv Turnover
LP 0.416*** 0.100** 0.483*** 0.0723 0.605*** -0.0997**

(7.84) (2.53) (6.53) (1.39) (8.88) (-2.13)
Small -0.100 0.0931 -0.947*** 0.232* -0.433** -0.0300

(-0.42) (0.40) (-6.10) (1.84) (-2.33) (-0.21)
Medium 0 0 -0.578*** 0.351*** -0.129 0.0950

(.) (.) (-6.03) (3.92) (-1.12) (0.97)
Age -0.0346*** -0.00124 -0.0320*** -0.00600 -0.0125 0.0129

(-6.19) (-0.23) (-3.21) (-0.62) (-1.37) (1.64)
Export -0.0000164 -0.0787 0.0562 -0.0418 0.201*** 0.0773

(-0.00) (-1.37) (0.87) (-0.65) (3.00) (1.28)
Ownership -0.0401 -0.0725 -0.0634 -0.126 0.00998 0.0985

(-0.52) (-0.82) (-0.36) (-1.03) (0.06) (0.76)
Recession 0.0615** 0.0600** -0.106** -0.0151 -0.214*** -0.0687

(2.01) (1.99) (-2.39) (-0.38) (-3.45) (-1.57)
Constant -2.449*** 1.366** -2.709*** 1.369** -4.761*** 3.142***

(-3.54) (2.51) (-2.90) (2.06) (-6.10) (5.84)

Observations 5034 5034 1493 1493 1860 1860

t-statistics in parenthesis. ***p < 0.01, **p < 0.05, *p < 0.1 .
Provincial Fixed Effects and Robust Standard Errors.
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Table B.16: Inventory and Labour Productivity in Fruits and Vegetables, Dairy and Meat and Poultry Industries
Between 2000 and 2011

Dependent Variable: Inventory Performance Measurement

Fruits and Vegetables (3114) Dairy (3115) Meat and Poultry (3116)
(1) (2) (3) (4) (5) (6)

Sales Inv Inv Turnover Sales Inv Inv Turnover Sales Inv Inv Turnover
LP 0.445*** -0.133*** 0.316*** -0.0156 0.633*** 0.0793**

(7.40) (-2.83) (6.32) (-0.39) (14.58) (2.41)
Small -0.404*** -0.0996 -0.493*** -0.209 -0.295* 0.0228

(-2.83) (-0.75) (-2.96) (-0.97) (-1.95) (0.15)
Medium -0.156** -0.0381 -0.228 -0.127 -0.128 -0.0156

(-2.00) (-0.49) (-1.61) (-0.64) (-1.09) (-0.13)
Age -0.0340*** -0.00524 -0.0223*** -0.0135* -0.0281*** -0.0151***

(-4.26) (-0.80) (-3.05) (-1.93) (-5.12) (-2.84)
Export 0.108* 0.0107 -0.0354 -0.107 0.0734* 0.0199

(1.93) (0.20) (-0.46) (-1.41) (1.87) (0.52)
Ownership 0.0189 0.0408 0.268** -0.0558 0.0232 0.115

(0.31) (0.54) (2.54) (-0.54) (0.32) (1.36)
Recession -0.0385 0.0104 0.0791*** 0.0714** 0.0257 0.0239

(-1.04) (0.32) (2.59) (2.30) (1.10) (1.08)
Constant -2.839*** 3.777*** -1.135* 3.047*** -4.413*** 1.952***

(-4.16) (6.92) (-1.87) (5.61) (-8.42) (4.69)

Observations 3348 3348 3787 3787 7009 7009

t-statistics in parenthesis. ***p < 0.01, **p < 0.05, *p < 0.1 .
Provincial Fixed Effects and Robust Standard Errors.
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Table B.17: Inventory and Labour Productivity in Seafood, Bakery and Other Food Manufacturing Between
2000 and 2011

Dependent Variable: Inventory Performance Measurement

Seafood (3117) Bakery (3118) Other (3119)
(1) (2) (3) (4) (5) (6)

Sales Inv Inv Turnover Sales Inv Inv Turnover Sales Inv Inv Turnover
LP 0.636*** 0.109*** 0.823*** 0.0802*** 0.650*** 0.00465

(11.89) (3.03) (35.97) (4.88) (14.48) (0.13)
Small -1.030*** -0.404** -0.878*** -0.247** -0.286 -0.0866

(-5.74) (-2.51) (-7.46) (-2.25) (-1.22) (-0.29)
Medium -0.564*** -0.249* -0.344*** -0.0395 -0.110 -0.0805

(-4.07) (-1.95) (-3.26) (-0.38) (-0.52) (-0.29)
Age -0.00160 0.00805 -0.0804*** -0.0512*** -0.0401*** -0.0207***

(-0.19) (1.04) (-19.16) (-13.90) (-6.56) (-3.70)
Export 0.0220 -0.104** 0.309*** 0.0864*** 0.0445 -0.0759**

(0.42) (-2.01) (8.98) (3.06) (1.26) (-2.19)
Ownership -0.0429 -0.128 0.116 0.0626 -0.0436 -0.0597

(-0.07) (-0.19) (1.03) (0.57) (-0.41) (-0.63)
Recession -0.132*** -0.124*** -0.0655*** 0.0277 -0.0445 0.00582

(-3.42) (-3.43) (-3.24) (1.56) (-1.42) (0.23)
Constant -3.801*** 1.854*** -5.530*** 2.492*** -5.002*** 2.575***

(-4.55) (2.64) (-19.41) (10.89) (-8.93) (5.28)

Observations 5131 5131 14044 14044 5099 5099

t-statistics in parenthesis. ***p < 0.01, **p < 0.05, *p < 0.1 .
Provincial Fixed Effects and Robust Standard Errors.
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