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ABSTRACT 

Investments in the Information and Communications Technology (ICT) sector can 

affect the entire economy. Direct expenditures within the ICT sector generate both 

indirect and induced benefits. Employment levels, competitiveness, and overall strength 

of the economy can be improved through increased investment in the ICT sector.  

 This report attempts to assess the economic impact of the Canadian ICT sector 

using the Statistics Canada Symmetric Input-Output tables. Given the lack of provincial 

data available, an evaluation of the economic impact of the New Brunswick ICT sector is 

carried out using the Statistics Canada Interprovincial Input-Output Simulations Model.  

 This report concludes that the economic impact of both the Canadian and New 

Brunswick ICT sectors are significant. Thus further strategic investment in this sector 

would benefit both the New Brunswick and the national economy  

 

 

 

 

 

 

 



iii 

 

Table of Contents 

ABSTRACT ........................................................................................................................ ii 

Table of Contents ............................................................................................................... iii 

List of Tables ...................................................................................................................... v 

List of Figures .................................................................................................................... vi 

Chapter 1. Introduction ....................................................................................................... 1 

1.0 Introduction ............................................................................................................... 1 

1.1 The New Brunswick ICT Sector ............................................................................... 1 

1.2 Data Collection ......................................................................................................... 4 

1.3 Economic Impact Assessment .................................................................................. 4 

1.4 Report Outline ........................................................................................................... 6 

Chapter 2. Methods ............................................................................................................. 7 

2.0 Introduction ............................................................................................................... 7 

2.1 Economic Base Models............................................................................................. 7 

2.2 Econometric Models ............................................................................................... 13 

2.3 Input-Output Models ............................................................................................... 15 

Chapter 3. Review of the Literature .................................................................................. 22 

3.0 Introduction ............................................................................................................. 22 

3.1 Fatemeh Bazzazan (2009) ....................................................................................... 22 

3.2 Mattioli Elvio and Lamonica Giuseppe Ricciardo (2013) ...................................... 23 

3.3 Mun Heng Toh and Shandre Mugan Thangavelu (2013) ....................................... 25 

3.4 Rohman (2013) ....................................................................................................... 26 

3.5 Claudio Di Carlo and Elisabetta Santarelli (2010) ................................................. 28 

3.6 Concluding Remarks ............................................................................................... 29 

Chapter 4. Model and Estimation ..................................................................................... 31 

4.0 Introduction ............................................................................................................. 31 

4.1 The Data .................................................................................................................. 31 

4.2 The Model ............................................................................................................... 34 

Chapter 5. Results ............................................................................................................. 38 

5.0 Introduction ............................................................................................................. 38 

5.1 The Two-Sector Economy ...................................................................................... 38 

5.2 The Multi-Sector Economy..................................................................................... 43 



iv 

 

5.3 Provincial Analysis ................................................................................................. 57 

Chapter 6. Conclusion and Discussion ............................................................................. 61 

6.0 Introduction ............................................................................................................. 61 

6.1 Summary and Discussion ........................................................................................ 61 

6.2 Policy Implications ................................................................................................. 64 

6.3 Limitations of This Study ....................................................................................... 65 

6.4 Recommendations for Future Research .................................................................. 67 

Bibliography ..................................................................................................................... 69 

Appendix I – 2007 Sectors (Defined by NAICS code)..................................................... 71 

Appendix II – 2011 Sectors (Defined by NAICS code) ................................................... 74 

Curriculum Vitae 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



v 

 

List of Tables 

Table 2.1: An Input-Output Matrix ………………………………………………..  16 

Table 2.2:  A Technical Coefficients Matrix ………………………………………. 18 

Table 2.3:  A Leontief Inverse Matrix ……………………………………………... 19 

Table 4.1:  A Standard Input-Output Matrix with ICT and Non-ICT Sectors……… 35 

Table 4.2:  An Input-Output Matrix with ICT and n Non-ICT Sectors…………….. 36 

Table 5.1:  2007 Two-Sector Economy Input-Output Table (Thousands) ………… 39 

Table 5.2:  2011 Two-Sector Economy Input-Output Table (Thousands) ………… 39 

Table 5.3:  2007 Two-Sector Economy Technical Coefficients Matrix ………….... 40 

Table 5.4: 2011 Two-Sector Economy Technical Coefficients Matrix ………….... 40 

Table 5.5: 2007 Two-Sector Economy Leontief Inverse Matrix ………………….. 41 

Table 5.6: 2011 Two-Sector Economy Leontief Inverse Matrix ………………….. 41 

Table 5.7: 2007 Multi-Sector Economy Input-Output Table (Thousands)………… 44 

Table 5.8: 2011 Multi-Sector Economy Input-Output Table (Thousands)………… 46 

Table 5.9: 2007 Multi-Sector Economy Technical Coefficients ………………….. 49 

Table 5.10: 2011 Multi-Sector Economy Technical Coefficients ………………….. 50 

Table 5.11: 2007 Multi-Sector Leontief Inverse Matrix ……………………………. 52 

Table 5.12: 2011 Multi-Sector Leontief Inverse Matrix ……………………………. 54 

Table 5.13: NB ICT Industry GDP and Income Impacts, Thousands (2012) ………. 57 

Table 5.14: NB ICT Industry Employment Impacts (2012) ………………………... 58 

Table 5.15:  NB ICT Industry Employment Impacts by Industry (2012) …………… 59 

Table 5.16:  NB ICT Industry Consumer Spending Impacts, Thousands (2012) …… 60 

 



vi 

 

List of Figures 

Figure 1.1        ICT Firm Count – Canada .......................................................................... 3 

Figure 1.2        ICT Firm Count - New Brunswick ............................................................. 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

1 

 

Chapter 1. Introduction 

1.0 Introduction 

Investments in the Information and Communications Technology (ICT) sector can 

affect the entire economy. Direct expenditures within the ICT sector generate both 

indirect and induced benefits. Employment levels, competitiveness, and overall strength 

of the economy can be improved through increased investment in the ICT sector.  

 This study attempts to assess the economic impact of the Canadian ICT sector, as 

well as the New Brunswick ICT sector. This study comes at a time when ICT growth is 

becoming a primary concern for Canada, and the government of New Brunswick has 

announced a number of projects targeted at the innovation of the cyber technology field 

in such a way that will create jobs and revenues for the province (Government of New 

Brunswick, May 2016).  Successful implementations of these projects, as well as 

profitable investments in the sector will result in an ICT sector that is innovative, 

entrepreneurial, and self-sufficient. The primary purpose of this study is to assess the 

impact of increased investment in the ICT sector on both the national and provincial 

economy.  

1.1 The New Brunswick ICT Sector 

The ICT sector is defined as a variant of the North American Industry Classification 

System (NAICS) industries. The ICT sector definition was originally developed by the 

Organization for Economic Co-operation and Development in 2006 (Statistics Canada, 

2015). The ICT sector consists of industries focused in producing goods or services, or 



 

2 

 

supplying technologies, used to process, transmit or receive information. According to 

Statistics Canada (2015), the specific NAICS industries included in the ICT sector are as 

follows: 

31 – 33  ICT – Manufacturing 

41   ICT – Wholesale Trade 

51  ICT – Information and Cultural Industries  

54   ICT – Professional, Scientific and Technical Services 

81   ICT – Other Services (Except Public Administration) 

Statistics Canada further defines the ICT industry by stating that the underlying principle 

that allows manufacturing industries to be included in the ICT sector is as follows: “for 

manufacturing industries, an industry’s product must be intended to fulfil the function of 

information processing and communication by electronic means including transmission 

and display” (Statistics Canada, 2015). Similarly, Statistics Canada also states that the 

underlying principle that allows service industries to be included in the ICT sector is as 

follows: “for service industries, an industry’s products must be intended to enable the 

function of information processing and communication by electronic means” (Statistics 

Canada, 2015).  

 The ICT sector is becoming one of the most important economic engines for the 

economy. Beyond the direct ICT sector, many other industries employ a large contingent 

of ICT workers. The ICT industry has been consistently growing in recent years, with no 

signs of slowing down.  
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Figure 1.1 ICT Firm Count – Canada 

 

In 2014, there were more than 84,000 ICT firms across Canada, an increase of 19% since 

2011 (Canadian Business Patterns, 2011 & 2014).   

 

Figure 1.2 ICT Firm Count - New Brunswick 

 

Similarly, in 2014, the number of ICT firms in New Brunswick rose to more than 570 

firms, an increase of 16% since 2011 (Canadian Business Patterns, 2011 & 2014). As the 

economy continues to become increasingly knowledge-based, governments are beginning 

to shift their focus to the rapidly-growing ICT sector. 

71,287 

84,489 

2011 2014

ICT Firm Count - Canada 

496 

577 

2011 2014

ICT Firm Count - New Brunswick
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1.2 Data Collection 

There are two standard data collection methods that can be used to measure the 

economic impact of the national and provincial ICT sectors. The two methods are 

classified as follows: 

1. Direct Method – survey or questionnaire  

2. Indirect Method – using secondary sources of information such as Statistics 

Canada data 

The direct method of data collection utilizes surveys and questionnaires to determine 

the economic impact as a result of increased investment in the ICT sector.  

The indirect method makes use of data available from secondary sources of 

information. Data for this type of analysis can be obtained from Statistics Canada, and 

their detailed publications on each industry both nationally, and provincially.  

 For this study, the indirect method is employed for data collection. For the 

national analysis included in this study, data from the Statistics Canada National 

Symmetric Input-Output tables for the years 2007 and 2011 is used. Provincial symmetric 

input-output data is not available at a level detailed enough to use for the New Brunswick 

analysis included in this study, so data from the Statistics Canada Interprovincial Input-

Output Model Simulation is used.  

1.3 Economic Impact Assessment 

There are three primary techniques used to measure the economic impact of a 

particular sector. These three techniques are as follows: 
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1. Economic base models 

2. Econometric models 

3. Input-output models 

Economic base model theory holds that the local economy is divided into two 

producing sectors: the basic sector and the non-basic sector. These two sectors 

differentiate the goods that are sold outside and within a specific region.  

Econometric models use multiple equation estimation to explain the structure of a 

specific regional economy. This estimation is also used to forecast economic activity 

variables such as income and employment.  Econometric regression models employ time-

series data and are based on models of the national economy.  

Lastly, input-output models present detailed information on the monetary relationship 

between sectors. Input-output models show the interdependence of the economy of a 

specific region. A transaction matrix can be constructed which shows what each sector 

purchases and sells from each other sector. This matrix allows for technical coefficients 

to be calculated, which represent direct backward linkages of one industry to other 

industries.    

When calculating multipliers to determine the economic impact of the ICT sector, 

there are advantages and disadvantages to each of the above methods. Chapter two of this 

report consists of a discussion that reviews the benefits and drawbacks of each method 

allowing one to be chosen as an appropriate method of analysis for this study.  
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1.4 Report Outline 

Chapter two of this report provides a discussion on the three primary models used to 

measure economic impact multipliers of the ICT sector. These methods will be reviewed 

and evaluated in order for a suitable method to be selected for this study. Chapter three of 

this report will include a review of the literature from similar studies of economic impact 

of ICT.  

 Chapter four of this report provides a description of the model used for the 

estimation of economic impact multipliers of the Canadian ICT sector, as well as the 

model used for the estimation of the impact of the provincial ICT sector. This chapter 

also provides an in depth discussion of the data used for this study.  

The fifth chapter presents and discusses the results obtained from this analysis. The 

sixth, and final, chapter of this report makes conclusions from the results obtained. This 

section also includes a discussion of the limitations of this study, policy implications, and 

recommends potential modifications for future analysis.    
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Chapter 2. Methods 

2.0 Introduction  

There are three primary assessment techniques that can be used to measure economic 

impact of the ICT sector.  These three techniques are: 

1. Economic Base Models 

2. Econometric Models 

3. Input-Output Models 

This section will provide a discussion and evaluation of these techniques in order to 

select a suitable method for this analysis.  

2.1 Economic Base Models  

Economic base models are one of the earliest statistical models to be used in regional 

research. In his book Econometric Analysis of Regional Systems, Norman J. Glickman 

(1977) outlines that the basic theory of economic base models holds that the local 

economy is divided into two producing sectors:  

1. The basic sector – goods sold outside the region 

2. The non-basic sector – goods sold within the region  

A primary assumption in economic base theory is that development and enhancement of 

the basic sector will grow the local economy. Glickman (1977) also asserts the 

assumption that an expansion of the basic sector will increase production in the non-basic 

sector, and that the relationship between these two sectors is stable.  
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In the book Economic Impact Analysis: Methodology and Applications, Saul 

Pleeter (1980) asserts that economic base models view the economy much like a 

household with a single wage earner. In a household with a single wage earner, 

household income can only increase with an increase in the wages of the sole earner. 

Pleeter (1980) argues that this is reflected in the economic base model through the export 

industry. Since the local service industries can only respond to changes in local economic 

conditions, the local economy shows no new activity without the presence of new funds. 

However, Pleeter (1980) concludes that external changes that would lead to changes in 

export activity will cause changes in the export industries, which then translate to the 

local economy.  

Following the procedure outlined by Glickman (1977), mathematically we can 

express this model by: 

 𝑌𝐼 =  𝐶𝑖 + 𝐼𝑖 +  𝐺𝑖 + 𝑋𝑖 − 𝑀𝑖 

Where   𝑌𝑖 = total income in region i 

  𝐶𝑖 = consumption in region i 

   𝐼𝑖 = investment in region i. 

  𝐺𝑖 = government spending in region i 

  𝑋𝑖 = exports from region i 

  𝑀𝑖 = imports to region i   

This model allows for investment, government spending, and consumption to be 

exogenous.  
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Furthermore, Glickman (1977) states these assumptions:  

  𝐶𝑖 =  𝑎𝑖 +  𝑏𝑖𝑌𝑖
𝑑; 𝐼 =  𝐼𝑖

∗; 𝐺𝑖 =  𝐺𝑖
∗; 

  𝑋𝑖 =  ∑ 𝑀𝑖𝑗 =  ∑ 𝑚𝑖𝑗𝑗=1𝑗=1 𝑌𝑗
𝑑; 𝑀𝑖 =  ∑ 𝑚𝑗𝑖𝑌𝑖

𝑑 ;      𝑇𝑖 =  𝑡𝑖𝑌𝑖. 

If we then sum all autonomous expenditures: 

    𝐴𝑖 =  𝑎𝑖 +  𝐼�̅� + �̅�𝑖 

We can substitute and solve for Yi : 

𝑌𝑖 =  
𝐴𝑖 +  ∑ 𝑚𝑖𝑗𝑌𝑗(1 − 𝑡𝑗)𝑗=1

1 − (𝑏𝑖 − ∑ 𝑚𝑗𝑖)(1 − 𝑡𝑖)𝑗=1
 

Therefore, the multiplier becomes: 

 

𝑘 =  
1

1 − (𝑏𝑖 −  ∑ 𝑚𝑗𝑖) (1 − 𝑡𝑖)𝑗=1
 

 

Where m is the marginal propensity to import and b is the marginal propensity to 

consume. 

From this, Glickman (1977) shows that regional income (Yi) is influenced by four 

sources: 

1. Exports 

2. Any of the components of autonomous expenditure 

3. Income in other regions which will influence the exports of region i 

4. Any of the parameters in the model (e.g. bi, ti) 

A primary issue that arises in economic base models is the measurement of the basic 

sector, commonly referred to as “the base”. There are two favoured methods for 

measuring the base: 

1. The Location Quotient  
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2. The Minimum Requirements Technique 

In the article Input-Output and Economic Base Multipliers: Looking Backward and 

Forward, Harry W. Richardson (1985) discusses the popularity of the location quotient 

method to measure the economic base in the absence of interregional trade flow data. The 

location quotient technique determines the level of the basic sector by using employment 

data. Employment data of the local economy is compared to employment data of a larger 

reference economy, such as a state, or nation. Location quotients are calculated for each 

industry in an attempt to determine whether or not the local economy has a greater share 

of each industry than expected. Following the work of Richardson (1985) we can show 

that the location quotient is the proportion of industry i employment in region r relative to 

the reference economy: 

𝐿𝑄𝑖
𝑟 =  

𝐸𝑖
𝑟 𝐸𝑟⁄

𝐸𝑖
𝑛 𝐸𝑛⁄

 

where:  𝐸𝑖
𝑟 = industry 𝑖 employment in region 𝑟 

  𝐸𝑟 =  ∑ 𝐸𝑖
𝑟 = total employment in region 𝑟𝑖  

  𝐸𝑖
𝑛 = industry 𝑖 employment in the refernece economy 

  𝐸𝑛 =  ∑ 𝐸𝑖
𝑛 = total employment in the reference economy𝑖  

If the location quotient for industry i is found to be greater than one, then there is more 

activity in industry i in this specific region compared to the reference economy. David 

Elvin (2008) argues in his paper Methods for identifying local import substitution 

opportunities to foster sustainable regional economies: Regional strategies for 

sustainable economic development that this would imply that the region is producing a 

surplus in industry i that is being exported.  
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According to Richardson (1985), the basic sector can then be defined as: 

𝐵𝑎𝑠𝑒𝑖
𝑟 = [ 

𝐸𝑖
𝑟

𝐸𝑖
𝑛 −  

𝐸𝑟

𝐸𝑛
 ] 𝐸𝑖

𝑛 

There are, of course, some restrictions with the location quotient technique. In the book 

Regional Economic Modelling: A Systematic Approach to Economic Forecasting and 

Policy Analysis, Treyz (1993) outlines how this technique assumes equal labour 

productivity in the region and the reference economy, as well as uniform consumption 

patterns.  It is noted that location quotient theory also assumes no international trade, 

which is simply unrealistic. For these reasons, the economic base found using the 

location quotient technique may be understated.  

 The second method for measuring the base is the minimum requirements 

technique. This technique differs from the location quotient method by comparing local 

employment conditions with those of a sample of similarly sized regions for each 

industry (Richardson, 1985). For any industry i, the region with the minimum share of its 

employment in that industry is identified. Richardson (1985) states that the primary 

assumption of this technique is that the minimum shares region has just enough 

employment to satisfy local demand for that industry’s goods and services. It is also 

assumed that all other regions in the same size class will export some of the industry’s 

output. Following Richardson’s (1985) work the base can be defined as: 

𝐵𝑎𝑠𝑒𝑖
𝑟 = [ 

𝐸𝑖
𝑟

𝐸𝑟
− 

𝐸𝑖
𝑚

𝐸𝑚
 ] 𝐸𝑟 
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From this, it can be seen that the exports are estimated as proportional to the difference 

between the regional employment share in the industry and the industry’s share in the 

minimum share region (Richardson, 1985).  

 Richardson (1985) states that the primary criticism of the minimum requirements 

technique is the assumption that every region satisfies its own requirements, and there is 

no importing. It also states that the second key assumption that all production in the 

minimum region is for local use only may also not hold.  

 Although economic base models are rather simple in terms, Glickman (1977) and 

Pleeter (1980) put forth two main problems that surround their application: use of 

improper units of measurement and improper identification of sectors. By using 

employment as a unit of measurement, economic base models may not take into account 

different wage levels when looking at a change in the number of jobs. The improper 

identification of which activities are basic and which are non-basic returns to the primary 

concern of this model: how does one measure the base sector? Economic base models are 

often criticized for placing too much emphasis on exports while failing to observe how 

imports going to both the basic and non-basic sectors can be reduced (Elvin, 2008). By 

simplifying the economy into two-sectors, and in turn being unable to relate exports to 

the growth of other regions, is an inconsistent aspect of economic base models. While 

location quotients and minimum requirements are in theory easy to calculate, they are 

both seen as overestimates of economic activity.  

 It is due to the persistent, and in many ways exclusive, focus on exports, as well 

as the overestimation of the location quotient and minimum requirements technique, that 

economic base analysis was not selected for this study.  
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2.2 Econometric Models 

Econometric models are the next method commonly used in regional research. These 

models employ time series data (observations of the same economic variables on a 

regular temporal basis) and regression analysis to estimate the relationship between two, 

or more, economic variables (Glickman, 1977). Inadequate data is a primary issue that 

plagues the construction of econometric models. Since the data available is generally 

annual data, there is very little flexibility in the functional form of the model (Pleeter, 

1980). Econometric models require more data than economic base models, thus 

econometric models also require greater financial expenditures. However, the amount of 

information that can be generated from an econometric model is greater than that from an 

economic base model.  

According to Glickman (1977), there are two types of regional econometric models: 

1. Simple econometric models 

2. Simultaneous econometric models 

Simple models are said to consist of a series of regression equations in which national 

variables are related to regional variables and the individual equations are unrelated to 

each other (Glickman, 1977). Simple models can be estimated using the Ordinary Least 

Squares (OLS) method. Each equation in these simple models is of general form: 

𝑌𝑖𝑡 = 𝑓(𝑍𝑘𝑡,𝑢𝑡) 

where    𝑌𝑖𝑡 = the 𝑖𝑡ℎ endogenous varaible in period t 

   𝑍𝑘𝑡 = the 𝑘𝑡ℎ exogenous varaible in period t 

   𝑢𝑡 = the error in period 𝑡 
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Simultaneous models, on the other hand, convey a causal relationship among the various 

equations and the endogenous variables in the model. The equation solutions are 

determined simultaneously. Similarly to simple models, simultaneous models can be 

estimated using the OLS method, however simultaneous models can also be estimated 

using the Two-Stage Least Squares method among other estimation techniques 

(Glickman, 1977). The general form of each equation in a simultaneous model is: 

𝑌𝑖𝑡 = 𝑓(𝑌𝑗𝑡, 𝑍𝑘𝑡 , 𝑢𝑡) 

where 𝑌𝑖𝑡, 𝑍𝑘𝑡 , and 𝑢𝑡 are defined as above in the simple model and 𝑌𝑗𝑡 is the jth 

endogenous variable in period t. Econometric models vary in their degree of 

sophistication with some models consisting of as few as 16 equations, and some as much 

as 228 equations (Pleeter, 1980).  

 There are a number of problems with regional econometric models outlined by 

both Glickman (1977) and Pleeter (1980). The first problem is the lack of data available 

on a more frequent basis than annually. A problem that stems from the use of annual data 

is the smaller number of observations, as well as the lack of variables with lengthy time 

series available. This lack of data also leads to a smaller, as well as relatively static, 

model. Analysts tend to conduct research that uses data that is easily accessible as 

opposed to research that they may be more interested in that does not employ data that is 

as readily available. For this reason, the lack of data available also has an impact on the 

direction of research.  

 Another set of issues that arise from the lack of data available in econometric 

models are specification errors. Glickman (1977) explains that variables are omitted from 

equation specifications where they should be included and this leads to biased estimates. 
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When time series data is being used and there is misspecification it may result in 

multicollinearity. In the presence of multicollinearity, the independent variables are inter-

correlated and it becomes difficult to determine the independent effect of these variables 

on the dependent variable (Glickman, 1977).  

 A third problem with econometric models stems from the idea that regional 

econometric models are often highly linked to national models (Pleeter, 1980). While this 

relationship may provide simple forecasts of the exogenous variables, the strict 

dependence on national variables impacts the internal structure of the model. A final 

problem discussed by Glickman (1977) is that econometric models view regions as points 

in space. In turn, there is relatively little spatial disaggregation and thus, little 

interregional analysis.  

 Due to the weaknesses of econometric models outlined above, this method of 

assessment has not been selected for this study.  

2.3 Input-Output Models 

Input-output models are described by Zoë Ambargais and Rebecca Bess (2011) in 

their paper Input-output models for impact analysis: suggestions for practitioners using 

RIMS II multipliers, as being able to produce multipliers that can be used to estimate the 

economy-wide effect that a change in final demand of a specific good, or sector, has on a 

regional economy. Literature on input-output multipliers can be traced back to the work 

of Wassily Leontief (1941) in his book Input-Output Economics, and his development of 

a set of national level multipliers. It was, however, Walter Isard (1951) and his book 
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Methods of Regional Analysis: an Introduction to Regional Science, who then applied 

input-output analysis to a regional economy.  

In the study Contribution of ICT to economic growth in Italy: Input Output 

Analysis, Claudio Di Carlo and Elisabetta Santarelli (2010) clearly outline how input-

output tables are constructed using matrix theory. These tables show how the input and 

output of a specific economic sector is distributed among other sectors of the economy. 

Each row of an input-output matrix shows the distribution of the output of a particular 

sector between intermediate demand and final demand (Di Carlo and Santarelli, 2010). 

Each column of an input-output matrix shows the distribution of the inputs of a particular 

economic sector between intermediate inputs and added value. Input-output matrices 

show that the balance of an economic system is dependent on the structure of 

interdependence between all sectors of the economy (Di Carlo and Santarelli, 2010).  

 Following the process outlined by Di Carlo and Santarelli (2010), we can 

construct an input-output matrix: 

Table 2.1: An Input-Output Matrix 

  Economic Sectors - 

Inputs 

  

  j … n Final Demand Total Demand 

Economic 

Sectors - 

Outputs 

i xij … xin Zi Xi 

… … … … … … 

n xnj … xnn Zn Xn 

 Value 

Added 

 

Vj 

 

… 

 

Vn 

  

 Supply 

Total 

 

Xj 

 

… 

 

Xn 
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The element xij shows the amount of goods and/or services traded between sectors i and j. 

Looking at the rows, xij represents the output of sector i used by sector j.  

E.g.  x12 = output of sector 1 used by sector 2 

Final demand Zi is the sum of the demand for non-productive sectors of the economy (i.e. 

households, government offices, etc.). Summing across the columns of the rows gives the 

total demand for each sector:  

x11 + x12 + x13+ Z1 = X1 

Looking at the columns, xij represents the input of sector j from sector i.  

 E.g. x21 = inputs of sector 2 from sector 1 

Added value Yi is the sum of production factors (i.e. capital, labour, etc.). Summing 

across the rows of the columns gives the total supply for each sector: 

x11 + x21 + x31 + V1 = X1 

Input-output matrices are characterized by a balance equation in which total demand is 

equal to total supply: 

∑ 𝑥𝑖𝑗

𝑛

𝑗=1
+ 𝑍𝑖 = 𝑋𝑖 

From the above, we can see that output of industry i is divided into inter-industry 

transactions and final uses. In the balance equation an input-output table is based on an 

assumption of linearity (Di Carlo and Santarelli, 2010). The input-output tables are also 

based on two additional assumptions: 

1. The production of each sector is homogenous 

2. The final demand is exogenous 
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In order to analyze the production system, input-output tables are transformed into 

technical coefficients tables. Technical coefficients show how many units of the goods 

from sector i are needed to produce a unit of goods from sector j (Di Carlo and Santarelli, 

2010). These coefficients are calculated by dividing the elements of each column by the 

output of the corresponding economic sector: 

𝑎𝑖𝑗 =  
𝑥𝑖𝑗

𝑋𝑖𝑗
 

Table 2.2: A Technical Coefficients Matrix 

 j … n 

i aij … ain 

… … … … 

n anj … ann 

 

Table 2.2 shows a technical coefficient matrix. This table can be interpreted as follows: if 

the output of sector 1 increased by $1,000, the direct input of sector 1 would increase by 

an amount equal to 𝑎11  × $1,000. 

 The technical coefficient matrix only shows the direct effect of a change in the 

output of a sector. A matrix must be constructed that shows both the direct and indirect 

effects of these changes on overall economic growth (Di Carlo and Santarelli, 2010). 

Direct and indirect effects can be obtained by calculating the inverse matrix (B), which is 

the difference between the identity matrix (I) and technical coefficient matrix (A):  B = (I 

– A)-1. The matrix (I-A) is called the Leontief matrix, so accordingly, matrix B is the 



 

19 

 

Leontief inverse matrix. The Leontief inverse matrix shows the overall effects, direct and 

indirect, of an increase in output for a specific sector of the economy.  

Table 2.3: A Leontief Inverse Matrix 

 j … n 

i Bij … Bin 

… … … … 

n Bjn … Bnn 

 

From this, we can calculate the effect of a change in final demand in a particular 

industry on all industries; that is we can calculate multipliers. A multiplier measures the 

total change throughout the economy from a one-unit change for a given sector (Di Carlo 

and Santarelli, 2010). There are two types of multipliers that can be calculated from the 

Leontief inverse matrix that assist in analysis: 

1. Output multipliers  

2. Demand multipliers 

The output multiplier is equal to the total value of production by all sectors required 

to deliver one extra dollar of sector i’s output to final demand. The output multiplier can 

be found by summing the column under industry i in the Leontief inverse matrix.  

 The demand multiplier is equal to the sum of row i in the Leontief inverse matrix. 

This multiplier indicates by how much the production of sector i increases when there is 

an increase in the final demand of the entire economy (Di Carlo and Santarelli, 2010). It 
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is important to calculate both the output and the demand multiplier in order to grasp the 

impacts on an increase in demand fully.  

Input-output models are more expensive to construct than both economic base and 

econometric models, however the results obtained from input-output models are more 

comprehensive than both of the previously discussed models (Glickman, 1977). There are 

also a handful of limitations associated with input-output models including both 

conceptual, and technical problems.  

 A conceptual limitation of input-output models is the assumption of constant 

production coefficients (Glickman, 1977). Economic impact analysis theory is modeled 

by linear production functions for each industry, but this assumption of constant 

production coefficients rules out economies of scale. The absence of economies of scale 

counters the theory of the existence of cities, more specifically agglomeration and 

urbanization economies (Pleeter, 1980). Input-output models also assume that there are 

no supply side constraints, meaning there is an unlimited supply of inputs available.  

 Technical limitations of input-output models include issues arising from data 

problems. Similarly to the other models discussed, data is difficult to acquire for input-

output models, which limits the results obtained. Data problems often make it difficult to 

differentiate between purchases on the current and capital accounts, which may lead to a 

misinterpretation of the production coefficients. A final issue arising from data problems 

is the production mix of firms. Any multi-product firm will be assigned to one industry; 

this could also influence the production coefficient (Glickman, 1977).   

A primary benefit of using an input-output model is the inclusion of inter-sector 

flows. Richardson (1985) argues that the importance of interregional models comes from 
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their ability to measure the impact of investment in one region on all other regions. Since 

input-output theory maintains that each sector in the economy is dependent on the other 

sectors of the economy, accounting for inter-industry flows is necessary for accurate 

estimates. Input-output models offer the important advantage of showing the effects of 

exogenous shocks to regional systems (Glickman, 1977).  

One way of dealing with the lack of supply side constraints in the input-output 

model is to use a linked input-output-econometric model. A linked model expands the 

input-output model to address the problem of fixed technology by including a supply-side 

that is linked to an econometric model (West, 1995). These linked models also provide a 

time dimension to the analysis. However, there is still criticism that linked input-output-

econometric models lack adequate supply side constraints, and they also face the 

potential for misspecification, similar to a standard econometric model.   

While there are limitations with input-output models, they still provide a useful 

purpose as a descriptive tool of the economy, and are able to accurately show supply and 

demand chains within the economy. Input-output models are indispensable as a base for 

recent extended models and more complex modelling process, indicating the methods 

serve well as a starting point for this study. It is because of the ability to measure inter-

industry flows, as well as the overall completeness of the input-output model, that this 

method was selected to measure the economic impact of the ICT sector. Input-output 

tables and simulations are available from Statistics Canada at the national and provincial 

level, which will also facilitate this analysis.  
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Chapter 3. Review of the Literature 

3.0 Introduction  

With input-output models selected as the method of analysis for this study, a 

review of recent relevant studies employing input-output analysis to measure the impact 

of ICT sectors will be conducted.  

3.1 Fatemeh Bazzazan (2009) 

 The purpose of the paper The Economic Importance of ICT in Iran: Input-Output 

Approach by Fatemeh Bazzazan (2009) was to examine the economic importance of the 

ICT sector at the national level in Iran by using a hypothetical extraction method in an 

input-output framework. The database used was an Iranian national 91 x 91 commodity-

by-commodity input-output table from 2001. From this table, two levels of linkages for 

the ICT sector were calculated. First, standard backward and forward linkages were 

calculated.  

Bazzazan (2009) then attempted to employ a more complicated form of linkages 

between sectors, entitled the hypothetical extraction method. The general concept of the 

hypothetical extraction method is to estimate the output reduction due to the extraction of 

a specific sector from the economy on both the demand and supply side (Bazzazan, 

2009). When a sector is extracted from the economy it creates both direct and indirect 

effects on each of the other sectors, as well as the economy as a whole. The hypothetical 

extraction method attempts to measure the reduction in output from this extraction. 

Estimates were calculated for each sector and the results were then compared and ranked. 
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The highest linkage can be found by finding the greatest difference between outputs in 

the economy with and without the extraction present.  

Bazzazan (2009) aggregated the Iranian input-output tables into six sectors, one of 

which being the ICT sector. Each of the six sectors was extracted from the economy and 

reduction of total output was calculated. This process was repeated twice for all six 

sectors, once from the demand side, and once from the supply side. The impact of 

extraction results were then listed is order.  

 From these operations, Bazzazan (2010) was able to conclude that the extraction 

of the ICT sector from both the demand side, and the supply side, had the same median 

position of importance within the Iranian economy, ranking 4th out of 6.  The novelty of 

this paper comes from the ability to view the effects of extracting the ICT sector from the 

Iranian economy from both the supply side and the demand side.  

3.2 Mattioli Elvio and Lamonica Giuseppe Ricciardo (2013)  

 The purpose of Mattioli Elvio and Lamonica Giuseppe Ricciardo’s study (2013) 

The ICT Role in the World Economy: An Input-Output Analysis, was to quantitatively 

assess the economic structure of the ICT sector in a number of countries using the world 

input-output table. This paper attempted to assess the position of the ICT sector by 

measuring the linkages, which tie it to the other productive sectors of the world economy. 

In order to assess the position occupied by the ICT sector in the global economic system, 

backward linkages were calculated. Elvio and Ricciardo (2013) states that the greater the 

backward linkage is than 1, the more the sector is important for the economy. He argues 

that this is because a higher backward linkage implies that a sector requires a production 
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level by the other sectors in excess of the general mean. In turn, a backward linkage less 

than 1 indicates the sector is less important in the economic structure.  

 Elvio and Ricciardo (2013) also looked at the forward linkage, or sensitivity of 

dispersion, for each country. It is stated that the greater the forward linkage index is than 

1, the more important the corresponding sector is in the economic structure. He argues 

that a higher number implies that the corresponding sector supplies its production to the 

other sectors at a level, exceeding the general mean. Similarly, the more the forward 

linkage falls below 1, the less important the sector is deemed in the economic structure.  

 These two indices were jointly analyzed to determine how important the ICT 

sector is for each country’s economic structure. However, there are some noted issues 

with this analysis. Elvio and Ricciardo (2013) argues that with a large input-output table, 

a small sector that relies heavily on sector i for input may lead to a biased forward 

linkage index for sector i. It is noted that there have been various proposals to overcome 

this limitation, but none of these alternatives have yet to receive a unanimous consensus. 

It is argued that the novelty of Elvio and Ricciardo’s (2013) study is that it quantitatively 

measures not only the direct effects, but also the indirect effects between the ICT and 

economic sectors. A second novelty is that it analyzed and developed indicators taking 

into account the spatial links among the economies of 40 countries. Overall, Elvio and 

Ricciardo (2013) concludes that the ICT sector holds a significant role in all economies 

considered.  

 The primary focus of this study was the backward and forward linkages of the 

ICT sector in each country. These linkages prove useful in determining if a sector is 
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important in the economic structure, but fail to provide information on the direct effects 

that the ICT sector has on other sectors, as well as the economy as a whole.  

3.3 Mun Heng Toh and Shandre Mugan Thangavelu (2013) 

 The study entitled An Input–Output Study of the Singapore Information Sector, by 

Mun Heng Toh and Shandre Mugan Thangavelu (2013) attempted to study the impact of 

the information sector on the Singapore economy using an input-output framework. The 

authors employed the causative matrix approach to measure the impact of the ICT sector 

on the Singapore economy. Additionally, the authors measured the direct and indirect 

effects for the respective industries under study. The causative matrix was computed, for 

the periods of 1990-1995, and 1995-2000. In order to operationalize the use of the 

causative matrix, the Leontief inverse matrix was introduced.  

In the paper Backward and Forward Linkages Based on an Input-Output Analysis 

– Comparative Study of Poland and Selected European Countries, Rumiana Gorska 

(2015) proposes that column sums of the Leontief inverse matrix are used as a way to 

measure total backward linkages. Similarly, row sums are used as a way to measure total 

forward linkages. Toh and Thangavelu (2013) states that the row sums can also be 

interpreted as the final demand multiplier, and when this multiplier is greater than unity, 

it indicates greater contributions to the output multiplier. This causative matrix approach 

captures both the direct change in interactions, as well as relative changes due to 

increased investment in specific sectors (Toh and Thangavelu, 2013).  

 The authors attempted to measure the information intensity of various sectors and 

their changes over the two periods. It was found that the row sum corresponding to the 
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ICT sector is greater than one for both time periods, which implied that the final demand 

in other sectors had generated impacts and increased the demand for the ICT sector (Toh 

and Thangavelu, 2013). In following, the row sum was larger in the second period, 

indicating rising information intensity during the decade. The results are in agreement 

with the idea that the diffusion of ICT into other industries has in fact occurred, and 

continues to expand. Overall, the use of ICT was found to be quite pervasive in the 

economy.  

 A novelty of Toh and Thangavelu (2013) is the incorporation of input-output 

analysis over time. The authors were able to calculate how the importance of the ICT 

sector to the overall economy has changed over time. Because the causative matrix 

approach was employed, the direct effects of increased ICT investment could be 

calculated. Toh and Thangavelu (2103) allows for the effects of increased ICT 

investment on each specific sector in the economy to be seen, as opposed to much of the 

other similar recent literature, which simplifies the economy in a two-sector economy 

(ICT and non-ICT).   

3.4 Rohman (2013) 

 The paper The Globalization and Stagnation of the ICT Sectors in European 

Countries: An Input-Output Analysis, by Ibrahim Kholilul Rohman (2013) attempted to 

answer the question: In the period 1995-2005, what was the contribution of the ICT 

sectors to the output of the European economy? In order to answer this question, the 

author calculated the output multiplier in order to assess how a change in the ICT sector’s 

final demand contributed to the growth of the economy. This paper also provided a 



 

27 

 

comparison between ICT and non-ICT sectors to distinguish the position of the ICT 

sector in the European economy. Rohman (2013) claims that this paper goes beyond the 

typical ICT economic impact assessment and instead scrutinizes the reasons behind the 

investment in ICT.  

 The multiplier analysis used in Rohman (2013) asserts that a more important 

sector will have a higher multiplier coefficient. This follows the notions of backward and 

forward linkages discussed in earlier work.  

 The results of Rohman (2013) show that the ability of the ICT sector to contribute 

to the economy is lower than the ability of the non-ICT sectors. Rohman’s (2013) paper 

employs multiplier analysis in order to determine the importance of the ICT sector on the 

economy. This multiplier measures the change in output of the economy cause by a one-

unit change in the final demand of the industry sector at hand. This approach facilitates 

analysis on the direct impacts of investment in the ICT sector. 

A limitation of Rohman (2013) is that only a simplified two-sector economy is 

looked at. The economy is broken up into ICT and non-ICT, and the importance of each 

sector is calculated for each European country. While it is of benefit to compare the 

importance of the ICT sector on the non-ICT sector, a more thorough analysis can be 

done comparing the importance of the ICT sector on each other individual sector - this 

analysis would facilitate results that may indicate which sectors benefit heavily from 

investment in ICT and which sectors remain unchanged.  
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3.5 Claudio Di Carlo and Elisabetta Santarelli (2010) 

There are many similarities between the studies of Di Carlo and Santarelli (2010) 

and Rohman (2013). Di Carlo and Santarelli (2010) attempted to assess the impact of 

increased investment in ICT on the entire Italian economic system. The input-output 

tables for the years 1995, 2000, and 2005 for the national Italian economy were used for 

this analysis. The aim of Di Carlo and Santarelli (2010) was to calculate the direct and 

indirect contributions of the ICT sector to Italian economic growth for each of the three 

years. The first step was grouping together the production sectors that were considered 

part of the ICT sector. The remaining sectors were grouped together to form the non-ICT 

sector. Next, an input-output table was created for each year under consideration. The 

resulting technical coefficient and Leontief inverse matrices were calculated.  

The results of Di Carlo and Santarelli (2010) of a simplified two-sector economy 

show that the ICT sector largely contributes to the domestic production of goods and 

services. From this, it can be concluded that investments in the ICT sector prompt 

significant increases in the production of the national economic system. Di Carlo and 

Santarelli (2010) concludes that this positive multiplier effect can be explained by the 

pervasiveness of ICT and its ability to spread quickly through the economy, as also 

discussed in the work of Toh and Thangavelu (2013).  

Di Carlo and Santarelli’s (2010) study provides the benefit of employing a 

simplified two-sector economy to see the direct benefits of investing in ICT development 

on the rest of the economy. Simplifying the economy into two sectors also proves a 

limitation of this study. While it is of benefit to see the effects of investment in the ICT 
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sector on the rest of the economy, it would be of greater benefit to be able to analyze how 

each specific sector responds to an investment in ICT. Di Carlo and Santarelli (2010) also 

omits the calculations of backward and forward linkages to calculate the overall 

importance of the ICT sector.  

3.6 Concluding Remarks 

Due to the simplicity, and yet complete, results of Di Carlo and Santarelli’s 

(2010) study, the same framework and methodology will be used as a benchmark for this 

study. Similar methods have been used in the works of Toh and Thangavelu (2013) and 

Rohman (2013), so these papers will also be used as contributing starting points for this 

analysis. As there has not been much work done on the economic impact of the ICT 

sector in Canada, and more specifically in New Brunswick, this methodology is an 

appropriate introduction to begin research on this subject. Since Di Carlo and Santarelli’s 

(2010) work simplifies the economy into a two-sector economy, ICT and non-ICT, it 

facilitates research of the effects of increased investment in ICT on overall economic 

growth. In this analysis, the work of Di Carlo and Santarelli (2010) will also be expanded 

upon by employing the same methodology to analyze the impact of investment in ICT on 

a non-simplified economy, that is, on the growth of a multi-sector economy.  

This study will also take note of the emphasis of linkages and their importance 

from the works of Bazzazan (2009), Elvio and Riccardio (2013), and Toh and 

Thangavelu (2013), and calculate the backward and forward linkages of the Canadian 

ICT sector to measure the overall economic importance of the sector. This additional set 
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of calculations will be easy to facilitate as they can be calculated from row and column 

sums of the Leontief inverse matrix.  
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Chapter 4. Model and Estimation 

4.0 Introduction 

 In this chapter, the model used for estimation in this study will be outlined. The 

work of Di Carlo and Santarelli (2010) will be used as a benchmark and appropriate 

modifications will be made to further develop the model in order to analyze the economic 

impact of the ICT sector of Canada and New Brunswick. This section will also be used to 

outline the data used for this study.  

4.1 The Data  

 The data used for the first phase of this study - the national portion of this analysis 

- comes from the national input-output tables of Statistics Canada. Provincial input-

output tables are not available at a level specific enough to extract the ICT sector 

satisfactorily, so this methodology will be used only for the national ICT sector. The 

2011 National Symmetric Input-Output tables will be used for this phase of the study, as 

they are the most recent tables available. The 2007 National Symmetric Input-Output 

tables will also be analyzed in order to provide a time dimension to the analysis. As 

mentioned in Chapter 1 of this report, the ICT sector consists of the following sectors 

(defined by their two-digit NAICS code): 

31 – 33  ICT – Manufacturing 

41   ICT – Wholesale Trade 

51  ICT – Information and Cultural Industries  

54   ICT – Professional, Scientific and Technical Services 
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81   ICT – Other Services (Except Public Administration) 

The two-digit NAICS code designates the sector, the three-digit NAICS code designates 

the sub-sector, and the four-digit NAICS code designates the industry group (Statistics 

Canada, 2015). Symmetric input-output data is only available at the L level nationally, 

which covers roughly 100 industries, with the majority of NAICS codes only being 

specified to three or four digits. Due to data availability, this study will include the 

following six available industries in the ICT sector: 

33410 – Computer and peripheral equipment manufacturing 

3340B0 – Electronic product manufacturing  

51200 – Motion picture and sound recording industries 

51510 – Radio and television broadcasting 

51B00 – Publishing, pay and specialty services, telecommunications, and other 

information services  

541D0 – Computer system design and other professional, scientific, and technical 

services 

It should be noted that many of these industries are comprised of a number of ICT sub-

industries as they have been aggregated to a broader NAICS code.  

For the first phase of this study, all sectors outside of the ICT sector will be 

grouped together, and classified as the non-ICT sector. For the second phase of this 

study, each sector outside of the ICT sector will be included and analyzed individually. 

With the data having such a high degree of aggregation, and in an attempt to avoid under-

estimating the impacts of a specific sector, the non-ICT industries will be aggregated into 
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their respective two-digit sectors to produce 18 non-ICT sectors. According to Statistics 

Canada (2015), the following sectors are not included in the ICT sector: 

11 Agriculture, Forestry, Fishing and Hunting 

21 Mining, Quarrying, and Oil and Gas Extraction 

22 Utilities 

23 Construction 

31-33 Manufacturing, except ICT 

41 Wholesale Trade, except ICT 

42 Retail Trade, except ICT 

48-49 Transportation and Warehousing 

52 Finance and Insurance 

53 Real Estate and Rental and Leasing 

54 Professional, Scientific and Technical Services, except ICT 

56 Administrative and Support, Waste Management and Remediation Services 

61 Educational Services 

62 Health Care and Social Assistance 

71 Arts, Entertainment and Recreation 

72 Accommodation and Food Services 

81 Other Services (except Public Administration), except ICT 

91 Public Administration 

The second phase of the study will involve a 19x19 symmetric input-output matrix using 

the ICT sector and the 18 non-ICT sectors. 

In order to perform an analysis on the economic impact of the New Brunswick 

http://stds.statcan.gc.ca/spaggr-agrsp/ict-tic-2007/2006/tsearchn-trecherchen-eng.asp?criteria=21
http://stds.statcan.gc.ca/spaggr-agrsp/ict-tic-2007/2006/tsearchn-trecherchen-eng.asp?criteria=22
http://stds.statcan.gc.ca/spaggr-agrsp/ict-tic-2007/2006/tsearchn-trecherchen-eng.asp?criteria=23
http://stds.statcan.gc.ca/spaggr-agrsp/ict-tic-2007/2006/tsearchn-trecherchen-eng.asp?criteria=31-33
http://stds.statcan.gc.ca/spaggr-agrsp/ict-tic-2007/2006/tsearchn-trecherchen-eng.asp?criteria=41
http://stds.statcan.gc.ca/spaggr-agrsp/ict-tic-2007/2006/tsearchn-trecherchen-eng.asp?criteria=48-49
http://stds.statcan.gc.ca/spaggr-agrsp/ict-tic-2007/2006/tsearchn-trecherchen-eng.asp?criteria=52
http://stds.statcan.gc.ca/spaggr-agrsp/ict-tic-2007/2006/tsearchn-trecherchen-eng.asp?criteria=53
http://stds.statcan.gc.ca/spaggr-agrsp/ict-tic-2007/2006/tsearchn-trecherchen-eng.asp?criteria=54
http://stds.statcan.gc.ca/spaggr-agrsp/ict-tic-2007/2006/tsearchn-trecherchen-eng.asp?criteria=56
http://stds.statcan.gc.ca/spaggr-agrsp/ict-tic-2007/2006/tsearchn-trecherchen-eng.asp?criteria=61
http://stds.statcan.gc.ca/spaggr-agrsp/ict-tic-2007/2006/tsearchn-trecherchen-eng.asp?criteria=62
http://stds.statcan.gc.ca/spaggr-agrsp/ict-tic-2007/2006/tsearchn-trecherchen-eng.asp?criteria=71
http://stds.statcan.gc.ca/spaggr-agrsp/ict-tic-2007/2006/tsearchn-trecherchen-eng.asp?criteria=72
http://stds.statcan.gc.ca/spaggr-agrsp/ict-tic-2007/2006/tsearchn-trecherchen-eng.asp?criteria=81
http://stds.statcan.gc.ca/spaggr-agrsp/ict-tic-2007/2006/tsearchn-trecherchen-eng.asp?criteria=91
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ICT sector given the lack of provincial data available, impacts on GDP, labour income, 

and jobs will be derived using data acquired from the Statistics Canada Input-Output 

Interprovincial Simulation Model. The model simulates the effects of a $1 billion shock 

on the ICT sector. From this shock, the effects on the New Brunswick economy, and 

specifically the New Brunswick ICT sector can be extracted.  

4.2 The Model 

 The model used for this study will be an expansion of the model used in the work 

of Di Carlo and Santarelli (2010) which simplified the economy into a two-sector 

economy, ICT and non-ICT. When grouping the industries into a single sector, all 

intermediate inputs, added value, intermediate demand, and final demand were summed 

together. From these sums, an input-output table was created for each year under 

consideration. From this resulting input-output table, both technical coefficients and 

Leontief inverse matrices were calculated.  

 The model used for this study will add on to Di Carlo and Santarelli’s (2010) 

model by looking at not only the simplified two-sector economy, but also the more 

complex multi-sector economy. To begin, a standard input-output matrix of ICT and non-

ICT sectors will be constructed.  
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Table 4.1: A Standard Input-Output Matrix with ICT and Non-ICT Sectors 

 ICT Non-ICT Final Demand Total Demand 

ICT xict,ict xict,nict Zict Xict 

Non-ICT xnict,ict xnict,nict Znict Xnict 

Total Supply Xict  Xnict    

Final Supply Xict Xnict   

 

From this matrix, the corresponding technical coefficient and Leontief inverse matrices 

will be constructed following the method outlined in chapter 2. These matrices will allow 

for analysis to be done on the impacts of increased investment in ICT on the economy as 

a whole.  

 The second phase of this study will expand the model to assess a more complex 

multi-sector economy. An input-output matrix of all sectors, including the ICT sector and 

the 18 non-ICT sectors outlined above will be constructed. From this input-output matrix, 

technical coefficient and Leontief inverse matrices will also be constructed for the multi-

sector economy. The resulting matrices will allow for analysis to be done on the impact 

of increased ICT investment on each of the sectors individually.  
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Table 4.2: An Input-Output Matrix with the ICT Sector and n Non-ICT Sectors 

 ICT … n Final 

Demand 

Total 

Demand 

ICT xict,ict 

 

… xict,n Zict Xict 

… … … 

 

… … … 

n xn,ict 

 

… xn,n Zn Xn 

Added 

Value 

Yict 

 

… Yn   

Total Supply Xict 

 

… Xn   

 

As discussed in the previous section, there are eighteen non-ICT sectors in the economy 

according to Statistics Canada. Therefore, the matrix constructed for the second phase of 

this study will include the ICT sector and the eighteen non-ICT sectors to produce a 

19x19 matrix.  

 The third phase of this study will attempt to assess the impacts of the ICT sector 

in New Brunswick given the lack of provincial data available. Using the data results of 

the input-output interprovincial simulations of a shock of $1 billion dollars, a number of 

tables outlining the impacts on the provincial ICT sector will be created. 

The first table will show the impacts of the shock on GDP, wages and salaries, 

and subsidies on both products and production. The second table will include an 

overview of the New Brunswick industry employment impacts, looking at the number of 

direct, indirect, and induced jobs created from the shock. The third table will summarize 

the ICT industry employment impacts broken down by industry, and the fourth, and final, 

table will outline the ICT industry consumer spending impacts generated by the shock. 
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The data for all of these tables will be pulled directly from the simulations model 

provided by Statistics Canada.  
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Chapter 5. Results 

5.0 Introduction 

 In this chapter, the results of this study will be presented and discussed. This 

section will begin with the results of the two sector input-output analysis, followed by the 

results of the multi-sector input-output analysis.  This chapter will conclude with the 

presentation of the results of the provincial economic impact assessment.  

5.1 The Two-Sector Economy  

 The first phase of this study involved the input-output analysis of a simplified 

two-sector economy for the years 2007 and 2011. The data used for this phase of the 

study, the Statistics Canada National Symmetric Input-Output tables at the L level, 

includes 102 industries total in 2007, and 104 industries total in 2011. The first step of 

analysis involved grouping together the industries into the ICT and non-ICT sectors 

based on Statistics Canada classifications. Beginning with the year 2007, the 102 

industries were aggregated into ICT and non-ICT sectors.  Six industries comprised the 

ICT sector, while the remaining 96 industries comprised the non-ICT sector. In 2011, the 

104 industries were aggregated into ICT and non-ICT sectors grouping together 6, and 98 

industries respectively. Next, an input-output matrix was constructed for both years: 
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Table 5.1: 2007 Two-Sector Economy Input-Output Table (Thousands) 

 
ICT Non-ICT Final Demand Total Demand  

ICT 30,841,809 84,770,833 45,193,826 160,806,468 

Non-ICT 43,288,140 1,099,284,624 1,393,032,703 2,535,605,467 

Value Added 86,676,529 1,351,550,037 
  

Final Supply  160,806,478 2,535,605,494 
  

Source: Statistics Canada, National Symmetric Input-Output Table, L level, 2007 

Table 5.2: 2011 Two-Sector Economy Input-Output Table (Thousands) 

 
ICT Non-ICT Final Demand Total Demand 

ICT               

35,322,414  

                  

89,173,314  

                 

54,307,391  

            

178,803,119  

Non-ICT               

44,585,362  

            

1,287,450,111  

           

1,614,080,525  

         

2,946,115,998  

Value Added               

98,895,322  

            

1,569,492,449  

  

Final Supply            

178,803,098  

            

2,946,115,874  

  

Source: Statistics Canada, National Symmetric Input-Output Table, L level, 2011 

 

Tables 5.1 and 5.2 show the volume of trade between the ICT and non-ICT sectors in 

Canada in 2007 and 2011. ICT output in 2007 was 160.806 billion dollars: ICT sector 

input was $30,841 billion (19.2% of total), non - ICT sector input was $84.770 billion, 

and the remaining corresponded to the final demand. ICT sector input was more heavily 

provided by the non-ICT sector with only $30.841 billion coming from the ICT sector 

itself. The input-output table also shows that the ICT sector makes up 6.0% of total 

demand.  
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 In 2011, ICT output was 178.803 billion dollars, an increase of over $15 billion 

from 2007. ICT sector input was $35.322 billion (19.8% of total), non-ICT sector input 

was $89.173 billion, and the remaining was corresponded to final demand. Much like 

2007, ICT sector input was more heavily provided by the non-ICT sector. Table 5.2 also 

shows that the ICT sector made up 5.7% of total demand in 2011, down 0.3% from 2007.  

From these matrices, the corresponding technical coefficients matrices were 

calculated: 

Table 5.3: 2007 Two-Sector Economy Technical Coefficients Matrix 
 

ICT Non-ICT Total 

ICT 0.192 0.0334 0.225 

Non-ICT 0.269 0.436 0.703 

Total 0.461 0.467 
 

Source: Elaboration on Statistics Canada, National Symmetric Input-Output Table, L 

level, 2007 

Table 5.4: 2011 Two-Sector Economy Technical Coefficients Matrix 
 

ICT Non-ICT Total 

ICT 0.198 0.0303 0.228 

Non-ICT 0.249 0.437 0.686 

Total 0.447 0.467 
 

Source: Elaboration on Statistics Canada, National Symmetric Input-Output Table, L 

level, 2011 

 

Table 5.3 can be interpreted as follows: if there is an assumed increase of $1,000,000 in 

demand for ICT products then this is estimated to increase ICT intra-sector input by 

$192,000 and non-ICT input to the ICT sector by $269,000. This shows that in order to 

produce $1 million, the ICT sector primarily uses intermediate goods from the non-ICT 

sector. In turn, an increase of $1 million in non-ICT demand produces an increase of 

$33,400 in ICT sector input to the non-ICT sector.  
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 Table 5.4 can be interpreted to show similar results: an increase of $1 million in 

demand for ICT products is estimated to increase ICT intra-sector input by $198,000 and 

non-ICT input to the ICT sector by $249,000. An identical increase in non-ICT demand 

would increase ICT input to the non-ICT sector by $30,303.  

 Tables 5.3 and 5.4 show that in both 2007 and 2011 when ICT sector demand 

increases, the ICT sector increases its demand for goods from the non-ICT sector which 

in turn activates a chain of direct and indirect impacts. These impacts can be derived from 

the Leontief Inverse matrices: 

Table 5.5: 2007 Two-Sector Economy Leontief Inverse Matrix 

 
ICT Non-ICT Total 

ICT 1.26 0.07 1.34 

Non-ICT 0.60 1.80 2.40 

Total 1.86 1.88 
 

Source: Elaboration on Statistics Canada, National Symmetric Input-Output Table, L 

level, 2007 

Table 5.6: 2011 Leontief Inverse Matrix 

  ICT Non-ICT Total 

ICT 1.27 0.07 1.34 

Non-ICT 0.56 1.81 2.37 

Total 1.83 1.88 
 

Source: Elaboration on Statistics Canada, National Symmetric Input-Output Table, L 

level, 2011 

 

Table 5.5 outlines that an increase of $1,000,000 in demand for ICT products in 2007 

produces direct and indirect impacts inside the ICT sector of $1,260,000. Similarly, the 

direct and indirect impacts produced inside the ICT sector in 2011 were $1,270,000. As 

discovered earlier, when ICT output increases, the ICT sector buys goods and services 
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from the non-ICT sector. In turn, the demand for non-ICT products becomes higher as 

well, and the non-ICT sector must input more from the ICT sector in order to satisfy the 

increase in production needed.  

Tables 5.5 and 5.6 also demonstrate that the multiplier effects are higher within 

the same sector as opposed to between sectors. These tables can also be used to extract 

the output multiplier, or backward linkages. The sum of the ICT column expresses the 

overall impact the $1,000,000 increase in demand of the ICT sector has on the Canadian 

economy. In 2007, for each $1 million increase in ICT sector demand, there was an 

estimated overall economic output increase of 1.86 million dollars. In 2011, for each $1 

million increase in ICT sector demand, there was an estimated overall economic output 

increase of $1.83 million, a decrease of $0.03 million from 2007.  

Using the same methodology, it can be seen that the analogous number for the 

non-ICT sector was 1.88 in both 2007 and 2011. This indicates that the ICT sector has a 

relatively strong effect on economic growth, and almost matched the estimated growth on 

the non-ICT sector. Only six industries make up the ICT sector, compared to the non-ICT 

sector which is comprised of close to 100 very diverse sectors. Although the ICT sector 

only makes up 6% of total demand, the contribution to increased production and 

economic growth nearly matches all other sectors combined.  

The sum of the ICT row produces the demand multiplier, or the forward linkages. 

The demand multiplier for the ICT sector was 1.34 in 2007 and 2011. The demand 

multiplier for the non-ICT sector in was 2.40 in 2007 and 2.37 in 2011.  This indicates 

that the non-ICT sector benefited more than the ICT sector from the overall increase in 

economic output.  
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5.2 The Multi-Sector Economy  

 The second phase of this study involved the input-output analysis of a multi-

sector economy for the years 2007 and 2011. This phase employed the identical data as 

the two-sector analysis only changing the degree of aggregation of the sectors. The same 

six ICT industries were grouped together to create the ICT-sector, and the remaining 

industries were grouped into 18 non-ICT sectors according to two-digit NAICS coding. 

19x19 input-output matrices were constructed for both years: 



 

 

 

4
4
 

4
4
 

Table 5.7: 2007 Multi-Sector Economy Input-Output Table (Thousands) 
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Source: Statistics Canada, National Symmetric Input-Output Table, L level, 2007 

  



 

 

 

4
6
 

4
6
 

4
6
 

Table 5.8: 2011 Multi-Sector Economy Input-Output Table (Thousands) 

 

 



 

 

 

4
7
 

4
7
 

4
7
 

Source: Statistics Canada, National Symmetric Input-Output Table, L level, 2011 
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From table 5.7 it can be seen that ICT sector output in 2007 was $160.991 billion, and 

$30.8 billion was ICT sector input (19.2% of total). Other high contributing sectors 

include: $11.97 billion in manufacturing sector input (7.4% of total), and $3.64 billion in 

transportation and warehousing sector input (2.3% of total). Table 5.7 shows that in 2007, 

the ICT sector contributed to 5.9% of total demand, compared to the manufacturing 

sector (22.7%) and the real estate, rental and leasing sector (10.9%).  

 Similarly, table 5.8 shows that the ICT sector output in 2011 was $178.803 

billion, and $35.3 billion was ICT sector input (19.7% of total, and an increase of 0.5% 

from 2007). Other high contributing sectors include: $10.6 billion in manufacturing 

sector input (5.9% of total) and $6.77 billion in real estate, rental, and leasing sector input 

(3.8% of total). Table 5.8 also outlines that in 2011, the ICT sector contributed to 5.7% of 

total demand, a decrease of 0.2% from 2007. The manufacturing sector contributed to 

19.4% of the total demand, and the construction sector contributed 8.9% of the total 

demand.  

 From these input-output matrices, the technical coefficients matrices were 

constructed: 
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Table 5.9: 2007 Multi-Sector Economy Technical Coefficients 

 

Source: Elaboration on Statistics Canada, National Symmetric Input-Output Table, L level, 2007
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Table 5.10: 2011 Multi-Sector Economy Technical Coefficients 

 
 

Source: Elaboration on Statistics Canada, National Symmetric Input-Output Table, L level, 2011
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Assuming the same $1 million increase in the demand for ICT products in 2007, such as 

in phase one of this study, table 5.9 shows that ICT intra-sector input is expected to 

increase by $192,000. Manufacturing input is expected to increase by $74,000 and real 

estate, rental, and leasing input is expected to increase by $44,000. Table 5.9 shows that 

in order to produce $1 million, the ICT sector primarily uses intermediate goods from the 

ICT sector itself. From this table it can also be seen that intermediate goods from the ICT 

sector are in the top five goods used by every other sector to produce $1 million, the only 

exception being the agriculture, forestry, fishing and hunting sector. In fact, there are 

three sectors in which ICT intermediate goods are the number one primary goods used:  

1. Wholesale trade 

2. Professional, scientific and technical services  

3. Administrative support, waste management, and remediation services 

Table 5.10 can be interpreted similarly; ICT intra-sector input would increase by 

$198,000, while manufacturing input would increase by $60,000 and real estate, rental, 

and leasing input would increase by $38,000.  Table 5.10 shows that in order to produce 

$1 million, the ICT sector primarily uses intermediate goods from the ICT sector itself. 

Intermediate goods from the ICT sector remain a top input for the majority of sectors, 

with fifteen out of nineteen sectors having ICT in their top five. In 2011, there were two 

sectors in which ICT intermediate goods were the number one primary goods used:  

1. Wholesale trade 

2. Professional, scientific and technical services 

The direct and indirect impacts can be derived from the Leontief inverse matrices: 
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Table 5.11: 2007 Multi-Sector Leontief Inverse Matrix 
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Source: Elaboration on Statistics Canada, National Symmetric Input-Output Table, L level, 2007 
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Table 5.12: 2011 Multi-Sector Leontief Inverse Matrix 
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Source: Elaboration on Statistics Canada, National Symmetric Input-Output Table, L level, 2011 
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Table 5.11 outlines that an increase of $1,000,000 in demand for ICT products in 2007 

produced direct and indirect impacts inside the ICT sector of $1,265,000. Similarly, table 

5.12 outlines that the direct and indirect impacts inside the ICT sector in 2011 were $1.27 

million.  

Much like the two-sector economy, in the multi-sector economy the multiplier 

effects are higher within the same sector while inter-sectoral multipliers have lower 

values. Referencing the output multiplier, for each $1 million increase in ICT sector 

demand in 2007, there was an estimated overall economic output increase of $1.89 

million. In 2011, for each $1 million increase in ICT sector demand, there was an 

estimated overall economic output increase of $1.85 million, a decrease of $0.04 million 

from 2007.  

Using the same logic, it can be seen that in 2007 some sectors had a higher impact 

on economic output including manufacturing ($2.55 million) and agriculture, forestry, 

fishing and hunting ($2.50 million). It can also be noted that in 2007 the ICT sector had a 

similar impact on economic output as the public administration sector ($1.92 million). In 

comparison, in 2011 the manufacturing and agriculture, forestry, fishing and hunting 

sectors had the highest impact on economic output at $2.60 million and $2.48 million 

respectively. In both 2007 and 2011, the ICT output multiplier displayed median 

importance for the 19 sector economy.  

In 2007, the ICT input multiplier was 2.67, and the second highest sectoral 

multiplier, following manufacturing at 5.65. This indicates that in 2007, the ICT sector 

was the second highest benefitting sector from the overall increase in economic output. 

Similar results can be found for 2011, the ICT input multiplier was 2.57, falling second to 
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the manufacturing sector at 9.63. These results differ from the two-sector economy where 

it was the non-ICT sector that received the greatest benefit from an increase in overall 

final demand for both time periods.  

5.3 Provincial Analysis 

 The third phase of this study will attempt to assess the impacts of the ICT sector 

in New Brunswick given the lack of provincial data available. This analysis will employ 

data from the Statistics Canada Interprovincial Input-Output Model Simulations of a $1 

billion shock on the economy. This phase of the study will analyze the impacts of a shock 

on the ICT sector for New Brunswick since provincial level data is not readily available 

like national level data.  

Table 5.13: NB ICT Industry GDP and Income Impacts, Thousands (2012) 

 

Direct & Indirect Impacts Total Impact 

GDP at market prices $755,346 $895,012 

GDP at basic prices $763,059 $875,182 

Subsidies on products -10,936 -12,231 

Subsidies on production -543 -737 

Wages and Salaries 305,515 344,409 

Supplementary Labour Income 50,171 55,217 

Source: Statistics Canada, Interprovincial Input-Output Model Simulations, 2012 

Table 5.13 outlines the effect a $1 billion shock on the ICT sector would have on the 

New Brunswick economy overall. It is estimated this shock would lead to a total impact 

of $895 million worth of GDP at market prices for the province. In addition, the shock 
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would lead to a total impact of $344 million worth of wages and salaries, and $55 million 

worth of supplementary labour income for the province.  

These numbers show that a return on the shock would be less than $1 billion 

indicating that it would arguably be a bad investment, however it is important to note that 

this model does not take into account leakages throughout the economy. If there were 

provincial symmetric input-output data at a level specific enough to perform an analysis 

such as the national one it would be possible to track the inter-industry transactions and 

how the shock dispersed throughout the economy.  

Table 5.14: NB ICT Industry Employment Impacts (2012) 

Jobs Number of Jobs Full Time Equivalent (FTE) Jobs 

Direct 4,585 4,229 
 

Indirect 6,079 5,557 
 

Induced 7,489 6,744 
 

Total Employment 18,153 16,530 
 

  

Type I employment Multiplier (indirect jobs): 
 

1.31 
  

Type II employment Multiplier (indirect and induced jobs): 1.59 
  

Source: Statistics Canada, Interprovincial Input-Output Model Simulations, 2012 

Table 5.14 outlines the effect a $1 billion shock on the ICT sector would have on jobs in 

New Brunswick. It is estimated that this shock would lead to 4,585 direct jobs in the 

province, and a total employment of 18,153 with 16,530 of those jobs being FTE 

positions. It is also estimated that this shock would lead to a type II employment 

multiplier of 1.59. 
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Table 5.15: NB ICT Industry Employment Impacts by Industry (2012) 

 
Direct Jobs (FTE) Total Jobs (FTE) 

Agriculture, Forestry, Fishing & Related 0 15 

Mining and Oil and Gas Extraction  0 3 

Utilities  0 29 

Construction 0 91 

Manufacturing 0 75 

Wholesale Trade 564 642 

Retail Trade 0 459 

Transportation and Warehousing 0 71 

Information and Cultural Industries 2159 2,355 

Finance, Insurance, Real Estate and Rental 0 265 

Professional, Scientific, and Technical Services 1363 1,527 

Administrative and Support 0 417 

Educational Services 0 40 

Health Care and Social Assistance 0 101 

Arts, Entertainment and Recreation 0 31 

Accommodation and Food Services 0 169 

Other Services (Except Public Administration) 142 319 

Non-Profit Institutions Serving Households 0 31 

Government Sector 0 104 

Employment Impact (FTE) 4228 6744 

Source: Statistics Canada, Interprovincial Input-Output Model Simulations, 2012 

Table 5.15 outlines the impact a $1 billion shock on the ICT sector would have on 

employment in other sectors in New Brunswick. There would be a total of impact of 6744 

FTE including 2,355 FTE in information and cultural industries, and 1,527 FTE in 

professional, scientific, and technical services.  
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Table 5.16: NB ICT Industry Consumer Spending Impacts, Thousands (2012) 

 
Direct & Indirect  

Impacts 

Total Impacts 

Total current consumptions expenditures 230,242 259,551 

Food 34,191 38,544 

Shelter 54,787 61,762 

Household operation 19,283 21,738 

Household furnishings and equipment 8,882 10,013 

Clothing 12,420 14,002 

Transportation 55,072 62,083 

Health Care 10,600 11,950 

Personal Care 4,801 5,413 

Recreation 14,401 16,234 

Reading materials and other printed matter 623 702 

Education 4,632 5,222 

Tobacco products and alcoholic beverages 4,797 5,408 

Games of chance 898 1,013 

Miscellaneous expenditures 4,850 5,468 

Personal insurance payments and pension 

contributions 

19,750 22,264 

Gifts of money and contributions 7,885 8,889 

Estimated household spending by major expenditure category derived using Statistics 

Canada Table 203-0021 

Source: Statistics Canada, Interprovincial Input-Output Model Simulations, 2012 

Table 5.16 outlines the impact a $1 billion shock to the ICT sector would have on New 

Brunswick consumer spending. Employing data from Statistics Canada table 203-0021, it 

can be seen that the labour income generated from this shock would lead to total impacts 

of $259 million additional consumer spending in the province including an additional $61 

million on shelter, $62 million on transportation, and 38 million on food.  
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Chapter 6. Conclusion and Discussion 

6.0 Introduction 

 In this chapter, the results of the analysis will be summarized and discussed. Final 

conclusions, including policy implications, will be drawn. This section will also include a 

discussion on the limitations of this study, and finally, this chapter will make 

recommendations of modification for potential future analysis.  

6.1 Summary and Discussion 

 The aim of this study was to assess the economic impact of the New Brunswick 

ICT sector on the provincial economy. Due to a lack of data at the provincial level, a 

national input-output model was constructed for the years 2007 and 2011 in order to 

assess the impact of the Canadian ICT sector on the national economy. With the limited 

provincial data available, a secondary analysis was carried out using the 2012 inter-

provincial simulations model. Together, these two phases of analysis were able to give 

perspective on the landscape of both the Canadian, and New Brunswick ICT sector.  

 This study began with a simplified two-sector economy: ICT and non-ICT. This 

simplified model showed that when demand for the ICT sector increased, the ICT sector 

increased its demand for goods from the non-ICT sector in both 2007 and 2011. The 

chain of direct and indirect impacts created from this increased demand was summarized 

in the Leontief inverse matrix. The results of the Leontief inverse matrix indicated that in 

both 2007 and 2011, a $1 million increase in demand of the ICT sector increased overall 

economic output by approximately $1.8 million, indicating a return of 80%. The return 
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for the ICT and non-ICT sector for both years was almost identical, indicating that the 

ICT sector contributed similarly to economic growth as all other sectors combined. 

Finally, through the demand multiplier, the two-sector model also indicated that the non-

ICT sector benefited more than the ICT sector from the increase in economic output.  

 The second phase of this study expanded on the simplified economy to create an 

economy including the ICT sector, and 18 non-ICT sectors. Unlike in the first phase of 

this analysis, the multi-sector model showed that when faced with an increase in demand, 

ICT sector primarily uses intermediate goods from the ICT sector itself as opposed to the 

non-ICT sector. It can also be seen that when faced with an increase in demand, the 

majority of the other sectors favored using intermediate goods from the ICT sector as 

well. This observation could potentially be attributed to the pervasiveness of ICT and its 

ability to spread quickly through the economy, especially in the ever-growing 

knowledge-based economy.  

 Referencing the Leontief inverse matrices for the multi-sector economy, it can be 

seen that the return on the increased demand for ICT was 89% in 2007, and 85% in 2011. 

The demand multipliers for both 2007 and 2011 indicate that the ICT sector was the 

second highest benefitting sector from the increase in economic output, falling only to the 

manufacturing sector. In the two-sector model, it was shown that the non-ICT sector 

would benefit more from the increase in economic output, but by expanding on the two-

sector economy, more complete results were able to be obtained.  

 The third, and final phase of this study was the provincial analysis. The 2012 

interprovincial input-output model simulation of a $1 billion shock on the economy was 

used for this part of the analysis. A number of economic impacts derived from this shock 
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were shown in this phase of the study. To begin, the total impact on GDP rose to over 

$875 million, total wages and salaries paid directly by the ICT sector amounted to $305 

million, and the total employment income supported by the ICT sector across New 

Brunswick rose to over $344 million.  

Next, the results of the shock indicated that the ICT sector was a substantial job 

creator in New Brunswick. The results show that the industry would directly generate 

more than 4,200 jobs (FTE) for the province, and more than 16,000 jobs (FTE) total. The 

employment multipliers for New Brunswick indicate that for every direct (FTE) job, 

another 0.3 jobs are supported indirectly, and overall each ICT job supports a total of 

1.59 jobs across the province. The results of this phase of the study also outline the direct 

and total employment impact of the ICT industry by sector.  It can be seen that industry 

employment is primarily in the information and cultural sector, as well as the 

professional, scientific, and technical services sector. However, sectors such as the 

wholesale trade sector have a large number of jobs (642 FTE) supported as a result of the 

ICT sector.  

The final economic impact this section of the study analyzed was consumer 

spending impacts. It can be seen that the $344 million in annual personal income 

supported by the ICT industry discussed previously would support an estimated $62 

million spent each year on transportation in the province, and $61 million spent each year 

on shelter in the province.  

In summary, despite the lack of provincial data, the results of the provincial 

analysis demonstrate that the ICT sector is an important economic engine for the 

province. Similarly, by expanding Di Carlo’s (2010) model into a multi-sector economy 
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in phase two of this study, the input-output analysis at the national level outlined that the 

ICT sector boasts great economic impact on not only the ICT sector itself, but the entire 

Canadian economy as a whole.  

6.2 Policy Implications 

 This analysis has outlined the importance of the ICT sector both in New 

Brunswick, and in Canada. Rapid advances in technology are being made and this is 

leading to an increasingly knowledge-based economy. As technology continues to grow 

and become a more prominent part of the economy, it is crucial to understand the 

economic significance of the ICT sector, and to support its continued development.  

Monitor the ICT sector. It is important to continuously monitor the ICT sector in 

order to have up-to-date information on this dynamic, and sometimes volatile, sector. By 

having longitudinal data on the ICT sector, policy makers would be able to make better 

predictions, potentially leading to more successful investments.  

Impactful and innovative investments. In knowing that the ICT sector is a 

powerhouse for economic growth, it is important that Canada, and New Brunswick, be 

making impactful and innovative investments. ICT is quickly spreading to become a part 

of many economic sectors, with no signs of slowing down. New Brunswick should be 

making strides to not only have a nationally competitive ICT sector, but a leading one.  

 Investments in ICT related activities across multiple sectors. Investments need 

to be made not only in the ICT sector directly, but in the encouragement and 

incorporation of ICT in other sectors as well. Giving other sectors a competitive edge by 

encouraging the implementation of new technologies gives economic growth potential to 
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many sectors at once. While a boom in the ICT sector would bring much revenue and 

employment to the province, it is important that we ensure we are not leaving other 

sectors behind. Supporting the growth of all sectors through information and 

communications technology would set the stage for New Brunswick to be a national, if 

not global, leader.   

6.3 Limitations of This Study 

 There were a number of limitations with this study that could have led to 

potentially bias results: 

Data availability. The primary limitation of this study was the lack of data 

available. The symmetric input-output tables used for this study are only available at one 

level provincially, the S level. The S level is the smallest level produced by Statistics 

Canada, and only contains data for 32 industries. This level of data would have produced 

very inaccurate results as the sub-sectors were aggregated far too broadly, and an 

accurate ICT sector could not be extracted. True inter-industry flows and transactions 

could not have been measured, which would have produced biased results. With no other 

options for provincial data, national data was needed as it is available at the S level and 

the L level. The L level data was used for this analysis as it encompassed around 100 

industries.  

Degree of aggregation. Another major limitation of this analysis was the degree 

of aggregation in the data available. Although the L level was the largest level available 

nationally, many sub-industries were aggregated to create the roughly 100 industries 
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recorded. The L level data was sufficient to perform the analysis, but there is still a 

potential for bias in the results due to the possibility of over-estimated industry flows.  

 Inaccurate data. With issues like suppression of data due to confidentiality, and 

the absence of measuring important economic indicators, such as leakages, the direct data 

from Statistics Canada may be flawed leading to biased, and incorrect results. Both the 

data found in the symmetric input-output tables, as well as the interprovincial input-

output simulations model do not account for leakages throughout the economy.  

Out-of-date data. A final issue with the data is the time lag associated with the 

data available. This study used the most current input-output data Statistics Canada 

publishes which is for the year 2011. With this five year time lag, even though it is the 

most recent data accessible, it is in a sense outdated. While trends throughout the years 

can be noted and followed, it is impossible to tell what the number for 2012-2016 look 

like until they are published.  

 Constant price assumption. A primary theoretical weakness of input-output 

models is the assumption that prices will not increase regardless of an increase in 

demand. Large increases in demand of goods and services are likely to lead to price 

increases, and input-output models do not always take into account this price change.  

Outside spending assumption. A second theoretical limitation of the input-

output model is the assumption that the increased spending is coming from outside of the 

economy at hand. If the funds for a new investment comes from within the same 

economy, the total spending and employment may not change at all, as spending in one 

part of the economy may take away economic impacts from other parts of the economy. 

If the increased demand for the New Brunswick ICT sector is coming from within the 
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provincial economy, the input-output model may overestimate the economic impacts if it 

does not take into account the demand lost in other sectors due to the increase in ICT 

demand.   

6.4 Recommendations for Future Research 

 While this study provides solid groundwork into the field of ICT economic impact 

assessment for Canada, and New Brunswick, there are a number of aspects that can be 

improved upon going forward: 

 More recent data needs to be used. The symmetric input-output tables published 

by Statistics Canada are delayed five, or sometimes more, years. In order to get a better 

idea of the current ICT landscape in New Brunswick an analysis with more recent data 

should be done.  

 Larger data sets should be used. Data availability, and the large degree of 

aggregation was a primary limitation of this study, so moving forward analysis should be 

done on data sets with a much smaller degree of aggregation. By including as many 

industries as possible, the results can portray a more detailed picture of the impacts of the 

ICT sector on each individual industry. The benefit of a better defined ICT sector also 

comes from a larger data set. The ICT sector in this analysis was defined using only the 

industries available. Had the industries been aggregated to smaller degree, a more 

detailed and well defined ICT sector could possibly have been identified.  

 A provincial input-output analysis should be done. The lack of provincial data 

available limited the ability to do an assessment of New Brunswick in this study. Moving 

forward, a provincial analysis should be done using the same methodology as the national 
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analysis done in this study in order to confirm the impact of the New Brunswick ICT 

sector.  

 A comparative analysis of other sectors should be done. In order to fully 

understand the significance of the impacts of the ICT sector, an analysis with a stronger 

emphasis on the comparison of effects of the ICT sector compared to other sectors should 

be carried out.  

 A comparative analysis of ICT sectors of other provinces should be done. In 

order to understand how the New Brunswick ICT sector compares to that of other 

provinces an analysis should be carried out comparing the impacts of each province’s 

ICT sector. This would allow for conclusions to be drawn on the position of the ICT 

sector nationally. It would also allow for weaknesses to be identified, and successful 

provinces that can act as models to be discovered.   

 Expand the model to include a supply-side that is linked to an econometric 

model. In order to address some of the limitations of basic input-output models, this 

model should be expanded upon to include a supply-side that is linked to an econometric 

model in order to include a time dimension to the analysis, as well as supply-side 

constraints.  
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Appendix I – 2007 Sectors (Defined by NAICS code) 

ICT 

3341 Computer and Peripheral  

Equipment Manufacturing 

334A Electronic Product  

Manufacturing 

5120 Motion Picture and Sound  

Recording Industries 

5131 Radio and Television 

 Broadcasting 

51B0 Publishing, Pay and Specialty  

TV, Telecommunications, and 

 Other Information Services 

541B Computer Systems Design and  

Other Professional, Scientific  

and Technical Services 
 

11 - Agriculture, Forestry, Fishing, and 

Hunting  

11A0 Crop and Animal Production 

1130 Forestry and Logging 

1140 Fishing, Hunting and Trapping 

1150 Support Activities for  

Agriculture and Forestry 
 

21 - Mining, Quarrying, and Oil and Gas 

Extraction 

2111 Oil and Gas Extraction 

2121 Coal Mining 

2122 Metal Ore Mining 

2123 Non-Metallic Mineral Mining  

and Quarrying 

2131 Support Activities for Mining  

and  

Oil and Gas Extraction 
 

 

22 – Utilities 

2211 Electric Power Generation, 

Transmission and Distribution 

221A Natural Gas Distribution, Water, 

Sewage and Other Systems 
 

31 – 33 Manufacturing 

3111 Animal Food Manufacturing 

3113 Sugar and Confectionery Product 

Manufacturing 

3114 Fruit and Vegetable Preserving  

and Specialty Food  

Manufacturing 

3115 Dairy Product Manufacturing 

3116 Meat Product Manufacturing 

3117 Seafood Product Preparation and 

Packaging 

311A Miscellaneous Food  

Manufacturing 

312A Soft Drink and Ice  

Manufacturing 

312B Breweries 

312C Wineries 

 

3254 Pharmaceutical and Medicine 

Manufacturing 

325A Miscellaneous Chemical Product 

Manufacturing 

3273 Cement and Concrete Product 

Manufacturing 

327A Miscellaneous Non-Metallic  

Mineral Product Manufacturing 

3310 Primary Metal Manufacturing 

3320 Fabricated Metal Product 

Manufacturing 

3330 Machinery Manufacturing 

3352 Household Appliance  

Manufacturing 

335A Electrical Equipment and 

 Component Manufacturing 



 

 

312D Distilleries 

3122 Tobacco Manufacturing 

31A0 Textile and Textile Product Mills 

3150 Clothing Manufacturing 

3160 Leather and Allied Product 

Manufacturing 

3210 Wood Product Manufacturing 

3221 Pulp, Paper and Paperboard  

Mills 

3222 Converted Paper Product 

Manufacturing 

3231 Printing and Related Support 

Activities 

3241 Petroleum and Coal Products 

Manufacturing 

3251 Basic Chemical Manufacturing 

3252 Resin, Synthetic Rubber, and 

Artificial and Synthetic Fibers  

and Filaments Manufacturing 

3253 Pesticides, Fertilizer and Other 

Agricultural Chemical  

Manufacturing 
 

3361 Motor Vehicle Manufacturing 

3362 Motor Vehicle Body and Trailer 

Manufacturing 

3363 Motor Vehicle Parts  

Manufacturing 

3364 Aerospace Product and Parts 

Manufacturing 

3365 Railroad Rolling Stock 

Manufacturing 

3366 Ship and Boat Building 

3369 Other Transportation Equipment 

Manufacturing 

3370 Furniture and Related Product 

Manufacturing 

3390 Miscellaneous Manufacturing 
 

23 – Construction 

230A Residential Building  

Construction 

230X Non-residential Building and 

Engineering Construction 

230H Repair Construction 

230I Other Activities of the  

Construction Industry 
 

41 – Wholesale Trade 

4100 Wholesale Trade 
 

42 – Retail Trade 

4A00 Retail Trade 

 

 

48-49 Transportation and Warehousing 

4810 Air Transportation 

4820 Rail Transportation 

4830 Water Transportation 

4840 Truck Transportation 

4850 Transit and Ground Passenger 

Transportation 

4860 Pipeline Transportation 

48B0 Scenic and Sightseeing 

Transportation and Support  

Activities for Transportation 

49A0 Postal Service and Couriers and 

Messengers 

4930 Warehousing and Storage 

 

 
 



 

 

52 – Finance and Insurance 

5A01 Monetary Authorities and  

Depository Credit  

Intermediation 

5A02 Insurance Carriers 
 

53 - Real Estate and Rental and Leasing 

5A03 Lessors of Real Estate 

5A04 Owner-Occupied Dwellings 

5A05 Rental and Leasing Services and 

Lessors of Non-Financial  

Intangible Assets (except 

Copyrighted Works) 

5A06 Other Finance, Insurance and  

Real Estate and Management of 

Companies and Enterprises 
 

54 - Professional, Scientific, and 

Technical Services 

5418 Advertising and Related  

Services 

541A Legal, Accounting and  

Architectural, Engineering and 

Related Services 
 

56 - Administrative and Support, Waste 

Management and Remediation Services 

5610 Administrative and Support  

Services 

5620 Waste Management and  

Remediation Services  
 

61 – Educational Services 

611A Educational Services (except 

Universities) 

GS21 Universities 

GS22 Government Education Services 
 

62 – Health Care and Social Assistance 

62A0 Health Care Services (except 

Hospitals) and Social Assistance 

GS11 Hospitals 

GS12 Government Residential Care 

Facilities 
 

71 – Arts, Entertainment, and Recreation 

7100 Arts, Entertainment and  

Recreation 
 

72 – Accommodation and Food Services  

7200 Accommodation and Food  

Services 
 

81 – Other Services (except Public 

Administration) 

8110 Repair and Maintenance 

813A Grant-Making, Civic, and 

Professional and Similar 

Organizations 

81A0 Personal and Laundry Services  

and Private Households 

NP11 Religious Organizations 

NP12 Non-Profit Welfare  

Organizations 

NP13 Non-Profit Sports and  

Recreation Clubs 

NP19 Other Non-Profit Institutions  

Serving Households 

NP20 Non-Profit Education  

Institutions 

 

 

91 – Public Administration  

GS40 Other Municipal Government 

Services 

GS50 Other Provincial and Territorial 

Government Services 

GS60 Other Federal Government  

Services 
 



 

 

Appendix II – 2011 Sectors (Defined by NAICS code) 

ICT 

BS33410 Computer and peripheral 

equipment manufacturing 

BS334B0 Electronic product  

manufacturing 

BS51200 Motion picture and sound 

recording industries 

BS51510 Radio and television  

broadcasting 

BS51B00 Publishing, pay/specialty  

services, telecommunications  

and other information  

services 

BS541D0 Computer systems design and 

other professional, scientific  

and technical services 
 

11 - Agriculture, Forestry, Fishing, and 

Hunting  

BS11A00 Crop and animal production 

BS11300 Forestry and logging 

BS11400 Fishing, hunting and trapping 

BS11500 Support activities for  

agriculture and forestry 
 

21 - Mining, Quarrying, and Oil and Gas 

Extraction 

BS21100 Oil and gas extraction 

BS21210 Coal mining 

BS21220 Metal ore mining 

BS21230 Non-metallic mineral mining  

and quarrying 

BS21300 Support activities for mining  

and oil and gas extraction 

 

 

22 – Utilities 

BS22110 Electric power generation, 

transmission and distribution 

BS221A0 Natural gas distribution,  

water, sewage and other  

systems 
 

31 – 33 Manufacturing 

BS31110 Animal food manufacturing 

BS31130 Sugar and confectionery  

product manufacturing 

BS31140 Fruit and vegetable  

preserving and specialty food 

manufacturing 

BS31150 Dairy product manufacturing 

BS31160 Meat product manufacturing 

BS31170 Seafood product preparation  

and packaging 

BS311A0 Miscellaneous food  

manufacturing 

BS31211 Soft drink and ice  

manufacturing 

BS31212 Breweries 

 

BS325C0 Miscellaneous chemical  

product manufacturing 

BS32610 Plastic product  

manufacturing 

BS32620 Rubber product  

manufacturing 

BS327A0 Non-metallic mineral product 

manufacturing (except  

cement and concrete products) 

BS32730 Cement and concrete product 

manufacturing 

BS33100 Primary metal manufacturing 

BS33200 Fabricated metal product 

manufacturing 

BS33300 Machinery manufacturing 



 

 

BS3121A Wineries and distilleries 

BS31220 Tobacco manufacturing 

BS31A00 Textile and textile product  

mills 

BS31B00 Clothing and leather and 

 allied product manufacturing 

BS32100 Wood product manufacturing 

BS32210 Pulp, paper and paperboard  

mills 

BS32220 Converted paper product 

manufacturing 

BS32300 Printing and related support  

activities 

BS32400 Petroleum and coal product 

manufacturing 

BS32510 Basic chemical  

manufacturing 

BS32530 Pesticide, fertilizer and other 

agricultural chemical  

manufacturing 

BS32540 Pharmaceutical and medicine 

manufacturing 
 

BS335A0 Electrical equipment and  

component manufacturing 

BS33520 Household appliance  

manufacturing 

BS33610 Motor vehicle manufacturing 

BS33620 Motor vehicle body and  

trailer manufacturing 

BS33630 Motor vehicle parts  

manufacturing 

BS33640 Aerospace product and parts 

manufacturing 

BS33650 Railroad rolling stock  

manufacturing 

BS33660 Ship and boat building 

BS33690 Other transportation  

equipment manufacturing 

BS33700 Furniture and related product 

manufacturing 

BS33900 Miscellaneous manufacturing 
 

23 – Construction 

BS23A00 Residential building construction 

BS23B00 Non-residential building 

construction 

BS23C00 Engineering construction 

BS23D00 Repair construction 
 

41 – Wholesale Trade 

4100 Wholesale Trade 
 

42 – Retail Trade 

4A00 Retail Trade 
 

48-49 Transportation and Warehousing 

BS48100 Air transportation 

BS48200 Rail transportation 

BS48300 Water transportation 

BS48400 Truck transportation 

BS48B00 Transit, ground passenger and 

scenic and sightseeing 

transportation, taxi and  

limousine service and support 

activities for transportation 

BS48600 Pipeline transportation 

BS49A00 Postal service, couriers and 

messengers 

BS49300 Warehousing and storage 

BS48100 Air transportation 

 

 
 



 

 

52 – Finance and Insurance 

BS52B00 Depository credit  

intermediation 

 and monetary authorities 

BS52410 Insurance carriers 
 

53 - Real Estate and Rental and Leasing 

BS53110 Lessors of real estate 

BS5311A Owner-occupied dwellings 

BS53B00 Rental and leasing services  

and lessors of non-financial  

intangible assets (except  

copyrighted works) 

BS5A000 Other finance, insurance and  

real estate services and  

management of companies  

and enterprises 
 

54 - Professional, Scientific, and 

Technical Services 

BS541C0 Legal, accounting and  

architectural, engineering  

and related services 

BS54180 Advertising, public relations,  

and related services 
 

56 - Administrative and Support, Waste 

Management and Remediation Services 

BS56100 Administrative and  

support  

services 

BS56200 Waste management and  

remediation services 
 

 

  
 

61 – Educational Services 

BS61000 Educational services 

NP61000 Educational services 

GS611B0 Educational services  

(except universities) 

GS61130 Universities 
 

62 – Health Care and Social Assistance 

BS62000 Health care and social  

assistance 

NP62400 Social assistance 

GS62200 Hospitals 

GS62300 Nursing and residential  

care facilities 
 

 

  

 
 

71 – Arts, Entertainment, and Recreation 

BS71000 Arts, entertainment and  

recreation 

NP71000 Arts, entertainment and  

recreation 
 

 

 

72 – Accommodation and Food Services  

BS72000 Accommodation and food  

services 
 

81 – Other Services (except Public 

Administration) 

BS81100 Repair and maintenance 

BS81A00 Personal services and private 

households 

BS81300 Professional and similar 

organizations 

NP81310 Religious organizations 

NPA0000 Miscellaneous non-profit  

institutions serving  

households 
 

91 – Public Administration  

GS91100 Other federal government  

services 

GS91200 Other provincial and  

territorial government  

services 

GS91300 Other municipal government  

services 

GS91400 Other aboriginal government  

services 
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