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The role of air transport in employment creation and inclusive growth in the 
Global South: the case of South Africa 

Abstract 

This paper investigates the claim that air transport development may be an engine for 

inclusive economic growth and poverty reduction in developing and emerging countries, 

using the example of South Africa, a country with high income inequality and rising air traffic 

volume. A social accounting matrix (SAM) model is adopted to assess the strengths of 

backward and forward linkages between the air transport sector and the local economy, and 

a computable general equilibrium (CGE) model is used to estimate the economy-wide impact 

of air transport expansion in South Africa. The results show that air transport has a significant 

effect on output, incomes and employment, and that its importance lies in its considerable 

backward linkage effects. Income and employment effects are found to be unevenly 

distributed in the economy, the biggest winners being households in the highest expenditure 

decile, as well as highly skilled labour. It is concluded that unless accompanied by 

improvements in education and training for low-skilled workers, air transport expansion may 

lead to a widening of income inequality in South Africa. 
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1. Introduction 

The economic impact of aviation has been extensively studied in both advanced 

economies and emerging countries. Yet most previous studies have focused on the sector’s 

contribution to national income in terms of gross value added (GVA), taxes, employment, and 

catalytic impacts such as connectivity, trade, tourism and investment. Several reports on the 

economic impact of aviation have been published by Oxford Economic Forecasting (1999, 

2002, 2006), the International Air Transport Association (IATA),1 and the Air Transport Action 

Group (Oxford Economic Forecasting, 2003). Unlike the macroeconomic variables, little has 

been done to estimate the distributional impacts of air transport services, especially in 

                                                           
1 IATA economics reports available at www.iata.org/economics. 
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emerging countries, partly owing to a lack of available and accessible data. Thus, until 

recently, because African countries have traditionally been dependent on the agricultural 

sector (Diao et al., 2010), the primary databases used to assess economic impacts in sub-

Saharan African countries, namely input-output (I-O) tables and social accounting matrices 

(SAMs), were constructed to estimate the impact of agricultural policies, and therefore 

included disaggregated agricultural accounts but highly aggregated data for other sectors. 

However, services are becoming increasingly important, accounting in South Africa for more 

than 60% of value added and more than 70% of employment, while the agricultural and 

manufacturing sectors are experiencing a decline in both value added and employment 

(World Bank, n.d.). Hence, especially in the least developed countries, there has been a shift 

toward export diversification (UNCTAD, 2018) and greater emphasis on the services sector, 

fuelled by technological change. 

A paradigm shift has also occurred in the relevant development literature, which has 

gradually moved away from export specialisation and agricultural transformation and now 

covers a more multifaceted growth strategy in which agriculture and manufacturing play a 

role but are more directed, and services are portrayed as the growth sector of the future. The 

largest service sectors in South Africa refer to community/social, distribution, business, 

financial and transport services (Van Seventer et al., 2019). The growing importance of 

services for emerging economies has led to the production of I-O tables and SAMs with highly 

disaggregated service sectors. Structural transformation has been led by the services sector, 

with a shift of resources toward transportation, business and government services (Bhorat et 

al., 2016). 

Most countries in the Global South, including South Africa, have singled out tourism and 

air transport as the most critical service sectors for growth. In 2011, South Africa’s air 

transport sector supported (directly and indirectly) a total of 490,000 jobs, and contributed 

US$12 billion or 3.5% to the country’s GDP (Oxford Economics, 2011). In 2014, the country’s 

air transport industry directly supported 70,000 jobs (IATA, 2018). This raises questions about 

the service sector’s ability to drive structural transformation and socioeconomic development 

in emerging markets. It has been argued that air transport services may be an engine for social 

progress and economic prosperity, especially in developing countries (Oxford Economic 

Forecasting, 2003). 
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South Africa is a good candidate for a case study because it is the most advanced 

economy in Africa in terms of air transport, but also one of the most unequal countries in the 

world in terms of income distribution, with a Gini index score of 0.63 in 2014/15 (World Bank, 

n.d.). Furthermore, the South African government’s National Development Plan identifies 

tourism and business services as critical sectors to help eliminate poverty and reduce 

inequality by 2030. The air transport industry contributes to some extent toward 15 out of 17 

United Nations 2030 Agenda for Sustainable Development Goals (ATAG, 2017). Finally, the 

selection of South Africa was also driven by the availability of data on interactions between 

air transport and the local economy. 

In light of the view that services may be an engine for growth, this paper assesses the 

role of air transport as a determinant of employment creation and inclusive growth in South 

Africa. It tackles this using both a SAM model and a computable general equilibrium (CGE) 

model, resulting in an economic model that is capable of describing the socioeconomic impact 

of policy changes. The two methods of analysis are complementary and are a valuable means 

to understand both the nature of sectoral linkages and the economy-wide impact of an 

industry. The SAM method helps measure the interconnectedness of sectors, showing in this 

case the air transport industry’s level of integration into the local economy, whereas the CGE 

approach enables the economy-wide effects of air transport expansion to be quantified. 

Estimating the indirect impacts of changes in one sector on the level of production of other 

industries adds an essential dimension to evaluations of the economic impact of an industry 

(Kweka et al., 2003), in this case air transport. Despite their shortcomings, one of the main 

advantages of CGE models is their solid microeconomic foundation and their ability to account 

for the complexity of behavioural interactions between economic agents (Elliot et al., 2016). 

Thus, this paper rectifies a deficiency of previous studies by quantifying the distributional 

impact of air transport in South Africa. Similarly to Kweka et al. (2003), the findings of this 

research will contribute to understanding the potential contribution of air transport in other 

Global South countries with similar economic structures. 

In the remainder of this paper, the literature review in Section 2 provides some 

background to this study, and Section 3 describes the methodology employed. Section 4 

presents and discusses the results of the study, and Section 5 draws some conclusions, makes 

policy recommendations and suggests future research directions. 
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2. Literature review 

Air transport is a vital component of any economy, not only at the macroeconomic level 

in terms of GVA, employment and tax contribution, but also at the meso and socioeconomic 

levels in terms of linkages with other sectors and institutions, such as households. At the 

macro level, extensive research has shown a strong positive link between air transport and 

economic growth, although further studies of the direction of causation are needed (Hakim 

and Merkert, 2016). Most studies employ econometric techniques to estimate the causal 

relationship between air traffic and employment levels (Brueckner, 2003; Button et al., 1999; 

Goetz, 1992; Ivy et al., 1995; Robertson, 1995; Green, 2007; Kasarda and Green; 2004; Cech, 

2004; Button and Yuan, 2013). For instance, Fernandes and Pacheco (2010) and Marazzo et 

al. (2010) find that air transport demand and economic growth in Brazil are co-integrated. 

Similarly, Chang and Chang (2009) use Granger causality to test the link between air cargo 

and economic growth in Taiwan, concluding that there is a co-integrated, long-run 

relationship between the two variables. 

Elburz et al. (2017) argue that the magnitude of the impact is sensitive to the type of 

infrastructure and level of development, with some studies reporting an insignificant and 

even negative relationship between transport infrastructure and regional economic growth. 

They conclude that models that include spatial effects tend to find negative effects of public 

infrastructure on regional GDP. While public infrastructure investments stimulate GDP within 

the region, output changes in neighbouring regions may be negatively affected, partly owing 

to competition between regions. Thus, public capital investment in a region may result in a 

loss of production and markets in other locations, particularly when input factors are mobile 

across regions. Elburz et al. (2017) also suggest that significant positive impacts are more likely 

to be found from studies focusing on road transport or telecommunications infrastructure, 

whereas studies investigating air and water transport infrastructure tend to find significant 

adverse effects on regional economies.  

Moreover, there is strong evidence that in developed countries, transport infrastructure 

has a less significant effect on economic growth than in developing economies 

(Skorobogatova and Kuzmina-Merlino, 2017). Khadaroo and Seetanah’s (2007a) assessment 

of the economic contribution of different modes of transport in Mauritius, using a vector 

autoregressive model, reveals that air transport has contributed less than land and sea 



5 

transport to public capital development. Melo et al. (2013) similarly find strong evidence that 

road transport is associated with higher productivity than air transport is. This supports Elburz 

et al.’s (2017) suggestion that studies focusing on air transport find significant negative 

relationships, especially with regard to regional growth. Other studies examine the 

importance of public capital to the development of air transport, and find that public capital 

has both long- and short-term effects on production, with differing effects on economic 

activity depending on the sector, whether transport or technology (Duran-Fernandez and 

Santos, 2014). Thus, the findings of various studies in advanced and emerging markets are 

mixed, pointing to a need for further studies on the net benefits of spending on air transport 

infrastructure. 

Unlike the macroeconomic dimensions of air transport, its social dimensions have 

received less attention in the literature. Dimitriou and Sartzetaki (2018) argue that investment 

in air transport infrastructure must meet wider goals, including economic growth and 

environmental impacts, but also household welfare, health, education, poverty alleviation 

and reduced inequality. However, they do not quantify the social benefits and costs of air 

transport. 

Daley (2009) critically examines the assumptions on which authoritative studies of the 

economic contribution of air transport are based, and raises some key questions concerning 

the role of air transport in promoting sustainable development and delivering broad-based 

benefits. He also reviews studies by Oxford Economic Forecasting (1999, 2003, 2006) and the 

Department for Transport (DfT, 2003), and observes that these generally assume that the 

economic benefit of air transport is evenly distributed across all regions, sectors and 

institutions. He suggests two key questions that need to be addressed: i) does air transport 

expansion reduce the gap between advanced and developing countries, and between rich 

and poor locally; and ii) does it deliver measurable progress toward achieving sustainable 

development goals? Unless these questions are answered, he argues, the benefits of air 

transport may be lower than claimed. 

Although air transport has been portrayed as a possible contributor to socioeconomic 

development, the extent to which it fits this description has received little attention in the 

literature. Daley (2009) concludes that air transport benefits are not evenly distributed and 

accrue to regions with well-developed air services and infrastructure. In South Africa, there is 

a concentration of air traffic flows within a few cities. The geographical focus of international 
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air transport services (and to a lesser extent domestic air transport services where Durban is 

also significant) on Johannesburg and Cape Town boots their economies and employment and 

advantages their provinces (Gauteng and Western Cape and Natal). On the other hand, many 

developing countries face difficulties in participating in international air transport markets, 

and it is unclear whether this would help the promotion of broad-based development. These 

findings are based on a literature review, so further research using alternative approaches to 

study the contribution of air transport to socioeconomic development may provide additional 

insights. This is especially so in an emerging country such as South Africa, which successfully 

participates in international air transport markets and is the epicentre of air traffic 

distribution for the wider region of Southern Africa (Njoya et al., 2018), with its two major 

airports in Johannesburg and Cape Town. 

The impact of air transport on other sectors and institutions in South Africa is an 

unexplored area. Previous studies have investigated the impact of apartheid on the air 

transport industry (Pirie, 1990), air transport regulation (Prins and Lombard, 1995), the 

network characteristics of international passenger air services (Piris, 2006), determinants of 

the selection of low-cost or full-service airlines (Fourie and Lubbe, 2006), passengers’ 

perceptions of airport service quality (Lubbe et al., 2011), the history of civil aviation in South 

Africa (Mhlanga and Steyn, 2016), the impacts of air transport liberalisation (Njoya, 2013; 

Surovitskikh and Lubbe, 2015), the entry of low-cost carriers (Paelo and Vilakazi, 2016), and 

factors impacting on airline efficiency (Mhlanga, 2019). In assessing the economic impact of 

the country’s top three airports (Johannesburg, Durban and Cape Town), Luke and Walters 

(2010) report a combined total employment effect of 10.7, indicating that 10.7 indirect jobs 

are created in the three provinces for every airport-related job. 

3. Methodology and data 

In this study, two methods were used to examine links between the air transport sector 

and the South African economy. First, a SAM model was used to examine linkages between 

the air transport sector and other institutions and sectors. Second, a CGE model was 

employed to investigate the economy-wide impact of an increase in air transport capital. 
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3.1 SAM and CGE models 

SAM is an extended input-output table that shows flows between all sectors and 

domestic and foreign institutions in the economy (Khan and Thorbecke, 1989; Parra and 

Wodon, 2008b). The socioeconomic impact of changes to policies or project proposals can be 

estimated using a SAM (Bellú, 2012). SAM-based models can capture linkages between the 

various accounts in a SAM and the level of leakage associated with each transaction. In SAM-

based models, endogenous accounts usually include activity and commodity, factor and 

household accounts, while exogenous accounts include government, savings and investments 

and the rest of the world (Bellú, 2012). Expenditure from exogenous accounts is considered 

as a ‘policy instrument’, and is fixed in the base solution and then changed in a simulation 

(Bellú, 2012). Payments received by exogenous accounts from an endogenous account are 

considered as leakages that exit the endogenous accounts and consequently do not 

contribute to the multiplicative system (Bellú, 2012). 

Stone’s (1985) and Pyatt and Round’s (1979) pioneering theory of multipliers was further 

developed by Defourny and Thorbecke (1984). The starting point for I-O and SAM models is 

in most cases Leontief’s (1941), and in some cases Ghosh’s (1958), inverse matrix. These 

matrices give a complete picture of the economy and can trace the total effects of changes in 

demand or costs in a specific sector. Cabaco (2016) points out that a sector’s capability to 

transmit direct and indirect effects to the rest of the economy entails two different kinds of 

linkages, namely backward linkages (BL) and forward linkages (FL). 

In addition to multiplier effects, SAM models can be used to compute forward and 

backward linkages. In an economic system, policy changes have an impact on target variables, 

such as household incomes, through linkages between different accounts, namely 

production, factors and institutions (Bellú, 2012). Forward linkages measure the importance 

of an industry as a provider of intermediate inputs to other sectors, while backward linkages 

assess the importance of an industry as a consumer of intermediate inputs (Temurshoev, 

2016; Mbanda and Bonga-Bonga, 2018; Njoya and Nikitas, 2019). Sectors with a forward 

linkage coefficient greater than one are considered to be forward-oriented, while those with 

a backward linkage value higher than one are defined as backward-oriented (Temurshoev, 

2016). A key sector has both backward and forward linkages greater than one (Table 1). 
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Table 1 
Forward and backward linkages 
 

 FORWARD LINKAGES (FL) 
 
BACKWARD 
LINKAGES (BL) 

 Low (<1) High (>1) 
Low (<1) Weak sector  Strong FL sector  
High (>1) Strong BL sector  Key sector  

Source: adapted from Temurshoev (2016) 

Following Rasmussen (1957), we estimate the total FL and BL using the Leontief inverse 

matrix. The primary importance of linkages is to identify industries with linkage structures 

that generate an above-average economic impact as they grow (Hewings et al., 1989). Parra 

and Wodon’s (2010) formulations are used in this study. 

SAM-based models have been used extensively to generate multipliers and assess the 

distributional impacts of various sectoral policies in developing and emerging economies, 

including in agriculture (e.g. Adelman and Robinson, 1986; Waters et al., 1999), tourism (e.g. 

Wagner, 1997; Blake, 2008; Akkemik, 2012; Croes and Rivera, 2017; Njoya and Nikitas, 2019), 

fisheries (e.g. Seung and Waters, 2009), and demand shocks in various economic sectors (e.g. 

Fofana et al., 2009; Parra and Wodon, 2009). Other studies have used SAM pricing models to 

estimate oil price shocks (e.g. Parra and Wodon, 2008b; Nganou et al., 2009). 

SAM-based models make several limiting assumptions: they lack key microeconomic 

theoretical foundations; assume fixed prices, average expenditure coefficients and surplus 

productive capacity; and do not account for substitution effects in the consumption of final 

products and the use of factor inputs (Seung and Walters, 2006). Yet despite these 

shortcomings, a SAM-based model is appropriate for this study because it allows 

documentation of the potential significance of the air transport sector, and in turn its 

potential to contribute to sustainable economic growth. However, the limitations of SAM 

models render them inappropriate for air policy issues. Therefore, we complement the SAM 

model with a second model, namely a CGE model. CGE models are rigorous tools for 

estimating air transport benefits and costs and the distributional effects associated with 

investment in air transport infrastructure. Building on Lofgren et al. (2002), we construct a 

static single-country CGE model with a standard theoretical structure to estimate the 

economy-wide impact of an expansion of air transport in South Africa. The model is 

neoclassical, with producers maximising profits subject to technology constraints, households 
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maximising utility subject to income constraints, factors perfectly mobile across sectors, but 

capital assumed to be sector-specific. One of the shortcomings of this model is its lack of 

modelling of spatial dimensions. Thus, this model does not include spatial inequalities, a 

useful aspect in the analysis of transport economics questions. The structure of this CGE 

model is described in Appendix B. 

3.2 Data 

The SAM and CGE models are calibrated to Van Seventer et al.’s (2019) 2015 SAM for 

South Africa (RSA), which, as described above, is a table of economic accounting, with each 

account represented twice in rows and columns. The content of each cell corresponds with 

flows between different parts of the economy. Accounts include 60 activities, 104 

commodities, five factors of production, 14 households, four types of tax, one account for 

enterprise, government, investment, changes in stocks, transaction margins, and a rest-of-

the-world account, producing a table with 195 rows and 195 columns. The 2015 RSA SAM 

contains a highly disaggregated transport sector (land, water and air transport) and has 

households disaggregated between different categories based on income, making it 

particularly appropriate for analysing the socioeconomic impact of air transport policies. 

Table 2 presents the main features of the air transport industry in South Africa in terms of 

value added, factor earnings, intermediate inputs and the ratio of capital to labour, as 

percentages of total costs. Structural characteristics of the different transport sectors are 

important in assessing the sector’s distributional impacts, as relative effects on factor 

payments are strongly related to capital/labour ratios. The 2015 RSA SAM shows that 

transport sectors are capital-intensive, with water transport displaying the highest 

capital/labour ratio of 12.58, compared with 2.33 and 2.30 for air and land transport, 

respectively (Table 2). This implies that capital income is likely to play a more significant role 

than labour income in how changes in air transport affect households. On the other hand, air 

transport is more intermediate input-intensive than land and water transport, which indicates 

a close connection between air transport and other sectors. Value added, i.e. returns on 

labour and capital, makes up 37% of the air transport industry’s total costs. 
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Table 2 
Features of the transport industry in South Africa (2015) 

 Transport sector 
 Land Water Air 
Value-added (%) 54.83 45.00 36.52 
Labour income (%) 16.33 3.21 10.79 
Capital income (%) 37.61 40.41 25.18 
Intermediate inputs (%) 45.16 55.00 63.47 
Producer tax (%) 0.90 1.38 0.56 
Capital/labour ratio  2.30 12.58 2.33 
Economy-wide average capital/labour ratio 1.30 
Average capital/labour ratio for all services 1.94 

Source: 2015 RSA SAM, adapted from Kweka et al. (2003) 

4. Empirical results 

4.1 SAM multipliers 

Table 3 presents the results for estimates of output multipliers by economic activity. The 

total output multiplier for air transport is 2.6, implying that, for example, an investment of 1 

billion RSA Rand would stimulate production in the air transport sector leading to a total 

increase in economic output of 2.6 billion RSA Rand. Thus, assuming that there is excess 

production capacity, an exogenous increase in demand for air transport services would cause 

an increase in the production of air transport, which in turn would increase demand for 

intermediate inputs and factors. Bellú (2012) shows that the initial impact is transferred in 

successive rounds, with increased demand for intermediate inputs leading to additional 

intermediate inputs and factors from sectors closely related to the stimulated sectors. 

Moreover, an increase in factor demand would increase factor supply and, in turn, factor 

incomes. The latter, allocated to households and government, would cause increased 

demand for consumer goods which, through a multiplicative process, would activate the 

production sectors. Exogenous shocks to the air transport sector have the most significant 

impact on construction services, and the manufacture of coke and refined petroleum 

products. For instance, a one-unit increase in final demand for air transport would lead to a 

0.112 increase in the outputs of the construction and petroleum-refining industries. The data 

in the SAM show that the above sectors are intensive users of air transport services, spending 

a high share of their transport budget on air transport services. This shows that, despite good 

surface infrastructure, air transport plays a significant role in supporting South Africa’s mining 

industry, which may be attributable to the geographical size of the country. Outputs from the 
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agriculture sector would increase by 0.031, and the services sector would be most affected 

by the shock. The results reveal that air transport is closely related to several other sectors, 

which use air transport as intermediate input, and thus its development has the potential to 

generate positive externalities for the local economy. 
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Table 3 
Multiplier effects of air transport growth (top 20 sectors) 

Multiplier Multipliers as Elasticities Net multiplier effect  
Construction 0.112 Auxiliary transport 1.013 Manufacture of coke and refined petroleum 

products 
7.484 

Manufacture of coke and refined 
petroleum products 

0.112 Computer and related activities 0.050 Computer and related activities 2.304 

Private households with employed persons  0.102 Manufacture of rubber products 
 

0.040 Construction 1.705 
Land transport, transport via pipelines 0.100 Manufacture of coke and refined 

petroleum products 
0.030 Manufacture of rubber products 1.441 

Wholesale trade, commission trade 0.093 Hotels and restaurants 0.016 Wholesale trade, commission trade 1.428 
Other business activities 0.086 Beverages and tobacco 0.014 Insurance and pension funding 1.394 
Real estate activities 0.083 Other chemical products, man-made fibres 0.014 Land transport, transport via pipelines 1.242 
Retail trade 0.075 Other mining and quarrying 0.013 Government 1.233 
Financial intermediation 0.072 Insurance and pension funding 0.012 Retail trade 1.105 
Food 0.050 Non-metallic minerals 0.012 Other chemical products, man-made fibres 1.085 
Post and telecommunication 0.043 Sale, maintenance, repair of motor vehicles 0.012 Hotels and restaurants 1.069 
Activities to financial intermediation 0.042 Construction 0.012 Beverages and tobacco 0.866 
Insurance and pension funding 0.041 Wholesale trade, commission trade 0.012 Other mining and quarrying 0.684 
Other chemical products, man-made fibres 0.040 Retail trade 0.012 Sale, maintenance, repair of motor vehicles 0.634 
Sale, maintenance, repair of motor vehicles 0.038 Water transport 0.012 Health and social work 0.305 
Health and social work 0.037 Research and experimental development 0.012 Non-metallic minerals 0.260 
Motor vehicles, trailers, parts 0.036 Government 0.012 Auxiliary transport 0.258 
Electricity and gas 0.035 Health and social work 0.012 Paper 0.246 
Beverages and tobacco 0.032 Other activities 0.012 Nuclear fuel, basic chemicals 0.211 
Agriculture  0.031  Land transport, transport via pipelines 0.011  Publishing, printing, recorded media 0.153  
Grand Total 2.688  1.636  15.45 

Source: Authors using SimSip SAM software 
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Column 4 of Table 3 shows sectoral output changes expressed as elasticities. These 

measure the responsiveness of the income of account i to an exogenous unitary change in the 

demand of account j, thereby measuring the responsiveness of income to a change in demand 

for a good. For instance, a one-unit increase in the final demand for air transport services 

would increase the outputs of supporting and auxiliary transport activities: travel agencies by 

1.013%, computer and related activities by 0.05%2 and rubber manufacturing by 0.04%. The 

last column presents the net multiplier effect of a shock to the air transport sector.  

The net multiplier matrix is a sub-set of the income redistribution analysis. Specifically, it 

shows the size of the redistribution between industries, commodities, factors and institutions, 

thereby taking into consideration linkages between pairs of industries (Parra and Wodon, 

2008b). The net multiplier effects may be negative or positive. Positive net multipliers show 

sectors that are complementary to air transport in terms of income redistribution. Identifying 

pairs of industries with positive variables on the net multiplier matrix may be useful for policy 

analysis (Parra and Wodon, 2008b). An exogenous shock to air transport would yield a net 

multiplier effect of 7.484% on coke production and petroleum refineries, and 2.304% on 

computer and related activities, but a negative effect of -1.4276% on agriculture. The total 

net effect is negative, implying the necessity for measures to mitigate the adverse effects of 

a growing air transport sector on non-complementary sectors such as forestry (-0.034), 

fisheries (-0.062) and agriculture (-1.427). The net multiplier effects differ across productive 

activities, amounting to a total of -15.45%, with a corresponding figure of 0.00% for the 

economy as a whole. 

Round (2003) argues that a key characteristic of SAM-based multiplier analysis is its 

capacity to provide a clear picture of the nature and magnitude of sectoral linkages in an 

economy, because it lends itself easily to decomposition. Table 4 illustrates the multiplier 

effects of air transport and their composition. As explained above, Row 2 of Table 3 shows 

that a 1 billion RSA Rand increase in final demand for air transport is expected to cause a 

0.112% increase in outputs from the construction sector. The multiplier presented in Column 

2 can be decomposed into separate components (transfer, open-loop and closed-loop 

effects). Transfer effects measure the direct effects of the initial unitary effect of a shock, i.e. 

transfer within groups. Open-loop effects quantify indirect or inter-account transactions, 

                                                           
2 These include hardware and software consultancy and supply, data processing, maintenance and repair of 
office, accounting and computing machinery, and computer-related activities. 
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namely interactions between activities, factors and domestic institutions. Finally, closed-loop 

effects capture the impact of a shock travelling through the entire system (Thorbecke and 

Jung, 1996). The 0.112 multiplier effect on construction is decomposed into 0.092 from 

transfers within accounts, 0.005 from open-loop effects and 0.015 from closed-loop multiplier 

effects. 

Apart from the retail, construction and petroleum refining sectors, the results show that 

the air transport sector impacts on other industries mainly through closed-loop effects, 

followed by transfer and open-loop effects. Changes in air transport demand have more direct 

effects on construction and petroleum refineries, and an indirect impact on other sectors. 

 

Table 4 
Output multipliers and their decomposition 
Destination sector Total 

impact on 
production 

Transfer 
effect 

Open-loop 
effect 

Closed-loop 
effect 

Construction 0.112 0.092 0.005 0.015 
Manufacture of coke and refined petroleum 
products 0.112 0.091 0.004 0.018 
Non-observed, informal, non-profit, households, 0.102 0.019 0.026 0.057 
Land transport, transport via pipelines 0.100 0.028 0.026 0.046 
Wholesale trade, commission trade 0.093 0.004 0.051 0.038 
Other business activities 0.086 0.038 0.008 0.040 
Real estate activities 0.083 0.012 0.007 0.064 
Retail trade 0.074 0.002 0.041 0.031 
Financial intermediation 0.072 0.027 0.006 0.040 
Food 0.050 0.004 0.001 0.045 
Post and telecommunication 0.043 0.013 0.005 0.025 
Activities to financial intermediation 0.042 0.015 0.005 0.023 
Insurance and pension funding 0.041 0.008 0.002 0.031 
Other chemical products, man-made fibres 0.040 0.022 0.002 0.017 
Sale, maintenance, repair of motor vehicles 0.038 0.005 0.016 0.017 
Health and social work 0.037 0.006 0.001 0.030 
Motor vehicles, trailers, parts 0.036 0.018 0.002 0.016 
Electricity, gas, steam and hot water supply 0.035 0.009 0.002 0.024 
Beverages and tobacco 0.032 0.016 0.001 0.015 
Agriculture 0.031 0.004 0.000 0.026 
Source: Authors using SimSip SAM software 

4.2 Air transport and income distribution 

Table 5 shows the impact of a demand shock to the air transport sector on income 

distribution. It is essential to document the distributional effect of air transport in order to 

determine its potential socioeconomic impact. The income distribution results indicate the 

amount of income generated for deciles of households’ per capita expenditure as a result of 
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an increase in demand for air transport. Air transport expansion would lead to more income 

for households in the 9th and 10th deciles (the 10th decile is split into five groups in the 2015 

RSA SAM, i.e. two percentage points each), with income increases of 0.156% and 0.142% 

respectively. The share of additional income received from air transport expansion would be 

lower for households in the lower deciles. In other words, a higher proportion of the growth 

would be captured by households at the top end of income distribution. 

 

Table 5 
Air transport growth and income distribution 

 Number of 
households 

(million) 

Number of 
individuals 

(million) 

Multiplier Multipliers 
as 

elasticities 

Aggregate 
income 

share 
Households – decile 1 1.662 9.543 0.005 0.003 0.232 
Households – decile 2 1.662 7.676 0.008 0.004 0.320 
Households – decile 3 1.661 6.385 0.011 0.004 0.374 
Households – decile 4 1.662 5.508 0.015 0.005 0.434 
Households – decile 5 1.662 4.849 0.021 0.006 0.488 
Households – decile 6 1.662 4.529 0.033 0.008 0.646 
Households – decile 7 1.662 4.030 0.047 0.009 0.781 
Households – decile 8 1.662 4.216 0.079 0.010 1.197 
Households – decile 9 1.662 4.324 0.156 0.011 2.245 
Households – percentiles 90-92 0.334 0.848 0.045 0.011 0.624 
Households – percentiles 92-94 0.331 0.743 0.052 0.011 0.723 
Households – percentiles 94-96 0.332 0.765 0.066 0.011 0.908 
Households – percentiles 96-98 0.333 0.708 0.082 0.011 1.147 
Households – percentiles 98-
100 
 

0.331 
 

0.643 
 

0.142 
 

0.011 
 

1.942 
 

Total 16.618 54.767 0.76 0.114 12.061 

Source: Authors using SimSip SAM software 

4.3 Air transport and income by labour type 

From a policy analysis perspective, it is vital to identify interrelationships between 

different sectors of the economy and different types of labour in terms of redistribution. In 

Table 6, Column 2 presents the number of workers in the air transport industry by skill type, 

Column 4 the multiplier effects of air transport expansion on labour demand, and Column 6 

the percentage of total income accruing to each labour type. Skilled workers, i.e. those who 

have completed secondary or tertiary school education, account for the majority of workers 

in the air transport sector. The results show that returns on labour for these workers increase 

strongly (0.102 and 0.269, respectively) compared with those with only primary or middle 
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school education (0.022 and 0.038, respectively). The share of aggregate income going to 

each skill type is given in Column 6. For example, labour with tertiary education receives 

4.027% of the aggregate income flowing to each single account of the SAM, whereas only 

0.359% goes to labour with primary school education (the sum of aggregate income is 100% 

for all accounts in the SAM). Moreover, all workers with primary school education receive 

0.359% of the national income compared to 4.027% received by their counterparts with 

tertiary education.  

Column 5 displays the multipliers expressed as elasticities. Thus, a one-unit increase in 

air transport activities is expected to increase the income of all labour types by almost the 

same percentage, namely 0.009%. 

 

Table 6 
Income by labour type 

 Workers in 
the air 

transport 
industry 

(’000s) 

Total 
number of 

workers 
(‘000s) 

Multipliers Multipliers 
as 

elasticities 

Aggregate 
income 

share  

Labour with primary school education 
(grades 1-7) 

1.7 1974.1 0.022 0.009 0.359 

Labour with middle school education 
(grades 8-11) 

1.1 2774.0 0.038 0.009 0.655 

Labour with completed secondary 
school education (grade 12) 

8.0 4708.9 0.102 0.009 1.689 

Labour with tertiary education 
(certificates, diplomas or degrees) 
Total 

15.3 
 
 

26.1 

5689.8 0.269 
 
 

0.43 

0.010 
 
 

0.037 

4.027 
 
 

6.73 

Source: Authors using SimSip SAM software 

Fig. 1 shows the effects on production/income, GDP and labour associated with a one-

unit change in final air transport use. A 1 billion RSA Rand increase in demand for air transport 

would result in increases of 0.015 for outputs, 0.013 for GDP and 0.03 for employment. In 

terms of additional labour demand, this is equivalent to an increase of 454,000 employees. 

As in Kweka et al. (2003), this value can be viewed as the (full-time equivalent) number of 

employees per unit increase in final demand for air transport. In other words, the direct 

employment effect of the air transport industry is estimated at 4.6, indicating that 4.6 

additional jobs are created in the local economy for every job in the sector. Overall, air 

transport is a relatively significant employment multiplier, reflecting the industry’s relatively 

strong backward linkages. This is somewhat in line with Luke and Walters’ (2010) finding that 
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the employment effects of the three main South African airports are higher than their GDP-

multiplier impact. However, they report a higher multiplier effect, concluding that 10.7 

additional jobs are generated in the studied area for every direct employment by the airports. 

 

 

Fig. 1: Effects of a 1% increase in final demand for air transport 
Source: Authors using SimSip SAM software 

4.4 Backward and forward linkages 

As mentioned above, a key sector is one in which each of its backward and forward 

linkage indices is higher than one. According to Hirschman (1958), a key sector has substantial 

linkages that pass on growth impulses, while Perroux (1988) indicates that key industries may 

be a significant force for growth in economic activities and employment in emerging markets, 

and that they should be given priority in development programmes. The principal air 

transport nodes in South Africa (Johannesburg, Cape Town, and to a lesser extent Durban) act 

as significant Growth Poles within the spatial economy of South Africa. Njoya et al. (2018) 

indicate that the rapid growth in air transport services over in recent years has not been 

spatially uniform, with a concentration in core air nodes. However, it is worth highlighting 

that the emergence of low-cost carriers has led to the development of secondary airports 

such as Lanseria, Port Elizabeth, George and East London and to an increase in air accessibility. 
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Fig. 2 shows backward and forward linkages in South Africa, in which the horizontal and 

vertical lines represent a value of 1. Backward-oriented industries with a BL index higher than 

one lie to the right of the vertical line, whereas forward-oriented sectors with an FL index 

higher than one lie above the horizontal line (Mbanda and Bonga-Bonga, 2018).  
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Fig. 2: Backward and forward linkages 
Source: Authors using SimSip SAM software 
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Agriculture, construction, wholesale and retail trades and a few other service sectors are 

key sectors, with above-average backward and forward linkages. These sectors are vital as 

both consumers and providers of intermediate inputs. 

The air transport sector has medium-level backward linkages (1.012) and quite weak 

forward linkages (0.400). This sector can be characterised as a backward-oriented industry, 

which is unsurprising since it produces for final consumption. Land transport, on the other 

hand, is a forward-oriented sector, whereas water transport is a weak sector. In other words, 

air transport is crucial in terms of demand for intermediate consumption from other sectors 

of the economy. Hence, an exogenous shock to air transport would trigger medium-level 

expansion of the local economy through increased demand for intermediate consumption. 

4.5 CGE results 

The CGE model was developed in this study to analyse the distributional impact of 

investment at the industry level. In this context, investment is defined as an expansion of the 

industry’s capital stock. The air transport service is treated as an intermediate input into non-

transport industries following a Leontief production function. We simulate the impact of a 

10% increase in air transport capital stock. It is anticipated that the increase in capital stock 

will cause an increase in outputs from the air transport sector. Production from other 

activities is also expected to increase, but to a lesser extent. The increase in the supply of 

capital will exert downward pressure on the rental rate of capital in air transport since it is 

relatively abundant. The decrease in the price of capital relative to labour will cause a 

decrease in demand for labour in the air transport sector, as firms will substitute labour for 

capital. However, since the level of capital stock is fixed in other sectors, additional workers 

will be needed to support the growth of those industries. Given that capital is less abundant 

in other sectors, it is anticipated that the rate of return on capital in those industries will 

increase. The wage rate is expected to increase owing to the small number of workers in the 

economy and compared with capital. The increase in production will exert downward 

pressure on the price of air transport and other related goods and services, and the increase 

in the wage rate will result in an increase in income and consumption. 

The key issue investigated in the CGE model is the distributional effects of air transport 

expansion. The results indicate that a 10% increase in air transport capital would lead to a 

0.07% increase in GDP, and an improvement in trade, with export volumes growing at a faster 
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rate (3.689%) than imports (1.958%). The general equilibrium analysis shows that demand for 

all labour categories grows (Fig. 3). However, as would be expected, demand for secondary- 

and tertiary-educated labour grows faster than for other types of labour. 

Moreover, air transport is skilled labour-intensive, and therefore its stimulation will 

benefit skilled more than unskilled workers. The results show that capital income will grow at 

a faster rate than labour income, as expected given the capital intensity of the air transport 

sector (Table 7). This finding is in line with the results of the multiplier impacts, which shows 

that growth will be relative to the share of the labour type in the air transport sector’s total 

labour demand. These findings support Daley’s (2009) conclusion that the benefits of air 

transport are unevenly distributed locally. 

 

 
Fig. 3: Impact on labour demand by skill type (percentage change from base year) 
Source: Authors 

Moreover, although the air transport sector employs a significant number of workers 

with secondary and tertiary skills, demand for other types of labour increases indirectly 

through the supply chain, namely through backward and forward linkages. Thus, a shock to 

the air transport industry in the form of an increase in air transport capital stock is projected 

to positively affect GDP, labour and capital income and household income. The estimates 

from both the SAM and CGE models show that expanding air transport may be an appropriate 

strategy to stimulate economic growth and employment. This is an important outcome, as 
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the findings suggest that expanding air transport activities may help address the problem of 

unemployment. 

 

Table 7 
Impact on household income 

  Consumption budget Labour income Capital income 
Households – Decile 1 0.025 0.009 0.008 
Households – Decile 2 0.011 0.007 0.005 
Households – Decile 3 0.045 0.005 0.004 
Households – Decile 4 0.030 0.005 0.040 
Households – Decile 5 0.021 0.002 0.050 
Households – Decile 6 0.025 0.000 0.053 
Households – Decile 7 0.121 0.002 0.392 
Households – Decile 8 0.335 0.004 0.343 
Households – Decile 9 0.369 0.006 0.441 
Households – Percentiles 90-92 0.111 0.007 0.201 
Households – Percentiles 92-94 0.545 0.007 0.110 
Households – Percentiles 94-96 0.214 0.007 0.397 
Households – Percentiles 96-98 0.127 0.008 0.432 
Households – Percentiles 98-100 0.425 0.008 0.018 

Source: Authors using GAMS software 

However, crucially, unless accompanied by policies that increase the share of air 

transport earnings reaching low-income households, growth generated by air transport may 

lead to a widening of income inequality in South Africa. Dabla-Norris et al. (2015) show that 

income inequality (as measured by the Gini coefficient) impacts on growth and its 

sustainability. Air transport is growing in the Global South, and the sector is increasingly seen 

as a priority sector in many countries. However, governments in emerging countries are 

interested not only in growth per se, but in broad-based growth. A key challenge in most 

countries is to lift households out of poverty and ensure that the benefits of growth are 

shared more broadly. Air transport may have considerable potential to involve low-income 

households through direct employment, but most importantly indirectly through its catalytic 

impact on tourism and trade. 

Many factors determine the distribution of air transport impacts on households. These 

range from, for example, the supply chain of the air transport industry, and whether local 

people have the necessary skills and resources to cater to the procurement practices of the 

air transport sector as well as complementary sectors such as tourism. The government might 

influence the distribution of income and ensure more inclusive growth of air transport. For 
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example, it might adjust the benefits available to low-income households and maximise 

employment opportunities for these groups by providing air transport training for unskilled 

and semi-skilled workers. It might also provide support for apprenticeship programmes in 

aviation, and eliminate financial barriers to higher education. Dabla-Norris et al. (2015) 

suggest that, irrespective of the level of economic development, better access to education 

and reforms to improve human capital and skills, along with well-targeted social and fiscal 

policies, may help to improve the low-income households’ share of income. The government 

must also encourage investment in local training, and strengthen interrelationships between 

air transport and other sectors, such as tourism and agriculture. 

5. Conclusion 

This paper has examined the economic benefits of air transport development in South 

Africa, emphasising its potential to create employment and contribute to inclusive growth. 

While air transport development is widely recognised as a positive instrument to promote 

economic growth, the literature has focused almost exclusively on macroeconomic variables 

such as income and employment, and microeconomic aspects such as poverty and income 

distribution, whereas income inequality has been largely neglected. Unlike many other 

studies that examine the relationship between air transport and economic transformation 

only at the aggregate macroeconomic level, we gained access to detailed data that allowed 

us to determine channels of linkages between the air transport industry and the local 

economy. 

Using a 2015 SAM for South Africa, this study applied multiplier and linkage analysis to 

investigate links between the air transport sector and other sectors of the South African 

economy, and the impact of a shock to the air transport sector on income distribution 

between different household groups. In addition, a CGE analysis was employed to capture 

indirect and feedback effects on labour demand and income distribution arising from a shock 

to the air transport sector. 

The results of the multipliers reveal that among all related sectors, the air transport 

sector has the most significant impact on the construction, coke manufacturing and 

petroleum refining industries. Moreover, an increase in final demand for air transport would 

cause an increase in labour income, with high-skilled labour experiencing the highest growth. 

The air transport sector has significant employment multipliers, and income and GDP 



24 

multipliers. Backward and forward linkage analysis indicates that this sector overall is 

substantially interconnected with the local economy. However, international and to some 

extent, domestic air services in South Africa are unevenly distributed, with a dominance of 

routes on core cities and airports, especially Johannesburg, Cape Town and Durban. This 

strong polarisation of international (and domestic) air transport services on these cities 

boosts their role as Growth Poles but adds to the spatial inequality within South Africa. 

The results of the CGE simulations demonstrate that a growing air transport sector would 

benefit all household groups and labour types, but that the most significant gains would 

accrue to household groups in the highest expenditure deciles, as well as high-skilled labour. 

While the air transport sector in South Africa has the potential to generate employment both 

directly and indirectly, its potential to contribute to reducing income inequality and inclusive 

growth is limited. It is concluded that the government might reduce the dispersion of earnings 

from air transport by implementing reforms designed to raise skill levels. This study shows 

that in order for the sector to play a significant role in inclusive growth, it is imperative to 

strengthen its integration into the local economy. 

Our CGE simulation results should be interpreted with caution since our approach has 

several shortcomings. First, our CGE model assumes full employment, yet South Africa faces 

a significant unemployment challenge. Moreover, like many other African countries, South 

Africa has a large informal labour market. Therefore, future research needs to incorporate 

both formal and informal labour. The study might also be improved by simulating the impact 

on households under different redistributive policies, such as government transfers to 

households and aviation taxation. Future research might improve upon the method by 

explicitly modelling spatial dimensions. 
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Appendix A: SAM model 

The methodology of the SAM model is based on Defourny and Thorbecke (1984). Parra 

and Wodon (2008a) and Bellú (2012) provide descriptions of the method replicated here. 

Table A1 summarises the structure of the South African economy, highlighting interlinkages 

between production activities, production factors, and domestic and foreign institutions. 

 

Table A1 
2015 macro SAM for South Africa (billions of RSA Rand) 

 

Source: Van Seventer et al. (2019) 

Table A1 shows a macro SAM for South Africa.3 This consists of 62 productive activities, 

104 commodities, four types of labour, a capital account, 14 types of household, four 

categories of tax, a government account, a rest-of-the-world account, an investment and 

savings account, a firm account and a transaction margins account. The SAM model describes 

relationships between institutions (households, government, firms and the rest of the world), 

production activities and factors. Thus, it consists of a matrix of equations that show how the 

components relate to each other. In building a SAM model, some accounts and variables are 

set as endogenous (i.e. the model is used to find their values), while the remaining accounts 

                                                           
3 A micro SAM for South Africa can be found at https://sa-tied.wider.unu.edu/article/2015-social-accounting-
matrix-south-africa 
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are exogenous (i.e. their values are determined outside the model). Bellú (2012) argues that 

endogenous variables, such as household incomes and government revenues, are those that 

policy measures aim to change, and that exogenous variables are ‘policy instruments’ that 

can be used to investigate policy measures within the model. Relationships between different 

sectors of an economy can be represented as an input-output (IO) matrix, as given in the 

equation below. The IO matrix encapsulates input and output information for each sector. 

Xi = Xi1 + Xij … Xin + Di 

where Xi is the total output of sector i, Xij is the sum of intermediate sector i used by sector j, 

and Di is the final demand (Table A2). 

 

Table A2 
Input-output matrix with exogenous final demand  

Intermediate Demand Final 
Demand 

Gross 
Output 

Sector 1 Sector 2 

Sector 1 a
11

X
1
 a

12
X

2
 D

1
 X

1
 

Sector 2 a
21

X
1
 a

22
X

2
 D

2
 X

2
 

Value Added V
1
 V

2
 

  

 

If we call aij the IO coefficient, which represents the intermediate requirements of sector i per 

unit of output of sector j, the above equation can be written as follows: 

Xi = ai1X1 + aijXj … ainXn + Di 

The SAM model which describes the relationship between endogenous and exogenous 

components of the matrix can be written as a matrix equation as follows: 

X = AX + D 

where X represents total production, AX is the intermediate consumption that each sector 

requires to produce one more unit, and D is final demand. In other words, the net amount of 

production must be equal to demand, so X – AX = D or X (I – A) = D, where I is the identity 

matrix. Solving this equation to compute the total amount X that should be produced to meet 

demand D requires finding the inverse matrix of (I – A). 

Assuming [X – A] ≠ 0, the gross output is given by the following equation: 

X = (I – A)-1D 
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where matrix M = (I – A)-1 is known as the Leontief or ‘multipliers’ matrix. This matrix describes 

the link between sector i and the final product of sector j, expressed as the amount by which 

sector i must increase to achieve a one-unit increase in the final output of sector j with 

unchanged final demand from other sectors. 

So far we have assumed that final demand is exogenous. By endogenising household 

demand, we obtain the following equation: 

X = BX + D  

X = (I – B)-1D  

 
Table A3 
Input-output matrix with endogenous final demand  

Intermediate Demand Final Demand Gross Output  
Sector 1 Sector 2 HH Other 

 

Sector 1 a
11

X
1
 a

12
X

2
 h

13
Y

h
 D

1
 X

1
 

Sector 2 a
21

X
1
 a

22
X

2
 h

23
Y

h
 D

2
 X

2
 

Payments to HH h
31

X
1
 h

32
X

2
 

  
Y

h
 

 

This model allows the estimation of relationships between all economic agents and the 

rest of the economy, and in turn the analysis of income distribution and employment 

multipliers. This is because households and firms are endogenised in a SAM-based supply-use 

matrix. See Parra and Wodon (2008a) for a comprehensive description of the computation of 

income redistribution and employment multipliers. 

Forward and backward linkages 

The SAM model enables the magnitude of linkages between different sectors to be 

quantified. As in Parra and Wodon (2008a), backward and forward linkages between sectors 

can be assessed using the multiplier product matrix (MPM), which is a sub product of the 

inverse matrix described above. The MPM defines the change in the sum of all components 

of the inverse matrix brought about by a change in the technical coefficient. If we denote jM*  

and *iM  as the sum of the columns and rows of the inverse matrix respectively, MPM is given 

by the following equation: 
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ji MM
v

MPM **

1
  , 

where 


i j

ijMv  

and v represents the sum of all cells in the inverse matrix. 

From the above, the Hirschman-Rasmussen backward linkage index of sector i can be 

calculated according to the following equation: 

v

Mn
BL i

i
*

  

and the forward linkage index of sector i is defined as follows. 

v

Mn
FL i

i
*

  

If BLi > 1 a one-unit change in final demand in sector i would create an above-average increase 

in economic activities; similarly, for FLi > 1, a one-unit change in all sectors' final demand 

would cause an above-average increase in sector i. A key sector is defined as one in which 

both BL and FL are greater than 1.  
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Appendix B: CGE model 

The CGE model used in this study is adapted from Lofgren et al.’s (2002) standard model. 

It is a single-country, multi-sector, static general model, and distinguishes between several 

categories of households and workers. Each sector uses two types of factors of production: 

labour and capital. The production function follows a Cobb-Douglas function, and it is 

assumed that each sector has a specific capital stock. The model is capable of taking broad 

sets of tax instruments into account and modelling all possible transfers between agents. 

Lofgren et al.’s (2002) model and GAMS code are written in a very general form based on 

standard assumptions. These features facilitate its application to variously aggregated social 

accounting matrices. 

The model is structured in terms of production, demand, international trade, income and 

savings, prices, equilibrium, and closure and exogenous variables. 

Production 

A block of equations describes the behaviour of producers, including the production 

technology, demand for production factors and intermediate goods, and substitution 

between factors. It is assumed that each firm operates in a perfectly competitive 

environment, so each maximises its profits with the production technology available and 

exhibits price-taking behaviour. Each production function is expressed through a nested 

production structure (Fig. B1). 

At the top level, the sectoral output of each productive activity combines value added 

and total intermediate consumption in fixed shares (i.e. aggregate outputs are considered to 

be strictly complementary with no possibility of substitution, following a Leontief production 

function). 

At the second level, each industry’s value added consists of composite labour and capital 

following a Cobb-Douglas specification. Firms’ profit maximisation and cost minimisation will 

lead them to employ each factor up to the point where the value of the marginal product of 

each input is equal to its price. Aggregate intermediate consumption is made up of various 

goods and services. It is assumed that intermediate inputs are perfectly complementary and 

combined following a Leontief production function. 

At the bottom level of the value-added side, various categories of labour are combined 

following a constant elasticity of substitution type of technology, which reflects the imperfect 
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substitutability of different types of labour. The firm chooses its labour composition so as to 

minimise its labour costs given the relative wage rate. 

 

 
Fig. B1: Nesting structure of the production function in the CGE model 

Demand and international trade 

Another group of equations models demand and trade relationships. Aggregate output 

is allocated between foreign and domestic markets, assuming imperfect transformability 

between domestic sales and exports. Imperfect transformability between two goods is 

represented by a constant elasticity of transformation function. Goods sold in the domestic 

market, comprising both domestically produced and imported goods, are called composite 

goods. It is assumed that locally-produced goods and imported commodities are imperfect 

substitutes. This imperfect substitutability is represented by a constant elasticity of 

substitution function. There are four types of demand for composite goods: demand by 

households and government for final consumption, demand by businesses for investment, 

intermediate inputs and transaction margins (Fig. B2). 
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Fig. B2: Aggregate supply and demand 

Income and savings 

Agents are composed of households, firms, government and the rest of the world. A block 

of equations describes the income and savings of these domestic and foreign institutions in 

the economy. Fig. B3 shows the sources of household income. For a full description of the 

model, see Lofgren et al. (2002). Households receive income from labour and capital, and 

receive transfers from firms, government and the rest of the world. They use their income to 

purchase commodities and for savings. Subtracting direct taxes and household transfers from 

total income yields their disposable income. Whatever is left after savings and transfers to 

other agents is entirely dedicated to consumption. Income sources by labour type and by 

household group are used in this model to address distributional concerns. 
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Fig. B3: Household income and savings 

Prices 

A group of equations specifies the prices in the model, which depend on assumptions and 

functional forms. These include producers’ prices, prices of exported and imported goods and 

consumer prices. The structure of the pricing system follows the structure of the demand and 

supply specifications. The prices of aggregates such as value added and intermediate 

consumption are defined as the weighted sum of their components. For example, the price 

of value added consists of the price of composite labour and the price of capital. 

Equilibrium 

One assumption of a CGE model is equilibrium, which must be verified for all markets, 

i.e. markets for both goods and services, and for factors of production. Similarly, the supply 

to each export market must be matched by demand. Supply and demand of goods produced 

locally must balance, and total investment expenditure must be equal to total savings. 

Model closure 

The nominal exchange rate is defined as the numeraire. The model also assumes that 

government expenditure, stock of capital per industry and labour supply are fixed, whereas 

labour is mobile across sectors. 
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