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Abstract

As crude oil prices reach new highs, there is renewed
concern about how external shocks will affect growth
and poverty in developing countries. This paper describes
a macro-micro framework for examining the structural
and distributional consequences of a significant external
shock—an increase in the world price of oil—on the
South African economy. The authors merge results from
a highly disaggregative computable general equilibrium
model and a micro-simulation analysis of earnings

and occupational choice based on socio-demographic
characteristics of the household. The model provides
changes in employment, wages, and prices that are

used in the micro-simulation. The analysis finds that

a 125 percent increase in the price of crude oil and

refined petroleum reduces employment and GDP

by approximately 2 percent, and reduces household
consumption by approximately 7 percent. The oil price
shock tends to increase the disparity between rich and
poor. The adverse impact of the oil price shock is felt by
the poorer segment of the formal labor market in the
form of declining wages and increased unemployment.
Unemployment hits mostly low and medium-skilled
workers in the services sector. High-skilled households,
on average, gain from the oil price shock. Their income
rises and their spending basket is less skewed toward food
and other goods that are most affected by changes in oil
prices.

This paper—a product of the the Office of the Chief Economist, Africa Region, in collaboration with the country team for
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1. Introduction

As crude oil prices reach new highs, there is a renewed concern about how external
shocks will affect growth and poverty in developing countries and how this should be
modeled and anticipated. The linkages between the two aspects - macroeconomics and
poverty/income distribution - have indeed become a major focus of economic research and
modeling in recent years.! However, the main challenge has been the reconciliation of
potentially very detailed and large information set from micro econometric modeling of
individual or household behaviors about income and employment opportunities with the

more aggregative behavior in a macroeconomic model.

Figure 1
A Disaggregated Framework Linking Macro Events to Poverty Reduction Issues
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A promising approach for researchers is to employ computable general equilibrium

(CGE) modeling as a meso-framework because CGE models generate from macroeconomic

! See, for example, Bourguignon and Pereira da Silva (2003) or Essama-Nssah (2006) for a recent compilation
and evaluation of various approaches, techniques and tools.
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changes a set of consistent relative prices, wages and profits at the sectoral level that provide
the vital sources and changes of household incomes and expenditures for further analysis of
poverty impact and income distribution (see Figure 1). Depending on the level of
simplification and the level of information retained for both macro and micro components,
there have been several ways of utilizing CGE models and household analysis to establish the
links between macroeconomic changes and poverty analysis. At one end of the spectrum,
where data constraints and technical capacity of policy analysts are issues, the “123PRSP
Model” in Devarajan and Go (2003) simplifies the CGE framework into aggregative
distinction of tradable and nontradable goods. Effects of external shocks are first derived in
terms of movements of the real exchange rate between tradable and nontradable goods,
which are then mapped to the expenditure and income sources of various household groups
(e.g. income deciles). Growth impact is derived from either short-term vector autoregressive
analysis (VAR) or long-term growth regression of various determinants. More information is
provided in CGE models with higher level of disaggregation, such as the South Africa model
in Go, Kearney, Robinson, and Thierfelder (2005), which combines a rich structure of the
economy and a good number of household groupings — 49 industries, 3 labor categories, and
13 household groups.

Another type of simplification is found in Essama-Nssah (2005), which distills the
income distribution from household surveys into a parameterized Lorenz model of income
distribution and which can then be easily linked to macro models to examine policy and
external shocks. The approach provides the flexibility of choosing the macroeconomic
framework from simple macro consistency models like the World Bank’s RMSM-X or the
IMF financial programming model to more sophisticated econometric or CGE models.

However, none of these selected models mentioned so far make full use of household
information, which is a significant feature in micro-simulation models. As an example at the
other end of the spectrum, Bourguignon, Robilliard, and Robinson (2002) merge a
disaggregative macroeconomic framework in a CGE model with a micro-simulation model
that make full use of the entire household data, with explicit treatment and full individual
heterogeneity of labor skills, preferences and characteristics at the individual and household

levels.



While the various approaches of combining CGE models and household data are
distinguished by the level of sophistication and information retained in either the macro or
micro component, there is nonetheless one drawback. The integration of the macro and
micro components is often a one-way, top-down approach because of the inherent
complexities of a full integration.” To be sure, there are attempts at full integration.
Cogneau and Robillard (2000) implement a version for Madagascar. However, the general
equilibrium macro framework has very few sectors. Heckman and Lochner (1998) construct
an overlapping generations general equilibrium model of labor earnings with heterogeneous
agents but in order to present both integration and dynamics the macro part is aggregative. A
classic econometric method to the integration of a CGE model with detailed household
analysis is provided by the works of Jorgenson, Lau and Stoker (1980) where exact
aggregation of the representative consumer from heterogeneous households is
econometrically estimated from survey data and under certain demand restrictions, demand
functions of heterogeneous groups are recoverable from the representative consumer. Given
an overall representative household, stable or fixed household distribution underlying the
econometric results is however implicitly assumed. A promising and practical link between
the macro and the micro is provided recently in Savard (2003, 2006), which uses a recursive
iteration between the two approaches without the need to simplify each. A similar approach
is adopted in this paper and will be described below.

The purpose of this paper is to assess the potential impact of a large oil price shock on
the economy, poverty, and income inequality in South Africa using a combination of a
disaggregative CGE model and micro simulation analysis of household surveys. The
framework employed is a valuable tool to sort out the wide-ranging impact of an external
shock on the economy as well as on the various sectors, industries, and the heterogeneous
households. We implement a recursive two-way feedback mechanism similar to Savard
(2003, 2006) and devise an efficient reconciliation between the CGE and micro-simulation
models in order to derive a consistent or integrated analysis of the shocks from the two
approaches while retaining the particular advantages provided by each approach — i.e., the

detailed structure of an economy in the CGE model and the full heterogeneity of households

? There are also other issues such as introducing dynamics and growth, incorporating individual firm behavior
etc. See for example the conclusion chapter in Bourguignon and Pereira da Silva (2003).
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and labor in the micro simulation. At the end, we draw some possible lessons where the
multi-layered analysis maybe most useful and where simpler approaches would be sufficient,
including — a one way top-down approach; a more clear-cut decomposition of the vertical and
horizontal impact on inequality such as the Roy’s method in Ravallion and Lokshin (2004); a
simpler summary of the household characteristics by income deciles or a parameterized
Lorenz curve.

The outline of the rest of the paper is as follows. Section 2 describes the simulation
framework used to analyze the issues raised in this introduction. Basically, the framework
links a CGE model for South Africa to two types of micro-simulation models of household
welfare and occupational choice. Section 3 analyzes the distributional implications of a large

oil price shock to the economy. A summary and conclusions are presented in section 4.

2. The Simulation Framework

For an oil-importing country, a significant increase in the price of this commodity not
only will have consequences on various macroeconomic aggregates but also will have
structural and distributional implications because of changes in relative prices of goods and
factor costs due to the pass through of oil costs throughout the economy. Thus we need a
framework that accounts not only for the interdependence between stabilization, structural,
and distributional issues, but also for the heterogeneity of the stakeholders which underpins
distributional concerns. This section describes the macro-micro simulation framework used
to track the macro, structural, and distributional implications of a sizeable oil price shock to
the economy of South Africa. A disaggregated CGE model is used for the macro and
structural implications while the micro simulation component accounts for agent

heterogeneity and the impact on distribution.



2.1. A CGE Model of the South African Economy

The CGE model has 43 production activities.” For reporting purposes, the output

results by activity are aggregated into three categories: agriculture, industry, and services (see

Table 1 for the composition of the aggregate categories).

Table 1: CGE Model Sectors

I. AGRICULTURE

II. INDUSTRY (cont’d)

Agriculture
II. INDUSTRY
Coal Mining
Gold & Uranium Ore
Mining
Other Mining
Food
Beverages & Tobacco
Textiles
Wearing Apparel
Leather & Leather
Products
Footwear
Wood & Wood Products
Paper & Paper Products
Printing & Publishing &
Recorded Media
Coke & Refined

Petroleum Products

Basic Chemicals
Other Chemicals & Man-Made Fibers
Rubber Products

Plastic Products

Glass & Glass Products
Non-metallic Minerals

Basic Iron & Steel

Basic Non-ferrous Metals

Metal Products Excluding Machinery
Electrical Machinery

TV & Radio & Communication Equip
Professional & Scientific Equip
Motor Vehicles Parts & Accessories

Other Transport Equipment

Furniture

III. SERVICES

Electricity & Gas & Steam

Water Supply

Construction & Civil Engineering

Catering & Accommodation

Wholesale & Retail Trade

Transportation & Storage

Communication

Financial Services

Business Services

Health & Community & Social & Personal
Services

Other Producers

Government Services

Source: South Africa SAM 2003 Database

As seen in Figure 2, agriculture accounts for 4 percent of value added, industry

accounts for 27 percent, and service accounts for 69 percent.

? Full detail of the South Africa CGE model can be found in Kearney (2004); for a version of the model used to
analyze Value Added Taxes (VAT) see Go et al. (2005). In this description we comment on features of the
model important for an analysis of the oil price shock.
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Figure 2: Aggregate Activity Share of Value Added

4%

69%

O Agriculture m Industry 0O Service

Source: South Africa SAM 2003 Database

Labor categories are combinations of labor types (formal, self-employed, and
informal), and skill levels (high-skilled, semi-skilled, and low-skilled).* Each activity can use
these labor categories and capital in production. For reporting purposes, all skill levels of
self-employed are aggregated into a single input, self-employed labor; likewise for informal
labor.

In the production technologys, it is assumed that substitution possibilities among
inputs differ and the following structure is used: (1) it is difficult to substitute low-skilled
labor for high-skilled labor in any of the three labor categories; (2) it is easy to substitute
across labor categories for the same skill (i.e. a high-skilled formal worker is a good
substitute for a high-skilled informal worker or a high-skilled self-employed worker); and

(3) as the skill level of labor increases, it is more difficult to substitute capital for labor.°

* More specifically, the employment data in the CGE has been calibrated to match the employment share data
from the household survey in which there are five labor types in the household survey (high-skilled formal,
semi-skilled formal, low-skilled formal, self-employed, and informal) and three activities (agriculture, industry,
and services).

> To match the 15 occupational choices in the household data, we report results for five labor categories, and
aggregate economic activities (agriculture, industry, and services).

6 All activities except coal, gold, other mining, and refined petroleum use a translog production function; coal,
gold, other mining, and refined petroleum use a constant elasticity of substitution (CES) production function
with the assumption that it is difficult to substitute among inputs so the elasticity of substitution is low, less than
0.5 in each activity.



Structural unemployment is specified for low-skilled and semi-skilled formal
workers, with sticky real wages, while the other labor markets clear in equilibrium. The
peculiarities of the labor markets in South Africa are treated in a similar fashion as in Go et
al. (2005) and Lewis (2001). In a separate analysis of the possible impact of a wage subsidy
scheme contemplated by the South African authorities, we examine the labor market
structure and markets in much more details.’

It 1s assumed that all resources in coal, gold, and other mining are activity specific,
consistent with the notion that the supply of these mineral products is relatively inelastic. For
the other activities, we assume that capital is activity specific.

Value added is allocated to primary factors according to the following shares:

Table 2: Value Added Shares
Agriculture Industry  Service

Capital 0.76 0.54 0.45
High-skilled formal labor 0.03 0.12 0.25
Semi-skilled formal labor 0.02 0.12 0.18
Low-skilled formal labor 0.11 0.15 0.04
Self-employed labor 0.04 0.03 0.04
Informal labor 0.04 0.04 0.04

Source: South Africa SAM 2003 Database

In the base data, the category other mining includes crude oil as well as diverse
mineral inputs such as diamonds and iron ore. To focus on the impact of an oil price shock,
we create an additional category, crude or unrefined oil, which is the amount of other mining
inputs used in the production of refined petroleum and basic chemicals. It is assumed that all
crude oil is imported and that there is no tariff on crude oil.®

As noted above, crude oil imports account for 100 percent of crude oil consumption.
Refined petroleum imports account for 17 percent of oil consumption, and basic chemical

imports account for 29 percent of basic chemical consumption in South Africa. In addition to

7 See Essama-Nssah, Go, Kearney, Robinson, and Thierfelder (forthcoming).

¥ McDonald and van Schoor (2005) also adjust the other mining category to properly account for crude oil.
They supplement the Social Accounting Matrix with data on imported crude oil. In this paper, we assert that all
inputs of other mining into refined petroleum are actually imports of crude oil.
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crude oil, the region is heavily dependent upon imports of commodities such as
communication equipment (70 percent of consumption), other transportation equipment (65
percent of consumption), and machinery and equipment (56 percent of consumption).

Crude oil, petroleum, and basic chemicals are primarily purchased as intermediate
inputs.’ Direct household purchases of petroleum is quite low, with expenditure ranging from
4-6 percent depending on household; for basic chemicals the household expenditure shares

are one percent or less.

Table 3: Direct and Indirect Input Requirements of Refined Petroleum per Rand Spent
on Final Demand

Final Product Rand Final Product Rand
Coke and Refined Petroleum Products 1.16  Non-metallic Minerals 0.07
Basic Chemicals 0.18  Footwear 0.07
Health, Community, Social, and
Transportation and Storage 0.18  Personal Services 0.06
Rubber Products 0.14  Furniture 0.06
Basic Non-ferrous Metals 0.14  Wood and Wood Products 0.06
TV, Radio, and Communication
Other Chemicals and Man-Made Fibers 0.11  Equip 0.06
Plastic Products 0.11  Other Industries 0.06
Agriculture, Forestry, and Fisheries 0.11  Beverages and Tobacco 0.06
Electrical Machinery 0.10  Other Transport Equipment 0.05
Construction and Civil Engineering 0.09 Wearing Apparel 0.05
Basic Iron and Steel 0.09 Glass and Glass Products 0.05
Food 0.09 Catering and Accommodation 0.05
Printing, Publishing, and Recorded
Textiles 0.08 Media 0.05
Machinery and Equipment 0.08 Business Services 0.04
Motor Vehicles Parts and Accessories 0.08 Wholesale and Retail Trade 0.04
Leather and Leather Products 0.07  Water Supply 0.04
Professional and Scientific Equip 0.07  Electricity, Gas, and Steam 0.04
Other Mining 0.07  Other Producers 0.04
Metal Products Excluding Machinery 0.07  Government Services 0.03
Coal Mining 0.07  Gold and Uranium Ore Mining 0.03
Paper and Paper Products 0.07  Financial Services 0.02
Communication 0.07

Source: South Africa SAM 2003 Database

’ By construction, crude oil is only used as an intermediate to the refined petroleum sector and it is not produced
domestically.



Given the structure of the economy, the effects of an oil price shock (which is
modeled as increase in the world price of imported crude oil, refined petroleum, and basic
chemicals) on households will be felt primarily through the effects on prices of final goods
which use refined petroleum and basic chemicals as intermediate inputs (see Table 3). Note
that production of electricity and gas does not depend heavily on refined petroleum. Instead

coal is a more important intermediate input.

2.2, Modeling Household Response to Macro-economic Events

Fundamentally, we can think of the observed poverty and inequality in a given
society as an outcome of individual behavior subject to endowments and the institutions that
govern social interaction. Indeed, Bourguignon and Ferreira (2005) note three groups of
determinants of the size distribution of economic welfare: (1) the distribution of factor
endowments and socioeconomic characteristics among the population, (2) the returns to these
assets, and (3) the behavior of socioeconomic agents with respect to resource allocation
subject to institutional constraints. Thus, we would expect the distributional impact of
macroeconomic events to have three types of effects on the distribution of economic welfare:
(1) endowment effects due to changes in the amount of resources available to individuals, (2)
the price effects reflecting changes in the reward of these resources, and (3) occupational
effects linked to changes in resource allocation.

For the purpose of our study we consider two alternative approaches of simulating
these effects at the household level. The first approach, as applied by Ravallion and Lokshin
(2004) to the case of a trade reform in Morocco, relies on the envelope theorem to downplay
the endowment and occupational effects and focus on the welfare implications of price
effects. The second approach, explained in Bourguignon and Ferreira (2005) tries to account
for the endowment and occupational effects through a model of earnings generation

Our empirical implementation of this approach relies on a dataset which combines

information from the 2000 Labor Force Survey (LFS) with data from the 2000 Income and
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Expenditure Survey (IES)'’. Given that both surveys are based mostly on the same sample
of households, the combined dataset provides comprehensive information on household
expenditures, labor and non-labor income, labor supply, employment, and several socio-
economic characteristics of individuals and households. The IES sample contains 26,687
households and 104,153 individuals. The LFS sample consists of 105,792 individuals.
When the two datasets are combined and observations with missing sampling weights are
dropped, the remaining number of individuals in our combined database drops to 103,732

from 26,214 households.

The Envelope Model of Household Welfare

Just as in the context of the general equilibrium model, we rely on the optimization
principle to model economic welfare at the household level. Following Ravallion and
Lokshin (2004), we assume that each household’s preferences can be represented by a utility
function of the quantities of commodities demanded and labor supplied to both external and
own production activities. In addition, the household earns a profit from a productive
activity. The optimal behavior of household h can be represented by an envelope function
known as the indirect utility function. This is the maximum attainable welfare given the level

of resources and prevailing prices. Formally, we write:

vilpipiw,) =max [u, (g .L,) | gy = w,L, + 7, (p;)] (2.1)

qp Loy

In the above expression, g; stands for a vector of commodities demanded by the household,
L, is the vector of labor supplies by activity and w, is the corresponding vector of wages.
In addition, p{ and p; stand for vectors of consumption and production prices respectively

while 7, (p,) 1s the maximum profit achievable from own production given prevailing

prices.
The indirect utility is a function of prices. According to the envelope theorem, as

manifested by Roy’s identity, the change in the maximum utility induced by a change in one

' These surveys are published by Statistics South Africa.
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of its arguments while the underlying choice variable adjust optimally is equal to the partial
derivative of the indirect utility with respect to the argument. The money metric of this
change is obtained by normalizing the partial derivative on the basis of the marginal utility of
income. The following expression of the overall welfare change induced by price changes

provides a framework for assessing the impact of shock or policy reform on a household.

g, =>.Ipia;, p_j” - piq ,:j i ] YL, (2.2)
Jj=1

hj ly i=1 w;

The above equation says that a first-order approximation to the welfare impact in a
neighborhood of the optimal behavior of the household is equal to a weighted sum of
proportionate changes in prices. The weights are the initial patterns of demand or supply as
revealed by expenditure and sales patterns. These patterns help us account for heterogeneity
to the extent that they are based on socio-demographic characteristics of households and the
fact that households may face different prices for the same commodity.

Depending on the application, the benefit of being able to derive an elegant closed-
form approximation from the envelope approach must be weighed against the limitation
stemming from the fact that it assumes away endowments and occupational effects. In what
follows, we also consider therefore a model of earnings generation that would allow for such

effects.
The Household Earnings-Generation Model

To also account for endowment and occupational effects, we need a framework that
links both earnings and occupational choice to socio-demographic characteristics of the
household. That is, we need a model of the income-generation process at the individual or
household level. We base the specification of our model on the general framework described
in Bourguignon and Ferreira (2005). The model has three components: (a) a multinomial
logit model of the allocation of individuals across occupational states, (b) a model of the
determinants of earnings, and (c) an aggregation rule for computing household income from

the contribution of its employed members.
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Occupational Component. The occupational component contains 16 categories: (1)
inactive and unemployed, (2) formal sector workers-low skilled in agriculture, (3) formal
sector workers-semi skilled in agriculture, (4) formal sector workers- high skilled in
agriculture, (5) formal sector workers-low skilled in industry, (6) formal sector workers-semi
skilled in industry, (7) formal sector workers- high skilled in industry, (8) formal sector
workers-low skilled in services, (9) formal sector worker-semi skilled in services, (10)
formal sector workers- high skilled in services, (11) informal sector workers-agriculture,
(12) informal sector workers-industry, (13) informal sector workers-services, (14) self-

employed-agriculture, (15) self-employed-industry, and (16) self-employed-services.

Table 4: Distribution of Employment by Sector and Occupation

Agriculture Industry Services Total

Formal Sector Workers
Low -Skill 6.0 2.9 57 14.6
Semi -Skill 6.2 8.7 16.5 31.3
High- Skill 0.7 1.3 9.6 11.6
Informal Sector Workers 2.7 2.5 13.9 19.2
Self Employees 9.1 2.8 11.5 23.4
Total 24.6 18.2 57.2 100.0

Source: Authors’ calculations.

Table 4 shows the distribution of employment by sector and occupation. These
results show that about 6 people out of ten are employed in the service (or tertiary) sector.
About the same ratio represents those engaged in formal sector work. About 24 percent of
working individuals are self-employed. Although, the data are available for disaggregating
informal and self-employment sectors by skill types, analysis was performed by economic

sectors for informal and self-employed categories.

With respect to the distribution of skills, the results show that about 15 percent of the
employed are highly skilled. Furthermore, the highest percentage of people of any skill level
is found in the tertiary sector (Table 5).
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Table 5: Distribution of Employment by Sector and Skill Level

Low -Skilled Semi -Skilled  High- Skilled All
Agriculture 8.9% 14.9% 0.6% 24.4%
Industry 3.5% 13.0% 1.7% 18.2%
Services 19.9% 25.0% 12.4% 57.4%
All 32.4% 52.9% 14.7% 100.0%

Source: Authors’ calculations.

Now, let P;; stand for the probability of observing individual i engaged in activity j.
Then selecting one category as a reference (here inactive and unemployed), we can express
this probability as:
exp(z,7,;
P p(z;7;) (2.3)

| {1+Z(exp(z,yj )}

where z; is a vector of observable characteristics of individual i. In our case, z includes the
following variables: a constant, gender, years of education, education squared, experience,
experience squared, a dummy for residence in the urban area, the number of children who are
at most nine years old, a dummy for marital status, a dummy indicating whether a member of
the household owns a family business, years of schooling for the head of household, and a
dummy indicating whether the individual is head of household.

When the multinomial logit model is motivated in term of utility maximizing

behavior, the utility'' associated with activity j is given by: z,7; + &;, where the second term

represents the unobserved determinants of the utility of activity j. The utility of the reference
activity is arbitrarily set to zero. It is usually assumed that the random component of the
activity-utility follows the law of extreme values and is independently distributed across
individuals and activities.

In principle, the participation component (2.3) of the earnings-generation model

should be estimated jointly with the earnings equations defined in the next sub-section. For

' This is the latent variable that governs occupational choice to the extent that people are believed to move to
the activity with the highest level of utility. However, Bourguignon and Ferreira (2005) note that such an
interpretation would not be valid in cases where occupational choices are constrained by the demand side of the
market.
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the occupational model to be considered as a structural model of labor supply its
specification must include the wage rate, the productivity of self-employment and non-labor
income. To avoid the difficulties associated with joint estimation, we follow Bourguignon
and Ferreira (2005) in their reduced-form interpretation of the framework. Thus the
components can be estimated separately with the possibility of testing for selection bias at the
level of earning equations. This interpretation precludes any causal inference, and the
resulting parameter estimates are simply statistical descriptions of conditional distributions
based on the chosen functional forms. The reduced-form estimates for the occupational

model are presented in Table 6.
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Overall results show that gender has significant impact on probability of being
employed in different sectors. However, gender is not a statistically significant explanatory
variable for being employed for the formal low-skilled and formal high-skilled individuals in
service sector. Among formal workers, people in the industry and services sectors are more
likely to be living in the urban areas than people in the agriculture sector as expected. It is
also true for informal and self-employed sector as well. Similarly, the number of children (9
years at most) has a significant impact of the choice participating to the labor force. People
are less likely to participate as formal workers. They are more likely to be self-employed.
Similarly, individuals living in households owning a family business are more likely to be
self-employed than paid workers. Being head of the household also plays a significant role
for participating in the labor force. It is also case for married people being active in the labor

force than non-married couples.

Earnings. The earnings block of the micro-simulation model consists of three equations
explaining formal wages, informal wages, and self-employment income in terms of
observable and non-observable individual characteristics. The specification of these

equations follows the Mincerian model. The wage equation is written as:

logw, =x,8, +u,, (2.4)

The set of observable characteristics used as explanatory variables includes: a constant,
gender, years of education, education squared, experience, experience squared, a dummy
indicating whether the individual is head of household, a dummy for residence in the urban
area, a dummy for union membership, and a dummy for marital status. We estimate this
equation separately for the primary, secondary and tertiary sectors using OLS'?. The results
are presented in Table 7.

These results indicate variables such as education and experience have expected signs
and are consistent with standard human capital approach and economic theory. Estimate

coefficients for education (eduyear squared) are statistically significant at 1 percent except in

'2 We also tried the Heckman method on both the wage and self-employment equations to account for possible
selection bias due to the fact that estimation is based on sub-samples of individuals with observed earnings in
the given activity. There was no significant difference in the results. We therefore stick with OLS.



primary-high skill group. The relationship between education variable and wage is mostly

non-linear.

In agriculture-low skill segment, additional three years of schooling increase

formal wage income by 5.7 percent for formal wage earners in that segment.

Table 7: OLS Estimates of the Formal Wage Equation

Agriculture Sector

Industry Sector

Services Sector

Medium Medium
Variables  Low Skill  Medium Skill ' High Skill Low Skill Skill High Skill  Low Skill Skill High Skill
gender 0.227 0.154 0.512 0.298 0.29 0.233 0.245 0.142 0.092
[6.34]** [2.08]* [1.99]*  [5.83]*  [8.69]*  [1.97]*  [5.89*  [5.76]* [2.70]*
eduyear 0.007 -0.03 0.107 -0.01 -0.077 -0.002 -0.015 0.014 -0.047
[0.57] [2.15)* [1.20] [046]  [5.83]* [0.04] [0.95] [1.27] [2.26)*
eduyear2 0.004 0.01 0.001 0.006 0.011 0.007 0.005 0.006 0.007
[3.59]** [8.96]** [0.24]  [3.81* [12.97]*  [3.44]*  [4.23]*  [9.01]* [8.101*
expyear 0.033 0.065 0.009 0.032 0.038 0.051 0.038 0.031 0.034
[6.06]* [8.72]* [0.31]  [4.06]*  [7.45]*  [3.15]*  [5.50]*  [8.13]* [6.11]*
expyear2 0 -0.001 0 0 0 -0.001 0 0 -0.001
[5.30]* [7.74]* [0.00]  [2.33]*  [476]*  [213]"  [4.06]*  [5.04]** [4.55]**
headd 0.056 0.112 0.216 0.051 0.058 0.189 0.149 0.117 0.218
[1.49] [1.83] [0.88] [0.97] [1.77] [1.60] [3.441*  [4.60]* [6.31]*
urban 0.408 0.362 0.658 0.31 0.295 0.395 0.273 0.303 0.309
[8.35]* [9.82]* [4.53]*  [5.92]*  [8.80]*  [243]  [647]*  [10.86]*  [8.17]*
union 0.569 0.556 -0.033 0408 0.272 -0.108 0.624 0.404 0.056
[11.83]* [15.51]* [0.22]  [8.59]*  [9.85]** [1.18]  [15.32]* [17.82]* [1.89]
married 0.033 0.094 -0.077  0.089 0.193 0.018 0.038 0.253 0.173
[1.00] [2.16]* [0.35] [1.78)  [6.32]** [0.18] [0.93)  [10.70]*  [5.27]*
Constant 7.792 7.674 8.368 8.039 8.229 8.41 7.943 8.031 9.174
[97.87]* [62.41]*  [13.84]* [60.69]* [98.18]*  [22.51]*  [71.85]* [115.94]*  [62.64]**
Sample Size 1665 1713 123 804 2412 368 1588 4544 2649
R-squared 0.26 0.42 0.41 0.29 0.31 0.37 0.28 0.32 0.24

Notes: Absolute value of t statistics in bracket. Significance level * significant at 5%; ** significant at 1%

Source: Authors’ calculations.
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In the manufacturing sector, three years of additional schooling will bring 2.4 percent
more additional wage income for the low skill formal workers. The returns to education are
the highest in the tertiary sector-medium skill segment with 9.6 percent increase in wage
income for additional three years of schooling.

Empirical literature suggests that union membership is an important determinant of
wages, labor market behavior, and unemployment rate in South Africa. Our results show that
union membership has a strong positive impact on income of members except for high skill
individuals cross economic sectors. The associated coefficient is very significant statistically
(at 1 percent level). In agriculture, membership to a labor union brings about 60 percent
more income than non-membership (low skill in tertiary sector and 37 percent for medium
skill formal workers), other things being equal in the same sectors with similar
characteristics. The pattern is similar in the other sectors (e.g., about 40 percent in
manufacturing-low skill and 28 percent for manufacturing medium skill, and 62 in the
tertiary sector-low skill).

Another interesting result relates to the effect of urbanization on wages. People living
in the urban areas are earning on average 30 percent higher wages. This may be partly due to
relatively higher cost of living in urban areas as well as the structure of the labor markets,
e.g., higher skills in urban and non-agricultural sectors. We draw on empirical literature in
selecting model specification for the wage function. Another important determinant of wages
is gender differences. Everything else being equal, male employees are paid on average 9
percent to 51 percent higher in wages.

Next, we specify informal wage equation (iw) which is analogous to the formal wage

equation.

logiw, =x,8,, +u (2.5)

iw

The explanatory variables in this equation include: a constant, gender, years of
education, education squared, experience, experience squared, a dummy indicating whether
the individual is head of household, a dummy for residence in the urban area, a dummy for

married. Table 8 contains the results of the OLS estimation of this equation.
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Table 8: OLS Estimates of the Informal Wage Equation

Agriculture Industry Service

Variables Sector Sector Sector

gender 0.095 0.347 0.254
[1.34] [3.88]** [8.43]*

eduyear -0.01 0.041 -0.045
[0.49] [1.44] [4.73]**

eduyear2 0.007 0.002 0.011
[4.00]** [1.08] [14.53]**

expyear 0.029 0.023 0.043
[3.01]** [1.86] [9.33]**

expyear2 0 0 -0.001
[3.12]** [1.39] [7.68]**

headd 0.153 0.1 0.121
[2.05]* [1.47] [4.36]**

urban 0.311 0.397 0177
[3.68]** [5.84]** [6.55]**

married 0.124 0.184 0.055
[1.99]* [2.59]** [1.99]*

Constant 7.665 7.594 7.331
[52.30]** [37.71]* [98.81]**

Sample Size 758 693 3860

R-squared 0.21 0.22 0.28

Notes: Absolute value of t statistics in brackets
Significance level * significant at 5%; ** significant at 1%
Source: Authors’ calculations

As noted earlier, the specification of the equation explaining self-employment
earnings (77 ) is entirely analogous to that of the wage equation. We express that equation as

follows.

logrz, =x.8, +u,, (2.6)

The explanatory variables in this equation include: a constant, gender, years of
education, education squared, experience, experience squared, a dummy indicating whether

the individual is head of household, a dummy for residence in the urban area, a dummy for
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high skill level, and a dummy for working in the formal sector. Table 9 contains the results
of the OLS estimation of this equation.

We observe many patterns similar to the case of wage employment. For instance, in
the primary sector, heads of households earn 35 percent more from self-employment than
non-head. This is much higher than the 20 percent premium they earn as wage employee in
the same sector. Similarly, self-employment pays more (15 to 30 percent) in the urban area
than in the rural area. However, this premium is lower that the one estimated for formal
wage employment. Finally, we observe that self-employment pays much more for highly
skilled individuals than for the other skill categories. Similarly for people engaged in the

formal sector of the economy.

Table 9: OLS Estimates of Self-Employed Earning Equation

Agriculture Industry Service
Variables Sector Sector Sector
Gender 0.146 0.605 0.45
[3.52]** [7.401* [10.81]*
Eduyear -0.059 0.027 -0.024
[4.12]** [1.02] [1.79]
eduyear2 0.011 0.004 0.007
[10.44]* [2.60]** [8.66]**
Expyear 0.042 0.049 0.078
[8.62]** [4.06]** [13.74]*
expyear2 0 -0.001 -0.001
[3.83]* [3.35]** [12.52]**
Headd 0.352 0.065 0.182
[7.001** [0.74] [4.20]1**
Urban 0.131 0.158 0.27
[1.91] [1.96]* [6.78]**
skillH 0.361 0.811 0.556
[1.85] [6.92]** [10.42]*
Formallab 1.451 0.798 0.703
[17.45]* [7.05]** [13.58]**
Constant 6.926 7.215 6.982
[83.491* [34.98]* [72.401*
Sample Size 2544 776 3217
R-squared 0.44 0.42 0.42

Note; Significance level * significant at 5%; ** significant at 1%
Source: Authors’ calculations
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Aggregation. Given individuals earnings, household income is aggregated according to the

following formula.

Vi = Zwt‘Liw * Ziwtl’iiw T Z”iLm T You (2.7)

ich ieh ich

As the above expression shows, total household income is a sum of three components. The
first two components add all earnings (wage and self-employment) across individuals and
activities, while the last element is an exogenous unearned income such as transfers and
capital income (see Table 10). Real income is obtained by deflating total income by a
household specific consumer price index CPI,. This is a weighted sum of prices of various
commodities purchased by the household. The weights are given by the budget shares that

vary across households.

Table 10: Household Income Distribution between Labor and Non-Labor Income

Annual
Other Total Annual Total Non Labor Annual
Income/Total Household Annual (Other) Total
Population Annual Other Household  Income per Income per
Deciles Income Income Income capita capita
Ratio Rand/year Rand/Year Rand/year =~ Rand/year
1 0.34 720.35 6025.79 107.24 723.94
2 0.32 949.01 7164.21 133.37 990.21
3 0.31 1258.22 9519.38 182.21 1420.86
4 0.26 1467.23 12381.75 233.49 1801.05
5 0.23 1637.85 15365.86 299.38 2443.36
6 0.20 2256.26 22175.89 429.49 3795.05
7 0.16 2497.54 31152.63 543.68 6044.95
8 0.14 3414.77 39702.75 817.71 9067.07
9 0.13 5650.85 67829.13 1498.38 16997.32
10 0.12 15061.66 159162.60 5589.73 53806.32
Total 0.21 3491.71 37050.35 983.65 9710.38

Source: Author's Calculations from Income and Expenditure Survey(2000) and Labor Force Survey (2000)
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Household annual total income is defined as total annual income including wage
income, self-employed income, and all other income'”. Average values vary significantly
between income deciles. On the average 21 percent of the household income is coming from
other sources of income which is non-wage income for laborers and non-self-employed
income for self-employed people. When compared between income deciles, the ratio of other
income to the total income varies between 34 percent in the lowest decile to the 12 percent in

the richest decile in the income distribution.

2.3. Linking the Micro-Simulation Component to the CGE Model

To be able to assess the endowment, price and occupational effects of an oil price
shock in a way that fully account for heterogeneity at both individual and household levels
requires appropriate channels of communication between the CGE model and the micro-
simulation components. In this section, we briefly describe the approach followed here and
the constraints that must respected in order to ensure consistency between the two blocks of

the framework.

Approach

Figure 3 shows a possible way of framing the communication between the CGE
model and the micro-simulation model. On the left hand side of the figure, the CGE model
translates the impact of the macroeconomic shocks and policies through changes in relative
prices (of commodities and factors), and levels of employment incomes. The micro-
simulation module takes these changes as exogenous and translates them into change in
household behavior which underpins changes in earnings, occupational status and welfare.

In particular, we use equation (2.2) to predict the welfare effects associated with changes in

'3 All Other Income: Income derived from the sale of vehicles, fixed property, other property, rents collected,
payments received from boarders and other members of the household, lump sums resulting from employment
before retirement, gratuities and other lump sum payments received from pension, provident and other
insurance or from private persons, life insurance and inheritances received, claims, grants, total withdrawals
from savings, remittances, and other sources of income.
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commodities and factor prices. We use the income generation model to predict changes in
earnings and occupational status implied by the structural changed produced by the CGE

model.

Figure 3: Macro-Micro Linkages with a Feedback Mechanism

{ CGE Model }
4 . N [
Prices, wages and Structure of labor supply,and
E:mployment le})els households by characteristics,
in current period Or reservation wage
for next period
p”W”LDt LSH—I’AH]’Wt
- VAN Y,
Micro-simulation model of
household income generation

The right hand side of the figure shows that, in addition to usual top-down link depicted by
the left hand side, we may use a simple recursive feedback mechanism from the household
level to the CGE model. Such a mechanism transmits back to the CGE the updated
household behavior to generate new aggregate predictions. Behavioral updates are obtained
in a manner analogous to the renewal of capital stocks by sectoral investments. The structure
of final demand of private consumption by household group and the supply of labor by labor
type are similarly updated in a recursive way but consistent with the micro results of the
previous period (see Figure 3). Both modules will keep updating each other until
convergence is achieved. However, the structure of household demand and labor

characteristics was found to be relatively stable without a more dynamic setting that allows
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for structural changes in demography and household characteristics as well as human and
physical capital accumulation etc. A more dynamic setting, which makes endogenous some
of the determinants of the variables being exchanged — e.g. a human capital formation story
to explain the behavior of education and skill acquisition - is currently beyond the scope of
this study. Hence, for the comparative statics in this paper, it was not be necessary to

conduct the bottom-up feedbacks from micro simulations to the macro framework.

Consistency

To obtain meaningful results from the simulation framework, one must ensure that
outcomes from the micro-simulation model are consistent with the aggregate results from the
CGE model both before and after the shock. This implies that the links between the two
modules must respect a set of consistency constraints. The envelope method offers an easy
way out of this requirement by assuming that choice variables at the household level adjust
optimally to the impact of a shock. In the case of the earnings generation model, consistency
requires that the observed occupational choices predicted by the micro-simulation module
add up to the aggregate levels of employment solved by the CGE model. Similarly,
simulated earnings at the micro level must match macro predictions. Bourguignon,
Robilliard and Robinson (2002) explain that benchmark consistency could be achieved by
ensuring that the calibration of the CGE is compatible with the consistency constraints.

A key consideration here stems from the following. The random utility function is the
latent variable that explains occupational choice. Furthermore, a shock might cause
individuals to move from unemployment to being employed in one of the segments of the
labor market. Implementation of the consistency constraints therefore requires information
on both the observable and non-observable components of the occupational and earnings
models. The observable components of these models are calculated on the basis of estimated
parameters and data on observable characteristics. For each individual, the random
component of the utility function is drawn randomly from the law of extreme values. As far
as earnings equations are concerned, we note that estimation of these equations is based on
sub-samples of individuals with nonzero earnings in the corresponding occupation. This
estimation readily yields residuals for these sub-samples. For those showing zero earnings,

counterfactual earnings are computed on the basis their observable characteristics, estimates
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of the relevant coefficients, and residuals drawn from a normal distribution with the same
standard deviation as the distribution of residuals for those individuals with nonzero
earnings.

In practice, differences underlying the micro and macro data (sampling weights,
coverage, imputed values etc.) make it very difficult to fully enforce the consistency

constraints described above. We therefore adopt several steps to achieve the consistency.

Labor categories. Because of the importance of the labor market structure in South
Africa, we ensure that the occupational choices in the micro simulation have the same
classification as the labor categories in the CGE model and capture the appropriate
taxonomy, structural and unemployment issues in South Africa. As mentioned previously -
formal labor is divided into highly skilled labor, semi- (or medium-) skilled labor, and
unskilled labor; in addition, there are self-employed earners, and informal labor. Structural
unemployment is specified for unskilled and semi-skilled workers (with sticky real wages)

while the other labor markets clear in the equilibrium.

Reconciling Base-year and Post-shock Numbers. Consistency between the CGE and micro
simulation models basically means that the core information being communicated between
the two modules are the same. This refers to the market wages and employment and
unemployment structure (distribution shares) in the CGE model and the corresponding
reservation wages and occupational-choice probabilities in the micro simulation. In a more
dynamic setting, the structure of household demand and labor supply are also additional
information to exchange. To achieve consistency in the base-year data or reference run as
well as in the post-shock simulation, the following options are possible.

First, if the SAM of the CGE model and the survey data of the micro simulation have
the same base year but there exist some discrepancies, consistency in the base-year numbers
can be attained by feeding the reservation wages arising from the micro econometric
estimation into the CGE model like Savard (2006). Then fixing wages, the employment and
unemployment structure consistent with the reservation wages can be computed in the CGE
model. If it is important to maintain the reservation wages that are empirically derived from

micro econometrics, a single iteration should be sufficient. However, this will not necessarily
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guarantee convergence of both wages and employment shares in both modules. Hence,
further iterations are possible with the caveat that the final numbers may not correspond to
the original numbers in each module.

If the base years of the two modules are different, which is often the case, a second
option is adopted. In many countries, household and labor force surveys are prepared less
frequently than the SAM data underlying the CGE model. With techniques like the cross-
entropy methods in Robinson, Cattaneo, and El-Said (2001), a SAM is easily updated to a
more recent year to make it consistent with the national accounts and macro data available to
policy analysts. At the time of implementation of our South Africa model, the base year of
the SAM is 2003 while the survey data were based in 2000. In order to retain both structure -
the more recent numbers in the macro accounts as well as the familiar poverty and inequality
measurements of the micro data, we employ percent changes to communicate changes in
employment and wages as the next best option. In the South Africa model, the labor
categories and employment structure in the CGE module are also closely matched to the
employment shares in the micro data.

In a post-shock simulation, reconciliation of both wages and employment shares are

implemented as in the second option above.

Reconciliation Method. Like Bourguignon, Robilliard and Robinson (2002), reconciliation
in the post-shock micro simulation means adjusting the intercepts (or constant terms) of the
wage and occupational functions to ensure that changes predicted by the income generation
model are consistent with those predicted by the CGE model. Traditionally, all the
quantitative analysis and calculations of the micro information are all done with statistical
packages designed for processing micro survey data like STATA."* The steps entail — i) the
econometric estimation of wage and occupational choice functions; ii) the recalibration of
the intercept or constant terms of these equations to achieve consistency as described above;
and finally iii) the “regeneration” of the household and labor surveys to derive the impact on
heterogeneous households of the shocks being introduced. However, to recalibrate the

intercept terms in second step above, we find that programming packages like GAMS" for

' The statistical package STATA is the trade mark of STATA Corporation.
> GAMS (General Algebraic Modeling System) is the trade mark of GAMS Corporation.
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CGE modeling to be much less sensitive to increasing the number of labor categories in the
wage and occupational choice models and much more efficient (i.e. no convergence
problems) in solving simultaneous equations necessary to calculate the new intercepts. For

this reason, a GAMS program is used in the second step.

3. The Impact of a Large Oil Price Shock

The nominal price of crude oil increased by about 125 percent during the recent
period from 2003 to 2006. In May 2007, for example, global oil price averaged over $65/bbl.
In real terms however, the recent price increase is only a cyclical recovery and has yet to
reach the peaks of 1979-80. Moreover, non-oil commodity prices such as metal and minerals
(e.g. gold and other metals) have also risen significantly and have contributed very positively
to the balance-of-payment positions of countries like South Africa. As a result, the ratio of oil
and non-oil commodity prices has so far not risen as sharply as it did for oil importing
countries when compared to the previous shock of 1999-2000. The trend of rising prices is
however worrisome. In what follows, we analyze the marginal impact of a large increase in
the price of oil similar to the price hike in 2003-06 (holding other things constant unless
otherwise specified).

To analyze the effects of an oil price shock on prices and the structure of production
in South Africa, we consider two experiments:

1. A 125 percent increase in the world price of imported crude and refined oil.

2. A 125 percent increase in the world price of imported crude and refined oil, a 30
percent increase in the world price of imported basic chemicals and a 6percent
increase in the world price of all other imported goods.

The second experiment takes into account the spillover effects on other commodities of an oil

price increase.

3.1. Macroeconomic Results

The macroeconomic results are shown in Table 11.
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Table 11: Macroeconomic Results for South Africa
Real variables QOil Price Shock QOil & General Price Shock
(percent change)

Real exchange rate 16.2 224
Total absorption -5.6 -7.8
Exports 7.7 9.1
Imports -6.2 -10.3
Household consumption -6.5 -8.8
Total investment -7.0 -10.8
GDP (at market prices) -1.8 -2.5
Total employment -2.1 -2.7
CPI 1.9 2.7

Source: Authors’ calculations

When world prices of imported goods increase, the currency depreciates; the real
exchange rate, measured as local currency units per world currency unit, increases from 16.2
to 22.4 percent depending upon the magnitude of the price shock (i.e. an oil price increase
alone or an oil price increase plus a general price increase). In effect, the currency depreciates
in order to shift resources into exports, increasing export earnings in order to pay for the
more expensive, but essential, crude oil imports'®. Total absorption and real GDP at market
prices decline as imported oil becomes more expensive. The world price shocks reduce
employment, which also contributes to the decline in real GDP.

Despite a dramatic increase in the world price of crude oil imports, the quantity
imported of crude oil, a commodity with no domestic substitute, declines slightly, by
approximately one percent, in either price shock scenario. Imports of refined petroleum
decline by approximately 20 percent. Imports of all other goods fall as a result of the
currency depreciation.

Output responds to the direct effects of an increase in input costs as crude and refined

petroleum prices increase. See Figures 4-7 for output results by activity and price shock.

' The elasticity of substitution between imports and the domestic variety in consumption for refined petroleum
is 0.73 and for basic chemicals is 0.677; crude oil is not produced domestically. A value less than one indicates
that the imported variety is not a good substitute for the domestic variety. See Devarajan, Lewis, and Robinson
(1993) for a more detailed discussion of the real exchange rate in CGE models.

-29.



Figure 4: Output Adjustment in the Service Activities
Oil Price Shock
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Figure 5: Output adjustment in the Service Activities
Oil & General Price Shock

2

Source: CGE Model Simulation
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Figure 6: Output Adjustment in the Industry Activities
Oil Price Shock

% ﬂﬂﬂﬂﬂﬂﬁmumm

- T

—T

’Hgg%gﬁﬁgﬁ?%H%%gg%gaggg
L oef PRUTHEIRRED p 1o

Source: CGE Model Simulation

For price shock, refined petroleum and basic chemicals, the sole users of crude oil,
contract when the price of imported oil increases, due to input cost increases. Other sectors
with strong indirect intermediate input use of petroleum, such as printing & publishing,
rubber products, transportation & storage, and food, also contract (See Table 3 for a ranking
of intermediate input demand for refined petroleum, accounting for direct and indirect
effects). Output also responds to economy-wide changes induced by the world price shocks.
As a result of the depreciation, output of services activities which are primarily non-traded

(with the exception of catering and accommodations) decline.
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Figure 7: Output adjustment in the Industry Activities
Oil & General Price Shock
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Consistent with the output changes, employment in services activities decline and
labor moves to agriculture and industry activities. Overall employment declines as the
demand for semi-skilled and low-skilled labor declines following the import price shocks
(the direction of the results is the same for either price shock, the magnitude of the shock is
higher when there is an increase in oil and other commodity prices).The percent changes in
employment are as follows (note that there is movement of resources within the industry and

services activities, here we just report the aggregate changes).
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Table 12: Employment Changes (percent change)

Qil Price Oil & General
Shock Price Shock
Agriculture
Formal high-skilled workers 3.5 4.9
Formal semi-skilled workers -1.5 -1.4
Formal low-skilled workers 1.0 1.9
Self-employed 3.6 5.2
Informal workers 8.0 11.8
Industry
Formal high-skilled workers 2.1 2.5
Formal semi-skilled workers 1.7 -2.6
Formal low-skilled workers 0.5 0.1
Self-employed 2.6 2.8
Informal workers 4.2 5.2
Services
Formal high-skilled workers -0.5 -0.7
Formal semi-skilled workers -8.6 -11.4
Formal low-skilled workers -8.4 -11.6
Self-employed -3.4 -4.8
Informal workers -2.3 -3.3
Economy-wide employment
Total -2.1 2.7
Formal semi-skilled workers -5.3 -7.0
Formal low-skilled workers -2.8 -3.7

Source: Authors’ calculations

Real wages decline for all labor categories with the exception of semi-skilled and
low-skilled formal workers who receive a constant real wage and the quantity employed

adjusts (downward in price shocks considered here).
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Table 13: Wage Changes (percent change)

Oil Price Oil & General
Shock Price Shock
Real
Formal high-skilled workers -11.3 -15.2
Formal semi-skilled workers 0.0 0.0
Formal low-skilled workers 0.0 0.0
Self-employed -10.5 -13.8
Informal workers -9.6 -12.8
Nominal
Formal high-skilled workers 9.6 -13.0
Formal semi-skilled workers 1.9 2.7
Formal low-skilled workers 1.9 2.7
Self-employed -8.8 -11.6
Informal workers -7.9 -10.5

Source: Authors’ calculations.

As wages decline, household demand for goods and services also decline. The
commodity price changes result from shifts in both the demand and supply curves for each
activity. The net effect of an increase in the oil prices (as well as for oil and a general price
shock) is a dramatic increase in the price of fuel (see Table 14). Prices also increase for food
and transportation.

Table 14: Price Changes (percent change)
Oil Price Shock Oil & General

Price Shock
Food 0.6 1.6
Beverages -1.7 -1.6
Alcoholic Beverages -1.7 -1.6
Cigarette and Tobacco -1.7 -1.6
Personal Care -7.2 -9.2
Housing Operations -3.8 -5.1
Fuel 65.9 68.1
Housing, Energy and Water -3.1 -3.7
Clothing & Footwear -0.9 0.3
Furniture -0.2 1.4
Health -7.2 -9.2
Transportation 4.5 7.3
Communication -1.7 -1.5
Education -7.2 -9.2
Reading 0.2 2.0
Entertainment -7.2 -9.2
Miscellaneous -3.8 -5.1

Source: Authors’ calculations.
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3.2. The Welfare and Distributional Implications of the Oil Price Shock

After identifying the macro effects of an oil price increase, this section addresses the
poverty and distributional implications. We measure poverty with members of the Foster,
Greer and Thorbecke (1984) family of decomposable indices. Our analysis of inequality is
based on the Gini coefficient and General Entropy indices. We discuss respectively the

baseline distribution of welfare, and the distributional implications of an oil price shock'”.

Baseline Distribution of Economic Welfare

The available survey data provides information on both household income and
consumption expenditures. Figure 8 and Table 15 describe the distribution of these two
variables by deciles. We combine information on household size and the sample household
weights to estimate poverty and inequality at the population level. At the national level,
average per capita consumption is little over Rand 10,000 and per capita income of about

Rand 9,700 in 2000.

7 We also estimate poverty indicators at sectoral levels (urban, rural) and by provinces, but the latter are not
reported.
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Figure 8: Distribution of Income and Expenditure by Deciles
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Table 15: Per Capita Household Expenditures and Income

Population
Deciles Expenditure Income Urban/Rural Ratio
Urban Rural Urban Rural Expenditure Income

Poorest 759.0 741.6 724.4 723.8 1.02 1.00
2 1346.4 1321.2 992.7 989.1 1.02 1.00
3 1842.2 1827.9 1604.2 1312.2 1.01 1.22
4 2399.6 2389.6 1980.5 1643.0 1.00 1.21
5 3129.6 3102.7 2757 .1 2093.1 1.01 1.32
6 4174.7 4115.0 3853.8 3685.0 1.01 1.05
7 5794.8 5733.5 6385.0 5151.1 1.01 1.24
8 8984.7 8917.5 9232.4 8436.0 1.01 1.09
9 16744.7 15807.2 16528.3 21353.3 1.06 0.77

Richest 56017.3 72562.9 53167.3 634155 0.77 0.84

Total 14412.7 4018.1 13899.5  3553.0 3.59 3.91

Source: Authors’ calculations.

Moreover, the average values of income and expenditures vary significantly by
locality; comparing average consumption levels across rural and urban South Africa shows

huge disparities between rural and urban sectors (Table 15). For instance, when compared

-36 -



with rural versus urban per capita incomes, people living in the urban areas have on average
income that is more than four times the income earned in rural areas. A similar disparity
exists in per capita expenditure levels between deciles as well as urban rural differences.

Figure 9 (a&b) and Table 16 (a&b) provide a poverty profile for South Africa in 2000
based on a poverty line set at US$1 per day, which amounts to South Africa is Rand 2533 per
capita per year. Figure (9a&b) contains a set of TIP curves, one base on the distribution of
per capita expenditure and the other one on that of per capita income. TIP curves offer an
alternative way to test for unanimous poverty comparisons across time, across regions and
countries based on a wide class of poverty indices. The TIP curve'® provides a graphical
summary of incidence, intensity and inequality dimensions of aggregate poverty based on the
distribution of poverty gaps.'” On the basis of this poverty profile, we note that about 37 or
49 percent of the population was poor in 2000 according as welfare is measured by
expenditure or income.

Figure 9a: A Picture of Poverty in South Africa, 2000 (Expenditure)
16
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Source: Authors’ calculations

'8 TIP stands for “three ‘i’s of poverty”, that is incidence, intensity and inequality. The length of the non-
horizontal section reveals poverty incidence, intensity is represented by the height of the curve while the
concavity of the non-horizontal section translates the degree of inequality among the poor.

' Jenkins and Lambert (1997).
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Figure 9b: A Picture of Poverty in South Africa, 2000 (Income)
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Table 16a: Expenditure-Based Poverty Profile for the Year 2000

Measure Estimate Scale-Elasticity Gini-Elasticity Trade-Off
Headcount 0.37 -0.95 2.88 3.03
Poverty Gap 0.15 -1.45 8.42 5.81
Squared Poverty Gap 0.08 -1.70 13.20 7.78

Source: Authors ’calculations

Table 16b: Income-Based Poverty Profile for the Year 2000

Measure Estimate Scale-Elasticity Gini-Elasticity Trade-Off
Headcount 0.49 -0.44 1.22 2.76
Poverty Gap 0.34 -0.43 4.96 11.45
Squared Poverty Gap 0.28 -0.40 8.64 21.48

Source: Authors’ calculations

Inequality is also quite high in South Africa. Based on the distribution of expenditure
by deciles, we find that the richest 20 percent of the population, on average spends 35 times
more than the poorest 20 percent of the population. The Gini coefficient associated with the

distribution of expenditure is about 67 percent and that for the distribution of income about
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72 percent. These base case results are in line with other studies of South Africa.* The high
level of inequality is certainly a constraint to the responsiveness of poverty to economic
growth. Tables 16 a and b present information on two types of poverty elasticities computed
according to Kakwani (1993) method. The scale elasticity measures the responsiveness of
poverty to changes in the mean value of the welfare indicator (expenditure or income). The
Gini elasticity indicates the extent to which poverty responds to changes in inequality as
measured by the Gini coefficient. The trade-off indicator is known as the proportional rate of
substitution (Marginal Proportional Rate of Substitution) between mean welfare and
inequality. This is the rate at which income needs to grow to compensate for an increase of
one percent in the Gini coefficient to keep poverty constant. Thus the information presented
in Table 16 reveal that income would have to grow at least 3 percent to keep poverty

incidence constant at the 2000 level.

Distributional Impact of the Severe Oil Price Shock

We now focus our attention to the case of the severe oil price shock. The
distributional implications of this shock are obtained by comparing the baseline distribution
of income or expenditures to the one that accounts for gains and losses arising from changes
in wages, self-employment income, occupational choices, and consumer prices. To enforce
the consistency constraint discussed earlier, we adjust the constants (or intercepts) of the set
of equations estimated from the household and labor surveys so that the modified equations
respect changes from the CGE model. Recall that the micro-simulation model has three
economic sectors and three skill types for formal wage workers, 16 occupational choices
(including a base category of inactive and unemployed) and three types of incomes (formal
wages, informal wages, and self-employment income). Overall, the model has a total of 30
equations with 30 constants (15 constants for income equations and 15 constants for
occupational choice equations (the constant for the base category in multi-logit model is set

to zero).

%% See, for example, Jenkins C, and Thomas L,(2000), The changing Nature of Inequality in South Africa,
WIDER, Working Paper Series, October 2000.
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The micro-simulation calculates the formal wages, informal wages, self-employed
incomes and occupational choices at the micro units — i.e., for each individual - that are
consistent with the post-shock relative prices, wages and employment levels by broad
categories that are generated from the CGE model. After aggregating all incomes within the
households, per capita income and expenditures are deflated by new household-specific
consumer price index. As the price index reflects household-specific consumption baskets,
changes in prices of consumer goods and services will have differential impact on individual

households based on their allocation of budget to these components of consumer basket.

Table 17: Household Expenditure Shares by Quintile

Alcoholic  Cigarette and  Person Housing

Quintile Food Beverage  Beverage tobacco al Care operation
Poorest 0.45 0.01 0.01 0.01 0.05 0.03

2 0.42 0.01 0.01 0.01 0.05 0.03

3 0.38 0.01 0.02 0.01 0.05 0.03

4 0.31 0.01 0.02 0.02 0.05 0.03
Richest 0.17 0.01 0.01 0.01 0.03 0.04
Average 0.35 0.01 0.01 0.01 0.05 0.03

Housing, Clothing
Energy and

Quintile Fuel and Water  Footwear Furniture Health  Transportation
Poorest 0.05 0.23 0.05 0.01 0.01 0.03

2 0.04 0.21 0.06 0.02 0.01 0.03

3 0.03 0.2 0.06 0.03 0.01 0.05

4 0.02 0.2 0.06 0.03 0.02 0.07
Richest 0.01 0.21 0.04 0.03 0.04 0.1
Average 0.03 0.21 0.05 0.02 0.02 0.06

Communic

Quintile ation Education = Reading  Entertainment Miscellaneous
Poorest 0.01 0.03 0.0001 0.002 0.04

2 0.01 0.02 0.0002 0.002 0.06

3 0.01 0.02 0.0003 0.003 0.08

4 0.02 0.03 0.0007 0.004 0.12
Richest 0.03 0.03 0.0012 0.008 0.23
Average 0.02 0.03 0.001 0.004 0.1

Source: Authors’ calculations

The survey shows that households’ budget allocation on different types of consumer

good and services varies significantly (Table 17). For example, the poorer households spent
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larger share of their incomes on food, utilities like water, energy and rent for housing. On the
other hand, the richer households spent relatively more on health, transportation and
communication, and other goods and services. The oil price shock has directly increased
prices for energy and transport but also affected prices of other goods and services through
second round effects. While overall price level has gone up slightly, we observed significant
variation in prices within the consumer basket. For example, prices for food, fuel and
transportation have gone up, but for many other goods and services have declined slightly.
Consequently, households had been affected differently depending on their spending
patterns. As poorer households spend relatively more on food, they are expected to be
adversely affected by the oil price shock. This issue of changes in households’ welfare is

discussed next.

Impact on the Formal Wage Labor. The adverse impact of oil price shock was most
obvious in the formal labor sector. Following the shock, formal workers’ wages, on average,
declined by 4 percent of their pre-shock earnings (Table 18). Although, the wage loss varies
by income deciles, the differences are not significant except for the poorest and the richest

deciles of formal workers.

Table 18: Impact of Oil Shock on Formal Wage Workers

Formal
Wage- Formal
Post Wage-pre Ratio: Post-shock/ Pre-
Deciles Shock shock shock
Poorest 3824.847 4101.92 0.93
2 7724.035 8157.375 0.95
3 11895.97 12409.63 0.96
4 16163.26 16540.06 0.98
5 21572.56 21915.76 0.98
6 27394.34 27768.17 0.99
7 33806.99 34605.13 0.98
8 44793.3 46425.38 0.96
9 65200.57 68435.89 0.95
Richest 180520.8 194553.3 0.93
Overall Average 32967.42 34511.12 0.96

Source: Authors’ calculations
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In addition to a decline in wages, formal sector labor also experiences
increased unemployment in the tertiary sector. Most of those who became
unemployed were from low and medium skill workers of tertiary sector. These
unemployed workers lost their earnings completely following the shock (Table 19).
Almost 70 percent of these newly unemployed formal wage earners belong to the

bottom three deciles (based on pre-shock per capita incomes).

Table 19: Unemployment Impact of Oil Shock on Formal Workers

Average Average
Annual Annual
Percentage @ Wage-pre = Wage-post Percent of

Income deciles of People shock shock loss
Poorest 31.07 3742.644 0 -100
2 19.11 8253.346 0 -100
3 18.39 12127.46 0 -100
4 9.1 16562.43 0 -100
5 10.18 21893.82 0 -100
6 4.46 27403.68 0 -100
7 3.39 33850.42 0 -100
8 2.50 45794.71 0 -100
9 1.25 70534.29 0 -100
Richest 0.54 970816.7 0 -100
Overall Average 100 18306.53 0 -100

Source: Authors’ calculations

Welfare Impact of the Oil Price Shock on Low-Skill Households. As noted above, poorest
deciles were disproportionately adversely affected from the shock because they tend to have
low skills. The following figure shows that household with low skill level tend to lose more
than they gain from the shock. Losses are more pronounced than the gains; also, losses are

more clustered around the lower end of the distribution (poorer household with low skill).
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Figure 10 : Gains and Losses from Oil Price Shock for Low Skill Households
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Welfare Impact of the Qil Price Shock on High Skill Households. In contrast to low-skill
households, those with high skill level are, on average, gaining from the shock (Figure 11).
As the figure shows, there are relatively few households that are experiencing losses from the
shock and they are scattered across the income deciles. However, most high-skill households
have gained more income after the shock and these gainers are concentrated on the higher
end of the income distribution. In our view, high-skill workers are less likely to be laid off
when unemployment increase as a result of oil shock, or they can move relatively easily to
different jobs. Moreover, these households, which are already mostly in higher income
quintiles, are also less affected from the price changes following the oil price shocks. To start
with they are richer and spending relatively less on food and other goods affected most from

the changes in oil prices.
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Figure 11: Gains and Losses from Oil Price Shock for High Skill Households
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Overall Welfare Impact of the Oil Price Shock. Figure 12 presents an overall picture of
gainers and losers from the oil price shock. It is clear that the poorer segment of the
population is more adversely affected from this shock. For instance, households below the
7th decile of income per capita are losing and becoming poorer, while the richest 35 percent
of households are gaining even higher incomes as a result of the shock. On average, shock
results in a decline of about 1.5 percent of initial per capita income for the poorer segments
of the population. Following the shock, not only the extent of poverty increased slightly but

also distribution of the welfare of the households became less equal.
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Figure 12 : Distribution of Gains and Losses to Households by Deciles
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Table 20 presents our results on poverty and inequality indicators along with some
disaggregations of the baseline profile. Thus, when regional disparities are considered, over
70 percent of people living in rural South Africa were poor, while only 33 percent of urban
population had income below the poverty line (the equivalent of a dollar a day). The
simulation results for oil price shock have an adverse impact on poverty. The proportion of
individuals living under poverty (based on a dollar a day poverty line and the income
measure of welfare) increases slightly less from 49 percent to 49.5 percent (increased 37
percent to 38 percent if we consider expenditure per capita as a welfare measure.) On the
regional level, head count ratios again increased both in urban and rural areas experienced a
relatively larger increase in poverty. The poverty gap index increased from 15 to 16 percent
(result not reported), which indicates that there is a one percent increase in the difference

between actual income and income required to sustain minimum standard of living.
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Table 20: Impact of Oil Shock on Poverty and Income Distribution
Simulation 1: Oil Price

Base Case Shock

National  Urban  Rural National  Urban  Rural
Poverty Indicators
Using Expenditure
Head Count Ratio 0.37 0.21 0.60 0.38 0.22 0.61
Poverty Gap 0.15 0.08 0.26 0.16 0.08 0.27
Poverty Severity 0.08 0.04 0.15 0.08 0.04 0.15
Using Income
Head Count Ratio 0.49 0.33 0.72 0.495 0.33 0.72
Poverty Gap 0.33 0.22 0.51 0.33 0.22 0.51
Poverty Severity 0.28 0.17 043 0.28 0.18 043
Inequality Indicators
Using Expenditure
General Entropy(0) 0.87 0.77  0.60 0.89 0.78 0.61
General Entropy(1) 0.98 0.80 1.04 1.00 0.81 1.06
Gini coefficient 0.67 0.63 0.58 0.68 0.64 0.59
Using Income
General Entropy(0) 1.22 1.02 1.14 1.23 1.03  1.15
General Entropy(1) 1.20 1.00 1.46 1.21 1.02 148
Gini coefficient 0.71 0.67 0.71 0.72 0.68 0.72

Source: Authors’ calculations

As far as inequality is concerned, we use both General Entropy indices and the Gini
coefficient for the whole population and decomposition at the regional levels. The
simulation results also show some increase in inequality. The overall Gini coefficient
increases by about one percent, the same increase as the Gini coefficient for the urban and
rural sector. Thus following the oil price shock, income distribution worsened slightly. The
distributional impact, as measured by changes in the Gini coefficient, deteriorated both for
rural as well urban areas. These results suggest that the impact on heterogeneous households
tend to average out when they are collected by income groups. The separation of impact by
household would be meaningful for the macro-micro linking if the household classification is
based on characteristics other than income, and if the data are rich enough in such
characteristics for the construction of both the SAM underlying the CGE model and the

micro-simulation model. However, aggregative poverty and income inequality measures do
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not vary very much numerically. The oil price shock tends to increase the disparity between
rich and poor — i.e the mean welfare or consumption of various household groups This
means that the impact on different household types will tend be the same if they have more
or less the same mean welfare or income prior to the shock - which is a significant finding.

Finally we decompose the overall change in inequality into its vertical and horizontal
components. We follow Ravallion and Lokshin (2004) in using the mean log deviation
(MLD) measure of inequality. This measure is a member of the Generalized Entropy class
with the focal parameter set to zero. Member of this class are defined by the following
expression.

GE(8) = 9;9{%&(&} 1] 3.1)

i=1 \ M

When the focal parameter 6=1, we get Theil’s measure and when the parameter is equal to
zero, we get the MLD defined as follows:

GE(0) = %Z 1og[§j (3.2)

i=1 i

To see clearly what the decomposition entails, let y; and x; stand respectively for the
post- and pre-reform welfare per person in household i, and g; for the gain (or loss) to

household i due to the shock. Thus, y, =x, +g,. The vertical component relates to

inequality among people at different pre-shock welfare levels, while the horizontal
component measures inequality between people at the same pre-shock welfare. The
decomposition involved here requires an estimate of the average impact for the distribution

of gains at given pre-shock welfare (x). In other terms, we need an estimate of the
conditional mean impact defined by: g/ = E(g, |x=x,). It would be difficult to observe
significant dispersion in impact at given pre-reform welfare within a data set from a
household survey. This conditional expectation can be estimated using a non-parametric
regression of the gains on x (e.g. LOESS?!). On the basis of the MLD, it can be shown that

the overall change in inequality can be written as:

I LOESS stands for Locally Estimated Scatter Plot Smooth, while LOWESS stands for Locally Weighted
Scatter Plot Smooth.
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AT =131 LHEx +lZIn(—1+gi /x,) (3.3)

The first term on the rhs of (3.3) measures the contribution to the change in total inequality of
the way conditional mean impacts vary with pre-reform welfare levels. This is the vertical
component. The horizontal component, the second term, measures the contribution of the

deviations in impacts from their conditional means.

Table 21: Decomposition of the Impact on Inequality

Vertical Horizontal

Component Component Total
Gains from Consumption’ 137.0 -37.0 100.0
Gains from changes in
Formal Wages' 120.4 -20.4 100.0
Gains from changes in
Informal Wages1 104 .1 -4.1 100.0
Gains from Changes in
Self-Employed Income ' 77.0 23.0 100.0
Aggregate Gains' 135.0 -35.0 100.0
Aggregate Gains® 119.0 -19.0 100.0
Notes:

1. Using per capita consumption as an explanatory variable in the Lowess regression
2. Using per capita income as an explanatory variable in the Lowess regression
Source: Authors’ calculations

Table 21 shows the decomposition of the impact on inequality. In the case of
increase oil prices shock, aggregate results show that the horizontal component is inequality
reducing whereas vertical impact is inequality enhancing. A closer look at the components of
this aggregate result reveals except in the case of self-employed income, horizontal impact is
inequality decreasing, while vertical effect is inequality enhancing. Since, self-employed
individuals are relatively smaller share of the total employed individuals -about 23 percent-
and their contribution to household income is not high enough (about 16 percent), it is
unlikely that the impact of changes in the self-employed income will change the sign of the

horizontal impact.
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4, Summary and Conclusions

This paper has developed a macro-micro framework for examining the
macroeconomic and distributional consequences of an oil price shock on the South African
economy. In so doing, it gave simultaneous quantitative expressions to the impact of an
external shock on macro aggregates such as GDP, real exchange rate, total absorption,
exports, imports, various sub-sectors of interest to policy makers as well as the household
distributional response to the shocks with the full heterogeneity of household and labor
characteristics normally found only in household and labor surveys. This was accomplished
by implementing and merging (i) a highly disaggregative computable general equilibrium
model that captures important economy-wide consequences of relative price and income
effects as well as labor market adjustment arising from a significant external shock or policy
change, and (i1) a micro-simulation component with linking both earnings and occupational
choice to socio-demographic characteristics of the household as in Bourguignon and Ferreira
(2005).

We emphasize that the application to the oil price shock should be taken as
illustrative since offsetting factors are not considered. While the magnitude of the shock
would be similar to 2003-06, there were other several factors at play in South Africa like the
strong macro and economic policy in place, the overall favorable terms of trade, the relative
strength of the South Africa rand, and strong investment programs in the public sector.”> In
fact, economic growth in South Africa has been very high during that period. The scenarios
should be taken as the marginal impact of a similar severe price hike without the benefit of
offsetting factors — i.e. a conservative case. It also assumes that the labor market structure
and rigidities, particularly the real wages of the low to medium skill workers, will continue to
operate along the shocks. Under those circumstances, the two scenarios indicate that total
absorption would fall between 5 to 8 percent. Real GDP would decline 1.8 to 2.5 percent.
The real exchange rate depreciation that would be necessary ranges from 16 to over 20

percent. The impact on industries can vary widely with most of the negative impact falling

*2 The increase in the dollar price of crude oil was counterbalanced significantly by the strong South Africa rand
during much as the recent trend of the crude oil prices. The nominal rand per dollar, for example, appreciated by
about 20 percent from end 2002 to end 2006 and by as much as from 42.5 percent from end 2001 to end 2006.
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on fuel-intensive sectors such as construction, rubber and plastic products, various chemicals,
electrical machinery, and health services.

With respect to the distributional impact of these shocks, we find that aggregative
poverty and income inequality measures do not vary very much numerically. However, a
look beyond these aggregate results allows us to identify various groups of winners and
losers. The adverse impact of the oil price shock was mostly felt by the poorer segment of
the formal labor market in the form of declining wages and increased unemployment.
Unemployment hit mostly low and medium-skill workers in the tertiary sector and about 70
percent of these workers belonged to the bottom three deciles of the formal labor work force.

Our findings show that losses are more pronounced in the low skill group than the
gains. On the other hand, high skill households, on average, gained from the oil price shock.
Most high skill households have gained more income after the shock. Moreover, the gainers
are concentrated on the higher end of the income distribution, but the relatively small number
of losers are scattered across the income deciles. In addition, the shock has a limited impact
on high-skill households for another reason: the spending basket of these relatively rich
households is less skewed towards food and other goods affected most from the changes in
oil prices.

Evidence also suggests that high-skill workers are less likely to be laid off when
unemployment increase as a result of the oil price shock, or they can move relatively easily
and faster to different jobs. In fact, the opportunity cost of not working is typically higher for
the highly skilled individuals. Therefore, in response to a job loss, high-skill workers will
seek quickly another employment. Workers with more years of schooling and experience
may also be better able to adapt to new jobs and have better access to information on
vacancies and opportunities than low-skill individuals. Thus, an adverse shock is like a
poverty trap for low-skill individuals unless there are polices and institutional arrangements
to mitigate the adverse impact of the shock for this group of households.

The overall welfare impact shows that the poorer, and generally low-skill, segment of
the population is more adversely affected from this shock. Thus, the oil price shock tends to
increase the disparity between rich and poor. This conclusion is also supported by the
observed changes in the mean welfare or consumption of various socioeconomic groups

considered in this study. Furthermore, a decomposition of changes in inequality reveals that
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the horizontal component tends to decrease inequality. This comparison of aggregate and
disaggregate results suggests that the impact on different household types will tend be the
same if they have more or less the same mean welfare or income prior to the shock - which is
a significant finding.

Finally, the relative stability of the aggregate measures of poverty and inequality also
poses an issue for the recursive linking between the CGE model and the micro simulation
module. If the distributional effects collected and pulled together from the micro simulation
are aggregative in nature, such as the income groupings currently specified in the CGE
model, the broadly defined structures of households and labor supplies for the bottom-up
feedback are likely to be relatively stable. This is consistent with empirical findings that
without long term economic growth, productivity change, and factor accumulation, as can be
found in a more dynamic CGE setting, poverty and inequality measures will likely not vary
significantly. Hence, in the static setting found in current implementation of the CGE model,
no recursive feedback into the macro model was found necessary. In the end, what
constitutes as an appropriate or meaningful classification of the households for a two-way
feedback would likely depend on the policy issue and external shock under investigation. The
trade-offs between greater sophistication and simplification will also depend on data

constraints as well as the needs and capacity of policy makers.
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Annex A: Description of Variables

Variable Name Description

1. Demographic Variables -Individual Level

Data

Gender Dummy variable:1 male and 0 female

Age Years of age

nchild09 number of children age between 0-9 in household
nchild01 number of children age between 0-1 in household
headd Dummy variable: 1 for household head; 0 otherwise
married Dummy variable: 1 for married couples; 0 otherwise
urban Dummy variable: 1 for urban; 0 rural
prov Regional Province variable
hhsize Household size

2. Education and Experience-Individual Level
Data

Number of years spent in school. Highest

eduyear education completed.

eduyear2 Number of years spent in school-squared

expyear Experience measured as (=Age-eduyear- 5)
expyear2 Experience-squared measured as (=Age-eduyear- 5)*2
eduyearhd Years of schooling of head of the household

Professional, semi professionals, technical occupations,
managerial, executive administrative occupations, and
skillH certain transport occupations, eg., pilot navigator
Clerical occupations, sales occupations, transport,
delivery and communications occupations; Service
occupations, farmer, farm manager, artisan, apprentice
and related occupations, Production foreman production,

skillM supervisor

Elementary occupations, and domestic
SkillL workers
3. Income from employment and Occupational categories-Individual Level Data
fwage Yearly wage income in Rand-Formal workers
fwagelog Log of yearly wage income-Formal workers
Iwage Yearly wage income in Rand-Informal workers
iwagelog Log of yearly wage income-Informal workers
selfincr Yearly total self-employed income in Rand
seinclog Log of yearly self-employed income

Dummy variable: 1 for someone in the
fambusiness household own family business;0 otherwise.

Dummy variables: O=unemployed-+inactive;
1=self-employed-agriculture; 2=informal

occhoicel wage employee;3=formal wage employee;
Dummy Variables:(1) Inactive and unemployed, (2) formal sector
workers-low skilled in agriculture, (3) formal sector workers-semi

Occhoice? skilled in agriculture, (4) formal sector workers- high skilled in
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agriculture, (5) formal sector workers-low skilled in industry, (6)
formal sector workers-semi skilled in industry, (7) formal sector
workers- high skilled in industry, (8) formal sector workers-low
skilled in services, (9) formal sector worker-semi skilled in services,
(10) formal sector workers- high skilled in services, (11) informal
sector workers-agriculture, (12) informal sector workers-industry,
(13) informal sector workers-services, and (14) self-employed-
agriculture, (15) self-employed-industry, and (16) self-employed-
services

Economic Sectors
It include agriculture, forestry, and fishing, mining and

Primary Sector quarrying

It include manufacturing, electricity, other utilities, and
Secondary Sector construction
Tertiary Sector It include trade, transport, financial, business services, and social,

personal and community services

Dummy variable for formal labor: based on
question asked in Labor force survey
Formallab (sector=1(g4.19))

Dummy variable for Informal labor: based on
question asked in Labor force
informallab survey(sector=2(q4.19))

4. Household Aggregate Expenditures and Income Variables (Household Level)-
Data from Income &Expenditure 2000.

Household Expenditures and Consumer Price Index for 17 household expenditure categories

Food; Non Alcoholic Beverages, Alcoholic beverages,
Cigarettes, cigars, and tobacco, Clothing and footwear,

Housing, Fuel and power, Furniture and equipment,
Household operations, Health, Transport
Communication, Recreation and
entertainment, Education, Miscellaneous-
personal care,
Other miscellaneous goods and services.
Household Aggregate It includes formal wage income, informal
Income wage income, and self-employed income
from Labor force Survey, and other income
from Income and Expenditure Survey .
Source: The data is obtained both from Labor Force Survey 2000,and Income
and Expenditure Survey 2000.
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