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Abstract: In today's era of technological advancement, the role of information and communication technology (ICT) as a powerful catalyst to boost productivity and resuscitate growth is highly acknowledged. This paper aimed to examine the effects of ICT on South Africa's agro-processing industries. The effects of ICT investment on agro-processing industries and selected macro-economic variables were examined through hypothetical policy simulations using the computable general equilibrium model. The simulation results underscore the need for policy measures to increase ICT investment in the agro-processing subsector to increase growth.


1. INTRODUCTION
While ICT is viewed as a catalyst for achieving economic growth and development, empirical studies have proven that the benefits of ICT investment vary per country, such that countries that have invested more in ICT have experienced higher growth. For instance, van Ark, O'Mahony and Timmer (2008) attributed the US-EU growth performance gap to a lower share of investment in ICT investment in Europe comparable to the US. Specifically, the US's labour productivity growth accelerated from 1.2% (for the period 1973–1995) to 2.3% (for the period 1995–2006), while the EU's growth decelerated from 2.4% to 1.5% during the same period. Further to this, the US's GDP growth was about 1% higher than that of the EU (van Ark et al., 2008). In the case of developing countries, there is unclear empirical evidence on the contribution of ICT investment to economic growth (Niebel, 2018). Previous studies attributed this to various factors, including the late introduction of ICT, limited complementary factors such as human capacity and skills, and low levels of ICT investment (Lee, Gholami, & Tong 2005; Niebel, 2018). Despite this, international organizations, namely the United Nations and the World Bank, posited that ICTs have great potential to create jobs, enhance productivity, and boost the economic growth of developing countries (Dessus, Goddard & Hanusch, 2017; UNDP, 2016; World Bank, 2012). Hence, this paper needed to evaluate the potential gains that South Africa might accrue from ICT investment.
South Africa is faced with various economic challenges, one of which is sluggish gross domestic product (GDP) growth.  In today's era of technological advancement, the role of ICT as a powerful catalyst to boost productivity and resuscitate growth is highly acknowledged. As an example, the World Bank (2017) indicated that the solution to South Africa's economic turbulences could come from technological innovation. More specifically, the World Bank posited that investment in innovation could help to stimulate growth, create jobs, and reduce poverty and inequalities through the expansion of economic opportunities and the provision of better and cheaper goods and services (Dessus et al., 2017; Greve, 2017). This paper, therefore, evaluated the effects of ICT investment on South Africa's selected macro-economic variables, using an economy-wide model.
Numerous studies have used a wide range of approaches to model the impact of ICT on the economy, including the Production Possibility Frontier (PPF) model (Wu & Liang, 2017), the Endogenous Growth model (Gbahabo & Ajuwon, 2017), and regression models (Ortiz, Sosa & Díaz, 2015). These studies concluded that investment in ICT has a significant impact on economic growth. However, the limitation of those studies was that they focused on the aggregate level, overlooking the cross-sector and spillover effects of ICT. From this perspective, this paper focused on the agro-processing sector as it is identified in various policy strategies as a catalyst to spur South Africa's economic growth and development, given its strong backward and forward linkages with other economic sectors[footnoteRef:1]. [1:  Policy strategies include the New Growth Path, the National Development Plan, the Nine-Point Plan and the Agricultural Policy Action Plan.] 

The agro-processing subsector is comprised of various industries, and therefore the degree of impact of ICT investment would depend on the degree of utilization in the specific industry. However, the subject of the impact of ICT as related to agro-processing has not been investigated in South Africa as yet, particularly within the computable general equilibrium (CGE) framework. The objective of the paper was, therefore, to evaluate the effects of an increase in ICT investment on South Africa's agro-processing industries within the broader context of the economy. The results of the analysis highlight how an increase in ICT investment would affect the contribution of industries to GDP and other macro-economic indicators at the aggregate level. 
The remainder of the paper is structured as follows: Section 2 reviews the literature on key issues related to the study, including the micro and macro mechanisms through which ICT affects productivity and economic growth. Section 3 describes the sources of data, model closures and simulation, section 4 presents both descriptive and simulation results and section 5 concludes the paper and highlights the key results and implications.
2. REVIEW OF RELATED LITERATURE

2.1 The role of ICT in the global economy
In today's global economy, ICT has been credited due to its potential to integrate world economies and thus eliminate the barriers to trade caused by time and distance (Carayannis & Popescu, 2005). ICT promotes the participation of small players from developing countries in international markets (Chandrasekhar, 2001). Again, it simplifies trade in goods and services between nations, encourages investment, and creates new sectors, new revenue streams and eventually new jobs (Carayannis & Popescu, 2005). ICT also reduces the money and time costs of accessing and exchanging information, thus ensures equitable distribution of information among countries (Deichmanna, Aparajita & Deepak, 2016; IICD, 2012).

By reducing information costs, ICT lowers the cost of social and economic transactions for individuals, ﬁrms, and the public sector. By ensuring equity in the distribution of information, it promotes inclusion to services, markets and other resources that were previously not accessible (World Bank, 2016). These new opportunities generate effects on other sectors of the economy. According to Chandrasekhar (2001), these opportunities provide a wide range of income-generating sources of employment for economies with labour surplus where there are clear signs of a drop in the employment elasticities of output in the traditional commodity-producing sectors like agriculture and manufacturing.

2.2 The role of ICT in productivity growth
In the empirical analysis, ICT contributes to economic growth through three channels: Firstly, it increases labour and capital productivity (i.e. multi-factor productivity (MFP)) in the ICT-producing sector. Secondly, it contributes to capital deepening by means of productivity gains generated from the use of ICT as capital input in other sectors (i.e. non-ICT sectors). Thirdly, greater use of ICT throughout the economy contributes to economy-wide total factor productivity (TFP) (Piatkowski, 2004; van Ark, 2002; Mefteh & Benhassen, 2015). From this perspective, three effects of ICT are identified as (i) direct effect, through the production of ICT goods and services in the ICT sector; (ii) indirect or cross-sector effects, enabling effects in other sectors; and ii) spillover effect – network effect throughout the economy. Consequently, ICT is modelled as a general-purpose technology (GPT), like energy and electricity, whose effect impacts not only on industries but also on the whole economy (Liao, Wang, Li & Weyman-Jones, 2016; Moshiri, 2016). For this reason, an economy-wide model was applied in this paper to capture and quantify the effects of ICT on selected macro-economic variables and other sectors, as well as on the final users (i.e. households, exporters and others).

Various studies have confirmed that ICT investment has a significant impact on countries' growth performance. As an example, increases in labour productivity and GDP growth in the US have been attributed to ICT investment (Stiroh, 2002; Strauss & Samkharadze, 2011; van Ark et al., 2008). Other studies have also shown that some countries have experienced higher economic growth through investment in ICT (Ahmed & Krishnasamy, 2012; Bloom, Sadun & Van Reenen, 2012; Colecchia & Schreyer, 2002; Vu, 2013). It is noted that most of the recent analysis has shifted away from the aggregate level towards evaluating whether ICT investments have had a significant impact on productivity growth across various industries.

Given the aforementioned, several studies have examined productivity growth among industries according to their ICT intensity or degree of ICT use. For instance, Stiroh (2002) found a link between ICT investments and productivity in ICT-intensive industries in the US A study by Polder, Van Leeuwen and De Bondt (2014) found that, on average, the low ICT-intensive industries exhibited a decrease in labour productivity growth, while high ICT-intensive and ICT-producing industries displayed positive growth. Thus, higher productivity growth is realized by those industries that are ICT intensive.

In another study, Moshiri (2016) found that the manufacturing and services industries have benefited from ICT investment much more than primary sector industries such as oil, fisheries, agriculture and mining. However, an empirical study by van Ark, Inklaar and McGuckin (2003) found that the wholesale and retail industries in the US exhibited stronger productivity growth in the second half of the 1990s, while the telecommunications sector exhibited weaker growth. These findings are coherent with studies reporting that the greater part of US productivity growth over the past 15 years is attributed to ICT-using instead of ICT-producing sectors (World Bank, 2016). This finding, therefore, provides an understanding of the role of ICT in enhancing the performance of the non-ICT sectors. Further to this, the empirical evidence suggests that the degree of impact of ICT on productivity depends on the degree of ICT utilization within a specific industry.


2.3 Theoretical framework: Classification of industries according to their level of ICT investment

Various bodies of work in industrial economics literature are analyzed in this section to help create an understanding of the determinants of variances in ICT investment across sectors. In this regard, various taxonomies and classifications have been developed to categorize industries and clarify differences across them. The most common ways of classifying industries or firms in industrial economics are their size, annual turnover, the nature of the main product, and the volume of production (Archibugi, 2001; Campana & Cimatti, 2015). Other classifications, which are beyond the scope of the study, encompass studies based on energy consumption intensity (Upadhyaya, 2011), as well as neo-classical analysis of market structure, conduct and performance (Li, Nie, Zhao & Li, 2017; Mirzaei, Moore & Liu, 2013; Upadhyaya, 2008).
The most influential classifications of industries encompass groupings of industries according to their R&D intensity, sources of innovation, technological intensity and factor intensity. The R&D taxonomy was proposed by the Organisation for Economic Co-Operation and Development (OECD, 2001) to differentiate four categories of manufacturing industries according to their technological intensity based on the ratio of R&D expenditure to industrial output or R&D expenditure to value-added as follows:
Table 1: Classification of industries according to their R&D intensity
	Technology-based
	Typical industry

	High technology
	Aircraft and spacecraft; pharmaceuticals; office and computing equipment; radio; TV; communications equipment; medical precision and optical instruments.

	Medium-high technology
	Electrical machinery; motor vehicles, trailers; chemicals; railroad and transport equipment; machinery and equipment.

	Medium-low technology
	Coke; refined petroleum products; rubber and plastic products; non-metallic mineral products; basic metals; fabricated metal products.

	Low technology
	Wood; pulp; paper products; food; beverages; tobacco; textiles; leather and footwear.


Source: Campana and Cimatti (2015) based on OECD (2001)

From this classification, it is evident that agro-processing industries are categorized as low-technology industries, except for the rubber and plastic industries. Bogliacinoa and Pianta (2010) identified two drawbacks of this taxonomy, making it less preferred for the current analysis. Firstly, using R&D as a proxy for technological change omits most of the innovative activities carried out in most firms. Secondly, R&D activities are hardly undertaken in manufacturing firms in developing countries.
An alternative to the R&D taxonomy is Pavitt's taxonomy, developed by Kevin Pavitt in 1984 to categorize industrial firms according to their sources of technological innovation. Pavitt's taxonomy consists of five categories of industrial sectors as follows (Pavitt, 1984; 1990):
· The science-based sector, which includes high-tech firms such as those in the pharmaceutical, chemicals and ICT sectors, which exploit new scientific discoveries mainly through R&D from in-house laboratories and universities.
· Scale-intensive sectors such as automotive, steel, paper, and rubber, which rely on economies of scale to produce highly standardized and capital-intensive consumer durables and basic materials. Firms in this category depend on sources that are both internal (i.e. in-house R&D and learning by doing) and external (i.e. equipment producers) to the firms.
· Specialized suppliers' sectors are comprised of smaller but specialized firms which produce technology for sale to other firms, for example, firms manufacturing machinery and equipment. Innovation is driven by both the internal (i.e. tacit knowledge and experience of skilled technicians) and external sources (user-producer interactions).
· Supplier-dominated sectors consisting of industries characterized by less-internal innovative activities, with technological change largely initiated by suppliers from other industries. Examples include industries in the traditional sectors such as food, beverages and tobacco, textiles, wood, paper, and retail services.
· Information-intensive sectors encompassing firms largely in the services sector, with the main source of innovation being information and communication systems development. Typical examples include industries in the banking, retail and tourism sectors.

Based on Pavitt's taxonomy, it is apparent that agro-processing industries are embedded in the supplier-dominated industries, except for the rubber and paper subsectors, which are categorized as scale intensive. Pavitt's taxonomy has been widely extended to include other aspects that explain variance in technological change across sectors. For instance, Upadhyaya (2011) identified the supplier-dominated industries as resource-based industries whose production activities are generally labour intensive with limited prospects of a technological endowment. The general conclusion derived by Upadhyaya (2011) is that most of the agro-processing industries – although not all – are resource based and thus exhibit low levels of technological innovation.
Other influential classifications are groupings of industries according to their factor intensity and technological intensity. With respect to factor intensity, Black, Craig and Dunne (2017) grouped manufacturing sectors in South Africa as follows:
· Capital-intensive sectors (chemical products; iron and steel basic industries; paper and paper products; beverages; non-ferrous metal basic industries). 
· Intermediate capital-intensive sectors (glass and glass products; other non-metallic mineral products; tobacco products; motor vehicles and parts; rubber products; food).
· Labour-intensive sectors (electrical machinery; machinery; printing and publishing; metal products; plastic products; textiles).
· Ultra labour-intensive sectors (wood and wood products; other manufacturing industries; leather products; furniture; footwear; clothing).

Empirical evidence from Black et al. (2017) established that the contribution of manufacturing sectors to the economy varies according to their factor intensity. In general, the intermediate capital-intensive sectors contributed the most to value-added in the manufacturing sector, followed by capital-intensive and labour-intensive industries while industries in the ultra-labour intensive category contributed the least to value added. In terms of imports, the labour-intensive industries exhibited the highest share of imports, followed by the intermediate-capital and capital-intensive industries while the ultra-intensive industries had the least import share. With respect to exports, the capital-intensive industries exhibited the highest share of exports, followed by the intermediate-capital and labour-intensive industries, while the ultra- intensive industries contributed the least to exports. Finally, Eurostat aggregates manufacturing industries on the premise of their technological intensity as follows (Eurostat, 2017):
· High-technology manufacturing (pharmaceutical; computers, electronic & optical products, air spacecraft).
· Medium-high-technology manufacturing (chemicals, equipment and machinery);
· Medium-low-technology manufacturing (minerals, petroleum, rubber & plastic; recorded media).
· Low-technology manufacturing (food, beverages, tobacco, textiles, clothing, leather, wood, paper, printing, furniture).

While there are various approaches for classifying manufacturing industries, there are areas of commonalities that can be deduced from these classifications. An important point of note is that most of the agro-processing industries invest less in ICT, as they are resource based, labour intensive and low technology intensive. 

The overall conclusion derived from these classifications is that, regardless of the reviewed taxonomy, the degree of technology utilization varies across sectors. Consequently, the degree of ICT investment would vary across sectors. For instance, empirical results from Bogliacinoa and Pianta (2010) demonstrated that the science-based industries invest more in innovation, followed by the specialized suppliers and scale- and information-intensive industries, while the supplier-dominated industries invest the least in innovation. Therefore, any policy intervention aimed at increasing the use of ICT in a given sector would have to take into account variances in the technological capacities of industries in such sectors. 


3. RESEARCH METHODS

3.1 Selected model and justification

The Computable General Equilibrium (CGE) model was used to evaluate the effects of ICT investment on selected agro-processing industries. CGE was chosen because it can be modified to accommodate the introduction of ICT and produce simulations to understand the impact of ICT on the performance of the economy (Vuijlsteke, Guerrieri & Padoan, 2007). Given the inter-linkage nature of the agro-processing industries, the CGE model is suitable, as it measures not only the effects of simulated changes but also the inter-industry effects and macro-economic adjustments (i.e. second-round effects) (Bahta, 2007). An alternative to the CGE model is the Input-Output (I-O) model, which is based on the same dataset as the CGE model. However, the CGE model is preferred due to its ability to account for the resource constraints and effects of relative price changes in inducing the behaviour of economic agents, and ultimately the economy as a whole.
3.2 Specific model

The University of Pretoria's General Equilibrium Model (UPGEM) was applied to analyze the effects of ICT investment. UPGEM is a recursive-dynamic model of the South African economy developed by staff at the University of Pretoria in association with the Centre of Policy Studies (CoPS) in Melbourne, Australia. The theoretical structure of UPGEM is the same as CoPS' MONASH model detailed in Dixon and Rimmer (2002) and Dixon, Giesecke, Rimmer, Verikios and Wittwer (2013). The core database for UPGEM used in this paper is the 2011 supply-use (SU) tables issued by Statistics South Africa and a schematic representation of the database is documented in Bohlmann, Van Heerden, Dixon and Rimmer (2015). The version of the UPGEM database used in this paper consists of 25 industries and 11 occupation groups.
3.3 Model closures

This paper followed the standard closures (i.e. the baseline forecast and policy closures) described in Dixon and Rimmer (2002). However, this does not negate the fact that the choice of variables for which to impose the policy shocks varies with the policy questions under investigation. The key condition that must be satisfied for closures to be valid is that the variables to be shocked must be exogenous. From this perspective, the variables representing the agro-processing industries were set as exogenous. In the baseline run, exogenously set variables consist of all the major macro-economic variables like GDP, population growth and several price indices forecasted by macro-economic specialists. In the policy run, the naturally endogenous variables such as investment, household consumption, exports, imports and employment (Dixon et al., 2013) were set as endogenous due to the interest in the impact of exogenous stimulus on them.
3.4 Model simulation

The database and initial solutions to the model are based on 2011 data, and therefore 2012 denotes the first year of simulation. The simulations are extended to 2030 to allow the model to converge. Two distinct simulations – i.e. business-as-usual (BAU) and policy run – are executed to segregate and quantify the economy-wide impact of ICT investment on the South African economy. BAU provides a baseline forecast of the economy without the exogenous shock, while the policy run imposes the exogenous shock on the economy. The difference between the two states measures the percentage deviation over time between BAU and policy run. In particular, it measures the effect of an increase in ICT investment on the value added, investment, exports, imports and households.



3.5 Accounting for ICT technology in the CGE model: Theoretical structure
Within the CGE framework, ICT is modelled as a general-purpose technology, with effects not only on industries (i.e. disaggregated level) but also on the whole economy (i.e. aggregate level). Therefore, the concept of ICT is explained using the CGE approach since it allows for the evaluation of ICT and its impact on the economy, taking into account specific aspects of technology, instead of modelling it as a simple input-using standard production function in structural modelling (Vuijlsteke et al., 2007). The reason for this is because the productivity effects of using technology are too complex to capture or quantify, and the traditional standard growth model applied in most economic literature does not suffice to unravel which part of productivity growth can be associated with the network effects of technology (van Ark, 2015). To achieve this, the authors built on the theoretical structure developed by Szewczyk (2009) to explain the concept of ICT within the CGE models.

As per Szewczyk (2009), CGE models technically include a technology variable which accounts for various types of technical changes – for example, improved performance of labour input or output augmenting technical change. However, it should be noted that these technical change variables are not incorporated into the structure of the standard CGE model and therefore variables have to be shocked exogenously for their values to change and for a technical change to occur. That is, ICT used by economic agents usually requires an arbitrary, exogenous shock to induce the initial technical change, which then spreads throughout the economy (Szewczyk, 2009). Given this, the authors considered the relationship between technical change and the main characteristics of ICT, i.e., i) enabling effect at an industry level (i.e. sectoral level using disaggregated industries), and ii) network effect at the aggregated level. 

Against the above backdrop, the authors built the analysis in a sector consisting of I industries, wherein each industry i comprises 1,..., n = firms. The use of ICT differs according to the industry in which it is applied (Anie, 2011; Szewczyk, 2009; Vuijlsteke et al., 2007). Therefore, a given increase in investment in ICT would produce varying impacts based on the production structure of an industry. An industrial dimension is, therefore, appropriate for evaluating the impact of ICT. In this respect, each industry utilizes a set of inputs, Xi,t and produces output Yi,t with available technology F (.) and productivity Ai,t at time t. Therefore, output is given by Yi,t = Ai,t F(Xi,t).
It is assumed that Ai,t consists of both the IT- and non-IT-related productivities, that is, Ai,t IT and Ai,t non-IT in such a way that Ai,t = Ai,t IT + Ai,t non-IT. The Ai,t non-IT term accounts for other explanatory factors of MFP growth not included in the equation.

The UPGEM consists of variables that account for various types of technical changes. Therefore, ICT is modelled as capital- and labour-augmenting technical change. Consequently, the authors isolated and separated ICT technological and non-ICT technological change variables. Since the interest is on the ICT technological change, only the ICT technological change variables were set as exogenous. The non-ICT technological change was then captured in the base closure through the years.




4. RESULTS
[bookmark: _GoBack]4.1 Descriptive results
In this paper, the authors adopted the United Nations' International Standard Industrial Classification (ISIC) of ICT and agro-processing economic activities. As per ISIC, the agro-processing industries are classified as: (1) Food, (2) Beverages, (3) Tobacco, (4) Textiles, (5) Wearing Apparel (5) Leather, (7) Wood and Wood Products, including Furniture, (9) Paper and Paper Products, and (10) Rubber Products. This classification is vital as it establishes the boundaries between primary agriculture and agro-processing by delineating what activities and/or products constitute agro-processing. On the one hand, the ISIC classification of ICT is used as it delineates which industries and goods and services are categorized as ICT, and which ones are not, and provides a statistical basis for evaluating ICT in an internationally comparable way (Stats SA, 2015).

While it is desirable to implement the simulations on the agro-processing industries as per ISIC, the version of the UPGEM used in this paper consists of only three industries, namely (1) Food, and (2) Beverages and Tobacco and (Textiles). An understanding of the characteristics of each of these industries is important in understanding the extent of ICT utilization. Therefore, the authors evaluated the contribution of each of the industries to output, as well as the capital intensity of each industry. The food subsector contributed the most to output (78.2%), followed by beverages and tobacco (13.5%), while the textile subsector contributed the least (8.3%). Overall, all industries displayed a stagnant trend in output, as indicated in Figure 1.

[image: ]Figure 1: Real output of selected industries, 2006-2016

Evaluating the capital-labour ratio in the industry before imposing the shock is important, as it indicates the capital intensity of the industry. In the UPGEM, it is assumed that capital growth in each industry is positively related to the expected rate of return. Therefore, investors would be interested in investing in the industry where the expected rate of return is higher (Bohlmann et al., 2015).



Figure 2: Capital-to labour ratio of selected industries, 2006-2016
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An industry is capital intensive if it has a higher capital-to-labour ratio. According to Figure 2, the food industry had a slightly higher capital-to-labour ratio (107.6%) during the base period, compared to the beverages and tobacco and textile industries with a ratio of 101.5% and 95.4% respectively. These results suggest that the food industry is relatively capital intensive. However, all industries exhibit a decline in capital-to-labour ratio after the base period.
	
In this paper, the authors imposed increases in ICT investment by agro-processing industries, based on the report by the Global Connectivity Index (GCI), which predicted that a 20% increase in ICT investment would lead to a 1% increase in the GDP of 50 selected countries, including South Africa. The delimitation of this report is its focus on growth at the aggregate level, thus neglecting the cross-sector and spillover effects of ICT. Within this vein, this paper employs the CGE model to capture and quantify the effects of ICT on agro-processing industries, taking into account the cross-sector and spillover effects of ICT. Before that, the authors determined the share of ICT use by industries in 2011, the base year, using the SU tables data published by Statistics South Africa (Stats SA[footnoteRef:2]). The SU tables are used due to their ability to capture the amount (in millions) of intermediate ICT goods and services supplied by the ICT sector and purchased by other sectors. Therefore, in the context of this paper, ICT investment is defined as industries' expenditure on ICT. The shares of ICT use by agro-processing industries are illustrated in Figure 3. [2:  Stats SA is the official statistical agency of South Africa.
] 


 








Figure 3: Share of ICT investment by industries in 2011
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4.2 Policy simulations

This section provides simulations related to an increase in ICT investment. In the BAU scenario, it is assumed that the level of ICT investment by industries is constant from the base year up until 2030. In other words, there are no changes in ICT investment in the BAU. Therefore, the same level of investment is retained up until 2030. In the policy run, three policy scenarios with varying levels of investments are imposed to compare with the BAU scenario. In the first scenario, ICT investment is assumed to increase by 5%, 10% and 15% from 2016, holding other investments constant with the level of the base year. It is assumed that these scenarios are the result of a policy intervention aimed at promoting the use of ICT in the agro-processing sector. Therefore, the implemented simulations are an answer to the "what if" question stated as "what if ICT expenditure by industries were to increase, by 5%, 10% and 15%? How much different would the economy be in 2030 from what it would otherwise have been?" To answer this question, the UPGEM was used to measure the impacts of the scenarios on selected macro-economic variables and other industries of interest.

Table 2: Proposed scenarios and underlying assumptions
	Scenario
	Description

	Business as Usual (BAU)
	Holding the same level of	ICT	expenditure by agro-processing industries as in the base year up until 2030.

	Scenario 1 (SC1)
	Holding the same	level of ICT expenditure by agro-processing industries as in the base year up until 2030.
Increasing ICT investment by 5% from 2016 to 2030.

	Scenario 2 (SC2)
	Holding the same level of ICT expenditure by agro-processing industries as in the base year up until 2030.
Increasing ICT investment by 10% from 2016 to 2030.

	Scenario 3 (SC3)
	Holding the same level of ICT	expenditure by agro-processing industries as in the base year up until 2030.
Increasing ICT investment by 15% from 2016 to 2030.



4.2.1 Baseline projection
This section discusses the results of macro-economic projections for the components of real GDP. Using the projected values as the BAU baseline, the authors imposed the three scenarios to simulate the effects of changes in ICT expenditure against the BAU and to estimate deviations away from it caused by the changes in ICT expenditure. Given this, the baseline projections represent the future of the South African economy prior to policy simulations.

Figure 4: Components of GDP expenditure in the baseline forecast
[image: ]

From Figure 4, the cumulative real GDP growth of about 58.9% is predicted for the 19 years from 2016 to 2030, which is equivalent to an annual average real GDP growth of 5.8.1% over the projected period. Figure 5 displays the baseline macro-economic forecasts for the components of real GDP from the income side. The baseline forecasts demonstrate that real GDP increases with both capital and labour. These results suggest that GDP growth is generated from labour and capital productivity gains.













Figure 5: Components of GDP (income) in the baseline forecast
[image: ]
In terms of the industry output, in general, each industry performs in line with the projections of the main macro variable with which it has the closest linkage (Bohlmann et al., 2015). For instance, industries that are export intensive are expected to perform according to the forecasted export growth. Of the agro-processing industries, the food industry is relatively export intensive and, therefore, it is expected to follow the projected export growth.

4.3 Simulation results
This section provides simulation results, with a comparison made between the three scenarios. In this way, it is possible to separate the potential impact of each scenario on the industries and selected macro-economic variables.  To achieve this, the authors provide the effect of the three scenarios on the output of the selected agro-processing industries, relative to the baseline. Following Bohlmann et al. (2015), the authors show the effect of the policy shock as the cumulative percentage change over time between the underlying values of the industry output in the policy run in comparison with its value in the baseline, under each scenario.

The shocks, in this case, involve increases in ICT expenditure by agro-processing industries. The simulation results are an answer to the "what if" question stated earlier as "What if CT expenditure by industries were to increase by 5%, 10% and 15% – how much different would the economy be in 2030 from what it would otherwise have been? To answer this question, the authors present the simulation results for macro-economic variables and industry as a percentage deviation over time from the baseline. The results for the industries' outputs are presented in Table 3. The results are interpreted as the percentage deviation from the baseline.



Table 3: Industry output for agro-processing industries
	Scenario 1

	
	2016
	2018
	2020
	2022
	2024
	2026
	2028
	2030

	  Food
	0.01
	0.02
	0.03
	0.03
	0.03
	0.03
	0.03
	0.03

	Beverages and Tobacco
	0.01
	0.01
	0.02
	0.02
	0.02
	0.02
	0.02
	0.02

	Textiles
	0.11
	0.14
	0.15
	0.16
	0.16
	0.17
	0.17
	0.17

	Scenario 2

	
	2016
	2018
	2020
	2022
	2024
	2026
	2028
	2030

	  Food
	0.03
	0.04
	0.05
	0.05
	0.06
	0.06
	0.06
	0.06

	Beverages and Tobacco
	0.02
	0.03
	0.04
	0.04
	0.04
	0.05
	0.05
	0.05

	Textiles
	0.22
	0.28
	0.31
	0.32
	0.33
	0.33
	0.34
	0.34

	Scenario 3

	
	2016
	2018
	2020
	2022
	2024
	2026
	2028
	2030

	  Food
	0.04
	0.06
	0.08
	0.08
	0.09
	0.09
	0.09
	0.09

	Beverages and Tobacco
	0.02
	0.04
	0.05
	0.06
	0.07
	0.07
	0.07
	0.07

	Textiles
	0.33
	0.42
	0.46
	0.48
	0.49
	0.5
	0.51
	0.52



From Table 3, it is observed that under SC1, an increase in ICT expenditure yields little impact on the industries, and that output increases with an increase in expenditure. The textile industry experiences the highest growth across the scenarios. Specifically, if ICT expenditure increases by 5%, output in the textile industry would increase by 0.11% in 2016, cumulatively relative to the base, and by 0.17% in 2030. Similarly, when the expenditure increases by 15%, the output would increase by 0.33% in 2016 and by 0.52% in 2030. In general, all industries would experience an increase in output if ICT expenditure were to be increased. However, the beverages and tobacco subsector would experience the lowest growth in output. An important point to note is that the textile industry, the least contributor to output before the shock, would experience the highest growth in output after the shock.

The results for the macro variables are presented in Annexure A. In general, the real GDP would increase with increases in expenditure on ICT. A 5% increase in ICT expenditure would have zero effect on investment, which means that investment would be the same as forecasted in the baseline. Thereafter, it would increase with increases of 10% and 15%, only by 0.01 from 2016 to 2030 for the SC2 and by 0.02% from 2022 to 2030 under SC3. Overall, the real GDP, household and government demands would increase, cumulatively relative to the base, in all scenarios. Of interest, under SC3, is that the real GDP would increase by 0.02 in 2016 and by 0.03 from 2018 up until 2030.

To account for the cross-industry effects, the authors provide results on the effects of the policy shocks not only on the agro-processing industries but also on other sectors. To achieve this, the authors present simulation results for industry outputs for selected industries. The results are presented in Annexure A.
In general, primary agriculture – the sector with strong backward linkages with the agro-processing sector – would experience the highest output growth, relative to other sectors under consideration, if investment in ICT in the agro-processing sector were to be increased. This implies that output growth of the agro-processing sector due to increases in ICT investment would pull along the growth of primary agriculture. This is crucial given that primary agriculture plays an important role in food security, poverty alleviation and employment in developing countries. This implies that investment in ICT in the agro-processing subsector is crucial, as it would drive the growth of primary agriculture. 



5. CONCLUSION
This paper evaluated the effects of an increase in ICT investment on South Africa's agro-processing industries within the CGE framework. The focus was on the agro-processing industries, as the agro-processing subsector has been earmarked as one of the sectors that stimulate growth due to its strong backward and forward linkages with other economic sectors. Further to this, the focus was on the industries as, empirically, the focus has deviated away from the aggregate level towards evaluating whether ICT investments have had a significant impact on growth across various industries. 
The theoretical classification of the industries as per their level of ICT investment yielded that most of the agro-processing industries are investing less in ICT as they are resource based, labour intensive, and low technology intensive. It is on this basis that this paper evaluated how increases in ICT investment by agro-processing industries impact on selected macro-economic variables and other industries. Specifically, the paper developed three different policy scenarios to answer the "what if" question stated as "what if ICT expenditure by industries were to increase, by 5%, 10%, or 15%? How much different would the economy be in 2030 from what it would otherwise have been?" To answer this question, the UPGEM was used to measure the impacts of the scenarios on selected macro-economic variables (output, real GDP and investment) and other industries of interest.
While it was desirable to implement the simulations on all the agro-processing industries as per ISIC, the version of the UPGEM used in this paper consisted of only three industries, namely Food, Beverages and Tobacco, and Textiles. Accordingly, only these three industries were used for the analysis. The findings showed that, across the industries, output would increase with increases in expenditure on ICT by 5%, 10% and 15%, from 2016 up until 2030. Further to this, real GDP, household and government demands would also increase. The findings for the cross-sector showed that primary agriculture – the sector with strong backward linkages with the agro-processing sector – would experience the highest output growth, relative to other sectors under consideration if investment in ICT in the agro-processing sector were to be increased. The implication is that output growth of the agro-processing sector due to increases in ICT investment would pull along the growth of primary agriculture. Overall, the results underscore the need for policy measures to increase ICT investment in the agro-processing subsector to enhance the subsector's contribution to the economy.  
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Annexure A

	Scenario 1

	
	2016
	2018
	2020
	2022
	2024
	2026
	2028
	2030

	Real GDP
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01

	Investment
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0

	Household
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01

	Export
	0
	0
	0
	0
	0
	0
	0
	0

	Government
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01

	
	
	
	
	
	
	
	
	

	Scenario 2

	
	2016
	2018
	2020
	2022
	2024
	2026
	2028
	2030

	Real GDP
	0.02
	0.02
	0.02
	0.02
	0.02
	0.02
	0.02
	0.02

	Investment
	0.02
	0.02
	0.02
	0.02
	0.01
	0.01
	0.01
	0.01

	Household
	0.02
	0.02
	0.02
	0.02
	0.02
	0.02
	0.02
	0.02

	Export
	0
	0
	0
	0
	0
	0.01
	0.01
	0.01

	Government
	0.02
	0.02
	0.02
	0.02
	0.02
	0.02
	0.02
	0.02

	Scenario 3

	
	2016
	2018
	2020
	2022
	2024
	2026
	2028
	2030

	Real GDP
	0.02
	0.03
	0.03
	0.03
	0.03
	0.03
	0.03
	0.03

	Investment
	0.03
	0.03
	0.03
	0.03
	0.02
	0.02
	0.02
	0.01

	Household
	0.03
	0.03
	0.03
	0.03
	0.03
	0.03
	0.03
	0.03

	Export
	-0.01
	0
	0
	0.01
	0.01
	0.01
	0.01
	0.01

	Government
	0.03
	0.03
	0.03
	0.03
	0.03
	0.03
	0.03
	0.03






Annexure B

	
	2016
	2018
	2020
	2022
	2024
	2026
	2028
	2030

	Agriculture
	0
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01

	  ElecMach
	0
	0
	0.01
	0.01
	0.01
	0.01
	0
	0

	OthManuf
	0
	0
	0
	0
	0
	0
	0
	0

	HotelRestau
	0
	0
	0
	0
	0.01
	0.01
	0.01
	0.01

	PetroChem
	0
	0
	0
	0
	0
	0
	0
	0

	  Business
	0
	0
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01

	  GenGov
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01

	Trade
	0
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01

	Scenario 2

	
	2016
	2018
	2020
	2022
	2024
	2026
	2028
	2030

	Agriculture
	0.01
	0.02
	0.02
	0.02
	0.03
	0.03
	0.03
	0.02

	GenGov
	0.02
	0.02
	0.02
	0.02
	0.02
	0.02
	0.02
	0.02

	  Business
	0
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01

	HotelRestau
	0
	0
	0.01
	0.01
	0.01
	0.01
	0.02
	0.02

	Trade
	0.01
	0.01
	0.02
	0.02
	0.02
	0.02
	0.02
	0.02

	OthManuf
	0
	0
	0
	0
	0
	0
	0
	0



	  ElecMach
	0
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01

	PetroChem
	0
	0
	0
	0
	0.01
	0.01
	0.01
	0.01

	Scenario 3

	
	2016
	2018
	2020
	2022
	2024
	2026
	2028
	2030

	Agriculture
	0.01
	0.02
	0.03
	0.04
	0.04
	0.04
	0.04
	0.04

	  PetroChem
	0
	0
	0
	0.01
	0.01
	0.01
	0.01
	0.01

	  ElecMach
	0.01
	0.01
	0.02
	0.02
	0.02
	0.02
	0.01
	0.01

	
OthManuf
	-
0.01
	
0
	
0
	
0
	
0
	
0
	
0
	
0

	Trade
	0.01
	0.02
	0.03
	0.03
	0.03
	0.03
	0.03
	0.03

	HotelRestau
	0
	0
	0.01
	0.01
	0.02
	0.02
	0.02
	0.02

	  Business
	0.01
	0.01
	0.02
	0.02
	0.02
	0.02
	0.02
	0.02

	GenGov
	0.03
	0.03
	0.03
	0.03
	0.03
	0.03
	0.03
	0.03
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