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Abstract
[bookmark: _Toc287612461]Since the attainment of democracy in 1994, South Africa continues to battle with the socio-economic problems of poverty, income inequality and high levels of unemployment. The country’s economic growth has not been able to create enough jobs to reduce unemployment, poverty and inequality. The South African government believes that a labour absorbing growth path can be realised by improving public infrastructure investment. This study uses a dynamic CGE analysis to assess the impacts of increasing public economic infrastructure investment. The results indicate that increasing public infrastructure investment is in general beneficial for the South African economy. GDP increases while the price level declines. Firm income increases in the short and long run periods. Aggregate labour demand increases across all formal labour categories resulting in the decline in unemployment. Even though household income falls for the poor households, consumption by households increases due to the decrease in the price level. 
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1. [bookmark: _Toc332024684]Introduction   
[bookmark: _Toc322334947][bookmark: _Toc322487570][bookmark: _Toc326971977][bookmark: _Toc326972175][bookmark: _Toc326972273][bookmark: _Toc326972386][bookmark: _Toc327271082][bookmark: _Toc332024685]Since the attainment of democracy in 1994, South Africa continues to battle with the socio-economic problems of poverty, income inequality and high levels of unemployment. The country’s economic growth has not been able to generate enough jobs which are necessary for the reduction of unemployment as well as for reducing poverty and inequality. These problems seem to be interlinked to, and exacerbated by, other challenges facing the economy which are poorly located and insufficient infrastructure, poor-quality education, the resource intensity of exports and skewed spatial patterns. According to National Treasury (2012: 3), the government believes that a more labour absorbing growth path will be achieved by focusing on the improvement of infrastructure and network services that support crucial industries like mining and agriculture. 

[bookmark: _Toc322334948][bookmark: _Toc322487571][bookmark: _Toc326971978][bookmark: _Toc326972176][bookmark: _Toc326972274][bookmark: _Toc326972387][bookmark: _Toc327271083][bookmark: _Toc332024686]It is against this background that policy efforts in South Africa continue to emphasise the scaling up of public infrastructure investment. The government infrastructure investment drive gained momentum in the years leading up to the 2010 soccer World Cup. The government’s plan is to focus on capital investment in infrastructure projects. According to National Treasury (2012: 91), the expansion of investment in infrastructure, forms the basis of the country’s national growth and development strategy. As a result the main priority of budgets in future years, as pointed out by National Treasury (2012: 11), will continue to be provision of financing for public infrastructure development with the aim of strengthening especially economic infrastructure. 

[bookmark: _Toc322334949][bookmark: _Toc322487572][bookmark: _Toc326971979][bookmark: _Toc326972177][bookmark: _Toc326972275][bookmark: _Toc326972388][bookmark: _Toc327271084][bookmark: _Toc332024687]Investment in infrastructure affects many variables in the economy which include productivity, labour demand, economic growth, prices, consumption, employment, income distribution, poverty and welfare. This study quantifies the short run and long run impacts of increasing public infrastructure investment in South Africa, mainly focusing on the economic growth and employment impacts. A Computable General Equilibrium (CGE) analysis is used to assess the impacts. The model is sequential dynamic CGE model, to account for accumulation effects. Externalities are incorporated to capture the spill over effects of the public infrastructure investment. 

[bookmark: _Toc322334950][bookmark: _Toc322487573][bookmark: _Toc326971980][bookmark: _Toc326972178][bookmark: _Toc326972276][bookmark: _Toc326972389][bookmark: _Toc327271085][bookmark: _Toc332024688]According to the Public Service Commission (2007: i), the aim of public investment in infrastructure is to make people self-sufficient through the creation of more jobs to produce income. Thus we believe that evaluating the impact of public infrastructure investment on the economy, on households and other variables will help by quantifying the impacts of the policy. This study evaluates the impact of public infrastructure investment mainly on economic growth and employment. This will help inform policy makers whether or not the desired outcomes of the infrastructure investment projects are being realised. If not fully realised policy makers may then decide on additional or complementary policies so that the desired objectives of policies are achieved. To assess the potential impacts of public infrastructure investment, three policy simulations are carried out. These are increasing new capital in government economic sector and financing this by (a) an increase in government deficit, (b) adjusting the tax rate on firm income to provide enough revenue to fund the increase in infrastructure and (c) a combination of an increase in the tax rate on firm income and an increase in government deficit. The simulated increases in infrastructure investment are informed by the figures on the ground in the economy. Thus the simulations mimic actual policy in South Africa.




















2. [bookmark: _Toc332024689]Background of the South African economy
[bookmark: _Toc322334952][bookmark: _Toc322487575][bookmark: _Toc326971982][bookmark: _Toc326972180][bookmark: _Toc326972278][bookmark: _Toc326972391][bookmark: _Toc327271087][bookmark: _Toc332024690]South Africa boasts a successful economy in terms of size and economic growth. The South African economy accounts for about 25% of Africa’s Gross Domestic Product (GDP) and is ranked the world’s 27th largest economy (National Planning Commission 2011). Its average annual GDP growth since the 1990s is similar to that of other middle-income countries. The South African economy has overall, from 1994 to 2011, been achieving positive economic growth rates. The average GDP growth over this period is about 3.3%. Figure 1 shows GDP growth rate, public sector gross fixed capital formation (as % of GDP) and the unemployment rate.  
[bookmark: _Toc322334953][bookmark: _Toc322487576][bookmark: _Toc326971983][bookmark: _Toc326972181][bookmark: _Toc326972279][bookmark: _Toc326972392][bookmark: _Toc327271088][bookmark: _Toc332024691]Figure 1: GDP Growth, Public Investment and Unemployment Rate

[bookmark: _Toc322334954][bookmark: _Toc322487577][bookmark: _Toc326971984][bookmark: _Toc326972182][bookmark: _Toc326972280][bookmark: _Toc326972393][bookmark: _Toc327271089][bookmark: _Toc332024692]Source: SARB (online), (various issues)

[bookmark: _Toc322487578][bookmark: _Toc326971985][bookmark: _Toc326972183][bookmark: _Toc326972281][bookmark: _Toc326972394][bookmark: _Toc327271090][bookmark: _Toc332024693][bookmark: _Toc322334955]Despite this positive growth of the economy, unemployment has remained persistently high, above 20% for the whole period except for 1995 and 1996. Unemployment also remains high because economic growth has been largely driven by sectors that are less labour intensive. It is especially high among the youth; it was 40% for the 15 to 34 age group in December 2010 (National Treasury 2011). High levels of unemployment in the presence of relatively high levels of economic growth indicate that the jobs being created are not enough to absorb new entrants into the labour market. 
[bookmark: _Toc322334956][bookmark: _Toc322487579][bookmark: _Toc326971986][bookmark: _Toc326972184][bookmark: _Toc326972282][bookmark: _Toc326972395][bookmark: _Toc327271091][bookmark: _Toc332024694]According to the National Planning Commission (2011), poverty and inequality in South Africa are mainly driven by the high unemployment levels. Like the unemployment rate, the level of inequality in the economy has also continued to be significantly high, and is one of the highest in the world. The level of poverty, as measured by the proportion of people below the poverty line, still remains very high even though it declined from 53% in 1995 to 48% in 2008  (National Planning Commission 2011). The government acknowledges that there has been underinvestment in infrastructure for quite a long time. Inadequate investment in new infrastructure and a failure to maintain existing infrastructure are believed to be holding back development in the country (National Planning Commission 2011).
2.1. [bookmark: _Toc332024695]Infrastructure investment and South African Government Policy
Public investment in infrastructure is an outcome of government policy. Since democracy in 1994 the South African government has implemented polices which, in one way or the other, pointed to the importance of infrastructure in improving economic growth and people’s welfare. 
The policies include the Accelerated and Shared Growth Initiative for South Africa (ASGI-SA), construction of the 2010 FIFA World Cup, the Expanded Public Works Programme and the New Growth Path. A review of policies related to public infrastructure spending in South Africa is discussed below.

The Reconstruction and Development Programme (RDP) is a socio-economic policy framework that was introduced when South Africa attained its democracy in an effort to redress the inequalities from apartheid (African National Congress (ANC) 1994). Under RDP, infrastructure investment is not specifically mentioned but is alluded to under ‘Meeting Basic Needs’ which is the first of five key programmes of RDP. The basic needs of the people are “jobs, land, housing, water, electricity, telecommunications, transport, a clean and healthy environment, nutrition, health care and social welfare” (ANC Undated). Some of the basic needs, water, electricity, telecommunications, transport and health are infrastructural in nature. According to Mamburu (2004:1) the RDP white paper cites the lack of basic infrastructure in poor areas of most provinces. 

The Growth, Employment and Reconstruction (GEAR) strategy was announced by the South Africa government in 1995, and introduced in 1996 as a broad package of polices that would, among other things, achieve “fast-growing economy” which would create employment and promote a pro-poor redistribution of incomes (Thurlow 2006: 1; Harmse 2006: 223). GEAR was also introduced as a stabilisation programme to reduce government deficit (Harmse 2006:223). According to Adelzadeh (1996: 76), under GEAR it was argued that increased government spending retards the growth rate of the economy because it crowds out private investment by driving up interest rates. While GEAR is said to have achieved high rates of economic growth, it failed to create pro-poor growth and to reduce poverty and inequality, according to Steyn (Undated: 1) and Thurlow (2006: 1). Thurlow (2006: 1) further argues that unemployment and poverty worsened over the preceding ten years. Furthermore GEAR did not place an emphasis on infrastructure development; hence little was achieved in that regard. The need for a policy to address these issues led to the introduction of ASGI-SA.

ASGI-SA, which was launched in February 2006, identifies increasing infrastructure investment as one of the six key factors needed to achieve economic growth and reduction in unemployment and poverty by 2014 (The Presidency Republic of South Africa 2008: 2). This policy increased the pace of infrastructure investment in South Africa. ASGISA came with an expansionary public infrastructure expenditure of R482 billion for the period 2008 to 2011 (Government Communications 2008: 35). Through ASGI-SA the South African government indicated the need to address constraints on economic growth. Low levels of investment in infrastructure and infrastructure services were identified as one of the six factors hindering efforts to achieve economic growth and reduction in unemployment and poverty between 2004 and 2014 (The Presidency Republic of South Africa 2008: 2). In 2005 the government recognised that the slow pace of investment in public infrastructure and inefficiencies in infrastructural services were the key factors limiting growth (The Presidency Republic of South Africa 2008: 3). The 2008/9 Medium Term Expenditure Framework (MTEF) proposed infrastructure expenditure of R482 billion between 2008 and 2011 and R787 billion (9.7% of GDP) between 2009 and 2012 (The Presidency Republic of South Africa 2008: 3). Table 1 shows the planned infrastructure expenditure by government from 2006/7 to 2011/12.




Table 1: Public Infrastructure Data
	Infrastructure Expenditure
	2006/7
	2007/8
	2008/9
	2009/10
	2010/11
	2011/12
	2012/13
	2013/14
	2014/15

	
	Outcome
	Estimate
	Forecast


	R million
	83.6
	130.2
	172.5
	185.3
	185.3
	232.9
	257.6
	269.9
	274.4


Source: National Treasury Medium Term Budget Policy Statement (Various issues)

The National Industrial Policy Framework (NIPF), which specifies the broad approach of government to industrialisation in the context of ASGI-SA, was adopted in 2007 (Department of Trade and Industry (DTI) 2007; 1). The NIPF was introduced to complement ASGI-SA, focusing on cross-cutting and sector-specific constraints and opportunities prevailing in the economy, as opposed to the “one-size-fits-all” approach of ASGI-SA, according to DTI (Undated: 3). The NIPF cites sufficient, reliable and competitively priced traditional and modern infrastructure as the third of four associated and supporting sets of policies with which the industrial policy must be aligned if it is to be successfully implemented (DTI Undated: 3). The support of appropriate industrial infrastructure under the NIPF is believed to help initiate new economic activities in areas that have inactive economic potential (DTI Undated: 5). Infrastructure must be sufficient, reliable and priced competitively so that it is efficient in linking people via communication networks as well as linking people and goods from one place to another (DTI Undated: 15). It is argued under the NIPF that there are constraints caused by inefficiency in rail and port infrastructure and by unavailability of, and costs in, the broadband telecommunication infrastructure (DTI Undated: 25).

The New Growth Path, introduced in 2010, was undertaken in an endeavour to address the challenges of poverty, unemployment and inequality, among other things. Under the New Growth Path, infrastructure development has been cited as the number one job driver for South Africa (Nattrass 2011:3). The government believes that through public investment in energy, transport, water, housing and communications infrastructure the public sector can create 250 000 jobs a year up to 2015 through  the construction of new infrastructure; operation of the new facilities; expanded maintenance; and the manufacture of components for the infrastructure programme (Government of South Africa Undated:10). In addition to creating jobs through the above mentioned activities, the infrastructure programme is believed to create more jobs as a result of multiplier effects across other sectors in the economy.

Despite investing substantially in public infrastructure over the past years, South Africa continues to invest substantially in public infrastructure. As a percentage of GDP, public sector infrastructure expenditure increased from 4.6% in 2006/07 to 9.8% in 2010/11 and R808.6 billion is budgeted for the 3-year medium term from 2011/12 to 2013/14 (National Treasury 2011: 55). Of the R808.6 billion budgeted for the 2011/12 to 2013/14 medium term, 82.1% goes to Economic services, 13.4% to Social services and the remaining 4.5 percent goes to Justice and protection services, Central government administrative and financial services (National Treasury 2011: 55)[footnoteRef:2].  [2:  Economic Services comprises of Energy, Water & Sanitation, Transport& Logistics, Other Economic Services (includes agriculture, environmental infrastructure, telecommunications, housing and industrial development zones                                                                                                                                                              
Social Services  is made up of Health, Education, Community Facilities and Other social services (includes labour centres, heritage institutions and national libraries)] 

2.2. [bookmark: _Toc332024696]Financing of public infrastructure
[bookmark: _Toc322335015]Continued increases in public infrastructure investment are planned to be financed by adjustment in the composition of spending, reduction in savings and borrowing, (National Treasury 2010: 32; National Treasury 2008: 30). Lockwood (2010) cites taxation as one of the possible sources of funding for public infrastructure spending. Tax revenue is the highest contributor to the national budget revenue in South Africa; with direct taxes on income and profits contributing the most as shown in Table 2. National Treasury (2008: 30) envisaged tax revenue growth to diminish as a result of the economic slowdown but public capital expenditure as a share of total expenditure was still projected to continue increasing. 

Table 2: Tax Revenue as a percentage of Total Budget Revenue
	R billion
	2006/07
	2007/08
	2008/09
	2009/10
	2010/11
	2011/12
	2012/13
	2013/14
	2014/15

	[bookmark: _Hlk322471514]Tax Revenue
	495.5
	572.9
	625.1
	598.7
	674.2
	738.7
	826.4
	913.6
	1019.6

	% contribution
	Direct taxes
	57
	58
	61
	60
	56
	57
	58
	59
	59

	
	Indirect taxes
	35
	34
	32
	34
	37
	36
	36
	35
	34

	
	Other taxes
	8
	8
	6
	6
	7
	7
	7
	6
	7

	Budget Revenue
	501.6
	625.7
	683.4
	663.7
	757.5
	830.2
	904.8
	1 005.9
	1 118.2

	Tax Revenue as % of Budget Revenue
	98.8
	91.6
	91.5
	90.2
	89.0
	89.0
	91.3
	90.8
	91.2


Source: National Treasury (Budget Review various sources) 
[bookmark: _Toc322487583][bookmark: _Toc326972188][bookmark: _Toc326972286][bookmark: _Toc326972399][bookmark: _Toc327271095][bookmark: _Toc332024697][bookmark: _Toc322335016][bookmark: _Toc322335017]The National Treasury (2012: 37) acknowledges that adequate tax revenue, generated from a higher level of sustainable economic growth, is necessary for government to be able to pay for infrastructure expansion in the long term. With effect from April 2012, South Africa replaced the Secondary Tax on Companies (STC) with a new dividends tax. The STC was levied on dividends declared by companies that are resident in South Africa companies; it was imposed on companies and not on shareholders. The introduction of the dividends tax results in an increase in the effective company tax of about 12% (Freer Undated). The government temporarily increased borrowing to maintain public services and infrastructure spending in response to the global economic crises and as result the budget deficit is anticipated to be 3% of GDP (National Treasury 2012: 37). According to Freer (Undated), the projected budget deficit for 2012/13 is 4.6 percent. 
2.3. [bookmark: _Toc332024698]Disaggregation of infrastructure and government account
[bookmark: _Toc322334978][bookmark: _Toc322487586][bookmark: _Toc326972190][bookmark: _Toc326972288][bookmark: _Toc326972401][bookmark: _Toc327271097][bookmark: _Toc332024699]In order to carry out a detailed analysis of the impact of public infrastructure investment there is need to disaggregate investment into private and public investment. Public investment can be disaggregated by space (rural/urban, region or province), by sector or by services provided by public utilities (Benin, Pratt, Fan, Breisinger, Mogues, Thurlow and Diao 2005: 11; Babiker: 2007: 109). In our study public investment is disaggregated by the services provided by public utilities as follows: General administration, Defence, Economic, Health, Social and Education services. 












3. [bookmark: _Toc332024700]Literature Review

The main focus of previous studies has been to estimate the relationship between infrastructure and economic growth. Literature on CGE modelling that examines the impact of public expenditure in general is not much. The few studies available mostly concentrate “on health and education expenditure and not infrastructure investments specifically” (Estache, Perrault and Savard 2007: 4). 

Although a lot of attention was given to the infrastructure-growth relationship in South Africa in the last two years, Fedderke and Garlick (2008: 11) argue that the topic remains understudied and most studies on South Africa measure, directly or indirectly, the relationship between infrastructure and growth. The focus of numerous recent studies has been either to estimate infrastructure needs in developing countries or an effort to ascertain factors that affect an optimal level of public expenditure on infrastructure (Bogetić and Fedderke 2006: 7). Fedderke and Bogetić (2006: 13) found a positive impact of infrastructure investment on productivity; total factor productivity increased by 0.04% following a 1% increase in investment in economic infrastructure. 

Fedderke and Garlick (2008: 17) fear that the extent of the investment in infrastructure suggested by the ASGI-SA policy might result in detrimental macroeconomic effects. When economic evaluations of public investments are made, the distributional effects of these investments are said to be generally ignored (Duflo and Pande 2005: 2). It is important, according to Davies and Van Seventer (2006: 6), to understand distributional effects as they provide an understanding of the full impact of reforms as well as some insight into the political economy of these reforms. According to Heymens and Thome-Erasmus (1998: 663) if policy and operational interventions are purposefully implemented, the distributional effects of infrastructure can lead to poverty reduction. 

A study by the Development Bank of Southern Africa (DBSA) (2008) forecasts four levels of infrastructure investment by 2014 and assesses the impact of the different levels of investment on economic variables, poverty and distributional effects at the macro level. The DBSA (2008) study used a linked macro-microeconomic model to evaluate the extent to which poverty and unemployment can be reduced by ASGI-SA’s infrastructure investment. The results of the above-mentioned study can be further improved by use of a dynamic CGE analysis to assess economy-wide impacts of all infrastructure investment initiatives in the country. The impact of infrastructure investment that is already on the ground also needs to be assessed to explore how the possible gains from economic growth resulting from public infrastructure investment can affect the economy in the long term. 

Mabugu and Chitiga (2009) carried out a study to assess the impact of an increase in transport infrastructure investment as well as the investment in the preparation for the 2010 FIFA World Cup in South Africa. The SAM modelling tool was used in the study. The results point to the importance of continued investment in transport. The findings indicate that an extra rand will have a higher return if invested elsewhere because, on average, the aggregated SAM multipliers were found to be below the national average in terms of production, supply and household income. The middle-income households disproportionately benefit more from a unit expansion in transport demand. It is argued that there is need to be cautious with regards to what can be expected from infrastructure spending as huge infrastructure spending can lead to inefficiency if it crowds out other investment. (Mabugu and Chitiga 2009: 36). 

Jung and Thorbecke (2003) used CGE modelling to assess the human capital growth and poverty impacts of increasing public education expenditure in Tanzania and Zambia. The findings indicate that an increase in education spending results in differential gains or losses among the poor and rich across the urban-rural divide. The poor benefit more in Tanzania but the opposite is observed for Zambia. (Jung and Thorbecke 2003: 715). Jung and Thorbecke (2003: 716) argue that "similar policies in different countries may lead to different outcomes", depending on the country's technology and factor endowment structures. South Africa is faced with a serious skills shortage and a rigid labour market. It is important to evaluate the impact of public infrastructure investment on employment because, according to Jung and Thorbecke (2003: 717), the effectiveness of policies can be limited by a mismatch between labour demand and supply and by labour market inflexibility.   

Mabugu, Rakabe and Chitiga (2009) investigated the impact of increasing public infrastructure investment in South Africa. The study, using a static GCE analysis with the representative household approach, simulated 10% increases in each of the infrastructure sectors which are water, health, electricity, roads and communications (Mabugu et al 2009: 34). The results confirm that increases in infrastructure spending are beneficial to the economy because consumption and investment increase, resulting in an increase in GDP. The increase in capital for the affected sectors causes output for the respective sectors to increase. The fall in the overall price of capital is said to cause a general decrease in employment. Wages increase in the capital-intensive sectors but decrease in labour-intensive sectors resulting in differential household effects between urban and rural areas; with an overall improvement in household welfare from the investment policy. . The increase in wages in capital-intensive sectors is attributed to the relative scarcity of labour that results from the increase in capital. On the other hand the value of labour for the type of labour that is used intensively declines in labour-intensive sectors as capital increases. (Mabugu et al 2009: 34).

Although infrastructure investment is found to be beneficial for the wellbeing of the economy and of households in the above study, it is useful to have a detailed study to see its economy-wide effects over time. This can be done by using a dynamic CGE analysis. Dynamics are important because infrastructure is a long term investment. Go (1994: 231) argues that the effects of adjustments in infrastructure investment are dynamic and cannot be analysed by static CGE models. Dynamic CGE models, according to Paltsev (2004: 11), are important tools for economic policy evaluation because they enable economists to provide answers for the future and they help policy makers to make decisions about the future. These models are therefore best suited to assess the long run infrastructure investment impacts. 

The contribution of this study is thus to quantify the short and long term economy-wide impacts of public infrastructure investment in South Africa. By introducing dynamics this study takes into account the long term growth impact of public infrastructure investment. It focuses on how public infrastructure investment impacts on growth and employment creation. This gives an indication of whether investment in public infrastructure is successful in achieving economic growth with unemployment reduction which is welfare enhancing.
4. [bookmark: _Toc332024701]Methodology 
[bookmark: _Toc322334961][bookmark: _Toc322487589][bookmark: _Toc326972292][bookmark: _Toc326972405][bookmark: _Toc327271101][bookmark: _Toc332024702]Promoting infrastructure investment means increasing public expenditure on infrastructure investment. This has an impact on other investment, sectoral production of the infrastructure sectors as well as other sectors which are directly and indirectly linked to the infrastructure sectors. Costs of production can fall in some sectors and increase in others. As a result capital and labour demand, and returns to capital and wages are affected. This has an impact on household income and consumption which affect distribution and poverty. 
4.1. [bookmark: _Toc332024703]Transmission Mechanisms
[bookmark: _Toc322334963][bookmark: _Toc322487591][bookmark: _Toc326972294][bookmark: _Toc326972407][bookmark: _Toc327271103][bookmark: _Toc332024704]Public infrastructure investment affects the economy in two ways – the demand side and the supply side. On the demand side, public infrastructure investment increases public expenditure (the investment plus operation and maintenance costs). The effect of this is an increase in aggregate demand which stimulates an increase in output. Factor demand changes, which leads to changes in household income. 

[bookmark: _Toc322334964][bookmark: _Toc322487592][bookmark: _Toc326972295][bookmark: _Toc326972408][bookmark: _Toc327271104][bookmark: _Toc332024705]On the supply side, public infrastructure investment reduces the cost of production, and improves efficiency and productivity. There are three channels through which infrastructure investment affects the economy on the supply side. These are as a factor of production, as a complement to other factors of production and as a stimulus to factor accumulation (Fedderke and Garlick 2008: 4-5). Public infrastructure investment complements other factors of production in two ways; by reducing the cost of production and by raising the productivity of other inputs that go into the production process (Fedderke and Garlick 2008: 4). Reliable and adequate infrastructure like electricity and roads raises the productivity of private capital while good education and health infrastructure produce an educated and healthy workforce which raises labour productivity (Fedderke and Garlick 2008: 4) . Thus availability of infrastructure which is up to standard raises total factor productivity. In this study, infrastructure investment is treated as a complement which improves the productivity of other factors.

[bookmark: _Toc322334965][bookmark: _Toc322487593][bookmark: _Toc326972296][bookmark: _Toc326972409][bookmark: _Toc327271105][bookmark: _Toc332024706]Public infrastructure investment reduces the cost of production and improves productivity and efficiency. This affects factor demand and household income. In both cases the changes in factor demand and household income are affected by the elasticity of substitution between factors, the flexibility of the labour market and the availability of labour with the relevant skills. As a result of these complexities, the impact of infrastructure investment on factor demands and household income is not clear. There is thus need to analyse how the increase in public infrastructure investment affects the economy and households via changes in other investment, production, demand and supply in all markets and changes in factor incomes. 
4.2. [bookmark: _Toc332024707]CGE Model
[bookmark: _Toc322487595][bookmark: _Toc326972298][bookmark: _Toc326972411][bookmark: _Toc327271107][bookmark: _Toc332024708][bookmark: _Toc322334980]The Poverty and Economic Policy (PEP-1- t) standard dynamic CGE model by Decaluwé et al (2010) is adapted for use in our study. It is a recursive dynamic CGE model which means each period is solved as a static equilibrium. A dynamic model is used to capture the accumulation effects of infrastructure investment because it has long term impacts on the economy.

[bookmark: _Toc322487596][bookmark: _Toc326972299][bookmark: _Toc326972412][bookmark: _Toc327271108][bookmark: _Toc332024709]Firms are assumed to maximize profits subject to their production technology; in a perfect competitive environment. Because of profit maximisation, firms employ capital and labour until the rental rate of capital and the wage rate, respectively, each equals the value of its marginal product. Firms do not determine prices and they are price takers of prices of goods and services and factors of production.

[bookmark: _Toc322487597][bookmark: _Toc326972300][bookmark: _Toc326972413][bookmark: _Toc327271109][bookmark: _Toc332024710]There is imperfect substitution of the different types of labour which combine following a constant elasticity of substitution (CES) technology to form composite labour. To minimise labour costs, firms chose the composition of their labour based on relative wage rates. Intermediate inputs are assumed to be perfectly complementary, they cannot be substituted for one another; thus they are combined following a Leontief production function. The sectoral output of each productive activity follows a Leontief production function, combining value added and total intermediate consumption in fixed shares. Value Added is a constant elasticity of substitution (CES) combination of composite labour and composite capital. Investment is driven by savings and savings are exogenous. Capital is industry specific thus the rental rate of capital is not uniform. New capital in year t+1 is from the investment made in year t.

[bookmark: _Toc322487598][bookmark: _Toc326972301][bookmark: _Toc326972414][bookmark: _Toc327271110][bookmark: _Toc332024711]Households receive income from supplying their labour capital as well as from transfers from other agents (firms, households, government and the rest of the world). They use their income on taxes, transfers to government (in form of contributions to various social programs), transfers to other agents, for consumption and for savings. Firms receive income from capital and from other agents. They pay taxes and save. Government receives its income from household and business income taxes, payroll taxes, production taxes, indirect taxes on goods and services, and import and excise duties. The government uses its income on current expenditure on goods and services, to pay transfers to other agents and for savings. The rest of the world receives income from import payments and from capital and uses it to pay for exports and to pay transfers to domestic agents.
4.2.1. [bookmark: _Toc332024712]Extension of the PEP-1-t model
[bookmark: _Toc326972303][bookmark: _Toc326972416][bookmark: _Toc327271112][bookmark: _Toc332024713]The PEP-1-t model is adapted to reflect the South African economy. The original model assumes full employment of labour and to reflect the South African labour market reality, unemployment is incorporated in the model. To incorporate unemployment, we introduce a wage curve equation in the model and apply an unemployment elasticity of the wage equal to -0.1 as found by Kingdon and Knight (2006). To capture externalities that emanate from increasing infrastructure investment, spill over effects are modelled, which is a feature not in the original PEP-1-t model. In addition, elasticities and other data which include the Armington elasticity, elasticity for value added, price elasticity of the world demand for exports, income elasticity of consumption and population growth rate are changed by putting the South African values.
4.2.2. [bookmark: _Toc332024714]Unemployment 
Labour is disaggregated into informal, low skilled, semi skilled and high skilled workers. The South African economy is characterised by high unemployment levels. To incorporate unemployment, we introduce a wage curve equation in the model and apply an unemployment elasticity of the wage equal to -0.1 as found by Kingdon and Knight (2006). The wage curve shows a trade off between unemployment and the wage rate; and is of the form:

Where  is the wage rate,  is the scale parameter,  is the unemployment rate,  is unemployment elasticity of the wage and P is the price level. ,  Thus labour supply is the sum of labour demanded by sectors and the number of unemployed as given below: 

[bookmark: _Toc326972305][bookmark: _Toc326972418][bookmark: _Toc327271114][bookmark: _Toc332024715][bookmark: _Toc326972306][bookmark: _Toc326972419][bookmark: _Toc327271115]where  is labour supply of type  labour,  is demand for type  labour in industry  and  is the number of unemployed  for type  labour. Unemployment rates for formal labour categories, calculated from the 2005 Labour Force Survey data are 4% for high skilled labour, 29% for semi-skilled labour and 25% for low skilled labour. There is no unemployment for the informal labour.
4.2.3. [bookmark: _Toc332024716]Spill over effects
[bookmark: _Toc326972308][bookmark: _Toc326972421][bookmark: _Toc327271117][bookmark: _Toc332024717]The PEP-1-t model is also extended by incorporating spill over effects of public infrastructure investment. Additional public spending in form of infrastructure is believed to make available a factor of production in the form of a positive externality on the total productivity of the private factors of production (Dumont and Mesplé-Somps 2000:7). The externality, Dumont and Mesplé-Somps (2000:7) point out, triggers a direct positive effect on sectoral output production. Total factor productivity increases due to the externality of public infrastructure investment. This is built-into the model by adjusting the Value Added function following Perrault, Savard and Estache (2010) and using the total factor productivity elasticity with respect to aggregate infrastructure. Perrault et al (2010) specify the value added function as:

[bookmark: _Toc326972310][bookmark: _Toc326972423][bookmark: _Toc327271119][bookmark: _Toc332024719]and 

[bookmark: _Toc326972312][bookmark: _Toc326972425][bookmark: _Toc327271121][bookmark: _Toc332024721]where  is the externality or sectoral productivity effect.  is a function of the ratio of new public investment (ITPUB) over past public investment (ITPUBO {or ITPUBt-1} for the dynamic specification below) with a sector-specific elasticity . Table 3 shows the externality elasticities for South Africa from previous econometrics studies. This study extends the specification by Perrault et al (2010) by adding the time dimensions since a dynamic model is used in the current study, as opposed to the static model used by Perrault et al (2010). In addition the cumulative effect of public infrastructure investment is taken into account. To capture the cumulative impact of public infrastructure over time the sectoral value added function is specified as follows:

[bookmark: _Toc326972314][bookmark: _Toc326972427][bookmark: _Toc327271123][bookmark: _Toc332024723]where  is the sectoral productivity effect of public infrastructure spending and is specified as:

[bookmark: _Toc327271125][bookmark: _Toc332024725]and  is the sector-specific elasticity of public infrastructure spending.
[bookmark: _Toc327271126][bookmark: _Toc332024726]This specification guarantees that, even after the shocks (increases in public infrastructure investment), the positive externalities will still be present. When infrastructure is built in year  it will still be present in year , hence at any point in time, we need to account for infrastructure that was put in the previous years. In the CGE model, infrastructure investment is introduced in year 2012, 2013 and 2014; but its impact is accounted for until the last period under analysis. Infrastructure investment will thus have a positive impact on sectoral output production in the years under shocks as well as the years ahead. It is important, however, to note that though the externality is permanent; its effect is decreasing over time.  

[bookmark: _Toc327271127][bookmark: _Toc332024727]Currently, the available econometric studies that provide the externality parameters of infrastructure investment for South Africa only deal with manufacturing sectors. This study does not follow Dumont and Mesplé-Somps (2000) who postulate that the other sectors are subject to the same production technology and thus same externalities; but applies the externality on manufacturing sectors only for which data is available.
4.3. [bookmark: _Toc332024728]Data
[bookmark: _Toc322334967][bookmark: _Toc322487600][bookmark: _Toc326972317][bookmark: _Toc326972430][bookmark: _Toc327271129][bookmark: _Toc332024729]The main dataset that used in our study is the Statistics South Africa 2005 South Africa SAM; modified by Quantec. The SAM has 53 activities and 53 commodities. There are six public sector activities and commodities. Labour is disaggregated into formal and informal labour. The formal labour category is further subdivided into skilled labour, semi-skilled labour and low skilled labour. The government sectors only employ formal labour. There is only one type of capital. The SAM has 12 household groups (10 deciles with the 10th decile subdivided into 3 categories) disaggregated by income levels. Data for the basis of simulations is given above while data for unemployment rates and externalities is discussed below.
4.3.1. [bookmark: _Toc332024730]Unemployment rates
[bookmark: _Toc322334969][bookmark: _Toc322487611][bookmark: _Toc326972432][bookmark: _Toc327271131][bookmark: _Toc332024731][bookmark: _Toc322334972][bookmark: _Toc322487612]The unemployment rates per skill level are calculated based of the employment data and categorisation of levels of education into skill levels. Unemployment is lowest for workers with degrees. Relatively higher levels of unemployment are observed for people who acquired at most secondary and technical education or diplomas as compared to those with only primary education. According to Statistics South Africa (2005: 8) there were about 4.48 million unemployed people in 2005 with the following composition: 77% with secondary education, technical education or diplomas; 23% with at most primary education and 1% has degrees. This explains why the rate of unemployment is higher for the semi-skilled workers (with secondary and technical education and diplomas) than for the low skilled workers who have up to grade 7. 
4.3.2. [bookmark: _Toc332024732]Elasticities and other data
[bookmark: _Toc322334996][bookmark: _Toc322487623][bookmark: _Toc326972434]Table 3 gives the output elasticities of infrastructure on manufacturing sectors which inform are used in the model. The data is from a study by Fedderke and Garlick (2008) who summarise studies that estimated the elasticities of infrastructure investment for South Africa. Other relevant data and elasticities are from Statistics South Africa, South African Reserve Bank, National Treasury of South Africa and also from previous studies. The investment demand elasticity is 0.5 (Fedderke and Luiz 2006), elasticity for composite labour of 2 (Rattsø and Stokke 2005), CET between exports and local sales of (Behar and Edwards 2004), Armington elasticity between imports and domestic goods (De wet & van Heerden 2003), elasticity for value added, price elasticity of the world demand for exports, Frisch parameter for the LES function of -3.34 (Chitiga, Fofana and Mabugu 2011) and population growth rate (Statistics South Africa 2010)  were changed by putting the South African ones.  Other elasticities which include the CES elasticities for the production structure and CES-Armington between imports and domestic sales are in the Appendix.

Table 3: Elasticities
	[bookmark: _Toc322334997][bookmark: _Toc322487624][bookmark: _Toc326972435][bookmark: _Toc327271133][bookmark: _Toc332024733]Infrastructure Measure
	[bookmark: _Toc322334998][bookmark: _Toc322487625][bookmark: _Toc326972436][bookmark: _Toc327271134][bookmark: _Toc332024734]Total factor productivity elasticity

	[bookmark: _Toc322335001][bookmark: _Toc322487628][bookmark: _Toc326972437][bookmark: _Toc327271135][bookmark: _Toc332024735]Roads
	[bookmark: _Toc322335002][bookmark: _Toc322487629][bookmark: _Toc326972438][bookmark: _Toc327271136][bookmark: _Toc332024736]-0.45 to 2.8

	[bookmark: _Toc322335003][bookmark: _Toc322487630][bookmark: _Toc326972439][bookmark: _Toc327271137][bookmark: _Toc332024737]Railways
	[bookmark: _Toc322335004][bookmark: _Toc322487631][bookmark: _Toc326972440][bookmark: _Toc327271138][bookmark: _Toc332024738]0.18

	[bookmark: _Toc322335005][bookmark: _Toc322487632][bookmark: _Toc326972441][bookmark: _Toc327271139][bookmark: _Toc332024739]Air
	[bookmark: _Toc322335006][bookmark: _Toc322487633][bookmark: _Toc326972442][bookmark: _Toc327271140][bookmark: _Toc332024740]0.04

	[bookmark: _Toc322335007][bookmark: _Toc322487634][bookmark: _Toc326972443][bookmark: _Toc327271141][bookmark: _Toc332024741]Ports
	[bookmark: _Toc322335008][bookmark: _Toc322487635][bookmark: _Toc326972444][bookmark: _Toc327271142][bookmark: _Toc332024742]0.04

	[bookmark: _Toc322335009][bookmark: _Toc322487636][bookmark: _Toc326972445][bookmark: _Toc327271143][bookmark: _Toc332024743]Power generation
	[bookmark: _Toc322335010][bookmark: _Toc322487637][bookmark: _Toc326972446][bookmark: _Toc327271144][bookmark: _Toc332024744]0.04

	[bookmark: _Toc326972447][bookmark: _Toc327271145][bookmark: _Toc332024745]Electricity generation
	[bookmark: _Toc326972448][bookmark: _Toc327271146][bookmark: _Toc332024746]0.1-0.5

	[bookmark: _Toc322335011][bookmark: _Toc322487638][bookmark: _Toc326972449][bookmark: _Toc327271147][bookmark: _Toc332024747]Telecommunications
	[bookmark: _Toc322335012][bookmark: _Toc322487639][bookmark: _Toc326972450][bookmark: _Toc327271148][bookmark: _Toc332024748]0.07

	[bookmark: _Toc322334999][bookmark: _Toc322487626][bookmark: _Toc326972451][bookmark: _Toc327271149][bookmark: _Toc332024749]Aggregate investment
	[bookmark: _Toc322335000][bookmark: _Toc322487627][bookmark: _Toc326972452][bookmark: _Toc327271150][bookmark: _Toc332024750]0.04

	[bookmark: _Toc326972453][bookmark: _Toc327271151][bookmark: _Toc332024751]Public sector infrastructure stock
	[bookmark: _Toc326972454][bookmark: _Toc327271152][bookmark: _Toc332024752]0.15 to 0.33


[bookmark: _Toc322335013][bookmark: _Toc322487640][bookmark: _Toc326972455][bookmark: _Toc327271153][bookmark: _Toc332024753]Source: Fedderke and Garlick (2008), Fourie (2006) & Perkins, Fedderke and Luiz (2005)

4.3.3. [bookmark: _Toc332024754]Summary of South African economy in base year
[bookmark: _Toc326972457][bookmark: _Toc327271155][bookmark: _Toc332024755]A summary of the analysis of the South African economy, based on the 2005 SAM, is discussed. Because the SAM has 53 sectors, only sectors with the highest shares of capital, factors of production, household consumption, value added and import and export shares are discussed. In addition, all government sectors are also included since the focus of this study is on government infrastructure investment. The sectors contributing most to new capital investment, as informed by data from Quantec are business services; finance & insurance, wholesale & retail trade and the government economic sector[footnoteRef:3]. Demand for commodities for investment purposes is highest for building construction; machinery equipment; motor vehicles & parts & accessories and business services. Capital demand is uppermost in wholesale & retail trade; business services and finance & insurance while labour demand is high in wholesale & retail trade, finance & insurance; business services and community & social & personal services. Overall, the services sectors (wholesale & retail trade; finance & insurance; business services and community & social & personal services account for the largest contribution to household consumption and factor demand. Government education and health sectors also contribute significantly to labour demand, mainly high skilled and semi-skilled labour. The mining sectors; basic iron & steel; machinery & equipment and motor vehicles & parts & accessories have the largest export shares while other mining; machinery & equipment and motor vehicles & parts & accessories have the highest import shares. A detailed summary of the figures for the structure of the economy in the base year are given in Table 10 in the Appendix. [3:  This data was provided by Quantec together with the 2005 SAM] 


5. [bookmark: _Toc332024756]Simulations
To assess the impact of public infrastructure investment in South Africa, the following simulations are carried out. Only the economic public sector is considered for the simulations. To capture the continued increase in public infrastructure investment, shocks are introduced in three consecutive years, with the initial shock being introduced in 2012. Based on the data from the National Treasury, public capital expenditure increases by 10% in 2012, 0.8% in 2013 and 8% in 2014 (as in Table 4) in all scenarios. Three simulations are carried out to assess the impact of different forms of financing.

Business as Usual (BAU) Scenario
[bookmark: _Toc322334982]In the BAU the population grows at 1.13%, the average estimated population growth rate for South Africa, as calculated from Statistics South Africa (2011, 2010) figures. Labour supply grows at the same rate as the population index. This also applies to the current account balance, the minimum consumption of commodities in the Linear Expenditure System (LES) demand equations, government current expenditures, public investment by category and by public sector industry, and changes in inventories which are assumed to grow at the population growth rate of 1.13%. This assumption for the above variables growing at the same rate as labour supply is made so that the model simulates a regular growth path. 

Simulation 1: 
No financing mechanism in place; there will be reallocation of capital from private to the public sector. Government current expenditure adjusts by the rate of population growth to cater for maintenance of infrastructure

Simulation 2: 
In this experiment the increase in public infrastructure is financed by an increase in tax on firms. The tax rate on companies in South Africa was increased by 12% in 2012. Thus the tax rate on firms adjusts to provide enough funds to finance the increase in public infrastructure. 

Simulation 3: 
–	Financed by a combination of an increase in the tax rate on firms and an increase in government budget deficit

5.1. [bookmark: _Toc332024757]Summary of simulation 
Table 4: Summary of Simulations
	
	Simulation description
	Impact

	All simulations
	Capital investment of the Public Economic sector increases (as informed by data from the National Treasury) by:
10 % in 2012; 0.8% in 2013 and 8% in 2014
Government current account increases by the rate of population growth to cater for maintenance of new infrastructure 
	Overall, mixed financing produces relatively better outcomes than either deficit financing or increasing the direct tax rate on firm income

	Simulation 1
	No financing mechanism-infrastructure investment is financed by an adjustment in government deficit
	

	Simulation 2
	Total government deficit is exogenous and financing of infrastructure investment is through direct taxation of firm income (an adjustment variable is put on the tax rate of firm income in order to raise enough funds to finance infrastructure
	

	Simulation 3
	Mixed financing of the infrastructure investment (government current account is endogenous and the direct tax rate on firm income increases by 12% in years 12 to 14 
	


Source: Authors’ explanations
5.2. [bookmark: _Toc332024758]Closures
The current account balance, minimum consumption of commodity i by type household h, government current expenditure, capital demand, new capital investment in public sectors, inventory changes, labour supply are exogenous. World price of imports and exports are also exogenous because South Africa is a small economy which has no influence on world prices. The exchange rate is the numeraire. The government global deficit (the difference between government income and government expenditure current and investment expenditure) is fixed for simulation 2.








6. [bookmark: _Toc332024759]Results

6.1. [bookmark: _Toc332024760]Macro Results
The macroeconomic results indicate that increasing public infrastructure investment has an overall positive impact on the economy. GDP increases relative to the BAU level for all 3 simulations. Table 5 shows that financing the increase in public infrastructure investment through a combination of taxation and government deficit yields better results for GDP in the short and long run; relative to the other financing mechanisms. Deficit financing gives relatively better immediate results (years 2012 to 2014 in which the shocks are applied).  The least favourable outcomes in all time periods result from financing infrastructure investment through taxation only. This is probably because adjusting the tax rate on firms’ income requires firms to save more in order to contribute to investment. Indeed the short run and long run results indicate that firms save more under this scenario. 
 
Table 5: Macro Results (% change from BAU)
	
	Simulation
	2012
	2013 
	2014
	2017 (Short Run)
	2030 (Long Run)

	GDP
	1 (deficit financing)
	0.29
	0.28
	0.33
	0.13
	0.17

	
	2 (taxation)
	0.23
	0.25
	0.30
	0.17
	0.16

	
	3 (mixed financing)
	0.11
	0.13
	0.20
	0.20
	0.22

	CPI
	1
	-0.09
	-0.06
	-0.21
	-0.28
	-0.21

	
	2
	-0.19
	-0.14
	-0.31
	-0.26
	-0.15

	
	3
	-0.38
	-0.39
	-0.57
	-0.38
	-0.28

	Imports
	1
	0.35
	0.31
	0.61
	0.56
	0.33

	
	2
	0.40
	0.36
	0.68
	0.56
	0.27

	
	3
	0.49
	0.51
	0.87
	0.71
	0.41

	Exports
	1
	0.58
	0.52
	1.00
	0.91
	0.58

	
	2
	0.65
	0.59
	1.10
	0.93
	0.47

	
	3
	0.77
	0.81
	1.39
	1.17
	0.71

	Consumption
	1
	0.35
	0.31
	0.45
	0.30
	0.36

	
	2
	0.15
	0.22
	0.34
	0.41
	0.35

	
	3
	-0.20
	-0.17
	0.02
	0.48
	0.47

	Firm Income
	1
	0.21
	0.22
	0.29
	0.16
	0.08

	
	2
	-0.62
	-0.29
	-0.32
	0.49
	0.29

	
	3
	-2.13
	-2.12
	-2.05
	0.17
	0.07


Source: Authors’ calculations from simulation results.

The results for the Consumer Price Index (CPI) indicate that increasing public infrastructure investment has an overall positive impact on the economy. CPI declines relative to the BAU scenario both in all time periods. Financing the increase in public infrastructure investment through a combination of an increase in the tax rate on firm income and an increase in government budget deficit gives the strongest impacts in terms of the decline in CPI in all time periods. Deficit financing produces relatively the least favourable results in the period when shocks are applied while financing through taxation produces the least favourable short run and long run results.  Increasing infrastructure investment impacts positively on the growth of the economy as indicated by GDP results above. The growth of the economy triggers an increase in imports to meet higher production levels. Exports also increase to offset the deterioration of the current account balance which is fixed in the model. The highest increases in both imports and exports, in all time periods, are obtained from mixed financing.

The growth in public investment expenditure is higher relative to the BAU rate, only in the period of the shock and is below the BAU level in the short run but more or less goes back to the BAU level in the long run. 

Figure 2: Public investment expenditure
 
Source: Authors calculations from simulation results

This is because new capital investment in the public sectors is assumed fixed in the model. Thus real public investment expenditure remains at the BAU level except in the periods of the shocks. The results are given in Figure 2. Overall, private investment expenditure grows at a higher rate relative to that of the BAU situation. The increase in public infrastructure investment in simulations 1 and 2 has a dampening effect on private investment immediately after the shocks. This indicates, as shown in Figure 3, some degree of crowding out of private investment. Figure 3 indicates that funding infrastructure through mixed financing gives the most favourable outcome for private investment.
Figure 3: Private Investment Expenditure 

Source: Authors calculations from simulation results
Generally, growth in total investment in all simulations is higher relative to the BAU path as given in Figure 4. However, slower growth is realised when infrastructure investment is financed by increasing government deficit or by adjusting the tax rate on firm income, particularly in the periods of shocks. 

Figure 4: Total investment 

Source: Author’s calculations from simulation results

This is attributed to the decline in private investment (which is the larger component of total investment) over the same period. On the other hand, mixed financing yields the best results in terms the increase in total investment relative to the BAU scenario in all time periods. 

6.2. [bookmark: _Toc332024761]Sectoral Analysis

[bookmark: _Toc327271166][bookmark: _Toc332024762]Output Production
Following the increase in new capital investment for the public economic sector, there is an increase in demand for capital in this sector. As more capital comes into this sector, output production increases. Output for the public economic sector increases more relative to the other public sectors. The demand for commodities used by the public economic sector as intermediates increases. This is true especially for the sectors which have the strongest forward linkages with the public economic sector; particularly Construction, Other transport equipment and Professional and scientific equipment. It is, however, the sectors that supply intermediate inputs to Construction and Other transport equipment that record higher increases in output relative to BAU values. These include Nonmetallic minerals, Basic nonferrous metals, Metal products excluding machinery and Electrical machinery. The greater proportion of consumption of these commodities is for intermediated use as follows: Wood and wood products (87%), Nonmetallic minerals (91%), Basic nonferrous metals (62 %), Metal products excluding machinery (67%), and Electrical machinery (55%). The increase in ouput production leads to a decline in prices for some commodities. 

There is an overall decline in prices for the industry sectors. As supply of the commodities increases, price has to fall in order for equilibrium in the market to be maintained. This decrease in producer prices makes it less profitable for firms to produce. However, despite the fall in the prices of some commodities, all sectors increase production relative to the BAU because, on the other hand, there is an overall decline in the cost of production which makes it less costly to produce.  Results for sectoral output production shows that overall, there are no outright losers in all simulations. Figure 5 gives results for sectoral output production for the mixed financing scenario, which has the highest percentage changes in sectoral output production relative to BAU levels. Results for the other 2 simulations are given in Figure 6 and Figure 7 in the Appendix. The least gains in the immediate and short run periods are obtained from deficit financing while finacing through taxation gives the least gains in the long run.





Figure 5: Changes in output for the mixed financing scenario for selected sectors (% change from BAU)

Source: Author’s calculations from simulation results
[bookmark: _Toc332024763]Factors of Production

Unemployment rate and wage rate
Labour demand increases, relative to the BAU, for the government economic sector as well as other public sectors; for all fornal labour categories. In general, labour demand increases relative to the BAU situation in Agriculture forestry and fishing, all mining sectors, all services sectors and all public sectors. Changes in demand for labour will be discussed more below. The increase in demand for labour results in a decline in the level of unemployment. As the unemployment rate changes, the wage rate in general moves in the opposite direction because of the trade off between unemployment and wages. The changes in the unemployment rate and the wage rate, for the periods of shocks as well as short and long run periods, are given in Table 6. The base year unemployment rates which were calculated from 2005 Labour Force Survey are 0.04, 0.29 and 0.25; respectively for high skilled labour (LABHI), semi skilled labour (LABSK) and low skilled labour (LABSK). We have indexes of the wage - all wages are equal to one at the base year.

However because unemployment is not modelled for informal labour, there is substitution of informal labour for formal labour particularly in the period when shocks are introduced. As a result the wage rate does not respond to the changes in unemployment as expeted in some instances. Unskilled, low skilled, semi skilled and high skilled labour are assumed to be substitutes following Rattsø and Stokke (2005). 
Table 6: Changes in wage rate and unemployment
	
	Simulation
	2012
	2013
	2014
	Short run
	Long run

	Unemployment Rate 

	UN_LABHI
	1
	-2.60
	-2.36
	-3.12
	-1.74
	-2.40

	
	2
	-2.95
	-2.73
	-3.62
	-1.82
	-1.87

	
	3
	-3.60
	-3.79
	-4.95
	-2.98
	-3.30

	UN_LABSK
	1
	-1.28
	-1.18
	-1.52
	-0.72
	-0.89

	
	2
	-1.41
	-1.32
	-1.71
	-0.75
	-0.69

	
	3
	-1.66
	-1.73
	-2.23
	-1.19
	-1.22

	UN_LABLS
	1
	-0.33
	-0.24
	-0.32
	-0.37
	-1.10

	
	2
	-0.51
	-0.42
	-0.57
	-0.41
	-0.85

	
	3
	-0.84
	-0.95
	-1.23
	-0.97
	-1.58

	Wage Rate 

	W_LABHI
	1
	0.17
	0.18
	0.10
	-0.10
	0.03

	
	2
	0.11
	0.14
	0.06
	-0.07
	0.04

	
	3
	-0.01
	0.00
	-0.07
	-0.08
	0.06

	W_LABSK
	1
	0.04
	0.06
	-0.06
	-0.21
	-0.13

	
	2
	-0.05
	-0.01
	-0.14
	-0.18
	-0.08

	
	3
	-0.21
	-0.21
	-0.35
	-0.26
	-0.16

	W_LABLS
	1
	-0.06
	-0.04
	-0.18
	-0.24
	-0.10

	
	2
	-0.14
	-0.10
	-0.25
	-0.22
	-0.07

	
	3
	-0.29
	-0.29
	-0.45
	-0.29
	-0.12


Source: Simulation results

[bookmark: _Toc332024764]Capital Demand

Simulation 1
Capital demand declines roughly until year 2026 most of the sectors. These include Food, Beverages and tobacco, Textiles, Wearing apparel, Footwear, Wood and wood products, Paper and paper products, Printing and publishing and recorded media, Coke and refined petroleum products, Basic chemicals, Other chemicals and manmade fibres, Plastic products, Glass and glass products, Nonmetallic minerals, Electrical machinery, Motor vehicles and parts and accessories, Furniture and Other industries. The decline in demand for capital in these sectors could be as a result of the crowding out of private investment. Recovery of the economy from the dampening effect of crowding out is realised in the long run, roughly after year 2026 when all sectors generally record an increase in capital demand relative to the BAU level. For the remaining sectors demand for capital generally increases in all time periods relative to BAU values.  

Simulation 2
The results are more or less similar to the deficit financing scenario above. However financing through taxation gives better short run results but less favourable results in the long run in terms of changes in capital demand relative to BAU levels; when compared to the deficit financing.

Simulation 3
Mixed financing yields better results than the other two scenarios for the changes in capital demand. In this simulation, demand for capital declines relative to the BAU values only in the Food, Beverages and tobacco, Textiles, Paper and paper products, Coke and refined petroleum products, Other chemicals and manmade fibres and Other industries sectors. As a result, comparatively better sectoral outcomes for output production are observed for this simulation as discussed above.
[bookmark: _Toc332024765]Labour Demand
Across all formal labour categories, aggregate demand for labour for each labour type increases in all time periods for all simulations. However this is not the same for sectoral labour demand. Some sectors experience an increase in demand for labour while others record a decline. In general, all the sectors that experience a decline in demand for capital also experience a decline in demand for labour. This is because it is assumed that labour categories can be substituted for one another. Thus in addition to getting labour from the pool of the unemployed, sectors whose labour demand increases also attract labour from other sectors. The sectors that record an increase in demand for labour in all time periods are Coal, Other mining, Electricity gas and steam, Water supply, Wholesale and retail trade, Catering and accommodation services, Communication, Finance and insurance, Business services and Medical dental other health and veterinary services. This is observed in all simulations. Mixed financing largely gives relatively better outcomes for the changes in sectoral labour demand when compared to the other two scenarios. Firms are worse off under firm taxation financing scenario in terms of the changes in labour demand.
[bookmark: _Toc327271169][bookmark: _Toc332024766]Household income 
The net effect of the general increase in demand for labour and capital in some sectors and a decline in others is a decrease in income for poorer households and an increase in income for middle income and rich households. Household deciles 1 and 2 suffer the worst impacts particularly under the mixed financing as income declines relative to BAU levels almost in all time periods. Income for poorer households declines more because these household groups receive the largest proportion of their income from low skilled labour; whose income falls by the biggest magnitude relative to other labour skill levels. The poorest households also receive a very small proportion of capital income; which is negatively affected by the shocks to a lesser extent than labour income. Financing infrastructure investment through government budget deficit yields relatively better immediate outcomes in terms of the change in household income across all household groups. Better short run results are observed from tax financing and the favourable long run results are observed from the mixed financing scenario. The deficit financing scenario gives the least favourable results in both the short run and long run periods.

[bookmark: _Toc327271170][bookmark: _Toc332024767]Firm Income     
Income for firms increases above the BAU rate immediately after the shocks for the deficit financing and for all three scenarios in the short and long run periods. The percentage changes from BAU values are given in Table 7. The results for firm income are influenced by the price of capital. Firm capital income, which forms the larger component of firm income, is a function of the rental rate of capital. The rental rate of capital increases relative to the BAU mostly in the period of the shocks for the deficit financing across sectors. The highest percentage increases in the rental rate from BAU values are recorded for the tax financing in the short run and long run periods. The mixed financing scenario yields the least favourable immediate outcomes for the change in the rental rate relative to BAU values. Consequently firm income increases relative to BAU level for the deficit financing immediately after shocks and declines in the other two scenarios; with the worst outcome recorded for the mixed financing. Likewise, the highest increase in firm income relative to BAU values is observed under the tax financing scenario both in the short and long run periods. 

Table 7: Changes in firm income (% change from BAU)
	Simulation
	2012
	2013
	2014
	Short run
	Long run

	1
	0.21
	0.22
	0.29
	0.16
	0.08

	2
	-0.62
	-0.29
	-0.32
	0.49
	0.29

	3
	-2.13
	-2.12
	-2.05
	0.17
	0.07


Source: Simulation results




7. [bookmark: _Toc332024768]Conclusion
This study analysed the impact of increasing infrastructure investment in South Africa, financing the infrastructure investment in three different ways. In the first scenario there is no financing mechanism; the government deficit adjusts to fund the increase in public infrastructure investment. In the second scenario the infrastructure investment is financed by letting the direct tax rate on firm income adjust to create enough revenue to finance the expansion in infrastructure investment. In the third and final scenario, a combination of an increase in the direct tax rate on firm income and an increase in government deficit is used to finance the public infrastructure investment increase.
 
This study concludes, based on the results obtained, that increasing public infrastructure investment is in general beneficial for the South African economy. GDP increases while the price level declines in comparison to the BAU path for all time periods, in all scenarios. Firm income increases in the short and long run periods irrespective of the financing mechanism. Unemployment falls relative to the BAU path and the wage rate more or less responds as expected, rising as unemployment falls and falling as unemployment rises from one year to the other. Even though household income falls for the poor households, consumption by households increases due to the decrease in the price level. The results indicate that financing public infrastructure investment through a combination of mechanisms yields better result, especially in the short run and long run. 
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Figure 6: Simulation 1

Source: Author’s calculations from simulation results
Figure 7: Simulation 2

Source: Author’s calculations from simulation results
Table 8: Armington elasticity, Value Added elasticity and investment by sector
	
	Armington Elasticity
	Value Added
	New Capital Investment
	
	Armington Elasticity
	Value Added
	New Capital Investment

	Agriculture forestry and fishing               
	0.318
	0.74
	6108
	Motor vehicles and parts and accessories       
	0.71
	0.66
	9030

	Coal mining                                    
	1.423
	0.38
	2096
	Other transport equipment                      
	1.37
	0.91
	288

	Gold and uranium ore mining                    
	0.94
	0.42
	1793
	Furniture                                      
	0.75
	0.58
	83

	Other mining                                   
	1.14
	0.29
	11139
	Other industries                               
	0.43
	0.66
	4495

	Food                                           
	0.68
	0.34
	4926
	Electricity gas and steam                      
	0.94
	0.26
	11044

	Beverages and tobacco                          
	0.73
	0.66
	2065
	Water supply                                   
	
	0.173
	2525

	Textiles                                       
	1.24
	0.66
	771
	Building construction                          
	1.57
	1.05
	5325

	Wearing apparel                                
	0.68
	0.78
	203
	Wholesale and retail trade                     
	0.94
	0.74
	17013

	Leather and leather products                   
	1.83
	1.02
	68
	Catering and accommodation services            
	0.94
	0.5
	1632

	Footwear                                       
	0.94
	0.81
	35
	Railway transport                              
	1.17
	0.66
	6400

	Wood and wood products                         
	0.37
	0.38
	311
	Road transport                                 
	1.17
	0.66
	5332

	Paper and paper products                       
	1.37
	0.36
	2772
	Transport via pipeline                         
	
	0.66
	124

	Printing and publishing and recorded media     
	0.42
	0.61
	1303
	Water transport                                
	1.17
	0.66
	2021

	Coke and refined petroleum products            
	0.47
	0.28
	3887
	Air transport                                  
	1.17
	0.66
	3138

	Basic chemicals                                
	0.56
	0.83
	7609
	Transport support services                     
	1.17
	0.66
	2992

	Other chemicals and manmade fibres             
	0.71
	0.27
	2151
	Communication                                  
	0.94
	1.45
	15430

	Rubber products                                
	1.135
	0.85
	435
	Finance and insurance                          
	0.94
	0.34
	32960

	Plastic products                               
	0.94
	0.73
	622
	Business services                              
	0.98
	0.29
	35688

	Glass and glass products                       
	0.35
	0.72
	537
	Medical dental other health and veterinary serv
	1.05
	0.35
	3963

	Nonmetallic minerals                           
	0.94
	0.69
	1502
	Community social and personal services         
	0.65
	0.66
	3073

	Basic iron and steel                           
	0.94
	1.01
	2073
	Government General administration              
	
	0.66
	3805

	Basic nonferrous metals                        
	0.94
	0.81
	1387
	Government Defence                             
	
	0.66
	4178

	Metal products excluding machinery             
	0.85
	0.91
	1994
	Government Education                           
	
	0.66
	3799

	Machinery and equipment                        
	1.07
	0.77
	1469
	Government Health                              
	
	0.66
	5457

	Electrical machinery                           
	0.94
	0.66
	330
	Government Social                              
	
	0.66
	3352

	Television radio and communication equipment   
	0.91
	0.83
	91
	Government Economic                            
	
	0.66
	15641

	Professional and scientific equipment          
	0.99
	0.77
	154
	
	
	
	

	
	Source: De wet & van Heerden (2003)
	Source: Statistics South Africa 2005 SAM
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Table 9: Full SAM Analysis
	
	Capital Investment
	Investment Demand
	Consumption 
	CAP
	LABHI
	LABSK
	LABLS
	LABINF
	Value added
	Export share
	Import share
	Factor Intensity (Labour/Capital)

	CAGRI
	2.4
	0.0
	2.1
	3.6
	0.8
	2.0
	2.7
	3.0
	2.7
	4.1
	1.1
	0.5

	CCOAL
	0.8
	0.0
	0.0
	1.7
	0.8
	0.7
	2.4
	0.4
	1.4
	5.0
	0.3
	0.7

	CGOLD
	0.7
	0.0
	0.0
	0.5
	2.0
	1.0
	4.3
	0.7
	1.3
	6.6
	0.0
	4.2

	COTHM
	4.3
	0.0
	0.0
	6.3
	2.1
	1.3
	5.7
	0.9
	4.3
	12.8
	11.1
	0.4

	CFOOD
	1.9
	0.0
	14.1
	1.9
	1.6
	1.7
	3.0
	1.9
	1.9
	2.4
	2.5
	1.1

	CBEVT
	0.8
	0.0
	6.5
	1.7
	0.7
	0.5
	0.9
	0.5
	1.2
	2.3
	0.4
	0.4

	CTEXT
	0.3
	0.0
	1.1
	0.2
	0.3
	0.3
	0.5
	0.3
	0.3
	0.7
	1.2
	1.6

	CAPPA
	0.1
	0.0
	3.8
	0.2
	0.3
	0.6
	1.0
	0.7
	0.4
	0.5
	1.3
	3.7

	CLEAT
	0.0
	0.0
	0.2
	0.1
	0.0
	0.1
	0.1
	0.1
	0.1
	0.4
	0.3
	0.8

	CFOOT
	0.0
	0.0
	1.1
	0.1
	0.0
	0.1
	0.1
	0.1
	0.1
	0.0
	0.7
	1.0

	CWOOD
	0.1
	0.2
	0.0
	0.3
	0.4
	0.5
	1.3
	0.7
	0.5
	0.6
	0.5
	2.5

	CPAPR
	1.1
	0.0
	0.2
	0.7
	0.6
	0.5
	0.6
	0.5
	0.6
	1.5
	1.0
	0.8

	CPRNT
	0.5
	0.0
	0.6
	0.1
	1.1
	0.8
	0.6
	0.7
	0.5
	0.2
	1.1
	8.4

	CPETR
	1.5
	0.0
	4.0
	2.6
	0.4
	0.2
	0.2
	0.2
	1.4
	2.6
	1.3
	0.1

	CBCHM
	3.0
	0.0
	0.2
	1.3
	0.7
	0.6
	0.8
	0.6
	1.0
	4.6
	4.3
	0.6

	COCHM
	0.8
	0.0
	3.8
	1.1
	1.6
	1.0
	1.3
	1.0
	1.2
	2.1
	3.9
	1.2

	CRUBB
	0.2
	0.1
	0.4
	0.1
	0.3
	0.2
	0.4
	0.2
	0.2
	0.5
	0.9
	2.5

	CPLAS
	0.2
	0.0
	0.1
	0.4
	0.8
	0.6
	1.8
	0.9
	0.7
	0.4
	0.7
	2.7

	CGLAS
	0.2
	0.0
	0.0
	0.2
	0.1
	0.1
	0.2
	0.2
	0.2
	0.2
	0.3
	1.0

	CNMMP
	0.6
	0.1
	0.1
	0.9
	0.3
	0.2
	0.7
	0.3
	0.6
	0.5
	0.9
	0.4

	CIRON
	0.8
	0.0
	0.0
	1.5
	0.6
	0.7
	1.5
	0.8
	1.2
	10.5
	1.2
	0.6

	CNFRM
	0.5
	0.0
	0.0
	1.1
	0.2
	0.2
	0.4
	0.2
	0.7
	2.9
	1.1
	0.2

	CMETP
	0.8
	3.2
	0.1
	0.7
	1.7
	1.3
	1.2
	1.1
	1.1
	1.8
	1.7
	2.2

	CMACH
	0.6
	19.2
	0.4
	0.5
	1.2
	1.1
	1.2
	1.0
	0.8
	7.1
	12.8
	2.3

	CELMA
	0.1
	4.8
	0.7
	0.3
	0.6
	0.6
	0.8
	0.6
	0.5
	1.0
	2.2
	2.0

	CCOME
	0.0
	3.5
	0.7
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.9
	5.3
	1.3

	CSCIE
	0.1
	0.0
	1.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.9
	2.4
	0.9

	CVEHI
	3.5
	12.0
	5.8
	1.6
	1.9
	1.7
	2.0
	1.6
	1.7
	6.7
	15.3
	1.2

	CTRNE
	0.1
	0.8
	0.2
	0.1
	0.4
	0.3
	0.3
	0.3
	0.2
	0.7
	3.2
	3.6

	CFURN
	0.0
	1.5
	1.3
	0.1
	0.2
	0.4
	0.5
	0.4
	0.2
	1.7
	0.6
	3.1

	COTHI
	1.8
	8.0
	3.6
	2.3
	0.5
	0.6
	0.6
	0.5
	1.4
	1.9
	3.0
	0.3

	CELEG
	4.3
	0.0
	2.2
	2.4
	1.8
	1.1
	1.9
	0.8
	1.9
	0.1
	0.0
	0.7

	CWATR
	1.0
	0.0
	0.4
	0.5
	0.3
	0.2
	0.5
	0.2
	0.4
	0.0
	0.0
	0.6

	CCONS
	2.1
	35.0
	0.0
	2.2
	2.0
	0.9
	5.9
	8.2
	2.5
	0.0
	0.1
	1.3

	CTRAD
	6.6
	1.4
	2.6
	14.2
	12.5
	13.7
	8.1
	29.4
	13.5
	1.0
	0.1
	1.0

	CHCAT
	0.6
	0.0
	2.8
	1.4
	0.8
	0.9
	0.5
	1.9
	1.1
	1.5
	2.5
	0.6

	CRAIL
	2.5
	0.0
	0.1
	0.6
	0.3
	1.0
	1.0
	0.0
	0.7
	0.6
	0.3
	1.3

	CROAD
	2.1
	0.1
	5.5
	3.8
	1.1
	3.5
	3.6
	8.6
	3.4
	1.9
	0.4
	0.8

	CPIPE
	0.0
	0.0
	0.0
	0.1
	0.0
	0.0
	0.0
	0.0
	0.1
	0.0
	0.0
	0.2

	CWTRT
	0.8
	0.0
	0.0
	0.6
	0.1
	0.3
	0.3
	0.2
	0.4
	0.5
	2.8
	0.3

	CAIRT
	1.2
	0.0
	0.0
	0.1
	0.1
	0.3
	0.3
	0.0
	0.1
	0.7
	2.2
	2.3

	COTHT
	1.2
	0.0
	0.2
	1.9
	0.5
	1.6
	1.6
	2.3
	1.6
	0.8
	1.2
	0.7

	CCOMM
	6.0
	0.0
	4.5
	5.5
	3.0
	2.2
	1.2
	3.8
	3.9
	2.2
	2.0
	0.4

	CFINS
	12.8
	0.0
	2.4
	10.1
	14.2
	6.9
	1.8
	9.1
	9.2
	0.6
	1.4
	0.9

	CBUSS
	13.9
	10.1
	11.1
	16.3
	9.9
	5.7
	2.8
	8.2
	11.3
	4.6
	2.0
	0.4

	CMAOS
	1.5
	0.0
	7.1
	2.3
	2.3
	3.1
	1.2
	1.5
	2.3
	0.1
	0.2
	1.1

	COTHP
	1.2
	0.0
	8.8
	1.8
	1.5
	1.4
	21.6
	5.2
	4.0
	1.2
	2.3
	3.6

	CGOVGA
	1.5
	0.0
	0.0
	1.0
	8.2
	11.3
	3.2
	0.0
	4.5
	0.0
	0.0
	8.3

	CGOVDEF
	1.6
	0.0
	0.0
	0.5
	1.4
	1.9
	0.5
	0.0
	1.0
	0.0
	0.0
	2.6

	CGOVEDUC
	1.5
	0.0
	0.0
	1.6
	10.3
	14.1
	4.0
	0.0
	5.9
	0.0
	0.0
	6.4

	CGOVHLTH
	2.1
	0.0
	0.0
	0.3
	4.0
	5.4
	1.5
	0.0
	2.1
	0.0
	0.0
	15.0

	CGOVSOC
	1.3
	0.0
	0.0
	0.3
	1.7
	2.4
	0.7
	0.0
	1.0
	0.0
	0.0
	6.3

	CGOVECN
	6.1
	0.0
	0.1
	0.1
	1.4
	1.9
	0.5
	0.0
	0.8
	0.0
	0.0
	10.3

	Total
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	 


Source: SAM
Unemployment rate	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	22.89	16.71	19.321000000000005	20.952000000000002	25.196999999999999	23.346	23.3	26.2	26.6	24.7	23.1	23.5	22.1	21	21.8	24.2	24	23.9	GDP	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	3.2	3.1	4.3	2.6	0.5	2.4	4.2	2.7	3.7	2.9	4.5999999999999996	5.3	5.6	5.5	3.6	-1.5	2.9	3.1	Public GFCF	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	3.5721166954466961	3.745872929413633	4.0638981955224134	4.2671522463548355	5.1543217206787855	4.2050747011434204	3.7924430757128933	3.5014677930464142	3.7067731267603596	4.1579265225365658	4.3005903519998885	4.2955746421892655	4.7890419083357996	5.7964269500589607	6.8652412853562303	7.6632802298396365	7.2249183060312472	7.2079077137979857	GDP growth (%) and GFCF as % of GDP
Unemployment rate
BAU	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	38759.155142278942	39197.133595386673	39640.061205014536	40087.993896631175	40540.988227663147	40999.101394635669	41462.39124039514	41930.916261411607	42404.735615165555	42883.909127616927	43368.497300758994	43858.561320257584	44354.163063176486	44855.365105790384	45362.230731485826	45874.823938751586	46393.209449259521	46917.452716036212	47447.619931727371	47983.778036955897	SIM1	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	38759.155142260934	40713.664831638169	39616.562290891285	41188.004684101426	40298.95297764639	40773.467150572258	41251.731446066071	41733.977660016375	42220.415151776411	42711.233536990396	43206.605248078202	43706.687890087625	44211.626362183524	44721.554739815227	45236.597926619652	45756.873092616195	46282.490918701573	46813.556668499616	47350.1711081795	47892.431293631314	SIM2	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	38759.15514226145	40719.722092140728	39615.439228397743	41184.989789847183	40286.514326513585	40763.879605314483	41244.768063903124	41729.419479850963	42218.05200685851	42710.86458425843	43208.039278750002	43709.743470217363	44216.131841027185	44727.348155921019	45243.526835571371	45764.794335643754	46291.27034762827	46823.06883945514	47360.298954046382	47903.065783176724	SIM3	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	38759.155142260905	40730.493492728594	39619.681529063586	41178.403922509344	40262.282832740952	40739.987027748954	41221.214938561905	41706.218230221391	42195.224036396809	42688.437807528891	43186.046060995941	43688.218933043041	44195.112488141625	44706.870773728813	45223.627626576526	45745.508246907542	46272.630561135527	46805.106395773932	47343.042484894781	47886.541332315326	
R million
BAU	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	235759.7362897761	238423.82130985049	241118.01049065168	243842.64400919623	246598.06588650015	249384.62403101771	252202.67028256852	255052.56045676122	257934.65438992271	260849.31598452877	263796.91325515398	266777.81837493659	269792.40772257402	272841.06192983914	275924.16592964571	279042.10900465114	282195.28483640397	285384.09155505535	288608.93178962817	291870.21271885035	SIM1	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	235759.73629009805	235012.96352363928	239183.46871489222	241543.60790237653	248581.14550444781	251386.02908062548	254213.31633177001	257064.56307556157	259941.21419165371	262844.60271791316	265775.95464145957	268736.39674400585	271726.96586292621	274748.61855969788	277802.2405905113	280888.65583343059	284008.63449364982	287162.90051459731	290352.13818872225	293576.99800111452	SIM2	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	235759.73628992811	237004.32621521625	240478.09674983611	243148.76788420277	247905.19796738774	250678.75036036057	253478.67592257311	256306.16073549644	259162.32291593196	262048.206117931	264964.77939355728	267912.94070651289	270893.52240757062	273907.29761425976	276954.9868406062	280037.26448273048	283154.76493458182	286308.08821691625	289497.8050719017	292724.46151903836	SIM3	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	235759.7362900986	240619.69219497961	245056.82664816405	247687.77784583936	249182.07780945103	251971.80714164989	254783.12875938564	257617.7949284027	260477.42192545923	263363.49012955191	266277.35075734713	269220.23603795492	272193.27087613015	275197.48482664541	278233.82368868199	281303.1603376937	284406.30460782122	287544.01216049714	290716.99234957231	293925.91513655992	R million
BAU	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	289053.50932337128	292319.8139787254	295623.02787668433	298963.56809169089	302341.85641112708	305758.31938857405	309213.38839766377	312707.49968655838	316241.09443301643	319814.61880010774	323428.52399254992	327083.26631366642	330779.30722301005	334517.11339463014	338297.15677598864	342119.91464755888	345985.8696830768	349895.51001049462	353849.32927361428	357847.82669440494	SIM1	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	289053.50932366721	290388.59415623883	293630.59892564808	297699.79858812841	304018.65077958355	307472.6384823402	310954.55972822965	314466.24675697659	318009.39228757547	321585.55329774116	325196.15978772665	328842.52596900793	332525.86232661689	336247.28762990172	340007.84036076406	343808.48927792173	347650.14299288654	351533.6585307215	355459.84890681173	359429.48978388892	SIM2	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	289053.50932349823	292382.03606728942	294919.96306082106	299296.32441031822	303328.17831146932	306754.59611015802	310212.6327421036	313703.75971105241	317229.35286807152	320790.69037872064	324388.95636166126	328025.24757279491	331700.58153104596	335415.90511107026	339172.10302209551	342970.00584147696	346810.39742966695	350694.02165298001	354621.58840203186	358593.77893048554	SIM3	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	289053.50932366762	296000.9491481476	299490.97683688789	303813.59493311396	304569.23013683321	308011.99631205347	311481.62473213259	314980.16670508467	318509.50598409504	322071.36404794158	325667.31123152765	329298.78058894031	332967.08263649285	336673.41989331122	340418.90061340155	344204.55139993789	348031.32857647777	351900.12830189889	355811.79548148764	359767.13156229886	
R million
NFRM	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	1.4168666240266256E-10	1.5891857693631553	1.6257476838700047	2.813342262234797	2.5900664490653869	2.3892461611113798	2.2051163931822164	2.035969882315269	1.8803017902187635	1.7367877823719402	1.6042627888319005	1.4817012313639741	1.3681990819562897	1.2629578667521901	1.16527058222089	1.0745094081777262	0.99011506079833556	0.91158761273295563	0.83847860679873165	0.77038429810667453	MACH	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	1.3768985951401197E-10	1.5280900010470111	1.5672420311907411	2.5516380867467654	2.1653494039613586	2.0166031312588637	1.8789472377074956	1.7512645438913399	1.6325723293803001	1.5220088775592222	1.4188197085889476	1.3223443489965403	1.2320040875289926	1.1472909227775221	1.0677577598626975	0.99300982581878039	0.92269722424078726	0.85650852535816835	0.79416527866060793	0.7354173356890481	SCIE	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	1.3993251002375481E-10	1.2912855425219583	1.3167664254284617	2.3545619777376015	2.2624538139861317	2.0880278541013384	1.9283735634829882	1.7818888520688914	1.6471808444176841	1.5230385117527723	1.4084079356807557	1.3023703771989801	1.2041230894761499	1.1129626911663637	1.0282708604642421	0.94950209133872754	0.87617325638464938	0.80785473575832878	0.74416289279348746	0.6847537004463834	CONS	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	1.3125056597118608E-10	1.8337857325896987	1.8739440785946468	2.795722864694139	2.0233296089036577	1.8817845242585343	1.7509633239751519	1.6298429085454869	1.517518556782127	1.4131899724744597	1.3161486707862438	1.2257666418664876	1.1414862364052425	1.062811207182812	0.98929882730882679	0.92055299572506555	0.85621823537642694	0.79597448887873679	0.73953261949260007	0.68663053072923752	GOVGA	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	4.7339909770016714E-11	1.1731671564615411	1.1768148258890057	1.2808374287998969	0.22788356662211126	0.21647964754141219	0.20669828705490725	0.19828365543759222	0.19100603080071113	0.18466329810042931	0.17908040743077616	0.17410769116936733	0.16961860320012789	0.16550723098882617	0.16168579478439418	0.15808225977111959	0.15463812969089832	0.15130645371337351	0.1480500552041519	0.14483997700869278	GOVDEF	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2.9265478929119146E-11	1.0047640318383566	1.0044246703252655	1.121232008355544	0.2525807030522077	0.23061487918623061	0.21127665564097953	0.19421941329196282	0.17913626757124493	0.16575811301604571	0.15385069740037063	0.14321126342220497	0.13366509101480073	0.12506214107037564	0.11727391509659402	0.11019058909829127	0.10371844380712147	9.7777590740100187E-2	9.2299980018562003E-2	8.7227668426748131E-2	GOVEDU	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	3.4772185131259922E-11	1.0676098399575285	1.0678774557546731	1.1616261131595749	0.20314657933333535	0.1881591597559851	0.17516105880450716	0.16387719639601173	0.15405941782391522	0.14548760353600979	0.13796895309496907	0.13133625664365486	0.1254456611263555	0.12017424597556839	0.1154175998339335	0.11108751037616214	0.10710982797323969	0.1034225310756698	9.9974000552460779E-2	9.6721497696994355E-2	GOVHLTH	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	4.7428727611986726E-11	1.2302685596208063	1.2330055559143902	1.3489641837945099	0.2527666503191473	0.23736011893225051	0.22396391919239375	0.21230353558410192	0.20212613498298285	0.19320437163479198	0.18533734362811141	0.17834987221969634	0.17209084400526822	0.16643108378380236	0.16126105105724878	0.15648853947822788	0.15203648444432899	0.14784093594937267	0.14384922286458934	0.14001831544274704	GOVSOC	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	6.0773608367981108E-11	1.1151658167752434	1.127644674353756	1.1800088396308754	0.12537066800135663	0.13782723799351523	0.14916650766982897	0.15939076594504442	0.16851311175274389	0.17655651587751289	0.1835523738939582	0.18953891934390121	0.19455968529520365	0.19866210347703198	0.2018962762910359	0.20431392815001281	0.20596752773700544	0.20690956581204126	0.20719197052234686	0.20686564195981916	GOVECN	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	6.1461946643248718E-11	1.2639235972830674	1.2961352941346369	1.4537662440126771	0.38777554439444206	0.36973865014502394	0.35363981458422789	0.33920941342937555	0.32620049533746992	0.31439248267033376	0.30359195522537968	0.29363172829959261	0.28436899123556192	0.2756829903769909	0.26747255829899785	0.25965367258806715	0.25215715008246592	0.24492653233063599	0.23791618598776326	0.2310896219079428	
% change from BAU

GOLD	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	1.8138823776325875E-10	-2.0493591956260996E-2	-6.891415299090653E-2	7.7593504593909124E-2	0.28357855134626464	0.30238261911581626	0.31976773081672233	0.33581916057690064	0.35057941785952057	0.36406914764492981	0.37629998042534307	0.38728217479135951	0.39702890477564384	0.40555840785776515	0.41289479438366772	0.41906804515932133	0.42411354183207223	0.42807135309133049	0.43098541855566325	0.43290271817779713	NFRM	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	1.4199752484955786E-10	1.4647098889332355	1.3899778683127433	2.4737183717821631	2.2852715748476613	2.1157150915893874	1.9601724730623731	1.8171847729104398	1.685468527214451	1.563896906824412	1.4514812937718597	1.3473540441318881	1.2507528016437317	1.1610064883295739	1.0775229586260648	0.99977822503138913	0.92730712303898954	0.85969526666056706	0.79657214381736285	0.73760520726236045	MACH	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	1.3784529073746011E-10	0.87718535673793052	0.81942567857993265	1.7098756749181376	1.8988159516935688	1.776173668714609	1.6626950894333303	1.557416827266489	1.4594956188510351	1.3681959506733021	1.2828775104767562	1.2029831879009958	1.1280280054208669	1.0575891498511902	0.99129714667856061	0.92882814395980362	0.86989723052233281	0.81425269258344013	0.76167110565506047	0.71195315949832461	COME	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	1.195488152916374E-10	1.0420067211528001	0.9827096122739144	1.8594454346685185	1.8590086831301798	1.7219596937628514	1.5960888426748809	1.4802147126861118	1.373302762722828	1.2744483992477962	1.1828609480310621	1.0978489393009383	1.0188068768068661	0.94520351620768261	0.87657159370535531	0.81249889969214895	0.75262057030591833	0.69661246306973468	0.64418548531606223	0.59508075193568299	SCIE	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	1.3977707880030767E-10	1.313516461407982	1.2487145194004512	2.2035852754112493	2.0167366958677935	1.8689730190187175	1.7336957769600092	1.6095168363390089	1.4952332311895178	1.3898026577014317	1.2923213827840543	1.2020046845137244	1.1181697528139578	1.0402208796079782	0.96763672173385551	0.89995940521736539	0.83678524303256763	0.77775685215977453	0.72255647457910654	0.6709003276816905	OTHP	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	1.2283507544452789E-10	-6.1958358945846123E-3	-1.394841339362742E-2	-5.3744185548310064E-2	-7.2870855989737304E-2	-1.2132762529049027E-2	4.0680312653362777E-2	8.6597605138405587E-2	0.12648954967475737	0.16109566668602859	0.19104738005737465	0.21688661237426743	0.23908091160746991	0.25803575562322029	0.27410457433618696	0.28759693237783207	0.29878523126058987	0.30791021969729443	0.31518554309875096	0.32080151667599482	GOVGA	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	4.7095660704599341E-11	0.96682317888854363	0.95203387098945491	1.038451398807827	0.17513581755983498	0.16586047288535971	0.15808572197555382	0.15156912924283472	0.14609440244912653	0.14147198247775891	0.13753805688978549	0.13415270975769555	0.13119765627145338	0.12857384150501969	0.12619907305615463	0.12400578578875018	0.12193899054968593	0.11995442897294596	0.11801693790878259	0.11609901579712201	GOVDEF	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2.9065638784686708E-11	0.87460880101513194	0.8605855645199334	0.9651258378196037	0.2151265792415866	0.19630503745138328	0.17981146064907091	0.16533249423742494	0.15259154558271451	0.1413466693999999	0.13138770196150507	0.12253308523351177	0.11462665361969826	0.10753454643517314	0.10114233752138713	9.5352426699291226E-2	9.0081707800804087E-2	8.5259509392732358E-2	8.0825793304639862E-2	7.672959014020099E-2	GOVEDU	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	3.4705571749782497E-11	0.88039840565545813	0.86704985424459735	0.94836636356980808	0.16500719788283852	0.15233697038141722	0.1414587564033454	0.13211941582249631	0.1240916277416073	0.11717436882900946	0.1111919369657377	0.10599217962330441	0.1014443407028499	9.7436782938786715E-2	9.3874741842392528E-2	9.0678201502969527E-2	8.7779940073806725E-2	8.5123765567196766E-2	8.2662945561251741E-2	8.0358824139659349E-2	GOVHLTH	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	4.7117865165091831E-11	1.0200946423790191	1.0040783775504978	1.1023139517726501	0.1995709796888343	0.18669415555299154	0.17566556542814027	0.16622376141333106	0.15813051085589189	0.15117308077088334	0.1451643527183189	0.13994167619240147	0.1353650382415639	0.13131491538476148	0.12769003636716741	0.12440519430629852	0.12138918790198799	0.11858293312532187	0.11593776230220953	0.11341391221058039	GOVSOC	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	6.0174087934683769E-11	0.89870998396301971	0.88792719111061558	0.91716178491716316	5.6126543973755716E-2	6.8959261654777393E-2	8.0867487914226863E-2	9.1834876797847423E-2	0.10185748711835073	0.11094239141578033	0.11910600869602386	0.12637241549575667	0.1327717629114212	0.13833885702130291	0.1431119216065202	0.1471315414751429	0.15043977431172828	0.15307941427702446	0.15509338918993135	0.1565242734031802	GOVECN	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	6.1195493117338939E-11	1.1238814317250601	1.1282069325372361	1.258771382671231	0.30820142680714202	0.29358488961441875	0.2807438191316125	0.26941816520487216	0.25937271001279538	0.25039908477111311	0.2423156050785247	0.23496585314839483	0.2282165975720622	0.22195542399794391	0.21608830842423407	0.21053727192135174	0.20523819484372688	0.20013882922966775	0.19519702302785988	0.19037915435866637	
% change from BAU

PETR	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	1.2083667400020235E-10	1.29020549920198	1.1328623761228451	1.9404706356149104	1.5566941695273284	1.2586721000094498	1.0115221315506462	0.80743766777851	0.63968045605291646	0.50247003165331261	0.39087082108730886	0.30068415979924801	0.22834886801947896	0.17085190406165288	0.12564938532120293	9.0597581366536215E-2	6.3893127537340111E-2	4.4021550539752305E-2	2.9713158491584402E-2	1.9905376261331077E-2	NFRM	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	1.3138379273414162E-10	1.5089986254015031	1.4564110773452876	2.5667006079120651	2.3504922728202478	2.1564158630284367	1.979060201686746	1.816770555194247	1.6680747652298988	1.531665468105281	1.4063823455881197	1.2911952565203926	1.1851886855335669	1.0875476935538808	0.99754540325318752	0.9145319641381322	0.83792489355998434	0.7672006668544743	0.7018874225309446	0.64155865071209295	MACH	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	1.1339817973521366E-10	1.108298075089474	0.99416532925338252	1.9325697297489135	1.8770093233500651	1.73457737990881	1.6037620476632819	1.4834090600736258	1.3724940773939258	1.2701107584553784	1.1754583046075477	1.0878293183559125	1.0065984391957501	0.93121198390311299	0.86117867343311805	0.79606144096593356	0.73547026498943513	0.67905594441641892	0.62650472108030097	0.57753365269341939	COME	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	1.0529355165545023E-10	1.1517842251298918	1.079370162554949	1.9856150943361461	1.876441108552074	1.7208050621175364	1.5786241078892038	1.4485426050924384	1.3293589103927861	1.2200093702539716	1.1195528046023433	1.0271560091778209	0.94208053048643325	0.86367080051694778	0.7913436181479	0.72457890631749755	0.66291164330012486	0.60592485302093468	0.55324353680263849	0.50452943295975494	SCIE	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	1.3402612353274918E-10	1.3056511139430071	1.2761184804619201	2.2467755234333753	2.0873159126115799	1.9190298163996198	1.7654574717761236	1.6250575636769713	1.4964779224459381	1.3785321874543839	1.2701785153971468	1.1705005394897738	1.0786905730999719	0.99403493715717361	0.91590123382647814	0.84372736608910959	0.77701209993288334	0.71530697443455971	0.65820937970986204	0.60535664027130398	OTHP	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	1.2800871473928114E-10	-0.12219615588175994	-6.6224465493147644E-2	-0.10905747041866097	1.7837443917190218E-2	7.0984895134351703E-2	0.11575579128366718	0.1533365176651591	0.18472832000242562	0.21077915226919175	0.23220994526542718	0.24963615353055246	0.26358537934707615	0.27451177731687776	0.28280783754548494	0.28881404434852881	0.29282681699161012	0.29510506171519518	0.29587560003689933	0.29533768585714504	GOVGA	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	3.9790393202565766E-11	1.0400509534361351	1.0031086367845439	1.1023574285552926	0.16013225930260333	0.14806384386631988	0.13778283764884769	0.12902282071427518	0.12154499450389711	0.11513907640601247	0.10962240615559619	0.1048380632389545	0.10065249765109918	9.6952987488863066E-2	9.3645114713258898E-2	9.0650370885137152E-2	8.790395294877569E-2	8.5352775871272546E-2	8.2953707989652528E-2	8.0672022214756167E-2	GOVDEF	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2.4336088699783502E-11	0.92081254512084076	0.8935451170046349	1.0063330514302748	0.20672732613158384	0.18534912153060937	0.16664294540273974	0.15026169537311071	0.13589752201326188	0.12327981207438389	0.11217229491711229	0.10236976202320226	9.3694704470048726E-2	8.5994053072302568E-2	7.9136127048085148E-2	7.30078453872407E-2	6.7512221679488893E-2	6.256614208566269E-2	5.8098413445195715E-2	5.4048061445022354E-2	GOVEDU	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2.8332891588434111E-11	0.94684331797094679	0.91229279494433557	1.0044612164653117	0.14866189736424396	0.13379494459839802	0.12102037268770793	0.11005397533956345	0.100639887758458	9.2551190755974067E-2	8.5588896774413628E-2	7.9580047444571894E-2	7.4375379683222498E-2	6.9846844666843239E-2	6.5885152770062017E-2	6.2397445417494764E-2	5.9305147975918834E-2	5.6542027740347299E-2	5.4052462139431323E-2	5.1789910782229498E-2	GOVHLTH	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	3.947953075567076E-11	1.0946836282127241	1.0560945523735876	1.1673334993310913	0.18415286159252386	0.16833813158214675	0.15469269037482489	0.14292893591014721	0.13278337477156121	0.12401952075946632	0.11642830336973108	0.1098270179080485	0.10405747243991126	9.8983747227165839E-2	9.4489827199573148E-2	9.0477266647393001E-2	8.6862978926327564E-2	8.3577200663720347E-2	8.0561652105570869E-2	7.7767897736147507E-2	GOVSOC	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	5.2291504459845119E-11	0.9754958287560237	0.94286116842678969	0.98665415358778485	4.4303099675491273E-2	5.4131415843139505E-2	6.3157812747083319E-2	7.1368791076720339E-2	7.8762718279556984E-2	8.5348585398037469E-2	9.1144388637865004E-2	9.6175443560509027E-2	0.10047278725666699	0.10407174008402204	0.10701065277960455	0.10932984025870968	0.11107069093399	0.11227493460974609	0.11298405004513967	0.11323879336671012	GOVECN	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	5.5000448639930494E-11	1.1735615936960375	1.1683246792785207	1.3107903644631325	0.31012689535154886	0.29087286056626094	0.27374219339340072	0.25846169955443532	0.24478104248859564	0.23247586184864666	0.22134830792495119	0.21122605846233308	0.20196049784164699	0.19342449122980998	0.18551002527138491	0.17812588122678719	0.17119543700614437	0.16465464922441586	0.15845023724208068	0.15253807285935414	
% change from BAU

