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We use a micro-macro simulation model to evaluate the effects of labor income tax policies in South Africa. The country is characterized by a high unemployment rate while employment in the informal sector is relatively low. Our approach is based on the aggregation of the preferences of individuals who choose among (i) working in the formal sector, (ii) working in the informal sector, and (iii) not working. We quantify the effects of different tax policies on the individual's labor supply choices (formal/informal employment, work/leisure) and at the macro level (GDP, equilibrium wages, size of the informal sector, and unemployment rate). We further analyze the effects in terms of income distribution, poverty and inequality. We find that the introduction of a negative income tax system reduces inequality and poverty but, at the same time, discourages people from participating in the labor market and working in the formal sector and, consequently worsens the equityefficiency trade-off. We find however that the equity-efficiency trade-off can be improved by introducing (i) a (revenue-neutral) tax system which combines a sufficiently high flat rate (25%) and a lump-sum transfer paid only to formal workers; (ii) an expansionary policy (a reduction in total taxes or an increase in public expenditures). Interestingly, even though they increase the informal sector, these reforms reduce inequality and poverty through a reduction in the level of unemployment.

Introduction

Unlike the advanced countries, the developing countries have a large informal sector that fails to comply with tax authorities. Developing countries face difficult challenges when they attempt to establish efficient tax systems, given their weak direct and indirect tax capacity. The tax revenue-GDP ratio is a good measure of direct taxation efficiency, and this ratio is usually higher in developed countries than in poor countries [START_REF] Mclaren | Black Markets and Optimal Evadable Taxation[END_REF]. 1 In this context, it is of interest to study how a tax change modifies the behavior of persons in the labor market, the level of poverty and inequality and the amount of government revenues.

The fundamental distinction between the formal and the informal sector is related to tax payment, where the informal sector is the tax-free option. Informality has a direct impact on public revenues, and thus, it accounts for fiscal policy analysis. Informality was traditionally viewed as a low-productive and low-paid activity, i.e., an option for workers who cannot find a formal job (Fields, 1975;[START_REF] Hart | Informal income opportunities and urban employment in Ghana[END_REF]. However, recent economic analysis suggests that informal employment may be voluntary. [START_REF] Maloney | Does Informality Imply Segmentation in Urban Labor Markets? Evidence from Sectoral Transitions in Mexico[END_REF] considers that workers self-select into the informal sector because of the various benefits and opportunities that it can offer, implying the existence of comparative advantages in the informal sector. Subject to job availability, workers choose the sector of activity that maximizes their utility. Obviously, wages are important determinants of the utility. However, non-monetary advantages as autonomy, flexibility, distance to work and working hours also exist, which affect utility, determine job satisfaction and make informal employment desirable. 2 Thus, depending on their characteristics, certain workers choose the informal sector (Günther and Launov, 2012). Using data from Argentina, [START_REF] Pratap | Are Labor Markets Segmented in Developing Countries? A Semiparametric Approach[END_REF] conclude the absence of a formal sector wage premium, and thus, reject the segmentation hypothesis in the labor market. 3 The authors further conclude on the 1 For instance, this ratio is equal to 37.9% for OECD countries and 18.2% for developing countries over the period 1995-1997[START_REF] Tanzi | Tax Policy for Emerging Markets -Developing Countries[END_REF]. [START_REF] Tanzi | Quantitative characteristics of the tax systems of developing countries[END_REF] focuses on the high reliance of low-income countries on indirect taxation (61% of total tax revenue on average), whereas indirect taxation represents 36.4% of total tax revenue in high-income countries.

2 See, e.g., [START_REF] Mulinge | Employee Job Satisfaction in Developing Countries: the Case of Kenya[END_REF] and [START_REF] Saavedra | Structural Reform, Institutions and Earnings: Evidence from the Formal and Informal Sectors in Urban Peru[END_REF].

3 See Fields (1980) for a review of the literature. In contrast, [START_REF] Maloney | Informality Revisited[END_REF] argues that significant formal-2 voluntary aspect of the transitions from one sector to another. El Badaoui et al. (2008) find similar results for South Africa. Evidence from Mexico (Gong and van Soest, 2002;Gong et al., 2004) is also consistent with such a view of the informal activity as an attractive option.

Tax policy modifies the relative (formal/informal) wage, and thus, plays a significant role by affecting the individual's labor supply decision (Fugazza and Jacques, 2004;[START_REF] Johnson | Regulatory Discretion and the Unofficial Economy[END_REF] and the size of the informal sector in the economy. In the literature, several studies analyzed the link between the informal sector and taxation. According to Gutmann (1977), higher taxes increase the size of the informal economy. [START_REF] Loayza | The economics of the informal sector: a simple model and some empirical evidence from Latin America[END_REF] shows that the informal sector arises when governments with weak enforcement capacity impose excessive taxes and regulations. [START_REF] Ihrig | Lurking in the shadows: the informal sector and government policy[END_REF] propose a simple dynamic model that captures the negative and convex relationship between the size of the informal sector and the per capita real GDP.

Moreover, the study shows that a reduction in tax rates attracts people out of the informal sector, and thus, improves the standard of living in the economy. The authors show for Sri

Lanka that raising the tax rate from 9.3% to 10% and holding enforcement constant, generates a 2.3% increase in the informal employment in steady state. [START_REF] Saracoglu | The Informal Sector and Tax on Employment: A Dynamic General Equilibrium Investigation[END_REF] proposes a dynamic general equilibrium model with heterogeneous goods and an endogenous price for the informal sector good. The model shows that the informal sector diminishes over time as the economy grows and, more importantly, a lower tax on employment in the formal sector reduces the size of the informal sector. For high-income countries, Fugazza and Jacques (2004) show that lower taxation stimulates participation in the formal sector. In [START_REF] Lemieux | The effect of Taxes on Labor Supply in the Underground Economy[END_REF], an

increase in the tax rate drives reallocation of labor from the formal to the informal sector. Using a data set collected in Québec City in Canada, they found that this relationship is significant for particular groups of the population, such as social-welfare claimants.

In this paper, we analyze the economic consequences of several reforms in South Africa, both at the macro and micro levels. We first simulate a (revenue-neutral) negative income tax informal wage differentials are not necessarily proof of segmentation.

that combines a flat rate equal to 20% with a lump-sum transfer. Second, we analyze the effects of different tax policies that combine a flat rate and a transfer paid only to formal workers.

Finally, we consider two expansionary fiscal policies that consist of reducing the total amount of taxes and increasing public expenditures, respectively.

South Africa is an interesting case study. First, by international standards, South Africa has an exceptionally low rate of informal employment and an exceptionally high rate of unemployment [START_REF] Kingdon | Unemployment in South Africa: The Nature of the Beast[END_REF]. According to the 2000 Labour Force Survey, 24.4% of employed workers operate in the informal sector in South Africa, and the official unemployment rate is 23.3%. Agreement is widespread that the main factor responsible for such a situation in the labor market is the existence of barriers to entry in the informal sector. 4 Capital and experience are cited as common barriers to entrepreneurship [START_REF] Maloney | Informality Revisited[END_REF] and lead to lower levels of informal salaried employment. South Africa, in contrast to other countries, further suffers from the repercussions of the apartheid system that repressed the informal activities of Black South Africans and inhibited the development of entrepreneurial and social skills. Second, the South African government has been particularly successful in collecting direct taxes, through a progressive tax system, in the form of corporate and personal income taxes. The tax represented 24% of the South African GDP in 2000, the highest among middle-income countries for which the average ratio is 15% over the period 1997-2002. 5 Our analysis is carried out using a micro-macro simulation approach that combines a Microsimulation model and a CGE (Computable General Equilibrium) model. The integration of these two types of models, which are widely used in policy analysis, allows to evaluate the individual and the macro effects by taking into account both the individual heterogeneity present in a micro dataset and the general equilibrium effects produced at the macro level. In particular, we use a new micro-macro simulation approach developed by [START_REF] Magnani | On Linking Microsimulation and Computable General Equilibrium Models using Exact Aggregation of Heterogeneous Discrete-choice Making Agents[END_REF] based on the exact aggregation theory of [START_REF] Anderson | Discrete Choice Theory of Product Differentiation[END_REF], which permits to aggregate the preferences of individuals who make discrete choices into explicit labor supply functions that we introduce into a CGE model. The CGE model is subsequently used to evaluate the macro effects of different tax policies that are later introduced into the Microsimulation model to evaluate the effects at the individual level and on income distribution, inequality and poverty.

In our paper, we assume that individuals face a discrete choice problem and choose among three alternatives: working in the formal sector, working in the informal sector, and not working.6 

We assume that individuals compare the costs and benefits of each alternative and choose the option that maximizes their utility given their preferences and job characteristics.

We further distinguish between voluntary and involuntary unemployment. The voluntarily unemployed, as inactives, have high reservation wages and choose not to work. As previously mentioned, unemployment is high in South Africa, whereas informal employment is relatively low, and the unemployed are likely to be involuntary [START_REF] Kingdon | Unemployment in South Africa: The Nature of the Beast[END_REF]) because of the existence of barriers to entry in the informal sector. In this particular situation in the labor market, we assume that the involuntarily unemployed are better off in informal jobs and that the weakness in aggregate demand prevents some individuals from becoming entrepreneurs.

Consequently, at the country level, entrepreneurship is poorly developed which limits the number of informal vacancies. The weakness in aggregate demand is thus responsible for the high level of unemployment and the low level of informality.7 In contrast, an increase in the aggregate demand increases the expected revenue compared with the high entry costs, which induces certain individuals to become entrepreneurs in the informal sector and to create vacancies. As a consequence, involuntary unemployment decreases and employment in the informal sector increases.

The paper is organized as follows. In Section 2, we specify the individual discrete choice problem and present the microeconometric results. The CGE model used in this paper is presented in Section 3. Section 4 offers a short description of the South African tax system. In Section 5, we analyze the micro and macro effects of the simulated reforms, and the conclusions are given in Section 6.

2 The Individual Discrete Choice Problem

Model Specification

In this paper, we estimate a discrete choice labor supply model in which individuals are assumed to choose among three options of economic activity: (1) to work in the formal sector, (2) to work in the informal sector, and (3) not to work. We specify a nested logit model [START_REF] Mcfadden | Econometric Models of Probabilistic Choice[END_REF] with two nests B k .

The decision concerning labor market status is based on utility comparisons. Individual preferences are described by the following utility function:

U hjk = V hjk + Z hk + hjk (1)
where h indexes the individuals, k ∈ {l, L} denotes the labor (l) and the leisure (L) status, and j ∈ {1, 2, 3} indexes formal/informal employment activity and not working, respectively. Thus, each labor market option is uniquely identified by a double index jk. Z hk represents the upper nest specific component, V hjk is the alternative specific component, and hjk is the error term that is assumed to follow a generalized extreme value (GEV) distribution.

We assume that choices depend on net annual wages. For each alternative jk, the alternative specific component V hjk is defined as follows:

V hjk = β ln W hjk + δ jk X V h if j ∈ B l (2) = 0 if j ∈ B L
where W hjk represents the net annual wage of individual h in the formal and informal sector, and X V h is a vector of individual characteristics that affect the formal/informal options. 8

The upper nest specific component Z hk is defined as follows:

Z hk = γ k X Z h (3)
where X V h is a vector of characteristics that affect the labor/leisure options.

To account for involuntary unemployment, the labor supply model is combined with the following latent equation:

Invol * h = θX I h + η h (4)
where X I h is a vector of characteristics that affect the probability of being involuntarily un-

employed. The indicator variable for involuntary unemployment is equal to one if and only if

Invol * h > 0 (for people who want to work and do not find a job) and to zero otherwise (for people who find a job).

The micro data give information on wages earned by individuals who are employed in the formal sector or the informal sector, and obviously, the wages of non-working individuals are not observed. Moreover, given that an individual is perceived in one option in the labor market, we observe at most one wage for each person. Thus, we have to impute the unobserved wages for all non-chosen options.

8 Considering this utility maximization problem, informality would not disappear even if taxation were set to zero. Although the effect of an increase in the net wage on the probability of choosing the formal sector is positive, all persons will not modify their labor market choices in favor of formality given that preferences include non-monetary criteria and unobservable characteristics. For the same reason, even if taxation were set to zero, not all of the inactive and voluntarily unemployed persons will decide to participate in the labor market.

The wage equations for formal and informal workers can be represented as follows:

ln w hjk = α jk X hjk + ξ hjk if j ∈ B l (5)
where w hjk is the net hourly wage determined by observable personal and job characteristics

X
hjk and a zero-mean normally distributed error term ξ hjk . Equation 5 is a censored regression because we observe w hjk only if individual h is employed in the formal or the informal sector.

To take into consideration the possible correlation between hjk and ξ hjk , we estimate the wage equations using [START_REF] Lee | Generalized Econometric Models with Selectivity[END_REF] method to correct for selection bias, i.e., selection specified as a nested logit. 9 Therefore, we first estimate the nested model (Equation 1) without considering the wage as an explanatory variable. Next, for each individual, we compute the probability of choosing alternative j in nest B l as well as the value of the sample selection correction variables

-φ(Φ -1 ( P hjk )) P hjk
, where Φ -1 represents the inverse of the standard normal distribution, φ is the standard normal pdf, and P hjk is the probability for an individual h of choosing option j ∈ B l . 10

Finally, we write the conditional mean of the wage equations as follows [START_REF] Lee | Generalized Econometric Models with Selectivity[END_REF]:

ln w hjk = α jk X hjk + σ hjk ρ jk   - φ Φ -1 ( P hjk ) P hjk   + µ hjk if j ∈ B l (6) 
We estimate Equation 6 separately for formal and informal workers. Note that negative values of the coefficients of the selection correction variables imply positive selectivity, i.e., persons who choose to work in a given sector obtain, ceteris paribus, a higher wage than the average of the total population. Once we obtain the parameter estimates of the wage equations, we can impute the wages for each individual in the non-chosen options. More precisely, for workers in the formal (informal) sector, we calculate a predicted wage in the informal (formal) sector, and

9 [START_REF] Lee | Generalized Econometric Models with Selectivity[END_REF] proposes a consistent two-step procedure based on the conditional logit model. His approach is a generalization of the two-step selection bias correction method introduced by [START_REF] Heckman | Sample Selection Bias as a Specification Error[END_REF] and an extension to the case where selectivity is modeled as a multinomial logit. Since it is likely that there will be unobserved similarities among subsets, a generalization of the Lee's approach to a less restrictive nested logit is appropriate (Falaris, 1987).

10 P hjk are obtained from the estimation of Equation 1 without considering the wages as explanatory variables.

for those persons who do not work, we compute the potential wages in both the formal and the informal sectors.

In the final step, we re-estimate Equation 1 including the individual annual wage, observed for the chosen option and imputed for the non-chosen options. We use P hjk to denote the probability of choosing alternative j in nest B l . Because P hjk = P hj|B l • P hB l [START_REF] Mcfadden | Econometric Models of Probabilistic Choice[END_REF],

we can write the probability of choosing alternative j (formal/informal sector employment)

given that an alternative in nest B l is chosen and the marginal probability of choosing one alternative in nest B l :

P hj|B l = W β λ
hjk • exp

δ jk X V h λ j ∈B l W β λ
hj k • exp

δ j k X V h λ (7) 
P hB l = exp (γ l X Z h + λI hl ) exp (γ L X Z h ) + exp (X Z h γ l + λI hl ) (8) 
where

I hl = ln j∈B l W β λ hjk • exp δ jk X V h λ
is the Inclusive Value (IV) of nest B l , i.e., the quantity that links the upper and the lower nests. This IV enters the upper nest as an explanatory variable. The parameter λ is a measure of the degree of independence in the unobserved utility among the alternatives in nest B l . Note that a higher value of λ means greater independence and lower correlation. In particular, λ = 1 implies complete independence within the nest, and thus, the absence of correlation. Moreover, λI hl represents the expected utility that individual h receives from choosing to work, i.e., nest B l .

Finally, the probability of being involuntarily unemployed, for an individual who chooses to participate, is:

P Invol h = exp θX I h 1 + exp θX I h (9)

Data and Descriptive Statistics

We apply the theoretical framework presented above using data from the South African Labour The 2000 LFS includes a population base of 105,371 on a sample of 26,648 households.

Because we are interested in the outcome associated with employment status (formal and informal), the important information required from our data is that of remuneration. All persons in paid employment are explicitly asked for the salary amount in their main job for the week preceding the survey. More precisely, the survey provides a worker's weekly, monthly or annual income and hours worked in the previous week in their main activity. This information allows us to compute hourly wage rates. 12 Another important piece information required for our study is that associated with the distinction between formal and informal employment. The LFS explicitly asks workers whether their main job is in the formal or the informal sector. We use this information to define the informal employment dummy. Moreover, the survey gives other information related to employment status that allows us to better identify the activity sector of the workers. Among this information and in addition to the worker's answer, we control for whether the worker has a written contract and whether the company for which he/she works is registered and pays social contributions for him/her. Only earnings from the formal sector are considered as taxable. Income tax is computed on the individual level by applying the official tax rates for the year 2000 from the South African Revenue Service (SARS). The tax system is progressive, and the tax rates range from 18% to 42%. Given that unemployment remains high in South Africa and because a subset of the unemployed are found to be involuntary [START_REF] Kingdon | Unemployment in South Africa: The Nature of the Beast[END_REF], it is crucial for our study to distinguish between voluntary and involuntary unemployment. It is further important to consider involuntary unemployment to avoid biased labor supply elasticities that potentially induce a misleading evaluation of the simulated policy reforms [START_REF] Bargain | Making work pay in a rationed labor market[END_REF]. 13 The dataset provides information on the reasons that prevent the unemployed from working. In particular, we consider unemployment as involuntary if the unemployed person reports having a lack of skills or qualification for available jobs, being seasonal or contract worker, or being recently retrenched. The existence of barriers to entry in the informal sector prevents the involuntarily unemployed from obtaining informal salaried employment. This situation means that involuntarily unemployed are better off in informal jobs, and we thus consider that these people would prefer to work in the informal sector. Given the constraint on the demand side of the labor market, these workers cannot find a job. In contrast, the voluntarily unemployed, as the inactives, choose not to work.

We reduce our sample to people aged 16-64 for males and 16-59 for females. We drop observations of non-paid workers and the self-employed. 14 After controlling for missing values, we retain a total of 52,638 observations. Table 1 presents the summary statistics separately for formal salaried workers, informal salaried workers, the involuntarily unemployed and people who decide not to work (inactives and voluntarily unemployed); these subsamples include 14,138 observations, 2,916 observations, 7,689 observations and 35,584 observations, respectively. As shown in Table 1, the log hourly net wage is higher on average in the formal than the informal sector, and men are more likely to be employed in the formal sector than women. Furthermore, the inactives and unemployed are more likely to have higher education levels than workers in the informal sector.

Estimation Results

First, we estimate the individual's labor supply choice using the nested logit model presented in Equation 1. In our model formulation, we assume that individuals first choose whether to work on a full-time basis or to stay out of the labor market. Next, conditional on participation, the individuals choose between informal sector and formal sector employment. The estimates are obtained in two stages (see Table 2).

Second, we estimate the wage equations separately for the formal sector and the informal sector, using OLS with correction for selection bias using Lee's method. Table 3 gives the estimation results. The dependent variables are the logarithm of the net hourly wage in the formal and the informal sector, respectively. The estimates show that wages increase with age in both the formal and the informal sectors. Black workers obtain lower wages than Whites in the formal sector. Furthermore, wages in the formal sector increase with firm size. However, apart from firms with 10-19 employees, the firm size has no effect on wages in the informal sector. In both the formal and the informal sectors, wages are higher on average for men and sector workers with their formal sector counterparts might be of interest in its own right, one could argue that the decision of whether to register one's own enterprise is likely to be determined by different criteria than attempting to obtain a formal sector job. Apart from this observation, the data do not contain information on the salaries and/or the working hours for almost half of the self-employed. [START_REF] Bargain | Earnings Structures, Informal Employment, And Self-Employment: New Evidence From Brazil, Mexico, And South Africa[END_REF] show that for the period from September 2001 to March 2007, 3% of the self-employed in South Africa paid contributions to social security and that only 10.5% of self-employed workers own firms with more than five employees.

workers in urban areas. For Lee's selection variables, which are computed from the probabilities obtained in the first step, the estimates yield a negative parameter, thus implying the existence of positive selectivity.

Given the estimates of the wage equations, we impute the hourly net wages in the non-chosen options, and we compute the annual net wages for all individuals in both the formal (W 1 ) and informal (W 2 ) sectors. 15 Finally, we re-estimate the formal-informal employment decision by taking into account the individual formal-informal relative wage16 and the leisure-work decision.

The results are presented in Table 4. The main result of the estimates is that the relative wage (W 1 /W 2 ) positively affects participation in the formal salaried sector. In other words, wages are significant determinants of sectoral choice in that the probability of choosing a formal job increases (decreases) if wages in the formal (informal) sector increase. Moreover, men and highly-educated people are more likely to choose the formal employment sector and are also more likely to participate in the labor market. Acting as head of the household increases the probability that the person will choose to work and to work in the formal sector. The results also show that large firms and highly-educated people are more likely to operate formally. For the work-leisure decision, the existence of at least one person in the household who receives pension benefits negatively affects the participation decision. Finally, the parameter estimate of the inclusive value is positive and significantly different from unity, which provides evidence that the nested model is a realistic way to describe the labor market decisions analyzed in this paper.

Following [START_REF] Bargain | Making work pay in a rationed labor market[END_REF], we assume that the error terms in Equations 1 and 4 are independent, which allows us to estimate the unemployment probability separately from the labor supply model. 17 The results of this estimation, as reported in Table 5, show that the probability of being involuntarily unemployed decreases with age. Whites and highly-educated people are less likely to be involuntarily unemployed with respect to Blacks and under-educated people.

The representative Agent Formulation

Our micro-macro simulation approach is based on aggregation of the preferences of individuals who make discrete choices. In this context, we assume that the population is partitioned into s = 1, ..., S cells according to selected characteristics. 18 Following [START_REF] Magnani | On Linking Microsimulation and Computable General Equilibrium Models using Exact Aggregation of Heterogeneous Discrete-choice Making Agents[END_REF], we assume that in each cell, there is a sufficiently large set N s of statistically identical and independent individuals, each of which has a total time endowment normalized to one. In particular, individuals belonging to the same cell are supposed to be identical according to some observed characteristics, whereas they differ only in the GEV error terms in the utility function.

Thus, the individuals belonging to the same cell have the same probability of choosing option j and can be aggregated into a single representative agent.

The aggregate labor supplied by all individuals belonging to cell s for each option j ∈ B L (L sj = P sj|B l • P sB l • N s ) is therefore:

L sj = W β λ sj • exp δ sj λ 2 j =1 W β λ sj • exp δ sj λ • exp (γ sl ) • 2 j =1 W β λ sj • exp δ sj λ λ exp (γ sL ) + exp (γ sl ) • 2 j =1 W β λ sj • exp δ sj λ λ • N s if j ∈ B l ( 10 
)
where W sj represents the average within-cell annual wage for option j ∈ B L .

Equation 10 represents the labor supply functions that aggregate the preferences of individuals belonging to the same cell, and thus, can be introduced into the CGE model. As shown by level, we identify who go out of (into) involuntary unemployment. 18 In our model, we consider S = 32 cells according to the following characteristics: age category, sex, education, race, and area of residence (see Appendix B.2).

of the optimization problem of the representative agent from each cell.19 

The CGE Model

The macro model used in our analysis is a static and multisectoral CGE model based on the South African input-output dataset from the year 2000 provided by the OECD. The inputoutput table, which includes 48 industries, is aggregated into 10 industries reported in Table A.1 in Appendix A. 20 The construction of the SAM (Social Accounting Matrix ), which is necessary to calibrate our CGE model, is completed using data from national accounts with respect to the balance of payments and the government accounts. The elasticities used in our CGE model come from the GTAP model.

The South African input-output table gives information on the remuneration of labor and capital used by each sector only in the formal sector. 21 For calibration of the informal sector, we determine the remuneration of the informal labor by applying, for each industry, the weight of the informality, expressed in terms of labor remuneration, observed in the micro dataset (see Table A.1). Given the lack of data, the remuneration of the informal capital for each industry is determined by assuming that the weight of the informality for capital in each industry is the same as that observed for labor. 22 Finally, given that GDP is equal to the remuneration of formal factors only and given that in our model we also include the remuneration of informal factors, it is necessary to correspondingly increase the aggregate demand. We assume that the remunerations of the informal labor and capital (which are perceived by the representative agent) are entirely consumed.

On the production side of the model, we assume that each industry produces two different types of goods: a formal good and an informal good. In each industry, the formal good is produced using intermediate goods, formal labor, and formal capital, whereas the informal good is produced using informal labor and informal capital. 23 The formal and informal goods are assumed to be qualitatively different, implying the existence of two distinct markets, and thus, the equilibrium prices are also different. Labor units used to produce formal and informal goods are assumed to be non substitutes, implying that the wage in the formal sector is different from the wage in the informal sector. In particular, the relative formal/informal wage affects the individual labor participation choices in the formal and informal sectors. Moreover, only the formal good is subject to indirect taxation. We exclude the self-employed; otherwise, it would be necessary to add (besides the two production functions for formal and informal enterprises) two more production functions for self-employed workers in both the formal and the informal sectors.

In addition, the macro data do not allow us to identify self-employed enterprises, to know the quantity of goods and services that they produce and the quantity of production factors that they use. However, the exclusion of the self-employed has no effect on the consistency of the micro-macro analysis given that their remuneration does not enter the labor remuneration but the capital remuneration in the input-output table.

On the demand side, in our model individuals are grouped according to five characteristics: age category, sex, education, race, and area of residence. In particular, we consider two age groups (people aged less than 40 and people aged 40 and more), two education groups (highly-educated and under-educated), two race groups (Black and non-Black), and two areas of residence (urban and rural). Thus, we consider 32 cells. Each cell supplies formal and informal labor according to the labor supply functions that aggregate the preferences of all individuals who belong to the same cell. In our CGE model, we consider one representative household that 23 Given the lack of data, we assume that informal goods are produced without use of intermediate inputs.

earns the net labor (formal and informal) income earned by the 32 cells, capital income, and exogenous transfers from the government. An exogenous fraction of disposable income is saved and the complementary fraction is consumed. The consumption choice relative to formal and informal goods produced by each industry is made by the representative consumer to maximize his/her utility given his/her budget constraint.

With respect to the government, revenues are given by indirect taxes on the production of formal goods and direct taxes on formal labor incomes, whereas expenditures are given by the public consumption of goods and services, the interest on the public debt and transfers to families. We assume that the ratio between public savings and GDP is held constant and that the total public expenditure is endogenously determined to satisfy the government budget constraint. 24 Aggregate investments are not determined by aggregate savings, as in the neoclassical closure that is traditionally used in CGE models. Instead, we use a Keynesian closure, which consists of holding constant the level of aggregate investments. This choice allows us to endogenize the unemployment rate, which is subsequently determined in a such a way as to verify the macroeconomic equilibrium condition between aggregate investments and aggregate savings.

Thus, in our model, unemployment is explained by the weakness in aggregate demand. The unemployment rate for each cell is determined by assuming that the share of unemployed in each cell with respect to the total unemployed remains unchanged.

Finally, we assume that domestic prices and wages are perfectly flexible and adjust to guarantee the equilibrium in each market, i.e., the markets of formal and informal goods and services of the ten industries, the two labor markets, and the capital market.

24 A sensitivity analysis is carried out to prove that this hypothesis is not fundamental for policy simulations. We use different fiscal rules: (i) the public deficit is exogenous, whereas public expenditures are endogenously determined to satisfy the government's budget constraint; (ii) the public deficit-GDP ratio is held constant, whereas public expenditures are endogenous; and (iii) public expenditures are held constant, whereas the public deficit is endogenous. We find that the hypothesis used in our model does not alter the simulation results. The results are available from the authors upon request.

The Personal Income Tax System in South Africa

For the purpose of our study, we focus our analysis on personal income taxation in South Africa, and in this section, we summarize its most important features. Given the year in which the sample is collected, we apply the 2000/2001 tax rates. 25 The South African tax system is progressive. The tax system consists of six brackets ranging from a rate of 18% applied to incomes less than or equal to 35,000 Rands to 42% for incomes greater than 200,000 Rands (Table A.2 in Appendix A). The primary tax rebate, for which all taxpayers are eligible, amounts to 3,800 Rands, and thus, the tax threshold for persons under 65 years is equal to 21,111 Rands.

The taxable unit is not the family, but the individual. In other words, the individual income tax rate structure is applicable to all persons regardless of marital status.26 However, this method implies that in the presence of a progressive tax system, fiscal discrimination remains between a one-income-earner family and a family with two members earning the same taxable income together. Obviously, because of the tax progressivity, this discrimination increases with total family income. The South African tax legislation aims to reduce the tax gap and increase tax collections. Although the child rebate has been removed, the primary rebate continues to increase on an annual basis. The majority of registered individual taxpayers are men given that participation of men is higher than that of women and men are more likely to have formal employment activity. In 2000/2001, the personal income tax accounted for 86,478 millions of Rands (9.1% of GDP) and represented 39.2% of total tax revenue.

Simulation Results

In this section, we analyze the effects of three reforms in South Africa using our micro-macro simulation model. In the first simulated reform, we replace the current progressive tax system with a Negative Income Tax (NIT) system that combines a flat tax rate and a transfer paid to all individuals. Next, we analyze the effects of different tax policies that combine a flat rate and a transfer paid only to formal workers. 27 Finally, we simulate the effects of two expansionary fiscal policies: (i) a reduction in the total amount of taxes; and (ii) an increase in the public expenditures.

For each of the mentioned reforms, we analyze the macroeconomic effects as well as the effects at the individual level. The main economic mechanisms produced by the introduction of a tax policy are described as follows. Tax policies produce a direct effect on the labor supply because they modify the average tax rate, and thus, the opportunity cost of working and of choosing the employment sector. Second, a general equilibrium effect on wages is produced. Accordingly, the change in the labor supply might be absorbed by firms only through an adjustment in wages, which in turn affects the labor market choices. Third, a change in the unemployment rate computed at the macro level provokes a change at the micro level in the number of people who are involuntarily unemployed.28 

Negative Income Tax System

A negative income tax system, which combines a flat rate and a lump-sum transfer, supports maintenance of the progressivity of the tax system at a notably low administrative cost. In our analysis, the flat tax rate is set to 20% and the transfers paid to all individuals are computed to guarantee that the pre-reform total amount of taxes remains unchanged. The lump-sum transfers are equal to 408 Rands. Consequently, non-workers and informal workers receive transfers from the government, whereas formal workers receive a net transfer only if their income is lower than the transfer divided by the flat rate, which implies that the tax becomes negative.

Table 6 presents the macro effects of our simulations. Given that the flat rate used in our simulation (20%) is higher than the initial (pre-reform) average tax rate paid by formal workers (12.6%), it is straightforward that such a tax policy produces an incentive to leave the formal sector and to reduce labor participation. In particular, we find that the number of workers decreases in the formal sector by 6.1%, whereas it increases by 14.1% in the informal sector.

The overall effect on the number of workers is negative (-2.6%). However, the labor supply depends not only on the number of workers but also on their productivity. The number of units of effective labor decreases by 3.7% in the formal sector but increases by 13.8% in the informal sector. Thus, in the formal sector, the reduction in the number of units of effective labor is lower than the reduction in the number of workers, and vice versa in the informal sector. This result implies that people who decide to move from the formal to the informal sector are "less productive" on average. The wages in the formal and informal sectors adjust to guarantee equilibrium in the two labor markets. In particular, given the changes in the labor supply expressed in units of effective labor, the equilibrium wage in the formal sector increases by 1.9% and decreases in the informal sector by 4.1%. The reduction in formal labor incomes implies a reduction in the aggregate income tax. This effect has a positive impact on the private disposable income and consequently on the consumption and the aggregate demand, which permits a reduction in the unemployment rate by 0.6 percentage points (p.p.). The value added created at the national level in the formal sector, which represents real GDP, decreases by 1.7%, and the value added created in the informal sector increases by 4.2%. The introduction of a NIT system produces negative effects in terms of efficiency given that the total production decreases by 1.3%. Table 7 presents the effect of the NIT system on the size of the informal sector measured in terms of production, number of workers and number of units of effective labor. The results confirm that the size of the informal sector increases.

To analyze the effects of the tax policies on the individual labor market choices, we first generate 300 GEV conditional error terms for each individual starting from the estimation of the nested logit model. In our analysis, the individual labor market choices are determined by taking into account not only the change in the taxation rules but also the change in the equilibrium wages and in the unemployment rate determined in the CGE model. Thus, the individual effects are computed by taking into account the general equilibrium effects.

Tables 8 and9 present the effects on the work/leisure decision and on the formal/informal employment decision for the total sample and for different groups by age category, sex, education, race, and area of residence. 29 At the aggregate level, we find that both the fraction of people who want to work and the fraction of people who want to work in the formal sector decrease by 1.6 p.p. In the results for different groups, as previously mentioned in the discussion of the effects at the macroeconomic level, it is possible to observe that these effects apply to all categories and to a greater extent, to individuals belonging to "less productive" groups (young adults, females, under-educated, Blacks and persons living in rural areas). In fact, with a flat rate equal to 20%, people belonging to these groups reduce their labor participation and their participation in the formal sector because they face a strong increase in the marginal tax rate.

The reduction in the unemployment rate determined at the macro level implies that some individuals who were previously involuntarily unemployed (and who present the lowest probability of being unemployed) find a job. Table 10 shows that the unemployment rate decreases by 0.6 p.p. and that this reduction is beneficial to all the categories.

It is further possible to analyze the effects on income inequality and poverty and to do this, we first compute the post-reform net annual wage for each individual, which depends on the labor participation, the choice of the employment sector, the equilibrium level of wages in the formal and informal sectors, and the taxation rule. Next, we compute the net annual labor income at the household level to which we add the household non-labor incomes. The inequality and poverty analyses are carried out by computing the equivalent incomes using the OECD equivalence scales. Table 11 presents the effects on the Gini index for the total sample and for the different groups. We find a strong reduction in inequalities. The Gini index decreases from 0.604 to 0.589. This positive effect applies to all categories (except for non-Blacks), and in particular, to people belonging to "less productive" groups. Table 12 presents the effects on poverty for the entire sample and for all groups by computing the fraction of poor individuals (headcount ratio). 30 We find that the fraction of poor individuals decreases for the whole sample (from 34.4% to 32.6%) and for all categories, especially for "less productive" groups.

In terms of income distribution, Table 13 confirms that the introduction of a NIT system improves the economic situation of poor individuals, especially for those who belong to "less productive" groups. The net annual income of the tenth percentile strongly increases (+140% on average). In contrast, the net annual income of the fiftieth and the ninetieth percentiles slightly decrease (-2.7% and -1.5%, respectively). Finally, it is possible to determine who wins and who loses from the introduction of a NIT system. Table 14 shows that 64.1% of the population obtains a higher net income with an average gain equal to 7.4%. In contrast, 35.9% of the population loses and the average loss is equal to 7%.

Our simulation confirms that the introduction of a NIT system worsens the equity-efficiency trade-off. The lump-sum transfers, which are paid to both non-workers and informal workers, allow a reduction in income inequality and poverty. However, the reform discourages people from participating in the labor market and from working in the formal sector, which produces negative effects on employment and production.

Alternative Tax Policies

The negative income tax system can be criticized on the grounds that people receive a transfer without making efforts to obtain a job. Therefore, in this section, we consider the introduction of a flat tax rate combined with transfers paid only to formal workers. In our simulations, we consider three flat rates, i.e., 15%, 20% and 25%, and the transfers to formal workers are computed to guarantee that the pre-reform total amount of taxes remains unchanged and are 486, 1,513 and 2,540 Rands, respectively.

With a simulated flat rate equal to 15%, the average tax rate paid by formal workers significantly increases for people who belong to "less productive" groups (especially for the undereducated, Blacks and people living in rural areas) and decreases for "more productive" groups (especially for the highly-educated, non-Blacks and people living in urban areas). In contrast, a flat rate equal to 25% is beneficial to people who belong to "less productive" groups. Interestingly, the average tax rates are little affected by the introduction of a flat rate equal to 20%.

In particular, for people living in urban areas and people living in rural areas, the average tax rates remain essentially unchanged.

Given that the introduction of a flat rate equal to 20% implies that the average tax rates are little affected, the macro and micro effects are quite small, implying that this tax policy allows a reproduction of the current progressive tax system. In contrast, the introduction of a flat rate equal to 15% implies that the system becomes less progressive, whereas the introduction of a flat rate equal to 25% implies that the system becomes more progressive.

Concerning the macro effects of our simulations, Table 6 shows that the number of workers in the formal sector decreases if the flat rate is 15% (-1.7%), remains essentially unchanged if the flat rate is 20% (-0.2%), and increases if the flat rate is 25% (+1.3%). The number of workers in the informal sector increases if the flat rate is 15% (+3.2%), remains essentially unchanged if the flat rate is 20% (0.4%) and decreases if the flat rate is 25% (-1.4%). The overall effect on the number of workers is negative if the flat rate is 15% (-0.8%), almost nil if the flat rate is 20%, and positive if the flat rate is 25% (+0.9%). By analyzing the effects on the number of units of effective labor in the formal and informal sectors, if the flat rate is 15%, it is possible to conclude that people who decide to move from the formal to the informal sector are "less productive" on average. These individuals decide to move to the informal sector because if they remain in formal employment, they will have to pay additional taxes. If the flat rate is 25%, people who decide to move from the informal to the formal sector are "less productive" on average. These individuals decide to move to the formal sector as the formal sector becomes relatively more attractive for "less productive" individuals because the system becomes more progressive. The equilibrium wage in the formal sector slightly increases if the flat rate is 15% (+0.1%), whereas it remains essentially unaffected if the flat rate is 20% or 25%. In contrast, the equilibrium wage in the informal sector decreases if the flat rate is 15% (-0.8%), remains essentially unaffected if the flat rate is equal to 20% and increases if the flat rate is equal to 25% (+0.4%). The value added created at the national level in the formal sector slightly decreases if the flat rate is 15%, but it remains essentially unchanged if the flat rate is 20% and 25%. The value added created in the informal sector increases if the flat rate is 15% (+0.9%), remains essentially unaffected if the flat rate is equal to 20% and decreases if the flat rate is equal to 25% (-0.3%). The total production remains essentially unchanged with all these reforms. In the case of a flat rate equal to 25%, the unemployment rate decreases by 0.2 percentage points. This result is explained by the fact that with this reform, the number of workers in the formal sector increases, which implies an increase in the total amount of transfers to formal workers, and thus, a reduction in the total income tax. The increase in private disposable income stimulates consumption and aggregate demand, which reduces unemployment in our demand-driven model. In contrast, with a flat rate equal to 15% and 20%, the total income tax remains essentially unchanged, and consequently, the unemployment rate is unaffected. For the effects on the individual choices, Table 8 shows that, at the aggregate level, the fraction of people who want to work decreases if the flat rate is 15% (-0.4 p.p.) and increases if the flat rate is 25% (+0.3 p.p.). Table 9 shows that the fraction of people who would choose to work in the formal sector decreases if the flat rate is 15% (-0.5 p.p.) and increases if the flat rate is 25% (+0.4 p.p.). With respect to the results for different groups, it is possible to observe that these effects primarily concern individuals who belong to "less productive" groups (young adults, females, under-educated, Blacks and persons living in rural areas). In fact, if the flat rate is 15%, people belonging to "less productive" groups reduce their labor participation and their participation in the formal sector because they face an increase in the average tax rate. 31 If the flat rate is 20%, the labor participation and the participation in the formal sector are affected neither at the aggregate level, nor at the group level. If the flat rate is 25%, people belonging to "less productive" groups increase their labor participation and their participation in the formal sector because they benefit from a reduction in the average tax rate. As previously mentioned in the analysis of the macro effects, Table 10 shows that the unemployment rate is significantly affected only by the introduction of the flat rate of 25%. In this case, the unemployment rate at the aggregate level decreases by 0.2 percentage points. Table 10 also shows that the reduction in the unemployment rate is beneficial to people belonging to "less productive" groups. As shown in Table 11, income inequality increases if the flat rate is 15% at the aggregate level and for all categories. This result is clearly explained by the fact that the reduction in the level of progressivity implies that high income workers are less heavily taxed, whereas low income workers are more heavily taxed. If the flat rate is 20%, inequalities slightly increase both at the aggregate level and for all categories. In contrast, if the flat rate is 25%, inequalities decrease at the aggregate level and for the "less productive" groups. Table 12 presents the effects of the tax reforms on poverty. We find that the number of poor individuals increases if the tax rate is 15% at the aggregate level and for all categories (except for non-Blacks), remains essentially unchanged if the tax rate is 20% and decreases if the tax rate is 25% (excepted for non-Blacks and people living in urban areas). Table 13 shows that the net annual income of the tenth percentile decreases for all categories (except for non-Blacks) if the flat rate is 15%, is not affected if the flat rate is 20%, and increases (for "less productive" groups) if the flat rate is 25%. The net annual income of the fiftieth percentile decreases for all categories (except for non-Blacks) if the flat rate is 15%, slightly decreases (-1.1%, on average) if the flat rate is 20%, and increases (+1.6%, on average) if the flat rate is 25%. The net annual income of the ninetieth percentile increases if the flat rate is 15% (+1.9%, on average), remains essentially unchanged if the flat rate is 20%, and decreases if the flat rate is 25% (-0.8%, on average). In terms of winners and losers, Table 14 shows that the fraction of the population that wins is only 13.1% if the flat rate is 15%, 16.7% if the flat rate is 20%, and 32.1% if the flat rate is 25%. In contrast, the fraction of the population that loses is 45.8% if the flat rate is 15%, 42.3% if the flat rate is 20%, and 27.6% if the flat rate is 25%.

Our results imply that the introduction of a flat rate equal to 25% combined with a transfer of 2,540 Rands to the formal workers permits improvement of the equity-efficiency trade-off.

Employment increases, and income inequality and poverty decrease.32 

Expansionary Fiscal Policies

As previously mentioned, South Africa is characterized by a high level of involuntary unemployment and a low level of informality, with respect to other developing countries. This situation is explained by the presence of barriers to entry in the informal sector. In our paper, we assume that the weakness in aggregate demand is responsible for both the high unemployment and the low level of informality. Thus, the government has the possibility to stimulate the aggregate demand through a reduction in taxation or an increase in public expenditures, which permits a reduction in the unemployment rate, and given our assumption that only people who want to work in the informal sector can be involuntarily unemployed, an increase in the size of the informal sector.

Here, we simulate the economic consequences of two expansionary fiscal policies. In the first, a flat tax equal to 20% is applied and a transfer, paid to all formal workers, is computed such that the pre-reform total amount of taxes decreases by 10%. The transfer is equal to 1,772 Rands which is higher than the amount received by formal workers with the tax policy presented in Section 5.2. In the second, the public expenditures/GDP ratio increases by 1 percentage point, from 18.1% to 19.1%.

Table 6 shows that the number of workers increases in both the formal sector (+1.2% in the case of a reduction in taxes and +1% in the case of an increase in public expenditures) and in the informal sector (+6.7% and +15%, respectively). At the aggregate level, the number of workers increases by 2.2% and 3.4%, respectively. The value added increases respectively by 0.5% and 0.6% in the formal sector and by 2.7% and 5% in the informal sector. The total production increases respectively by 0.6% and 0.9%. The strong increase in the size of the informal sector (see Table 7) is explained by the fact that both fiscal policies allow for a significant reduction in the unemployment rate (respectively -1.4 p.p. and -2.8 p.p.).

For the effects at the individual level on labor market choices (see Tables 8 and9), we find that the fraction of people who choose to work in the formal sector increases with both reforms (+0.6 p.p. with the reduction in taxes and by 0.9 p.p. with the increase in public expenditures).

These effects are explained by the change in the relative formal/informal wage. 33 The changes in formal and informal wages provoke a reduction in the labor participation by 0.3 p.p. in the case of an increase in public expenditures, whereas it remains unaffected in the case of a reduction 33 Both expansionary policies permit a reduction in the unemployment rate, implying a strong increase in the supply of informal labor, which in turn reduces the wage in the informal sector. Thus, the relative formal/informal wage increases, which induces people to prefer to work in the formal sector. In addition, in the case of the reduction in taxes, the amount of transfers paid to formal workers increases, which implies an increase in the net formal wage.

in taxes. However, it is worth noting that in both simulations, the number of workers increases given that the unemployment rate decreases (see Table 10), and the number of informal workers increases because unemployed people who find a job will work in the informal sector. Tables 11 and12 show that the expansionary fiscal policies also produce positive effects on income inequality and poverty. In particular, the reduction in taxation permits a decrease in inequality among people belonging to "less productive" groups (under-educated, Blacks and people living in rural areas), whereas the increase in public expenditures allows a decrease in inequalities for all categories. The fraction of poor individuals decreases from 0.344 to 0.336 with both fiscal policies, with significant improvements for Blacks and people living in rural areas. Table 13 shows that the net annual income increases with both expansionary reforms for the tenth, the fiftieth and the ninetieth percentiles. However, in terms of winners and losers, Table 14 shows that 24.3% of the population wins in the case of a reduction in taxation (with an average gain of 5%) and that 45.5% wins in the case of an increase in public expenditures (with an average gain of 2.1%). In contrast, 35.5% of the population loses in the case of a reduction in taxation (with an average loss of 1.2%), and 11.9% loses in the case of an increase in public expenditures (with an average loss of 3.7%).

To conclude, our simulations show that both expansionary fiscal policies improve the equityefficiency trade-off. However, it is important to highlight that these policies are assumed to be financed by public borrowing. Consequently, the public deficit would increase from 2.1% of GDP to 2.7% in the case of a reduction in taxes and to 3.1% in the case of an increase in public expenditures.

Conclusions

In this paper, we apply a new micro-macro simulation approach to analyze the impact of different tax policies in developing countries characterized by a large informal sector and a low level of participation in the labor market. Our micro-macro model is built using the approach developed by [START_REF] Magnani | On Linking Microsimulation and Computable General Equilibrium Models using Exact Aggregation of Heterogeneous Discrete-choice Making Agents[END_REF] based on the aggregation theory of [START_REF] Anderson | Discrete Choice Theory of Product Differentiation[END_REF] that permits aggregation of preferences of individuals facing discrete choices. We use data from South Africa, and we assume that individuals decide whether not to work, to work in the formal sector or to work in the informal sector.

We use our micro-macro simulation model to analyze the effects of different types of tax reform. In particular, we quantify the effects at the macro level (on GDP, equilibrium prices and wages, and unemployment rate) and at the individual level (on the labor market choice of each individual, income distribution, and inequality and poverty) by taking into account the general equilibrium effects provoked at the macro level. We first show that the introduction of a negative income tax system worsens the equity-efficiency trade-off. This type of reform reduces inequalities and poverty but, at the same time, produces negative effects on employment and production because the transfers paid to all individuals discourage people from participating in the labor market and working in the formal sector. Next, we replace the current progressive tax system with a flat tax system combined with transfers paid only to formal workers. We show that the equity-efficiency trade-off can be improved if the flat tax rate and the transfer paid to the formal workers are sufficiently high (25% and 2,540 Rands, respectively). In this case, we show that employment increases, whereas income inequality and poverty decrease.

Finally, we show that another method that allows improvement of the equity-efficiency tradeoff is the implementation of expansionary fiscal policies. A reduction in the total amount of taxes or an increase in public expenditures allows an increase in the aggregate demand and a reduction in the exceptionally high unemployment rate in South Africa. Consequently, employment and real GDP increase, and inequalities and poverty decrease. One interesting result of our simulations concerns the relationship between the size of the informal sector and the level of income inequality and poverty. In general, it is reasonable to think that a higher size of the informal sector implies a higher level of inequality and poverty. Such a relationship is verified if the increase in the size of the informal sector is due to people moving from the (high-paid) formal to the (low-paid) informal sector. However, if the increase in the size of the informal sector is due to the reduction in the level of unemployment, both inequality and poverty may decrease. This result is obtained in our simulations in the case of the introduction (i) of a (revenue-neutral) negative income tax system which combines a flat rate equal to 25% and a lump-sum transfer, and (ii) of an expansionary policy (reduction in total taxes and increases in public expenditures). These reforms produce a reduction in the unemployment rate at the macro level. Given our assumption that involuntarily unemployed would choose to work in the informal sector, the reduction in unemployment provokes, from one hand, an increase in the size of the informal sector and, from the other hand, a reduction in income inequality and poverty given that some poor people now find a job, although it is in the informal sector. This paper constitutes one possible application of this new micro-macro simulation approach which offers the advantage of ease to implement compared with other micro-macro simulation techniques because it allows aggregation of individual choices into explicit functions that can be introduced into the macro model. Many other applications could be contemplated in the study of other discrete choices such as migration, education, and profession. 
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P Y ij is the equilibrium price of the formal good (j = 1) and the informal good (j = 2) that are produced by industry i, w j is the equilibrium wage per unit of effective labor for sector j = 1, 2, and (r + δ K ) is the equilibrium gross remuneration rate of a unit of capital, where δ K is the depreciation rate. The parameter τ Y i represents the tax rate on the production of the formal good and P Int i represents the aggregate price of intermediate goods used by industry i in the formal sector. The capital is considered to be perfectly mobile across sectors and industries, whereas formal and informal labor are assumed to be perfectly mobile across industries. These assumptions imply the existence of an equilibrium wage for formal labor, an equilibrium wage for informal labor, and a unique equilibrium rate for capital remuneration.

Given the total quantity of intermediate goods Int i , each industry i that produces a formal good chooses the optimal quantity of goods to buy from industry i . The first order conditions that allow minimization of the total cost are: .11) where P C i1 is the average purchase price of the formal good in industry i, defined in Equation B.27 hereafter.
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B.2 The Representative Agent

In our model, individuals are grouped according to five characteristics: age category, sex, education, race, and area of residence. In particular, we consider two age groups (people aged less than 40 and people aged 40 and more), two education groups (highly-educated and undereducated), two race groups (Black and non-Black), and two areas of residence (urban and rural).

Thus, we consider s = 1, ..., S with S = 32 cells.

The net wage earned by each cell is equal to [(1 -τ sj ) • w j • A sj ], where (i) w j is the (equilibrium) wage per unit of effective labor in sector j = 1, 2; (ii) A sj is the productivity of cell s in sector j; and (iii) τ sj is the average tax rate paid by workers belonging to cell s (see Equations B.13 and B.14), with τ sj = 0 for j = 2 because informal workers do not pay direct taxes. Thus, (w j • A sj ) represents the average wage earned in sector j by individuals who belong to cell s. This average wage is obtained from the estimation of a wage equation using the micro dataset and with age category, sex, education, race, and area of residence as explanatory variables.

Each cell s supplies formal and informal labor according to the following labor supply functions:

L sj = [(1 -τ sj ) • w j • A sj ] β λ • exp δ sj λ 2 j =1 (1 -τ sj ) • w j • A sj β λ • exp δ sj λ (B.12) • exp (γ sl ) • 2 j =1 (1 -τ sj ) • w j • A sj β λ • exp δ sj λ λ exp (γ sL ) + exp (γ sl ) • 2 j =1 (1 -τ sj ) • w j • A sj β λ • exp δ sj λ λ • N s if j = 1, 2
L sj is the number of individuals of cell s who want to work in sector j, whereas N s is the total number of individuals who belong to cell s. Note that the labor supply functions aggregate the preferences of individuals who belong to each cell s, given that Equations B.12 and 10 coincide.

Income taxation is progressive in South Africa. To account for the progressivity of income taxation in the CGE model, we estimate a taxation equation for each cell as a nonlinear relationship between income tax and labor income, as follows: .13) where j = 1. The informal labor incomes are not taxed, thus tax s2 = 0. The coefficients are estimated separately for each cell s using the micro dataset. More concretely, we minimize the sum of squared errors subject to the constraint that the predicted total taxation coincides with the observed total taxation for each cell.

tax sj = ω 0 s + ω 1 s • w j • A sj + ω 2 s • (w j • A sj ) 2 + ω 3 s • (w j • A sj ) 3 + ω 4 s • ln(w j • A sj ) (B
The income tax rate for each cell s is computed as follows:

τ sj = tax sj w j • A sj (B.14)
In our CGE model, we consider one representative household who perceives the net labor income (formal and informal) earned by the 32 cells. This representative household owns an exogenous wealth Ψ remunerated at rate r and receives exogenous transfers Γ from the government. The disposable income of the representative household is given by:

Y net = sj (1 -τ sj ) • w j • A sj • L sj • (1 -u sj ) + r • Ψ + Γ (B.15)
where u sj is the unemployment rate of cell s. We assume that people who want to work in the formal sector find a job (which implies that u s1 = 0), whereas people who want to work in the informal sector could be unemployed because of the presence of barriers to entry in the informal sector. The unemployment rate at the national level is endogenously determined in order to respect the macroeconomic equilibrium condition between investments and aggregate savings (see Section B.2.2). The unemployment rate for each cell is determined by assuming that the

B.2.3 International Trade and the Balance of Payments

The production of the formal good in each industry i is sold in the domestic market and exported.

We assume that exported goods are identical to goods sold in the domestic market, which implies a unique selling price. The exports are defined by a demand function that negatively depends on the relative price, i.e., the ratio between the foreign price expressed in domestic currency and the domestic price:

E i = α E i • P i • EXR P Y i1 σ E i (B. 24 
)
where P i and EXR are the (exogenous) foreign price in industry i expressed in foreign currency and the (endogenous) exchange rate, respectively.

In contrast, the informal production is supposed to be sold only in the domestic market.

For each industry i, the total demand of the formal good is given by i Z ii +C i1 +G i +Inv i .

This total demand is satisfied by the domestic production and imports. In contrast, we assume that the total demand of informal goods is satisfied only by the domestic production. We use an Armington formulation that implies imperfect substitution between domestic D i and foreign M i productions due to the different origin of the products. The first order conditions minimizing the total cost are:

D i = α D i • P C i1 P Y i1 σ M • i Z ii + C i1 + G i + Inv i (B.25) M i = α M i • P C i1 P i • EXR σ M • i Z ii + C i1 + G i + Inv i (B.26) P C i1 • i Z ii + C i1 + G i + Inv i = P Y i1 • D i + P i • EXR • M i (B.27)
For the formal goods, the consumer price P C i1 of industry i is thus equal to a weighted average between the domestic price P Y i1 and the foreign price (P i • EXR).

The foreign capital flows S Row are fixed at the initial level, whereas the exchange rate EXR

  (i) The sample study contains 52,638 observations. The statistics are based on information from the 2000 LFS and the amount of the household non-labor income comes from the 2000 IES; (ii) Industries refer to: 1-Agriculture, hunting, forestry and fishing, 2-Mining and quarrying, 3-Manufacturing, 4-Electricity, gas and water supply, 5-Construction, 6-Wholesale and retail trade, 7-Transport and communication, 8-Financial intermediation, insurance, real estate, 9-Public administration and 10-Private households.

  Table 7 confirms that the size of the informal sector increases if the flat rate is 15%, remains essentially unchanged if the flat rate is equal to 20%, and decreases if the flat rate is equal to 25%.

Table 1 :

 1 Summary Statistics

	Formal Workers	Informal Workers Invol. Unemployed	Inactives

Table 2 :

 2 Nested Logit Model of Labor Participation

		Work Dummy	Formal Dummy
	Male dummy	0.329	(0.034)	-0.068	(0.079)
	Age	0.436	(0.006)	0.132	(0.015)
	Age squared	-0.005	(0.000)	-0.001	(0.000)
	White	-0.263	(0.058)	0.554	(0.160)
	Black	0.151	(0.092)	-0.021	(0.177)
	English	-0.152	(0.098)	0.780	(0.194)
	Afrikaans	0.190	(0.093)	0.526	(0.180)
	Single	0.106	(0.027)	0.479	(0.052)
	Married	-0.311	(0.064)	0.189	(0.122)
	Read	0.302	(0.127)	0.277	(0.248)
	Write	-0.064	(0.122)	-0.051	(0.237)
	Nursery	0.194	(0.224)	0.376	(0.453)
	Primary	0.038	(0.071)	0.143	(0.142)
	Secondary	0.003	(0.073)	0.671	(0.146)
	NTC	-0.433	(0.158)	1.603	(0.425)
	Diploma	0.400	(0.084)	3.392	(0.184)
	Urban area	-0.086	(0.025)	0.215	(0.056)
	House owner	-0.568	(0.025)	-0.614	(0.052)
	Household head	1.126	(0.029)	0.526	(0.054)
	Children 0-3 years	0.013	(0.016)	-0.054	(0.038)
	Children 4-6 years	-0.015	(0.018)	-0.060	(0.043)
	Children 7-12 years	-0.105	(0.012)	-0.023	(0.027)
	Province unemployment rate	0.000	(0.005)	-0.004	(0.011)
	Pension dummy	-0.065	(0.029)	-	-
	Household workers number	0.157	(0.014)	-	-
	Household informal workers	-	-	-4.144	(0.247)
	2-4 employees	-	-	1.262	(0.090)
	5-9 employees	-	-	2.687	(0.123)
	10-19 employees	-	-	3.412	(0.140)
	20-49 employees	-	-	4.212	(0.173)
	50+ employees	-	-	0.623	(0.097)
	Inclusive Value	0.462	(0.020)	-	-
	Constant	-8.841	(0.221)	-6.041	(0.496)
	R 2	0.24		0.62	
	Observations	52,638		24,743	
	Notes: (i) The second and third columns give estimates of the binary choice models
	with the formal employment dummy and the work dummy as dependent variables,
	respectively; (ii) Standard errors are in parentheses; (iii) We include dummies for
	the different provinces in South Africa; (iv) Industry dummies are included in the
	participation choice.				

Table 3 :

 3 Estimates of the Wage Equations with Sample Bias CorrectionThe dependent variables are the logarithm of the net hourly wage in the formal and informal sector, respectively; (ii) Standard errors are in parentheses; (iii) We include dummies for the different provinces in South Africa.

		Formal Sector	Informal Sector
	Male dummy	0.242	(0.014)	0.152 (0.035)
	Age	0.099	(0.005)	0.062 (0.010)
	Age squared	-0.001	(0.000)	-0.001 (0.000)
	White	0.435	(0.026)	0.901 (0.179)
	Black	-0.147	(0.047)	0.024 (0.110)
	English	0.249	(0.049)	0.045 (0.131)
	Afrikaans	-0.015	(0.048)	-0.154 (0.114)
	Read	0.234	(0.072)	-0.234 (0.129)
	Write	0.045	(0.067)	0.248 (0.129)
	Nursery	-0.144	(0.139)	-0.031 (0.283)
	Primary	-0.006	(0.043)	0.109 (0.073)
	Secondary	0.372	(0.044)	0.221 (0.077)
	NTC	0.899	(0.083)	0.670 (0.570)
	Diploma	1.248	(0.047)	0.420 (0.194)
	Urban area	0.392	(0.015)	0.135 (0.033)
	2-4 employees	0.154	(0.038)	-0.012 (0.040)
	5-9 employees	0.319	(0.038)	-0.079 (0.075)
	10-19 employees	0.390	(0.038)	-0.253 (0.098)
	20-49 employees	0.454	(0.038)	-0.100 (0.131)
	50+ employees	0.580	(0.035)	-0.118 (0.131)
	Selection Correction	-0.069	(0.018)	-0.119 (0.039)
	Constant	-1.741	(0.134)	-0.960 (0.234)
	R 2	0.47		0.17
	Observations	14,138		2,916
	Notes: (i)			

Table 4 :

 4 Nested Logit Model of Labor Participation Including Wages

		Work Dummy	Formal Dummy
	Male dummy	0.087 (0.037)	-0.173	(0.081)
	Age	0.340 (0.006)	0.102	(0.015)
	Age squared	-0.004 (0.000)	-0.001	(0.000)
	White	-1.380 (0.074)	0.975	(0.166)
	Black	0.451 (0.104)	0.038	(0.181)
	English	-0.650 (0.112)	0.612	(0.199)
	Afrikaans	0.136 (0.105)	0.365	(0.185)
	Single	-0.187 (0.030)	0.488	(0.053)
	Married	-0.293 (0.069)	0.214	(0.125)
	Read	0.368 (0.141)	-0.111	(0.252)
	Write	-0.254 (0.135)	0.045	(0.241)
	Nursery	0.003 (0.241)	0.417	(0.463)
	Primary	-0.076 (0.077)	0.330	(0.145)
	Secondary	-0.436 (0.079)	0.596	(0.150)
	NTC	-1.690 (0.191)	1.236	(0.440)
	Diploma	-1.648 (0.098)	2.821	(0.189)
	Urban area	-0.149 (0.027)	-0.101	(0.058)
	House owner	-0.234 (0.028)	-0.621	(0.053)
	Household head	0.691 (0.032)	0.520	(0.056)
	Children 0-3 years	0.052 (0.017)	-0.056	(0.039)
	Children 4-6 years	0.012 (0.019)	-0.062	(0.044)
	Children 7-12 years	-0.086 (0.013)	-0.020	(0.028)
	Province unemployment rate	0.015 (0.005)	-0.007	(0.011)
	Pension dummy	-0.093 (0.032)	-	-
	Household workers number	0.136 (0.016)	-	-
	Household informal workers	-	-	-4.235	(0.252)
	2-4 employees	-	-	1.154	(0.093)
	5-9 employees	-	-	2.414	(0.125)
	10-19 employees	-	-	2.961	(0.143)
	20-49 employees	-	-	3.830	(0.176)
	50+ employees	-	-	0.040	(0.102)
	Ln(W 1 /W 2 )	-	-	0.885	(0.040)
	Inclusive Value	0.869 (0.012)	-	-
	Constant	-12.981 (0.251)	-5.345	(0.512)
	R 2	0.37		0.64	
	Observations	52,638		24,743	
	Notes: (i) The second and third columns give estimates of the binary choice models
	with the formal employment dummy and the work dummy as dependent variables,
	respectively; (ii) Standard errors are in parentheses; (iii) We include dummies for
	the different provinces in South Africa; (iv) Industry dummies are included in the
	work choice.				

Table 5 :

 5 Estimation of the Probability of being Involuntarily Unemployed

	Male dummy	-0.003	(0.056)
	Age	-0.174	(0.011)
	Age squared	0.002	(0.000)
	White	-0.429	(0.141)
	Black	0.309	(0.164)
	English	-0.985	(0.187)
	Afrikaans	-0.674	(0.165)
	Single	-0.386	(0.040)
	Married	0.027	(0.106)
	Read	-0.174	(0.203)
	Write	-0.022	(0.195)
	Nursery	0.007	(0.352)
	Primary	0.022	(0.113)
	Secondary	-0.129	(0.116)
	NTC	-0.945	(0.340)
	Diploma	-2.402	(0.160)
	Urban area	0.069	(0.040)
	House owner	0.913	(0.039)
	Household head	-1.513	(0.045)
	Children 0-3 years	0.197	(0.027)
	Children 4-6 years	0.135	(0.031)
	Children 7-12 years	0.112	(0.019)
	Pension dummy	0.207	(0.051)
	Household workers number	-0.458	(0.025)
	Province unemployment rate	0.040	(0.008)
	Constant	2.449	(0.368)
	R 2	0.31	
	Observations	24,743	

Notes: (i) Standard errors are in parentheses; (ii) We include dummies for the different provinces in South Africa.

Table 7 :

 7 Effects on the Size of the Informal Sector (in p.p.)

		Production Workers Units of
				effective labor
	Initial	6 .1	17 .1	6 .6
	NIT			
	τ =20	0.3	2.5	0.9
	Flat Tax			
	τ =15	0.1	0.5	0.2
	τ =20	0.0	0.1	0.0
	τ =25	0.0	-0.2	-0.1
	Decrease in T	0.2	1.1	0.4
	Increase in G	0.3	2.6	0.9

Notes:

The initial values are expressed in percentage.

Table 8 :

 8 Effects on Individual Labor Participation Choice (in p.p.)

		Initial	NIT		Flat Tax		Decrease Increase
			-----------------in T	in G
			τ =20%	τ =15% τ =20% τ =25%		
	All	47.0	-1.6	-0.4	0.0	0.3	0.0	-0.3
	15-39	42.5	-1.7	-0.4	0.0	0.4	0.1	-0.3
	> 40	59.6	-1.4	-0.2	-0.1	0.0	0.0	-0.2
	Females	42.3	-1.6	-0.4	0.0	0.4	0.1	-0.4
	Males	52.3	-1.7	-0.4	-0.1	0.2	0.0	-0.2
	Under-	51.9	-2.1	-0.7	0.0	0.7	0.2	-0.4
	educated							
	Highly-	45.2	-1.4	-0.2	-0.1	0.1	0.0	-0.3
	educated							
	Black	45.6	-1.7	-0.5	-0.1	0.3	0.0	-0.3
	Non-Black	52.5	-1.1	0.2	0.2	0.1	0.3	-0.1
	Rural	43.7	-1.9	-0.6	0.1	0.8	0.3	-0.3
	Urban	49.4	-1.4	-0.2	-0.2	-0.1	-0.1	-0.3

Notes:

The initial values are expressed in percentage.

Table 9 :

 9 Effects on Individual Formal Employment Choice after Reforms (in p.p.)

	Initial	NIT	Flat Tax	Decrease Increase

Table 10 :

 10 Effects on Unemployment Rate after Reforms (in p.p.)

		Initial	NIT		Flat Tax		Decrease Increase
			-----------------in T	in G
			τ =20%	τ =15% τ =20% τ =25%		
	All	31.1	-0.6	0.0	0.0	-0.2	-1.4	-2.8
	15-39	38.0	-0.6	0.1	-0.1	-0.4	-1.8	-3.3
	> 40	17.4	-0.4	0.0	0.1	0.2	-0.7	-1.6
	Females	37.1	-0.8	0.0	-0.1	-0.4	-1.7	-3.2
	Males	25.6	-0.4	0.1	0.1	0.0	-1.1	-2.4
	Under-	31.0	0.0	0.4	-0.1	-0.8	-1.6	-2.7
	educated							
	Highly-	31.1	-0.8	-0.1	0.1	0.1	-1.3	-2.8
	educated							
	Black	36.7	-0.5	0.2	0.1	-0.3	-1.6	-3.2
	Non-Black	11.5	-0.5	-0.3	-0.1	0.0	-0.6	-1.1
	Rural	36.3	-0.3	0.3	-0.3	-1.1	-2.0	-3.2
	Urban	27.6	-0.8	-0.1	0.2	0.3	-1.0	-2.5

Notes:

The initial values are expressed in percentage.

Table 11 :

 11 Gini Inequality Index

	Initial	NIT	Flat Tax	Decrease Increase

Table 12 :

 12 The Headcount Ratio

	Initial	NIT	Flat Tax	Decrease Increase

Table 14 :

 14 Winners and Losers (in %) 

		Fraction	Average Fraction Average
		of winners	gain	of losers	loss
	NIT				
	τ =20	64.1	7.4	35.9	-7.0
	Flat Tax				
	τ =15	13.1	5.6	45.8	-3.8
	τ =20	16.7	3.3	42.3	-2.2
	τ =25	32.1	3.7	27.6	-2.5
	Decrease in T	24.3	5.0	35.5	-1.2
	Increase in G	48.5	2.1	11.9	-3.7

See, e.g.,[START_REF] Kingdon | Unemployment in South Africa: The Nature of the Beast[END_REF] andDavies and Thurlow (2009).

World Bank: http://data.worldbank.org/indicator/GC.TAX.TOTL.GD.ZS?page=2.

Self-employment is not considered an option for individuals, and the underlying reasons are developed in the following sections.

The weakness in aggregate demand is not the only factor that could be involved in explaining the small informal salaried sector and the high level of unemployment. A number of other factors exist and are involved, e.g., spatial separation of potential workers from employers, local government regulations that discourage selfemployment[START_REF] Skinner | The Struggle for the Streets: Processes of Exclusion and Inclusion of Street Traders in Durban, South Africa[END_REF], unwillingness of some unemployed to take up jobs that they view as beneath them, and availability of government support through children's allowances and "granny grants". In contrast, the rigidity of formal wages cannot be considered as a determinant of unemployment since empirical studies conclude on the flexibility of wages in South Africa(Fourie, 2011;[START_REF] Kingdon | How Flexible Are Wages in Response to Local Unemployment in South Africa?[END_REF].

One way to improve the specification of the model would be to use panel techniques in order to estimate the wage equations and the discrete labor market choices. Next, the dynamic labor supply functions could be introduced in a dynamic CGE model. These extensions are beyond the scope of our paper. Moreover, data constraints make the implementation of these extensions very difficult.

We note that 2.6% of paid workers (salaried and self-employed) reported their salaries in income categories rather than exact values. For these categories, we use the midpoints of the intervals and the minimum of the open-ended interval.

[START_REF] Bargain | Making work pay in a rationed labor market[END_REF] enumerate several reasons behind biased elasticities from not considering involuntary unemployment: (i) participation bias, which leads to an upward bias of the labor supply elasticities; (ii) preference bias, which acts in the opposite direction; and (iii) specification bias, which has an uncertain effect.

The self-employed represent 21.4% of total workers. We exclude them from the analysis because their earnings would be expected to contain measurement error and incorporate returns to risk, capital and entrepreneurship that would not be included in wages of employees. Additionally, although comparing self-employed informal

For non-working persons, we assume that the total working hours per week are equal to the average weekly working hours of the total salaried population.

Observed wages are used for the employed persons for the chosen option. For all non-chosen options, we impute potential wages.

These probabilities are used in our simulations to identify, after the implementation of a tax reform, people who exit and enter unemployment. In particular, if the unemployment rate decreases (increases) a the national

Note that this aggregation result allows us to avoid the iterations between the CGE and the microsimulation models.

The aggregation of industries is carried out with respect to the ten industries that are considered in the micro dataset.

For sector 10, "Private households", no information is available on labor and capital remuneration in the inputoutput dataset. We determine the factors' remunerations by taking into account that the labor remuneration in sector 10 from the micro dataset represents 0.56% of the total formal labor remuneration.

 22 A sensitivity analysis is carried out to prove that this hypothesis is not fundamental for policy simulations. Using a weight of informality for capital equal to half of the weight observed for labor, we find that the assumption used does not alter the simulation results. The results are available from the authors upon request.

The South African fiscal year spans from the first of March to the end of February.

The earlier South African income tax system sustains the belief that households with two income earners are better off than households with one income earner, assuming that altruism prevails within the household. Thus, the second earner (i.e., the wife) was taxed more heavily. In 1994, the Katz Commission was charged to evaluate the appropriateness of the tax system and make some recommendations to improve it. The main purpose of this commission was to establish equity between men and women. Following the recommendations of the Katz Commission, the South African government introduced several tax policy changes since 1994 among which the introduction of a unified structure for all individuals, the adjustments of the tax rates and income brackets, and the reduction of the number of income brackets.

[START_REF] Peichl | The benefits and problems of linking micro and macromodels -Evidence from a flat tax analysis[END_REF] simulates a revenue-neutral flat tax reform of the German tax system using a linked microsimulation-CGE model. De Mooij (2008) uses a CGE model with a detailed classification of households and analyses the effects of a flat tax reform in the Netherlands.

In contrast with[START_REF] Bargain | Making work pay in a rationed labor market[END_REF], we take into account the effects on the demand side of the labor market that affect the involuntary unemployment.

Tables A.3, A.4 and A.5 in Appendix A present the detailed results for the 32 cells of our model.

In our analysis, an individual is defined as poor if his/her equivalent income is lower than the poverty line, which is defined as half of the median equivalent income.

Only non-Blacks increase their labor participation because they benefit from a significant reduction in the average tax rate.

De Mooij (2008) finds similar results for the Netherlands, where the equity-efficiency trade-off can be improved by combining a flat rate with in-work tax credits.

* This research received financial support from the French National Research Agency, under the grant INEG CONSO (ANR-11-INEG-004-01).

 Davies, R. and J. Thurlow. 2009. Formal-Informal Economy Linkages and Unemployment in South Africa. IFPRI Discussion Paper 00943, December, 2009. De Mooij, R.A., 2008. Reinventing the Dutch tax-benefit system: exploring the frontier of the equity-efficiency trade-off. International Tax and Public Finance, 15, 87-103. El Badaoui, E., Strobl, E., Walsh, F., 2008. Is There an Informal Employment Wage Penalty?

Evidence from South Africa. Economic Development andCultural Change, 56, 683-710. Falaris, E.M., 1987. A Nested Logit Migration Model with Selectivity. International Economic Review, 28, 429-443. Fields, G.S., 1980. Poverty, Inequality, andDevelopment. New Fugazza, M., Jacques, J-F., 2004. Labor market institutions, taxation and the underground economy. Journal of Public Economics, 88, 395-418. Gong, X., van Soest, A., 2002. Wage differentials and mobility in the urban labour market: A panel data analysis for Mexico. Labour Economics, 9, 513-529.

Gong, X., van Soest, A., Villagomez, E., 2004. Mobility in the urban labor market: A panel data analysis for Mexico. Economic Development and Cultural Change, 53, 1-36. Günther, I., Launov, A., 2012. Informal employment in developing countries: Opportunity or last resort? Journal of Development Economics, 97, 88-98. Gutmann, P.M., 1977. The subterranean economy. Financial Analysts Journal, 33, 26-34 Notes: Column (1) gives the industry weight in the total valued added produced in the economy; Columns (2) and ( 3) indicate for each industry the ratio between the exports and the production, and the ratio between the imports and the production, respectively; In columns ( 4) and ( 5), we present for each industry the size of the informal sector measured respectively in terms of the value added and labor remuneration. R6 300 + 26% of the amount above R35 000 7.1% R45 001 -R60 000 R8 900 + 32% of the amount above R45 000 6.0% R60 001 -R70 000 R13 700 + 37% of the amount above R60 000 4.0% R70 001 -R200 000 R17 400 + 40% of the amount above R70 000 7.7% R200 001 -and above R69 400 + 42% of the amount above R200 000 0.7% Individual Primary Rebates R3 800 Tax Threshold under 65 years R21 111 Source: South African Revenue Service (SARS ). Among formal workers, 55.7% does not pay taxes due to rebates and tax threshold. 

Appendix B: Technical Description of the CGE Model

B.1 The Production Side

Each industry i = 1, ..., 10 produces two different types of goods: a formal good (j = 1) and an informal good (j = 2). We denote by Y i1 the production level of the formal good in industry i, which depends on the total quantity of intermediate goods Int i , formal labor (expressed in efficiency units) L i1 , and formal capital K i1 . In contrast, the production level of the informal good Y i2 depends on the quantity of informal labor (expressed in efficiency units) L i2 and informal capital K i2 . 34

We use a CES production function as follows:

Each industry i produces the quantity of formal and informal goods by choosing the optimal level of production factors that maximizes its profit given the technological constraint. The first order conditions for industry i that produces the formal good are:

34 Given the lack of data, we suppose that informal goods are produced without using intermediate inputs.

share of the unemployed in each cell with respect to the total number of unemployed remains unchanged, i.e.,

We assume that the representative household saves an exogenous fraction s rate of his disposable income and consumes the complementary fraction. The budget constraint is represented as follows:

where C represents the aggregate consumption and P C the consumer price index.

The consumption level of formal and informal goods C ij produced by industry i is chosen to maximize a CES utility function. The first order conditions are:

• C (B.17)

where P C ij is the consumer price of good i in sector j. The consumer price index is subsequently equal to the weighted average of the consumer prices of formal and informal goods that are produced by each industry i.

B.2.1 Government

With respect to the government, revenues are given by indirect taxes on the production of formal goods and direct taxes on formal labor incomes, whereas expenditures are indicated by the public consumption of goods and services, 35 the interest on the public debt B and transfers to families Γ. The difference determines public savings S G . In the model, we assume that the ratio between public savings and GDP is constant, and the total public expenditure is 35 According to national accounts, the public consumption only concerns industry 9 "Public administration". The public consumption of all the other industries is subsequently fixed to zero in the model. endogenously determined to respect the following government budget constraint:

B.2.2 Investment

The macroeconomic equilibrium condition between aggregate investments and aggregate savings (private savings, public savings, and savings with respect to the rest of the world) is:

where savings with respect to the rest of the world S Row are defined in the following section.

In this paper, we adopt the Keynesian macroeconomic closure, which implies that aggregate investments are fixed at a given level:

Consequently, the macroeconomic equilibrium condition determines the equilibrium level of the unemployment rate at the national level u. In such a framework, the Keynesian closure implies that the unemployment rate, and thus, aggregate savings, adjust to respect the macroeconomic equilibrium condition.

The aggregate investment I is split out between different industries operating in the formal sector to minimize the total investment cost. The first order conditions are:

where P Inv is the average investment price of industry i in the formal sector.

is endogenously determined to equilibrate the balance of payments:

B.2.4 Equilibrium Conditions

We assume that domestic prices are perfectly flexible and guarantee the equilibrium in each market, i.e., the markets of formal and informal goods and services of the ten industries, the two labor markets, and the capital market.

For each industry i, the production level of the formal good must coincide with the domestic and foreign demands, whereas the production level of the informal good must coincide with the private consumption:

These equations determine the domestic equilibrium price j P Y ij for industry i in sector.

Concerning the two labor markets, the total quantity of effective units of formal and informal labor demanded by firms must coincide with the quantity supplied by individuals:

These equations determine the equilibrium wage per unit of effective labor in the formal and informal sectors, w 1 and w 2 .

For the capital market, the (exogenous) wealth owned by the representative household Ψ is used to finance the formal and informal capital demanded by all firms and the public debt B: (B.33) This equation determines the equilibrium rate of capital remuneration.

Finally, the numéraire chosen is the domestic producer price index, which is computed as the weighted average of domestic prices of industry i and sector j.