
ScienceDirect

Available online at www.sciencedirect.com

Transportation Research Procedia 82 (2025) 1594–1616

2352-1465 © 2024 The Authors. Published by ELSEVIER B.V.
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0)
Peer-review under responsibility of the scientific committee of the 16th World Conference on Transport Research
10.1016/j.trpro.2024.12.143

16th World Conference on Transport Research (WCTR 2023)

The Role of the transport sector in the linkages between 
Northern Cape and the rest of South Africa: An economic base 

and network analysis approach
Rossouw, Ra, Pisa, Nb, Chakamera, Cb,* 

aTrade and Development (TRADE) Research Focus Area, North-West University, Potchefstroom
2520, South Africa

bDepartment of Transport and Supply Chain Management, College of Business and Economics, University of Johannesburg, Johannesb urg 2006, 
South Africa 

Abstract

Northern Cape has been one of the provinces that make a relatively small contribution to South Africa's gross domestic produc t. 
However, there is room to improve the province's contribution through enhanced connectivity with the rest of the provinces and 
targeting specific industries with high concentration. The question that remained unclear was how the transport sector facili tates 
the linkage within the Northern Cape and between the Northern Cape and the rest of South Africa. This paper investigated this
issue using an approach that employed Network and I-O analyses. The economic analysis reveals that Northern Cape's Other 
mining and quarrying sector is the most concentrated. However, the ‘transport and storage’ cluster is also among the strong 
sectors in the Northern Cape. Network analysis shows that the mining industry, metals, and agriculture are Norther Cape's 
anchors, while transport and storage are among the few sectors that show significant intra - and inter-regional linkages. The 
results of this study provide important insights into the industries that should be actively cultivated to maximise their economic 
contribution. Policymakers can categorise the sectors into different clusters as 'mature', 'star', 'transforming', and 'emerging'; each 
cluster necessitates a customised policy decision.
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1. Introduction

The role of transport in societies and economic development is well-established in the literature. Early theories 
such as Rostow (1959) underscored the necessity of transport infrastructure development, which is vital in the take -
off stage of development. Among the critical implications is that the availability of better transport services in a 
country or region creates a competitive advantage. Nevertheless, of note in the field of geography is the claim that 
the development of a region may generate critical spillover effects that can boost the surrounding areas. Lychagin, 
Pinkse, Slade, and Reenen (2017) established that physical location is essential for productivity, just as technology 
spillovers, and that intra- and inter-regional spillovers matter. There has been a push for regional integration (both 
country and municipal levels) meant to narrow income gaps, among other objectives. 

South Africa has nine provinces (Northern Cape, Western Cape, Eastern Cape, Free State, KwaZulu-Natal, North 
West, Gauteng, Limpopo, and Mpumalanga) and the performance of each province is reported, including 
employment, output and trade from each sector. These provinces are not equally strong. For instance, despite a small 
land size, Gauteng has been the country's economic centre, while Northern Cape has been amongst the smaller 
players (Stats SA, 2019). However, it is noted that agriculture, forestry and fishing, and mining and quarrying have 
been vital sectors in the Northern Cape. Given this background, critical analysis is required regarding the 
concentration and linkages of the various sectors in the Northern Cape and the rest of South Africa. This article 
seeks to investigate the connectivity of the Northern Cape and its various sectors using economic, network, and 
spatial analyses. In line with Hirschman's (1957) viewpoint, this analysis allows practitioners to target specific 
sectors that promise to boost economic growth. Such sectors have a strong connection with others.

This paper’s remainder is structured as follows: In section 2, we discuss the relevant literature on the importance 
of transport as an enabler of connectivity to support economic activity, especially for remote and sparsely populated 
regions. In section 3, we explain our methodology and data used. Section 4 presents the analysis of intra - and inter-
regional economic linkages between the Northern Cape and the rest of South Africa, focusing on the transport 
sector's importance, while section 5 concludes.

2. Literature 

2.1. Concept of connectivity

Multiple definitions of connectivity exist. In short, connectivity is defined as "the degree to which two things are 
connected" (Oxford Dictionary, 2020). Connectivity is essential to most countries' policy agendas and sub -national 
regions, such as provinces and metropolitan or local municipalities. Therefore, connectivity can be explored at 
different scales, i.e., locally, within-country, cross-country regions, and globally.

To assist in understanding connectivity, the World Bank (2019) responded to what is meant by connectivity by 
expressing that an intrinsic characteristic of connectivity is that it is synonymous with networks, a set of 
interconnected nodes. Such nodes can be a person, a firm, a city, a country, or other spatial entity. Therefore, 
connectivity is a multi-layered concept comprised of different networks, including both physical and virtual 
(Roberts, 2019). This implies that connectivity, which facilitates access to markets, has hard and soft dimensions 
and includes access concepts that determine the impacts experienced by households, firms, cities, countries, and 
regions (World Bank, 2019).

Connectivity is, therefore, an attribute of a network. It also measures how well connected any one node is to all 
other network nodes. The value of connectivity and its significance lies in the role that a node and its hinterland play 
or are expected to play within a network, the cost of accessing that node, and the reliability of connecting to the 
node (OECD, 2018).

According to Rodrigue (2017), connectivity has three dimensions: economic, network, and spatial. These three 
dimensions are important, as they speak to the connectivity within the Northern Cape and between the province and 
the rest of South Africa. Therefore, it is necessary to include them when analysing to ensure that each dimension's 
critical linkages are considered and measured. The following brief synopsis (based on Rodrigue, 2017) relates to 
connectivity's main dimensions (or effects).
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The first dimension (or effect) of connectivity is economic connectivity. Economic connectivity concerns 
interactions made possible between actors such as producers, retailers, or wholesalers. Thus, an increase in 
connectivity enables less costly commercial interactions, resulting in more trade opportunities. Economic 
connectivity outcomes are often difficult to predict, as commercial decisions about, for example, importing and 
exporting are made by numerous entities (called beneficial cargo owners (BCOs)). These entities make their 
assessments and independently act upon them, thus complicating predictability. The interlinked nature of industries 
(another form of economic connectivity) within the Northern Cape and between the Northern Cape and the rest of 
South Africa determines the spillover effects across industries and beyond the geographic areas where the activities 
are located, propagated through the various industry value chains (Rodrigue, 2017).

The second dimension (or effect) of connectivity is the network. The network involves the configuration of 
transport services and physical infrastructure between nodes. Here capacity, reliability, and even resilience are 
essential attributes. Connectivity remains strongly dependent on transportation networks that provide the physical 
capability to reach places through a single or a series of modes. Actors in the network include the terminals that 
provide intermodal handling of flows, the modes (e.g., maritime shipping, air, rail, or road transport) that handle the 
movements between nodes, the shippers (e.g., companies themselves or their logistics service providers) that 
organise the distribution of cargoes and infrastructure managers (e.g., port authorities, transport ministries) that 
maintain and expand nodes and modal links (Rodrigue, 2017).

The third dimension (or effect) of connectivity is the spatial structure. Nodes service spatial entities such as 
metropolitan areas or regions that act as their hinterland, which makes connectivity a critical element of spatial 
competitiveness. For example, the outcome of connectivity differences is usually the clustering of activities around 
the most connected nodes, resulting in inequalities in opportunity development. Consequently, governments and 
civil society have an interest in maintaining and improving connectivity, as it directly impacts their territories. As 
such, the spatial structure is subject to policy interventions (Rodrigue, 2017).

This paper focuses predominantly on the economic dimensions of connectivity regarding the transport sector's 
facilitating role within the Northern Cape and between the Northern Cape and the rest of South Africa. For this 
reason, the section sub-section discusses the concept of economic connectivity a bit further.

Concept of Economic Connectivity
Economic connectivity between different spatial scales is the ability to trade goods and services in markets at a 

local, metropolitan, provincial, national, and international level (Berube & Parilla, 2012). Access to markets is 
facilitated by physical (hard) and non-physical (soft) connections (illustrated in Figure 1). While traditionally access 
to markets was mainly through physical means whereby traders move physically from one place to another using 
various transport modes, nowadays mainly through technology, traders can easily access even international markets 
through virtual means. What is interesting though as shown in Figure 1 is the interaction between physical and 
virtual infrastructure.

Fig. 1. Inter-relationship between hard and soft connectivity and network infrastructure.
Source: Roberts (2019)
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In terms of access to markets, this is where one may use virtual or non-physical infrastructure to access markets, 
but there will be a role played by physical infrastructure such as transport in moving the goods from point A to point 
B. Reducing transport costs can improve physical access to markets and enable businesses to move goods more 
quickly. Soft infrastructure, such as strong business relationships, the right commercial access, trade agreements 
between countries, and access to connective technology, is equally important (Roberts, 2019). By their nature, some 
businesses focus on the local (domestic) market. For example, demand for health and community services is 
primarily driven by local consumption, as they serve specific local needs and focus on relatively small local 
markets. However, other industries, particularly primary producers, are more outwardly oriented and have more 
substantial export potential. Growth in these sectors is greatly aided by building more and better-quality connections 
(and access) to larger trade markets beyond the local market's borders (Department of Regional Australia, Local 
Government, Arts and Sport, 2013).

Regions well connected to large or diverse markets can access a broader range of potential customers. Greater 
market access allows local businesses to grow by trading more goods and services. Further, producing on a larger 
scale can help businesses bring down costs through economies of scale, making them more competitive. However, 
when entering a new market, producers must have the knowledge and ability to provide attractive goods and 
services that meet local regulatory requirements, such as safety and quality standards. Connections and access to 
markets are not solely restricted to building international links. Connecting with other South African areas can 
impact the Northern Cape's economic development in a similar way to international trade, supporting businesses that 
operate across multiple sub-national regions (Department of Regional Australia, Local Government, Arts and Sport, 
2013).

Greater access to markets opens the door to new investment and innovation by sharing information, knowledge, 
and technology. Furthermore, greater access to multiple markets of the sub-national regions or countries also creates 
the opportunity to purchase from a broader range of sellers. It provides a wider choice of suppliers and can 
potentially lower costs. Moreover, consumers benefit from access to a more extensive range of goods and services 
(Roberts, 2019).

Therefore, economic connectivity is a key factor driving sustainable local economic growth and is a fundamental 
precondition for private sector investment that sustains economic growth (Department of Regional Australia, Local 
Government, Arts and Sport, 2013). Consequently, all government levels should support these preconditions to 
maximise investment attractiveness and business retention in the Northern Cape.

2.2. Transport as an enabler of economic connectivity

The role of transport is established in early theories such as Rostow's (1959) stages of economic growth theory. 
In his theory, transport infrastructure such as roadways and railways are central overhead capital requirements in the 
take-off stage. Several empirical studies have demonstrated the importance of transport in economic undertakings. 
Baporikar (2015) demonstrated transport infrastructure's role in facilitating economic integration and trade. It 
connects areas of production and those of consumption and hence affords market access. Rodrigue and Nottenboom 
(2020) regarded the transport industry as an essential element of the economy that can be used as an instrument for 
development, especially now, when economic opportunities are increasingly connected to the movement of freight, 
people, and technologies. The main role of transport as an enabler of economic connectivity is to improve access to 
diverse locations for businesses and individuals (New Zealand Ministry of Transport, 2016).

Focusing on China, Zhao, Sun, and Webster’s (2022) results revealed that investment in transport infrastructure 
could raise connectivity and economic integration in certain major cities and regions in Pakistan, yet it would 
broaden inequality in the country. These results have critical implications as there are implied spillover effects 
among regions. Condeco-Melhorado et al. (2014) demonstrated the existence of road infrastructure spillovers among 
Dutch municipalities. Several other studies (e.g., Arbues et al., 2015; Li et al., 2017; Tong et al., 2013) established 
positive spillovers of transport infrastructure development.

While development in one region may improve development in other regions, there is also a possibility of 
growing regional inequalities when certain places become more attractive, pulling key economic factors to 
themselves. Thus, for instance, negative spillovers from infrastructure development may also occur (Zhang, 2008 & 
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2013); according to Condeco-Melhorado et al. (2014), it could be because of relocation of economic factors to 
places with better access due to sound transport and telecommunication connectivity.

As discussed above, the various views concerning the role of transport give us insight into connectivity among 
the nine provinces of South Africa. The Western Cape Government (2022) pointed out that the transport network of 
South Africa assumes a critical role in enabling the mobility of people, goods, and services in the economy. 
However, in line with the literature, while transport plays a key role in the integration of South African provinces 
and their development, other provinces (e.g., Gauteng) will be more competitive than other provinces due to better 
transport connectivity, among other factors. It is imperative to investigate how regions such as the Northern Cape 
are positioned in the economy in terms of transport and other sectors.

3. Data and Method

This paper focuses on activities, specifically the transport sector, located in the Northern Cape Province of South 
Africa and its various local municipalities. The geographic areas, broken down by district municipality, are 
illustrated in Figure 2. The district on top in terms of GDP contribution is Frances Baard (0.7%), followed by John 
Taolo Gaetsewe (0.5), ZF Mgcawu (0.4), Pixley ka Seme (0.2), and Namakwa (0.2). 

Fig. 2. Geographic area of analysis – Northern Cape Province of South Africa.
Note: Colour scale based on each district municipality’s share (%) of the national nominal GDP.
Source: Authors’ illustration using Excel Maps based on Quantec Research – EasyData (2020)

The Republic of South Africa (RSA) Standardised Regional Service data provided by Quantec Research’s 
EasyData at the local municipality level form the primary basis for information used in the Northern Cape analysis. 
The most populated and developed business centre in the Northern Cape is the Sol Plaatje local municipality, with 
the four other most populated local municipalities being Dawid Kruiper (//Khara Hais/Mier), Ga -Segonyana, Joe 
Morolong, and the Kai! Garib local municipalities (see Table 1). Both government and businesses use the Standard 
Industrial Classification (SIC) to classify businesses based on the type of activity that they undertake. Note that the 
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Standard Industrial Classification of all Economic Activities (SIC) is based upon the (5th revision which appeared in 
1990) International Standard Industrial Classification of all Economic Activities (ISIC) with suitable adaptations for 
local conditions – published by Statistics South Africa (Stats SA). The number of digits utilised is an indication of 
how specified the classification is. The two-digit SIC is the broadest and is defined as sectors; three and four-digit 
SIC are more specialized and are defined as subsectors and industries, respectively. All references to the two -digit 
SIC throughout this paper, therefore, refer to ‘sectors.’ Sector comparisons in Quantec’s EasyData can be made 
either in terms of the primary, secondary, and tertiary aggregates, the nine broad, one-digit level of the SIC sectors, 
or the 50 detailed, two-digit level SIC sectors. Detailed descriptions of each sector classification (based on the SIC) 
are provided in Table A1 in the Appendix.

Table 1. Local municipalities in the Northern Cape Province, 2019.
Province / District / Local Municipality Size of the Area

(km²)
Population
(2018)

Population Density
(number of people per km²)

Northern Cape 1 344 878 3.61 372 889
Namakwa 139 381 1.10 126 836

Richtersveld 15 055 1.57 9 608
Nama Khoi 56 138 3.12 17 990
Kamiesberg 11 456 0.81 14 208
Hantam 26 148 0.67 39 085
Karoo Hoogland 15 898 0.53 30 230
Khai-Ma 14 685 0.93 15 715

Pixley ka Seme 220 842 2.14 103 411
Ubuntu 22 224 1.09 20 393
Umsobomvu 34 000 4.99 6 813
Emthanjeni 51 678 3.84 13 472
Kareeberg 14 884 0.84 17 701
Renosterberg 13 533 2.45 5 529
Thembelihle 18 686 2.33 8 023
Siyathemba 26 583 1.81 14 727
Siyancuma 39 253 2.34 16 753

ZF Mgcawu (Siyanda) 284 391 2.77 102 484
Kai !Garib 74 929 2.84 26 377
!Kheis 18 591 1.67 11 107
Tsantsabane 44 331 2.42 18 290
Kgatelopele 23 369 9.43 2 478
Dawid Kruiper (//Khara Hais/Mier) 123 172 2.78 44 231

Frances Baard 438 901 34.19 12 836
Sol Plaatje 293 113 93.19 3 145
Dikgatlong 49 639 6.79 7 316
Magareng 27 685 17.90 1 546
Phokwane 68 464 82.68 828

John Taolo Gaetsewe (Kgalagadi) 261 363 9.57 27 322
Joe Morolong 86 322 4.28 20 180
Ga-Segonyana 116 646 25.95 4 495
Gamagara 58 395 22.05 2 648

Source: Quantec Research – EasyData (2020)
Two complementary methods are applied to quantify the importance of the transport sector in the Northern Cape. 

The first methodology identifies sectors with high regional concentrations in the Northern Cape compared to the rest 
of the country. The purpose of this analysis is to identify prominent sectors that have high regional concentrations in 
the Northern Cape compared to the rest of the country and ultimately have the potential to drive growth in the 
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province and broader economy. Economic base analysis (Klosterman, 1990) is the first methodology used to 
understand the Northern Cape’s regional economies better. It is a simple yet valuable tool that can be used to 
understand a sub-national region's economic structure. It provides comparative information on the economic status 
across periods and other localities in terms of competitive advantages, employment conditions, and trends.

According to Klosterman (1990), the economic base analysis assumes that the local economy can be divided into 
two main sectors, namely basic and non-basic. The basic sector comprises those local businesses that produce goods 
and services sold to consumers outside the community/ region. The approach assumes that the sales of a basic firm 
are dependent almost entirely on export markets. For example, some companies based in a location (municipality) in 
South Africa might sell to customers worldwide. Their sales to consumers in the specific location (municipality) are 
negligible compared to their total sales outside of the municipality. The non-basic sector, on the other hand, is 
composed of those firms that produce goods and services that are sold and consumed primarily locally. Almost all 
local businesses such as hairdressers, dentists, restaurants, and pharmacies can be categorised as non-basic because 
they depend almost entirely on local market sales (Klosterman, 1990).

An economic base analysis is grounded on the premise that the basic sectors form the economic base of a 
locality, and all other non-basic sectors flourish by servicing these basic sectors. Through its non-local market sales 
and resulting injection of new money into the local economy, the basic sector is an essential contributor to and 
drives local economic growth and progress. Changes in the basic sector's composition or performance usually also 
impact the non-basic sector and overall local economic trends. Evidence from the economic base analysis has shown 
that the local economy is strongest when it develops those economic sectors that bring new money (Rands) into the 
local economy.

Although there are several ways to estimate a sub-national region’s economic base, the location quotient (LQ) 
approach represents a good starting point for understanding the regional economy and providing information to 
support regional planning efforts (Indiana Business Research Center, 2006). In the case of the Northern Cape, three 
steps are taken to identify its prominent sectors, namely: Step 1: Identifying sectors with higher employment 
concentrations in the Northern Cape versus the rest of the country, based on a LQ analysis (using two-digit SIC code 
sectors and 2019 data). An LQ analysis identifies how concentrated a particular sector is in a region than the rest of 
the country. Therefore, it can identify sectors where the Northern Cape has distinctive strengths concerning 
employment opportunities. Step 2: Determining the classification and importance of the Northern Cape's transport 
sector. Step 3: The undertaking of a network analysis of the economic activity in the province. This analysis 
emphasizes visualization using network diagrams that reveal the structural makeup of the regional economy. The 
visualization sheds valuable insight into the Northern Cape economy by identifying the key industries and the 
interlinkages more easily understood by decision-makers.

The calculation of an LQ in step 1 is done using the following formula:

LQ=
(Employment of sector X in NC

Total employment in NC
)

(Employment of sector X in SA
Total employment in SA

)
(1)

where NC stands for Northern Cape province and SA stands for South Africa.
If an industry’s LQ > 1, the industry is considered to be more highly concentrated in that area versus the rest of 

the country. Sectors within the Northern Cape with an LQ > 1.25 are considered “exporters” to other 
countries/regions. An LQ with a value of 1.5 indicates that the region has 50% more “cluster employment” on a per 
capita basis than South Africa, which is a sign of relative local strength in that cluster. The analysis makes use of an 
LQ “Bubble Graph,” illustrated in Figure 3. The LQ graph for industries (in a “bubble” type format) is based on 
concepts developed at Purdue University. The vertical axis has the basic LQ measurement, while the horizontal axis 
shows the percent change in LQ over time. Entities such as industries are plotted as circles (or “bubbles”), with 
the circle size corresponding to their relative size (in jobs) . The graph’s four quadrants can be used to categorise 
various industries, occupations, or clusters. This analysis enables the classification and identification of the key 
sectors of importance (or prominence) within the Northern Cape.
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Fig. 3. How to interpret the LQ analysis results.
Note: The graph’s four quadrants each tell a different story for each industry/cluster.

Source: Modified from http://www.charlestonregionaldata.com/bubble-chart-explanation

The second methodology, which complements the first, summarises the analysis of the Northern Cape and its 
sub-regional economies using Network and I-O Analysis. An I-O and multiplier database for the Northern Cape, 
sourced from the Quantec Economic Impact Analysis Service database, is used for visualizing the economy of the 
Northern Cape and its sub-regions (i.e., Local Municipalities) and for the computation of a set of network metrics 
which identify the interrelationships among industries within the economy (i.e., intra-regional linkages) and between 
sectors in the Northern Cape and the rest of the South African economy (i.e. inter-regional linkages with other 
provinces). The methodology is described in Fabusuyi and Juergen (2018).

Assume an economy with n industries. Each industry 𝑖𝑖 produces 𝑋𝑋𝑖𝑖 amount of goods, which are consumed within 
the industry, traded to other industries, consumed by end-users, or exported. This is illustrated in Equation (2):

𝑋𝑋𝑖𝑖 = ∑ 𝑧𝑧𝑖𝑖𝑖𝑖 + 𝑉𝑉𝑖𝑖 = ∑ 𝑎𝑎𝑖𝑖𝑖𝑖𝑋𝑋𝑗𝑗 + 𝑉𝑉𝑖𝑖𝑛𝑛
𝑗𝑗=1

𝑛𝑛
𝑣𝑣=1 (2)

where 𝑋𝑋𝑖𝑖 denotes the joint value of both local and non-local production-related demand. The term 𝑉𝑉𝑖𝑖 which 
represents non-local production demand, shows the total value of consumption by the end-users, usually households 
within the domestic economy, and the amount exported. If we assume that 𝑓𝑓𝑖𝑖𝑖𝑖 denotes the money that flows from 

Mature ―Top left
(Strong but declining)

Contains industries/clusters that 
are more concentrated in the 
region but are declining (negative 
growth). These industries/clusters 
typically fall into the lower 
quadrant as job losses cause a 
decline in concentration.

Stars ― Top right
(Strong and advancing)

Contains industries/clusters that 
are more concentrated in the 
region and are growing. These 
industries/clusters are strengths 
that help a region stand out from 
the competition. Small, high-
growth industries/clusters can be 
expected to become more 
dominant over time.

Transforming ― Bottom left
(Weak and declining)

Contains industries/clusters that 
are under-represented in the 
region (low concentration) and are 
also losing jobs. Industries/clusters 
in this region may indicate a gap in 
the workforce pipeline if local 
industries anticipate a future need. 
In general, industries/clusters in 
this quadrant show a lack of 
competitiveness.

Emerging ― Bottom right
(Weak but advancing)

Contains industries/clusters that 
are under-represented in the 
region but are growing, often 
quickly. If growth trends continue, 
these industries/clusters will 
eventually move into the top right 
quadrant. Industries/clusters in 
this quadrant are considered 
emerging strengths for the region.
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industry 𝑗𝑗 to industry 𝑖𝑖, and that a constant return to scale production processes is applicable, then the technical 
coefficient, 𝑎𝑎𝑖𝑖𝑖𝑖 stands for the input requirement of industry 𝑖𝑖’s output for a unit Rand product output of industry 𝑗𝑗 is 
(Blöchl et al., 2011):

𝑎𝑎𝑖𝑖𝑖𝑖 =
𝑓𝑓𝑖𝑖𝑖𝑖
𝑋𝑋𝑗𝑗
= 𝑓𝑓𝑖𝑖𝑖𝑖

∑ 𝑓𝑓𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1

(3)

This coefficient shows the direct impact of a rand change in the demand for good 𝑗𝑗 on industry 𝑖𝑖. However, it 
does not describe the indirect impact of that change across the economy. Consequently, a measure that accounts for 
the direct network effect and the indirect or interdependencies among the regional industries is required. Stretching 
Equation (3) to the 𝑛𝑛 industries and using a matrix form for the representation, the following equation emerges:

(𝐼𝐼 − 𝐴𝐴)𝑋𝑋 = 𝑉𝑉 ⇒ 𝑋𝑋 = (𝐼𝐼 − 𝐴𝐴)−1𝑉𝑉 (4)

where 𝐼𝐼 is an identity matrix, while 𝐴𝐴 is the matrix of the technical coefficient values. Furthermore, it is assumed 
that  𝑀𝑀 = (𝐼𝐼 − 𝐴𝐴)−1 (the Leontief inverse) is the vector of elements 𝑤𝑤𝑖𝑖𝑖𝑖 , where 𝑤𝑤𝑖𝑖𝑖𝑖 or the output multiplier shows 
the value of direct and indirect impact on good 𝑖𝑖 needed to make an additional rand amount of final demand for 
good 𝑗𝑗 (Leontief, 1936).† The term ∑ 𝑤𝑤𝑖𝑖𝑖𝑖

𝑛𝑛
𝑗𝑗=1 gives the total influence on the provincial economy of a unit change in 

demand for good 𝑗𝑗. What is of interest in this study are the output multipliers.
Since these values express the impact on the economy, supposing that a good 𝑗𝑗’s demand changes by a unit, 

scaling up by industry 𝑗𝑗’s production volume will give us an idea of its importance in the domestic economy. This 
notion can be used by policymakers to justify industries to target in the economy, which promises to boost economic 
growth (see Hirschman, 1957).  Such industries or sectors would have robust connections with other industries given 
that demand in other industries depends on these key industries. Similarly, the outputs from the key industries can be 
consumed as intermediate products by other industries. However, Fabusuyi and Pfeffer (2018) indicated that to 
reduce the impact of adverse shocks, there is a need to create redundancies around dominant industries with greater 
influence across the economy. The authors also stated that this kind of thinking lends itself to being represented by a 
network approach. Recently, the economic applications of network analysis have become common (Miller, 1998; 
McNerney and Kryazhimskiy, 2009; McNerney, Fath and Silverberg, 2013), encompassing dealing with resiliencies 
in the economy and improving resource allocations. In this study, industries are shown as nodes while the weighted 
edges denote the volume of transactions between the nodes.

For this analysis, the same level of SIC disaggregation is used as in the previous section. This enables the 
analysis at a detailed production level, limiting the aggregation challenges created particularly for self -loop 
transactions. The data used is localized, allowing the identification of region-specific (provincial- and local 
municipality-level) production attributes and, consequently, fashion policy prescriptions that speak to a specific 
geographical area. Using this data enables the use of relevant network metrics such as authority weight that enrich 
the conventional entropy and variance measures typically used in the economic development domain and provides a 
first step in exploring what empirical network metrics mean for regional development. The analysis also emphasizes 
visualization using network diagrams that reveal the regional economy's structural makeup and inter - and intra-
regional connections. The visualization sheds valuable insight into the economy by identifying the key industries 
and the interlinkages more easily understood by decision-makers.

For the network analysis, a multi-region input-output (MRIO) model was developed to assess the intra-regional 
and inter-regional economic linkages within the Northern Cape and between the Northern Cape and the rest of South 
Africa. I-O analysis is an analytical framework with the primary purpose of analysing the interdependence of 
industries and tracing the flow of money through the economy to capture how the output of one sector becomes the 
input of another (O’Connor and Henry, 1975).

Lundberg et al. (1995) identified I-O analysis as a mainstay method for assessing external shocks' economic 
impacts on an economy. I-O analysis is an analytical framework with the primary purpose of analysing the 

† Leontief Inverse Matrix (or Total Requirements Matrix) is a  central mathematical object in Input -Output Analysis. The matrix represents the 
amount of gross output from sector i that is produced to satisfy a unit of Final Demand y from sector j (Open Risk Manual, 2023).
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interdependence of industries in an economy (O’Connor & Henry, 1975:1). An I-O model comprises a system of 
linear equations, each one of which describes the distribution of an industry’s output throughout the economy. In 
other words, an I-O traces the flow of money through the economy to capture how the output of one sector becomes 
the input of another, that is, how the industries in an economy are dependent on one another. An I -O model makes 
provision for two kinds of activities on a sectoral level, namely 1) the purchase of intermediate inputs and 2) the 
supply of intermediate and final outputs. The total output/production of Sector 1 (𝑋𝑋1) is, therefore, the sum of the 
intermediate outputs, plus final demand/output of Sector 1 (𝐹𝐹1), alternatively stated, final demand is the difference 
between output and intermediate demand (Van Wyk et al., 2015):

𝐹𝐹1 = 𝑋𝑋1 − 𝑎𝑎11𝑋𝑋1− 𝑎𝑎12𝑋𝑋2− 𝑎𝑎1𝑛𝑛𝑋𝑋𝑛𝑛 (5)

To extend the application across all industries, equation (1) can be re -written in matrix format as:

𝐹𝐹 = (𝐼𝐼 − 𝐴𝐴)𝑋𝑋 (6)

where 𝐹𝐹 is a vector of final demand, 𝐼𝐼 is an 𝑛𝑛× 𝑛𝑛 identity matrix, 𝐴𝐴 is the technical coefficient matrix, and 𝑋𝑋 is 
a production vector. To determine the impact of a shock to final demand (𝐹𝐹) on output or production (in this case, 
changes in consumer spending and displacement), the Leontief inverse is applied, that is:

𝑋𝑋 = (𝐼𝐼 − 𝐴𝐴)−1𝐹𝐹 (7)

The above general I-O model framework makes it possible to quantify the economy-wide impact of a shock to 
the economy. This framework can also be extended and applied at different economic levels (national, regional, 
county, district). Such regionalization of an I-O model from one of a higher scope (in the current case, from regional 
to district level) can be done by applying several well-known variations of regionalization methods (see e.g., 
Norbert, 2015 for a comprehensive summary). These can be divided into three central groups, namely 1) Survey, 2) 
Non-survey, and 3) Hybrid methods (Greenstreet, 1989). For the current study, we use a specific non-survey method 
known as the FLQ formula (Flegg et al., 1995).

The FLQ formula is derived from a popular non-survey method and is based on the well-known LQ. Flegg et 
al. (1995) proposed a new variant of the existing LQ method, known as the Flegg location quotient (FLQ) formula. 
The authors suggested an inverse relationship between a region’s relative size and its propensity to import from 
other regions (Parra, 2018).

According to Flegg et al. (1995), the factors that can affect a region's self-supplying ability expand by the 
region's relative size. Thus, FLQ considers relative specialization, the size of the purchaser and producer sectors, and 
the region's size (Norbert, 2015). The FLQ formula is defined as:

𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖𝑟𝑟 = 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑟𝑟 × 𝜆𝜆𝑟𝑟 (8)

where 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑟𝑟 is the inter-industry LQs for a given region 𝑟𝑟, that is, the relative importance of the supplying 
industry 𝑖𝑖 concerning the purchasing industry 𝑗𝑗 (see, e.g., Schaffer and Chu, 1969), and 𝜆𝜆𝑟𝑟 captures the relative size 
of a region 𝑟𝑟. The latter can be calculated as:

𝜆𝜆𝑟𝑟 = {log2[1 + (𝑥𝑥𝐸𝐸
𝑟𝑟

𝑥𝑥𝐸𝐸𝑛𝑛
)]}

𝛿𝛿
, 0 ≤ 𝛿𝛿 < 1 (9)

where 𝑥𝑥𝐸𝐸𝑟𝑟 and 𝑥𝑥𝐸𝐸𝑛𝑛 are the respective regional and national production totals for a given region 𝑟𝑟.
Based on Equation (9), the quotient is not modified directly by the relative size, but by its logarithmic value, 

ensuring that the scaling is not so intensive, and the whole expression is then raised to the power of 𝛿𝛿, which is a 
sensitivity parameter. The larger the value of 𝛿𝛿, the stronger the adjustment in FLQ (Norbert, 2015). For the current 
study, we used the sectoral share of each district’s GDP as the value for 𝛿𝛿. The quotient can then be applied like its 
predecessor:
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𝑎𝑎𝑖𝑖𝑖𝑖
𝑟𝑟𝑟𝑟 = {(𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖

𝑟𝑟 )𝑎𝑎𝑖𝑖𝑖𝑖
𝑛𝑛 , ℎ𝑎𝑎 𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖

𝑟𝑟 < 1
𝑎𝑎𝑖𝑖𝑖𝑖

𝑛𝑛 ,ℎ𝑎𝑎 𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖
𝑟𝑟 ≥ 1 (10)

where 𝑎𝑎𝑖𝑖𝑖𝑖
𝑟𝑟𝑟𝑟 denotes regional input, 𝑎𝑎𝑖𝑖𝑖𝑖

𝑟𝑟 denotes national coefficients, "ha" is used as a notation to indicate a 
condition but can also be replaced by an “if”. For the diagonal (𝑖𝑖 = 𝑗𝑗) elements of the MRIO, the traditional LQ can 
substitute the FLQ again (Norbert, 2015).

The starting point for the current analysis is the Northern Cape I-O table (for 2019, in millions of Rands), 
capable of depicting the inter-industry relationships of the whole Northern Cape economy and linkages with the rest 
of South Africa – and transforming it using the FLQ method. This produces an estimated MRIO table that is not 
consistent. By balancing the Northern Cape MRIO model using the RAS technique, the final derived MRIO model 
is then converted to a Leontief model and used for the network analysis. The RAS is a widely used method to 
balance matrices.

The 2019 Northern Cape I-O table covered 50 industries and shows transactions engaged by industries in their 
production process. Of these industries, only 48 are active in the Northern Cape. The estimated MRIO model for the 
Northern Cape Local Municipalities covers 50 industries per local municipality, thus 1,350 across all 27 local 
municipalities. Though different kinds of multipliers could be calculated from the data, the focus is on Type I output 
multipliers that describe the total economic activity generated in the local economy due to spending an additional 
rand for any industry within the Northern Cape economy. Only the direct and indirect effects of the unit rand change 
are captured by the Type I multiplier. Excluded from this measure are the induced effects, which are increased 
household spending generated by the direct and indirect impacts.

4. Results discussion

4.1. Economic base analysis

“Bubble charts” are a handy tool for analysing cluster strength in a sub-national region. A bubble chart 
provides three metrics for each cluster: the growth rate (%), the LQ (which is the per capita concentration in the 
region relative to national) and the number of employees (the relative size of the bubble) (see Figures 5 and 6).

The LQ for each industry or cluster is presented on the vertical axis, which shows the relative concentration of 
employment in this cluster versus the national concentration. A LQ is a relative measure, and this implies that a high 
concentration in one cluster means that other clusters will have lower LQs. LQ < 1 indicates a lower concentration 
relative to the denser clusters.

Figures 5 and 6 illustrate the results of applying the LQ analysis to industries in the Northern Cape (at an 
aggregate provincial level only). The results are shown relative to South Africa (i.e., on the national level) and the 
rest of South Africa (i.e., all other provinces in South Africa, excluding the Northern Cape). The different clusters of 
industries are also shown in Tables 2 and 3; the four quadrants.

As indicated in Figure 4, only one industry cluster in the Northern Cape is in the Maturing stage: Metals 
Mining [24]. This industry is relatively concentrated, but its growth is trending downward. However, the Northern 
Cape may find it worthwhile to invest in shoring up this industry's concentration. 

Star industry clusters are highly concentrated, exporting and still experiencing regional growth. The most 
highly concentrated of the Star industry clusters in the Northern Cape is Other mining and quarrying [22, 25 -29]. Its 
location quotient is 6.78, indicating that the cluster is almost seven times more concentrated in the region than in 
South Africa. The other strong clusters in the province are Agriculture [11], Water [42], Electricity and gas [41], 
Transport and storage [71-74], and Local government [913].

Transforming clusters capture the mix of industries that are experiencing relative decline and limited export 
capability. In the Northern Cape, the National and Provincial government [911], Communication [75], Wholesale 
and retail trade [61-63], and Catering and accommodation services [64], among others, are all Transforming clusters. 
Any amount of growth in these industries would require relatively large investments.

Industry clusters poised for future growth are classified as "Emerging." There are 20 Emerging clusters in the 
Northern Cape, of which the top 5 include Education (Private) [92], Non-metallic mineral products [342], Health 
and social work (Private) [93], Business activities n.e.c. [889], and Forestry [12].
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Fig. 4. Northern Cape industry size, LQ and LQ change 2015-2019 (relative to National)

Note: Bubble size corresponds to each industry's relative size (in jobs). Based on 2 -digit SIC definitions.
Source: Authors’ calculations based on data from Quantec Research – EasyData (2020)
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Table 2. Northern Cape vs National bubble chart interpretation.
Mature Clusters ―Top left (strong but declining)

Le
ve

l o
f s

pe
ci

al
is

at
io

n 
→

Star Clusters ― Top right (strong and advancing)
Metals [24]; 5.19; 11,611 Other mining and quarrying [22, 25-29]; 6.78; 3,957

Agriculture [11]; 3.21; 64,364
Water [42]; 1.55; 419
Electricity and gas [41]; 1.20; 951
Transport and storage [71-74]; 1.13; 10,573
Local government [913]; 1.08; 11,781

Percent growth in specialisation →

Transforming Clusters ― Bottom left (weak and declining) Emerging Clusters ― Bottom right (weak but advancing)
National and Provincial government [911]; 0.89; 47,122 Education (Private) [92]; 0.92; 1,599
Communication [75]; 0.81; 1,724 Non-metallic mineral products [342]; 0.91; 2,065
Wholesale and retail trade [61-63]; 0.78; 58,509 Health and social work (Private) [93]; 0.83; 9,109
Catering and accommodation services [64]; 0.74; 9,299 Business activities n.e.c. [889]; 0.82; 20,804
Finance and insurance [81-82]; 0.56; 4,209 Forestry [12]; 0.81; 1,863
Food [301-304]; 0.33; 3,705 Other community, social and personal services [94-96, 99]; 0.77; 

38,073
Basic iron and steel products; casting of metal [351, 353]; 0.28; 
0,487

Construction [5]; 0.67; 17,434

Machinery and equipment [356-359]; 0.21; 1,473 Professional business services [831-883]; 0.61; 10,311

Note: The first number after each cluster represents its location quotient, while the second number represents the total jobs in that cluster in the 
region in 2019. The clusters are sorted in decreasing order by location quotient.

As presented in Figure 5 and Table 3, industry clusters that may be poised for future growth in the province 
when looking at concentration relative to the rest of South Africa (excluding the Northern Cape Province), then the 
“Emerging” clusters include Communication [75], Business activities n.e.c. [889], Health and social work (Private) 
[93], Other community, social and personal services [94-96, 99], Forestry [12], Professional business services [831-
883], Other manufacturing groups [392 - 395], and Professional equipment [374-376]. Unlike in Table 2 where NC 
is compared against the national bubble, in Table 3, the transport and storage [71-74] sector is classified as a 
mature cluster. In both instances, the transport and storage [71-74] sector plays a prominent role. This is one NC’s 
sectors that can meaningfully contribute to the province and the whole economy at large.

However, the insight revealed by the above economic base analysis is limited even when analysing multi -year 
LQ’s that allow for an inter-temporal analysis of industry growth patterns in the Northern Cape. What makes an 
economy flourish hinges on the multitude of transactions conducted among the industries within the economy. The 
metrics that capture output distribution across industries or indicators representing the proportionate distribution 
measured relative to a reference economy provide such insight. This shortcoming provides the rationale for 
employing measures that consider the interdependencies among the Northern Cape industries using a dataset that 
captures such transactions. The results of such an analysis of the Northern Cape are discussed in the next section.
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Fig. 5. Northern Cape industry size, LQ and LQ change 2015-2019 (relative to other SA regions).
Note: Bubble size corresponds to each industry's relative size (in jobs). Based on 2 -digit SIC definitions.

Source: Authors’ calculations based on data from Quantec Research – EasyData (2020)
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Table 3. Northern Cape vs Rest of SA Regions bubble chart interpretation.
Mature Clusters ―Top left (strong but declining)

Le
ve

l o
f s

pe
ci

al
is

at
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n 
→

Star Clusters ― Top right (strong and advancing)

Metals [24]; 5.83; 11,611 Other mining and quarrying [22, 25-29]; 7.76; 3,957
Agriculture [11]; 2.89; 64,364 Local government [913]; 1.12; 11,781
Water [42]; 1.39; 0,419 Education (Private) [92]; 1.01; 1,599
Electricity and gas [41]; 1.11; 0,951
Transport and storage [71-74]; 1.11; 10,573

Percent growth in specialisation →

Transforming Clusters ― Bottom left (weak and declining) Emerging Clusters ― Bottom right (weak but advancing)
National and Provincial government [911]; 0.89; 47,122 Communication [75]; 0.86; 1,724
Non-metallic mineral products [342]; 0.80; 2,065 Business activities n.e.c. [889]; 0.83; 20,804
Wholesale and retail trade [61-63]; 0.78; 58,509 Health and social work (Private) [93]; 0.82; 9,109
Catering and accommodation services [64]; 0.68; 9,299 Other community, social and personal services [94-96, 99]; 0.77; 

38,073
Construction [5]; 0.62; 17,434 Forestry [12]; 0.74; 1,863
Finance and insurance [81-82]; 0.56; 4,209 Professional business services [831-883]; 0.67; 10,311
Beverages and tobacco [305-306]; 0.37; 0,925 Other manufacturing groups [392 - 395]; 0.55; 1,173
Food [301-304]; 0.32; 3,705 Professional equipment [374-376]; 0.34; 0,235

Note: The first number after each cluster represents its location quotient, while the second number represents the number of total jobs in that 
cluster in the region in 2019. The clusters are sorted in decreasing order by location quotient.

4.2. Network analysis

Multiple dimensions speak to the Northern Cape's connectivity, which should be considered. The interlinked 
nature of industries within the Northern Cape determines spillover effects across industries and beyond the places 
where the activities are located, propagated through the various industry value chains. These measures would require 
analyses to reveal the regional economy's structural makeup, specifically regarding inter-sectoral linkages and the 
economy’s dynamic nature. The insights revealed by such analyses may provide information such as how 
industries are embedded within the economy; the optimal allocation of resources to attract prospects that result in 
the greatest “bang for the buck” for the region; the revelation of latent opportunities within the provincial 
economy and the identification of bottlenecks within the economy that may be binding constraints to economic 
growth. This connectivity level can be better understood by analysing the structure of a Social Accounting Matrix 
(SAM) or I-O table of each sub-region within the province. This section provides a first step towards providing this 
type of information. It introduces the economic development network analysis that utilises a relatively novel 
approach for studying an economy's structure using a combination of network analysis and I -O analysis. The 
approach enriches entropy indicators such as shift-share analysis, and LQ measures typically used to characterise 
economies by computing a set of network metrics that identify the industries' interrelationships with the economy. 
The findings facilitate the ability to discern the provincial economy's structural makeup and enable a retrospective 
assessment of the economy, affording decision-makers the ability to influence how the provincial economy evolves.

Social networks consist of nodes and links that connect the nodes (Hennig et al., 2012; Wasserman & Faust, 
1994). For the current analysis, the SIC (industry) codes form the set of nodes. The Northern Cape I-O network 
contains 50 nodes (SIC codes) and 10,000 links, while the MRIO network contains 50 nodes (SIC codes) for each of 
the 27 local municipalities in the Northern Cape and 1,048,575 links. An obvious challenge with this level of 
aggregation is that the self-loop gets larger, which may further be compounded by the fact that most network 
computations omit self-loops to maintain analytical tractability. Self-loops occur when industries supply themselves 
(i.e., their outputs are used as inputs in production). Complementing the node representations are the weighted edges 
that use the multipliers to proxy the linkages' strength between industries. This approach strips the subjectivity of 
data often encountered with network data, given that the data is factual and objective. Many variations across 
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multiple local municipalities are not expected to the degree to which the same production process exists with similar 
parameter values for production factors.

Conventional approaches to characterising regional economies revolve around two broad sets of metrics –
entropy and portfolio approaches to address economic stability (Wagner & Deller, 1998). In economic development, 
entropy measures are used to capture the distribution of economic activity across the economy. Stock variants of 
entropy measures include LQ and the Herfindahl-Hirschman Index (HHI), while the flow variant of entropy 
measures includes shift-share analysis. Implicit in using these measures is that more proportionate distribution of 
economic activities across the industries provides more economic stability. The second set, which is rarely used in 
practice, is the portfolio measures. This approach borrows from the portfolio theory in making a case for an 
economy-wide industrial portfolio. Although the portfolio measures relax the requirement of evenness in economic 
activities across the industries as in the entropy measures, it does not consider the interdependencies of economic 
transactions across industries.

Fig. 6. Intra-sectoral and inter-regional connectivity between the Northern Cape and the rest of South Africa (2019).

Note: Multiplier cut-off: 0.05. Node size: number of employees. NC represents all Northern-related nodes, and RoSA represents the Rest of South 
Africa-related nodes.

Source: Author’s calculation based on data from Quantec Research – EasyData (2020) using NodeXL.
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Even though multi-year LQ figures that allow for an inter-temporal analysis of industry growth patterns are 
used for the LQ analysis, the insight revealed by Figures 4 and 5 is limited. What makes an economy flourish hinges 
on the multitude of transactions conducted among the industries within the economy. The metrics that capture output 
distribution across industries or indicators representing the proportionate distribution measured relative to a 
reference economy provide us with this insight. This shortcoming provides the rationale for employing measures 
that take into consideration the interdependencies among the industries. Figure 6 provides a panoramic view of the 
core of the Northern Cape’s economic landscape, with the nodes representing SIC codes and the edges or arcs 
representing the output multipliers for any pair of connected SIC codes. The figure also captures the inter -regional 
connections between sectors in the Northern Cape (NC) and the rest of South Africa, RoSA (i.e., sectors located in 
other provinces). The transport and storage [71-74] sector and its connections are highlighted in red.

The visualisation in Figure 6 was generated using a 0.05 or a 5 cent output multiplier cut -off threshold with the 
size of the output multiplier captured by the edges' thickness. All nodes are labelled, and the number of employees in 
each industry is used to proxy the node size. The visualisation clearly shows that in the Northern Cape, the mining 
industry (i.e., other mining and quarrying [22, 25-29] and metals [24]) and agriculture [11] are the regional 
economy's primary anchors. These sectors show strong and multiple linkages intra-provincially (within the 
Northern Cape) and inter-provincially (between the Northern Cape and the rest of South Africa). While 
wholesale and retail trade [61-63], national and provincial government [911] and other community, social and 
personal services [94-96, 99] are among the province’s top employers, the footprint they have within the provincial 
economy is quite limited, judging from the minimal visible edges they facilitate. Other sectors in the Northern 
Cape that show substantial intra- and inter-regional linkages are professional business services [831-883], 
transport and storage [71-74] and basic chemicals [334].

Figure 7 shows the intra-regional connectivity between sectors in each local municipality in the Northern Cape. 
In Figure 7, the node sizes are determined by the number of employees with the nodes unlabelled for a clearer view 
of the various network connections. In Figure 7, only the top 20 nodes by the number of employees across all 27 
local municipalities in the Northern Cape are labelled, and the same attribute is used to proxy the node size with the 
transport and storage [71-74] sector and its connections highlighted in red. The top 20 nodes (local municipality 
and SIC sector combinations), based on the network analysis of the Northern Cape MRIO, are Kai !Garib [11], Sol 
Plaatje [94-96, 99], //Khara Hais [61-63], //Khara Hais [911], Phokwane [11], Sol Plaatje [831-883], Ga-Segonyana 
[61-63], Gamagara [61-63], //Khara Hais [11], Gamagara [24], Sol Plaatje [5], //Khara Hais [94-96, 99], Sol Plaatje 
[93], Joe Morolong [24], Kai !Garib [61-63], Sol Plaatje [913], Phokwane [94-96, 99], Gamagara [911], Ga-
Segonyana [911], and Sol Plaatje [64]. Figures 19 and 20 also highlight a large concentration and linkages 
stemming from the Gamagara [24] and Joe Morolong [24] nodes, clearly visible in the depicted networks.

Apart from eyeballing the network map, the network's statistical properties produce invaluable insight both at 
the node and the network level. Many metrics have been developed to describe the structure of networks and the 
importance of nodes (Newman, 2010). Centrality metrics analyse a node's position in a given network and assess its 
"centrality" (Bavelas, 1948). Different centrality measures consider the directly connected neighbours of a node, the 
shortest paths from a node to all other nodes, or all paths from a node to all other nodes (Freeman, 1977; Stephenson 
& Zelen, 1989).

Node-specific measures provide rich information that enables economic development practitioners to answer 
many questions they often grapple with. These include knowing which industries provide the most significant 
benefit for the local economy. They can help them make resource allocation decisions that reflect the economy's 
structural makeup and provides the biggest "bang for the buck." Of direct relevance to these questions is the SIC 
code authority weight, a well-known centrality metric (Kleinberg, 1999). Authority weight 𝑥𝑥(𝑝𝑝) of a node 𝑝𝑝 is 
defined as the sum of the hub weights 𝑦𝑦(𝑞𝑞) of all its connected neighbours multiplied with the respected link weight 
𝑤𝑤(𝑞𝑞,𝑝𝑝):

𝑥𝑥(𝑝𝑝) ← ∑ 𝑦𝑦(𝑞𝑞)𝑤𝑤(𝑞𝑞,𝑝𝑝)
𝑞𝑞:(𝑞𝑞,𝑝𝑝)∈𝐸𝐸 (11)

The hub weight 𝑦𝑦 is defined analogously as:

𝑦𝑦(𝑝𝑝) ← ∑ 𝑥𝑥(𝑞𝑞)𝑤𝑤(𝑞𝑞,𝑝𝑝)
𝑞𝑞:(𝑞𝑞,𝑝𝑝)∈𝐸𝐸 (12)
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and both measures are calculated iteratively. The metrics converge quickly to stable values for every node in 
the network through repeated calculation and normalisation.

Fig. 7. Intra-regional connectivity between local municipalities and sectors within the Northern Cape with the top 10 nodes labelled (2019) .

Note: Multiplier cut-off: 0.05. Node size: number of employees.
Source: Author’s calculation based on data from Quantec Research – EasyData (2020) using NodeXL.

The measure, similar to eigenvector-based approaches, considers the linkages' strength as measured by the 
output multiplier that a SIC code has with other nodes and its importance within the entire network. Nodes scoring 
high in authority weight occupy a dominant network position (Bonacich, 1972; Bonacich, 1987).

Figure 8 shows a graph of the ranked authority weight values for the SIC codes. The graph produced is similar 
to a power-law – only eight nodes have weight values above 0.1. The approximately 210 nodes' balance makes up 
the long tail observed towards the graph's right hand. It is evident that controlling for industries' output, only a 
handful of SIC codes can have a profound impact on the local economy. To reiterate, we would like to point out that 
these are per-dollar flows. Essentially, the measures are normalised by the production volume and thus, what is 
measured is how widespread the SIC code footprints are within the local economy, complemented by the importance 
of the codes the reference code is linked to. A simple cumulative flow strength for a SIC code 𝑖𝑖, measured simply by 
∑ 𝑤𝑤𝑖𝑖𝑖𝑖
𝑛𝑛
𝑗𝑗=1 + ∑ 𝑤𝑤𝑗𝑗𝑗𝑗 − 𝑤𝑤𝑖𝑖𝑖𝑖∀𝑗𝑗𝑛𝑛

𝑗𝑗=1 has a similar power-law like profile, though not the same ordinal ranking when 
compared to the authority weight. Subtracting a self-loop from the cumulative flow strength avoids the double-
counting of the self-loop.
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1. 2.
Fig. 8. Ranked inter-regional [left] and intra-regional [right] authority weights by node (LM + SIC).

Source: Authors’ calculations based on data from Quantec Research – EasyData (2020)

The high impact provincial and local municipality-specific SIC codes obtained using the authority weight 
measures provide insight into the industries that should be actively cultivated within the economic network. This 
information may allow economic development practitioners to be more strategic about their policy options. 
Decisions on resource allocation or incentives related to attraction and retention programs for firms could be 
influenced by this realisation even when the number of employees or the production volume attributable to the 
region and SIC code is relatively low. Of particular interest is looking at the top twenty nodes, an appreciable 
number of manufacturing-related industries, as shown in Table 4 for the Northern Cape and Table 5 for the 
province's local municipalities. The sector of transport and storage [71-74] in bold which is ranked number five 
(Table 4). Moreover, when comparing the network analysis results with those of the LQ analysis, the results show 
that only two of the five sectors are critical industries in the province based on their connectivity. Table A1 in the 
Appendix shows the authority weights for all the SIC codes.

Table 4. Top 20 SIC codes by authority weight in the Northern Cape.
Rank SIC code Weight
1 Northern Cape: Other mining and quarrying [22, 25-29] 0.240
2 Northern Cape: Professional business services [SIC 831-883] 0.140
3 Northern Cape: Agriculture [SIC 11] 0.120
4 Northern Cape: Leather and leather and fur products [SIC 315-316] 0.110
5 Northern Cape: Wholesale and retail trade [SIC 61-63] 0.110
6 Northern Cape: Basic chemicals [SIC 334] 0.100
7 Northern Cape: Metals [SIC 24] 0.090
8 Northern Cape: Transport and storage [SIC 71-74] 0.090
9 Northern Cape: Basic iron and steel products; casting of metal [SIC 351, 353] 0.080
10 Northern Cape: Education (Private) [SIC 92] 0.070
11 Northern Cape: Non-metallic mineral products [SIC 342] 0.070
12 Northern Cape: Food [SIC 301-304] 0.060
13 Northern Cape: Textiles [SIC 311-312] 0.060
14 Northern Cape: Machinery and equipment [SIC 356-359] 0.060
15 Northern Cape: Motor vehicles, parts and accessories [SIC 381-383] 0.060
16 Northern Cape: Other fabricated metal products [SIC 355] 0.060
17 Northern Cape: Communication [SIC 75] 0.060
18 Northern Cape: Paper and paper products [SIC 323] 0.060
19 Northern Cape: Wood and wood products [SIC 321-322] 0.060
20 Northern Cape: Coke, petroleum products and nuclear fuel [SIC 331-333] 0.060

Source: Authors’ calculations based on data from Quantec Research – EasyData (2020).

Table 5 also highlights several manufacturing industries as potential sectors for promotion and are linked or 
part of the downstream value chain of one of the province's anchor industries, namely, metals [24]. In this table, we 
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have “Other transport equipment” amongst the highly ranked activities in certain local municipalities (Kai!Garib,
Emthanjeni, and Tsantsabane).

Table 5. Top 20 local municipality and SIC code combinations by authority weight.

Rank SIC code Weight

1 Joe Morolong: Metals [SIC 24] 0.24309

2 Gamagara: Metals [SIC 24] 0.22951

3 Ga-Segonyana: Metals [SIC 24] 0.0932

4 Kgatelopele: Basic iron and steel products; casting of metal [SIC 351, 353] 0.06759

5 Kai !Garib: Other transport equipment [SIC 384-387] 0.06415

6 Emthanjeni: Other transport equipment [SIC 384-387] 0.06415

7 Tsantsabane: Other transport equipment [SIC 384-387] 0.06415

8 Nama Khoi: Furniture [SIC 391] 0.06146

9 Phokwane: Basic iron and steel products; casting of metal [SIC 351, 353] 0.06068

10 Sol Plaatje: Structural metal products [SIC 354] 0.06021

11 Tsantsabane: Basic iron and steel products; casting of metal [SIC 351, 353] 0.06021

12 Sol Plaatje: Basic iron and steel products; casting of metal [SIC 351, 353] 0.06021

13 Nama Khoi: Machinery and equipment [SIC 356-359] 0.06021

14 Gamagara: Other fabricated metal products [SIC 355] 0.06021

15 Siyathemba: Machinery and equipment [SIC 356-359] 0.06021

16 Tsantsabane: Structural metal products [SIC 354] 0.06021

17 Richtersveld: Machinery and equipment [SIC 356-359] 0.06021

18 Sol Plaatje: Other transport equipment [SIC 384-387] 0.06021

19 Nama Khoi: Basic iron and steel products; casting of metal [SIC 351, 353] 0.06021

20 //Khara Hais: Structural metal products [SIC 354] 0.06021

Source: Authors’ calculations based on data from Quantec Research – EasyData (2020).

It is also possible to focus on a specific local municipality, SIC sector or combination of both to have a closer look at 
specific sectoral/regional nodes and, therefore, zoom in and out and examine the economic network of the Northern 
Cape with its 506 nodes and 1,048,575 links on different levels.

5. Conclusion

This paper used an approach that employs a combination of economic base analysis, Network Analysis and I-O 
Analysis in studying the enabling role of transport at a sub-national level in South Africa. Apart from visualising the 
economy, information obtained from the typical I-O analysis is enriched by generating network analysis metrics. 
This information reveals what SIC codes and inter-industry linkages should be actively cultivated and nurtured.

The economic analysis of the study reveals that the Other mining and quarrying sector is the most concentrated 
one in the Northern Cape, but the transport and storage cluster is also among the strong sectors in this province. The 
transport sector plays a key enabling role, which ensures the movement of commodities and human capital. The 
network analysis shows that the mining industry, metals, and agriculture are Norther Cape's anchors, while transport 
and storage are among the few sectors that show significant intra - and inter-regional linkages.

Policy-wise, the results of this study provide invaluable insight into the industries that should be actively 
cultivated to maximise their economic contribution. This analysis allows practitioners to categorise various sectors 
into clusters as 'mature', 'star', 'transforming', and 'emerging'; each cluster necessitates a customised policy 
prescription. For instance, although strong, metal mining in the maturity stage is now associated with declining 
growth. The prospect for future harvests is low, and policymakers should take necessary measures to deal with job 
losses.

Irrespective of the insightful results, this study did not perform other robust econometrics analyses to ascertain 
the critical role of transport in the linkage between Northern Cape performance and that of the rest of South African 
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provinces. Future studies may apply moderation analysis to determine the moderation role of the transport sector in 
the link between South African provinces. Secondly, spillover effects that may occur between regions can be 
ascertained to show that the development of certain regions may influence development in the surrounding regions.

Appendix
Table A1 shows the authority weight of all the 2- and 3-digit SIC sectors active in the Northern Cape, based on 

the Northern Cape economy's network analysis results.

Table A1: Detailed sectoral (SIC) codes by authority weight in the Northern Cape
SIC Description of the 50 detailed SIC sectors Authority weight
SIC 22, 25-29 Other mining and quarrying 0.238
SIC 831-883 Professional business services 0.138
SIC 11 Agriculture 0.122
SIC 61-63 Wholesale and retail trade 0.112
SIC 315-316 Leather and leather and fur products 0.107
SIC 334 Basic chemicals 0.095
SIC 24 Metals 0.091
SIC 71-74 Transport and storage 0.089
SIC 351, 353 Basic iron and steel products; casting of metal 0.085
SIC 92 Education (Private) 0.067
SIC 342 Non-metallic mineral products 0.066
SIC 381-383 Motor vehicles, parts and accessories 0.064
SIC 331-333 Coke, petroleum products and nuclear fuel 0.063
SIC 311-312 Textiles 0.062
SIC 323 Paper and paper products 0.062
SIC 75 Communication 0.057
SIC 321-322 Wood and wood products 0.057
SIC 356-359 Machinery and equipment 0.056
SIC 355 Other fabricated metal products 0.056
SIC 341 Glass and glass products 0.056
SIC 301-304 Food 0.055
SIC 12 Forestry 0.051
SIC 335-336 Other chemical products 0.050
SIC 338 Plastic products 0.050
SIC 337 Rubber products 0.050
SIC 361-366 Electrical machinery 0.050
SIC 5 Construction 0.048
SIC 391 Furniture 0.048
SIC 324-326 Printing, recorded media 0.048
SIC 384-387 Other transport equipment 0.047
SIC 354 Structural metal products 0.046
SIC 305-306 Beverages and tobacco 0.041
SIC 371-373 Radio, television and communication apparatus 0.040
SIC 352 Non-ferrous metal products 0.039
SIC 93 Health and social work (Private) 0.036
SIC 317 Footwear 0.035
SIC 64 Catering and accommodation services 0.033
SIC 392 - 395 Other manufacturing groups 0.032
SIC 374-376 Professional equipment 0.031
SIC 313-314 Wearing apparel 0.030
SIC 913 Local government 0.028
SIC 94-96, 99 Other community, social and personal services 0.028
SIC 889 Business activities n.e.c. 0.027
SIC 13 Fishing 0.019
SIC 81-82 Finance and insurance 0.016
SIC 41 Electricity and gas 0.008
SIC 911 National and Provincial government 0.005
Source: Authors’ calculations based on data from Quantec Research – EasyData (2020).
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