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Preface

The primary goal of the ILO is to contribute, witember States, to achieve full
and productive employment and decent work foriedluding women and young people,
a goal embedded in the ILO Declaration 2008 $acial Justice for a Fair
Globalizatiort, and which has now been widely adopted by theriaté&onal community.

In order to support member States and the socitigra to reach the goal, the ILO
pursues a Decent Work Agenda which comprises fotarrelated areas: Respect for
fundamental worker’s rights and international labstandards, employment promotion,
social protection and social dialogue. Explanatiarfisthis integrated approach and
related challenges are contained in a number ofdkeyments: in those explaining and
elaborating the concept of decent work the Employment Policy Convention, 1964
(No. 122), and in the Global Employment Agenda.

The Global Employment Agenda was developed by th@ through tripartite
consensus of its Governing Body’s Employment ancigdolicy Committee. Since its
adoption in 2003 it has been further articulated axade more operational and today it
constitutes the basic framework through which tt@ pursues the objective of placing
employment at the centre of economic and sociatipst.

The Employment Sector is fully engaged in the imatation of the Global
Employment Agenda, and is doing so through a laegge of technical support and
capacity building activities, advisory services guudicy research. As part of its research
and publications programme, the Employment Sectomptes knowledge-generation
around key policy issues and topics conforminghe tore elements of the Global
Employment Agenda and the Decent Work Agenda. TdwoBs publications consist of
books, monographs, working papers, employment tejamd policy briefs

The Employment Working Papers series is designedligeeminate the main
findings of research initiatives undertaken by Hlagious departments and programmes
of the Sector. The working papers are intendedntm@rage exchange of ideas and to
stimulate debate. The views expressed are the nsjldy of the author(s) and do not
necessarily represent those of the ILO.

José Manuel Salazar-Xirinachs
Executive Director
Employment Sector

! See http://www.ilo.org/public/english/bureau/dgmichload/dg_announce_en.pdf
2 See the successive Reports of the Director-Getwthé International Labour Conferen&ecent
work (1999);Reducing the decent work deficit: A global chalke(®p01); Working out of poverty

(2003).

% sSee http://www.ilo.org/gea. And in particulémplementing the Global Employment Agenda:
Employment strategies in support of decent worksitn” documentILO, 2006.
* See http://www.ilo.org/employment.
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Abstract®

This study uses the STAGE-LAB Computable Generaliilbgium Model to
analyse the potential impact of the trade shockdaated with the Great Recession on
labour and household income in Brazil. Our modsuages that high skilled labour is
fully employed, while there is oversupply of labonrthe market for medium skill and
low skilled labour. Labour market adjustment fogthiskilled labour thus takes the form
of wage adjustments. For low and medium skilled ke, instead, labour market
adjustments lead to changes in employment levéiks.Social Accounting Matrix used in
our study allows us to distinguish seven regionthiwiBrazil and we allow for the
possibility that high skilled labour migrates agasgions in response to wage changes.
We consider the trade shock to be temporary anefthre assume that capital and land
are fixed by activity. For our base case scenagdind a modest but appreciable GDP
reduction of 2.1 per cent caused by reductionsadet flows during the crisis. Average
returns to land and to capital increase duringpéeod in some regions. All types of
labour lose out in the crisis, with low and mediskilled labour losing more than high
skilled labour.

JEL Codes: E24, F16, F17

Key words: Brazil, trade, employment, Great Re@@ssi

® Disclaimer: This paper represents research inrpesg It represents the opinion of the authorsi@ndt meant
to represent the position or opinions of the ILAteMembers, nor the official position of any $tafembers.
The authors thank Ralf Peters and participantser&T SG2010 (Lausanne) and GTAP2010 (Penang)
conferences for useful comments. Any errors ardatlk of the authors.
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1.

Introduction

The global financial crisis and the resulting drop demand have caused
unprecedented declines in world trade. Accordin¢Freund, 2009), world trade fell by
30 per cent in value terms and 15 per cent in veltenms in the first quarter of 2009
compared to the same quarter of the previous yie¢ade has been one of the channels
through which what began as a financial crisishimm developed world has quickly spread
to developing countries, turning it into a globabeomic crisis that severely threatens
progress in poverty reduction and employment avaaround the world.

Brazil is often referred to as a country that hastivered the crisis fairly well. On a
quarter-to-quarter basis, growth turned positivaimgn the second quarter of 2009 after
two quarters of contraction. The relative resilierné growth has often been attributed to
Brazil's large domestic market and strong macroenoa fundamentals. While all this is
good news, experience from past crises shows thatogment effects often materialize
with a time-lag and recovery is much slower thanG®P growth. Furthermore, despite
the moderate aggregate effect on growth, the tsddeck is likely to lead to a re-
allocation of resources both between sectors anihinvisectors with potentially
substantial consequences for individual workershangeholds.

This study uses the STAGE_LAB Computable Generalillbgum Model (CGE)
to examine the potential impact of the trade shagdociated with the Great Recession on
labour and household incomes in Brazil. The purpede improve the understanding of
the mechanisms through which the crisis was tratsththrough international trade to
the level of workers and their families in Brazildato give some indicative figures of the
magnitude this impact might take.

The model and its specifications are similar tosthased in a previous study that
analysed the gains from trade in Brazil and theemitdl impact of a number of future
scenarios for trade policy (Polaski, et al., 2009)is study found relative small overall
gains from trade, but significant re-allocation msources as a result of trade
liberalization. The model allows for the analysfdabour market and income effects at
great detail, including a breakdown of results bgoime level and region. The latter is
particularly important given the large differenceincome between the regions in Brazil.
The model also prompts a number of methodologinabvations, including labour
migrations between regions and the ability to take account unemployment in the
unskilled segments of the labour market, whichesq@ained in more detail in section 3.

A number of previous studies have analyzed the danpltrade on Brazil before the
global economic crisis. In terms of global stud{€@E=CD, 2005) in a global simulation of
the impact of a universal 50 per cent tariff cutl @50 per cent reduction agricultural
subsidies predicts welfare gains of approximateB fer cent of GDP for Brazil, the
main part of which would be caused by agriculturaform in OECD countries.
(Anderson, Martin, & van der Mensbrugghe, 2006)aidong term simulation for an
ambitious Doha agenda liberalization round pregilfare gains for Brazil of around 0.5
per cent by 2015 and demonstrate that these reardtsextremely sensitive to any
exceptions or remaining restrictions on agricultuf@ouet, Mevel, & Orden, 2007)
explore a liberalization scenario directed maintwards high agricultural tariffs in
industrialized countries and predict welfare gdiatwveen 0.1 to 0.3 per cent of GDP for
Brazil.

A number of studies based on single country moldai® also focused specifically

on Brazil. (Polaski, et al., 2009) — mentioned abewanalyze the impact of a conclusion
of the Doha round and a number of south-south-teaxdmgements. They also look at the
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impact of external factors, namely the growth odighand China and fluctuations in
commodity prices. They predict welfare increasagivedent to 0.4 per cent of GDP for
both their Doha scenario and a comprehensive smiith-trade agreement. (Azzoni,
Brooks, Guilhoto, & McDonald, 2007) predict thaketigains of a Doha liberalization
scenario would benefit most households, but maihbse involved in agriculture and
especially commercial agriculture and large farnfBussolo, Lay, & van der
Mensbrugghe, 2006) predict that under current d¢mmd, the poverty headcount in
Brazil would decline 5.6 per cent by 2015, and thidh Doha liberalization this would
increase only marginally by 0.2 per cent. Evenaflal trade was liberalized completely,
they predict an additional decline of poverty by more than 0.5 per cent. (Ferreira,
Bento, & Horridge, 2010) predict that full glob&béralization of agriculture would lead
to an increase of 0.13 per cent in Brazil's GDP ar®iper cent reduction in the number
of poor households. In conclusion, previous stutige generally found small impacts
of trade policy changes and other trade shocks razilBbut some of them point to the
potential for substantial re-allocation among sexpvoducing both winners and losers.

The studies mentioned so far have in common thet thcus on “positive” trade
shocks triggered by trade liberalization. This papestead, focuses on a “negative” trade
shock triggered by economic crisis in partner coestduring the Great Recession.

The value of both Brazilian imports and exportslided substantially during the
crisis, in particular in the last quarter of 200& ahe first quarter of 2009. In the first
quarter of 2009, for instance, exports were 19qamt and imports 22 per cent below
their value in the same quarter of 2008

The contraction in trade was not the only chanmmebugh which the global
economic crisis affected Brazil. Between August Betember 2008, the exchange rate
went from 1.6 to 2.4 Real / US$. Since then, itaiegd value and returned close to its
pre-crisis level towards the end of 2009. Changgmitfolio investment flows are likely
to have been one of the drivers of this phenomenon.

Brazilian employment suffered during the Great Rsem®, albeit less than in other
countries. Total employment dropped slightly in it quarter of 2009, a decline
mainly caused by a sharp drop in manufacturing eympént. Construction employment
also declined slightly in the beginning of the i&riut recovered relatively quickly.
Employment in services and commerce were not syaftpcted and continued to grow.
The average unemployment rate increased from &.8gve in December 2008 to 9.0 per
cent in March 2009 but then declined again to &7 gent in November 2009. It is
interesting to note that the impact of the crisis nemployment was considerably
stronger in the industrial region of Sao Paulo,l@&binemployment in the region of Rio
de Janeiro hardly increased at all during thegrisi

Taking into account that Brazil — unlike the U.Sidaa number of European
countries - has not been affected by a home-granaendial crisis, the employment
fluctuations during the great recession are likelyrave been triggered to a large extent
by external factors. This paper focuses on theilplessmployment effects of the changes
in trade flows triggered by the drop in demand ifoports in Brazil's trading partners
during the Great Recession. This is done using AGEH-LAB Computable General
Equilibrium Model to analyse the potential impa€tize relevant trade shock on labour
and household income according to five types oblaband across seven regions in
Brazil. In order to adjust labour market specificas to the Brazilian situation, it is

® It is important to note that these are value changhich to some extent are driven by changes ifthmarket
prices.



assumed that the two high skilled labour types faily employed, while there is
oversupply of labour in the market for medium skifild two types of low skilled labour.
Labour market adjustment for high skilled laboumughtakes the form of wage
adjustments. For low and medium skilled workerstaad, labour market adjustments
lead to changes in employment levels. The SocialoAnting Matrix used in our study
allows us to distinguish seven regions within Brarid we allow for the possibility that
high skilled labour migrates across regions in oesp to wage changes. Unlike studies
analysing employment effects of trade reform, westter that the trade shock associated
with the Great Recession is temporary. We theredisseime that capital and land remain
fixed by activity.

The remainder of this paper is organised as follofsction 2 gives some
background by discussing the structure of the Baazeconomy with a focus on the role
of trade for employment. Section 3 presents theahand its specifications as well as the
Social Accounting Matrix (SAM) and the trade datsed to define the shock of the
economic crisis. Section 4 discusses the specditsitfor the policy shocks and the
model closure. Section 5 presents the results aradyses their implications for
employment and income distribution in Brazil, aedt®on 6 concludes.
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2. Exposure of the Brazilian labour market to trade

Trade plays a rather limited role in the overalusture of the Brazilian economy
which is not unusual for a country as large as iBraince 2002, the exports to GDP ratio
was between 10 per cent and 16 per cent with atstigwnward tendency before the
Great Recession. During the same period, impdsiBP increased slightly, but remained
below exports / GDP The value of exports grew from $53 bin. to $160. bbetween
1997 and 2007 and imports increased from $65 t® $1#. The most important export
sectors in 2007 were mineral extraction, machineghicles other than automobiles and
spare parts, and other food products. Howevergfpert structure is rather diversified
and a number of other sectors, both primary antdrigalue added products, play an
important role in the export portfolio. The strosgggrowth was in petrol extraction and
petrol products that were virtually non-existentlB97 while by 2007 they accounted for
around $13 bin. — Nearly 10 per cent of exportspdrts of livestock products also
increased very strongly. Machinery and petrol aasl @xtraction accounted for the largest
import values in 2007. It can be noted that mogtarts are in investment goods or
industrial inputs, while typical consumer goodstsas food products or apparel only
account for a very small share of the import bilhe strongest import growth was in
refined petrol products that went from close tamzar1997 to around $7 bin. in 2007.

With the onset of the crisis, both imports and etgtell disproportionately and thus
declined relative to GDP. In the absence of ddtaating the full trade shock at the time
of writing this paper, we use mirror data on tradth Brazil reported by the US and the
European Union and define the shock as the pememrtsange in trade between January-
April 2009 and the same period in the previous y&agether, the European Union and
the United States accounted for around 40 per aeBrazilian exports and Brazilian
imports before the Great Recession. Based on @umggion, export drops during the
crisis were largest in iron (63 per cent), minengraction (59 per cent), and non-ferrous
metalS. Vehicles other than automobiles (-48 per cenBchimery (-45 per cent) and
other metal products (-39 per cent) also declinedy strongly. The total volume of
exports to the EU and US declined by 23 per cessufing that exports to the rest of the
world remained unchanged, this would translate én®oper cent decline in total exports.

For imports, the strongest declines were in otlgeicalture (-66 per cent), leather
products (-58 per cent), refined petrol producdd (eer cent) and livestock products (-50
per cent). The total volume of imports from the Bbd US declined by 26 per cent,
which is a stronger decline than that experienoe@xports.

The employment impacts of such a negative tradekshall to a large extent
depend on importance of trade for production inrilevant sectors and on the labour
intensity of the sectors most affected. Table kgian overview of that share of output
exported and the labour intensity measured as Hgevghare in total output by sector
based on information available in the Social Ac¢mgnMatrix for Brazil developed for
Polaski et al. 2009. The share of output exporteelsga rough indication of the exposure
of a sector to shocks in global demand. The wageesin a sector's output gives an
indication of the extent to which workers are atiéecby any given shock to the sector.
Mineral extraction (40 per cent) and non-ferroudatse(40 per cent) have the highest
export share, followed by soybean (35 per cerdithker products (29 per cent), sugar (28
per cent), vehicles other than automobiles andesparts (26 per cent). lIron (25 per
cent), wood and furniture (22 per cent) and autalesif20 per cent) also have relatively

" Both imports and exports are reported excludirs,deeight and insurance cost.

8 Based on COMTRADE data. We use 2007 rather th88 28 the last year for the discussion of long term
growth trends in order to avoid the strong valuanges associated with the commaodity price hikeDip82

° See Section 3 of this paper for more detail.
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high export exposure. In agriculture, soybeansy®&r cent) have a high proportion of
exports, but information on the wage bill is notgable for agricultural sectors in the
SAM.

Even in sectors with high numbers of low-wage woskéhe wage bill for low and
very low wage labour typically only accounts fovery small fraction of output. The
highest low wage labour bills are in the within thervices sector and mainly in non-
tradable services. In the merchandise sector |¢eaatid apparel have the largest share of
very low and low wage employment. In Brazil, thesetors are oriented mainly towards
the domestic market. High and very high wage laldulls are also the highest in the
services sector. The wood and furniture and leattirstries have both high exposure to
exports and a high share of labour in all but the/yow wage segment.

12



Table 1. Export Orientation and Labour Intensity by Sector

Sugar Cane
Soybean

Other agriculture
Livestock

Mineral Extraction
Petrol and Gas Extraction
Non metallic minerals
Iron

Non ferrous metals
Other metal products
Machinery

Electric materials
Electronic Equipment
Automobiles

Other vehicles and spare parts

Wood and furniture
Paper and graphic
Rubber products
Chemical elements
Refined petrol products
Other chemical products
Pharmaceuticals
Plastics

Textiles

Apparel

Leather products
Processed coffee products
Livestock products
Sugar

Other food products
Other manufacturing
Public Utilities

Civil construction
Trade

Transport
Communications
Financial services
Services to families
Services to enterprises
Dwellings

Public administration

Non mercantile private services

Output
12,586
42,821

128,691
63,175
39,819
79,293
44,255
82,348
24,221
57,354
97,015
59,816

110,894
90,211

100,153
53,516
83,150
22,200
59,147

242,477
52,916
84,971
37,922
44,375
38,359
31,284

7,484

101,647
28,148

210,474
19,808

147,386

162,468

262,252

170,049

109,664

179,576

249,713

198,781

166,283

379,020
59,529

of which
exported
0.6%
34.5%

800/0
3.0%
40.3%
9.4%
9.8%
24.8%
40.0%
5.9cy0
15.7%
9.2%
6.7%
19.7%
26.2%
21.7%
10.3%
11.7%
5.1%
6.5%
6.7%
2.9%
3.8%
10.0%
260/0
28.8%
11.5%
17.4%
28.1%
11.7%
6.1%
0.0%
0.6%
0.2%
800/0
0.8%
100/0
5.20/0
6.2%
O.7cy0
0.2%
1.6%

of which
wage bill
v low

0.02%
0.00%
0.08%
0.02%
0.02%
0.04%
0.01%
0.01%
0.01%
0.00%
0.00%
0.09%
0.02%
0.01%
0.00%
0.00%
0.03%
0.01%
0.01%
0.75%
0.54%
0.08%
0.07%
0.08%
0.11%
0.07%
0.17%
0.01%
0.24%
0.47%
0.11%
0.01%
0.01%
0.70%
0.07%
0.01%
0.05%
0.67%

of which
wage
bill low

0.35%
0.00%
0.89%
0.18%
0.18%
0.41%
0.13%
0.15%
0.09%
0.04%
0.07%
1.09%
0.30%
0.17%
0.07%
0.01%
0.25%
0.14%
0.47%
1.21%
3.16%
1.26%
0.50%
0.58%
0.81%
0.53%
0.72%
0.36%
2.17%
2.88%
0.70%
0.12%
0.21%
3.77%
1.09%
0.12%
1.90%
3.92%

of which
wage bill
medium

1.36%
0.24%
4.29%
1.62%
1.60%
3.72%
1.89%
1.87%
1.10%
0.70%
1.43%
6.17%
2.71%
1.42%
1.46%
0.10%
1.43%
1.42%
4.14%
4.67%
10.47%
8.42%
2.17%
2.55%
3.57%
2.31%
3.07%
1.47%
11.28%
11.74%
4.95%
1.57%
1.86%
9.37%
6.34%
1.05%
5.89%
11.19%

Source: SAM constructed by Joaquim Bento de Souza Ferreira Filho as described in (Polaski, et al., 2009)
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of which
wage
bill high

2.50%
1.01%
3.89%
2.62%
2.58%
5.99%
4.24%
2.99%
1.76%
1.97%
4.05%
5.21%
3.89%
3.02%
2.90%
0.32%
2.11%
2.02%
3.70%
3.88%
5.50%
3.04%
1.96%
2.31%
3.23%
2.09%
3.62%
2.57%
1.73%
12.86%
10.80%
2.50%
6.34%
9.92%
8.69%
1.01%
15.13%
14.71%

of which
wage bill
v high

3.26%
5.98%
4.32%
2.48%
2.45%
5.67%
4.68%
4.78%
2.81%
2.99%
6.13%
2.81%
7.03%
6.47%
1.29%
1.93%
4.24%
4.73%
4.24%
4.06%
3.69%
3.82%
1.50%
1.76%
2.47%
1.60%
4.53%
4.52%
5.41%
15.69%
10.61%
4.60%
17.59%
14.09%
20.67%
1.40%
33.41%
23.88%

of which
total wage
bill

7.48%
7.23%
13.47%
6.91%
6.83%
15.83%
10.95%
9.80%
5.76%
5.70%
11.69%
15.38%
13.95%
11.10%
5.72%
2.36%
8.06%
8.31%
12.54%
14.55%
23.35%
16.61%
6.20%
7.28%
10.19%
6.60%
12.11%
8.92%
26.83%
43.64%
27.18%
8.80%
26.01%
37.84%
36.86%
3.59%
56.37%
54.38%



Table 1 gives useful indications about the direxposure of employment in
individual sectors to trade shocks, but in ordeattually measure the impact of a trade
shock on employment it is also necessary to talke docount how employment effects
trigger through the economy because of forward lzackward linkages among sectors.
Individuals, firms and the government may also dgeatheir behaviour in response to a
trade shock which may also have to be taken intowad.

Different methods exist to evaluate the employmemgact of a temporary trade
shock. Kucera et al. (2010) (Kucera, Roncolato, &n\Jexkull, 2010) recently used a
Leontieff Multiplier Model to examine the employntémpact of trade shocks occurring
during the Great Recession on the Indian and thehS&frican economy. In this paper,
instead, we use a Computable General Equilibriurdehdhe specification of which will
be described in the next section.
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3.

Model and Data

The Model

The model used in this study is a development ef $TAGE (Static Applied
General Equilibrium) model called STAGE_LAB. STAGQEAB is a member of the
STAGE suite of single country computable generaiildggium models. Conceptually, it
falls into the class of models that follow the aggrh described by (Derivis, de Melo, &
Robinson, 1982) and the models developed by (Robinkilkenny, & Hanson, 1990)
and (Kilkenny, 1991). At the core of the suitehe basic STAGE model customised to
the setting/economic environment being exploreithis paper.

The basic STAGE model is characterised by sevastindtive features. First, the
model allows for a generalised treatment of traé@tionships by incorporating
provisions for non-traded exports and imports. 8dcthe model allows the relaxation of
the small country assumption for exported commeslithat do not face perfectly elastic
demand on the world market. Third, the model alléevssimple) modelling of multiple
product activities through an assumption of fixedportions of commodity outputs by
activities with commodities differentiated by thetigities that produce them. Hence the
numbers of commodity and activity accounts arenemessarily the same; this captures
the empirical fact that real activities/industriegpically produce multiple
commodities/products and while for many manufaomriand services activities
secondary products are relatively unimportant ihiar from the case for agricultdfe
Fourth, (value added) production technologies pezified as nested Constant Elasticity
of Substitution (CES). And fifth, household consuimp expenditure is modelled using
Stone-Geary utility functions; these vyield lineatpenditure systems that allow for
minimum levels of consumption of commodities, whishvaluable when modelling
consumption choices by households with very lowoimes. In the model used for this
paper, the country is assumed to be a price takexlfimported commodities.

The additional features added for the STAGE_LABsi@t are the inclusion of a
generalised system of nested CES functions forréfpeesentation of production, the
endogenous modelling of unemployment for all fexttirough a regime switching
mechanism and the ability for factors to migratéwleen regions/areas and/or factor
‘classification’, e.g., between semi-skilled andskified labour. Except for a few minor
changes — that imply no differences in behaviotgkdtionship® — other features of the
STAGE model are carried over directly to STAGE_LABore detailed information on
the model used in this paper is provided in the exufix.

19 An additional advantage is that the requisite ltatas can be compiled from the directly obsenamtstictions
data in Supply and Use tables rather than thefoamed data in Input-Output tables. Thus output position
choices are modelled explicitly rather than beinlgssimed into data transformation processes.

1 The main difference is through the addition of scemtra sets to control the modelling of labourkear

transactions.
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The endogenous modelling of unemployment is aclidyedefining the supply of
each factor by reference to current total demand3$the stock of the factor currently
unemployed. In the case of labour, if there isentrunemployment for a class of labour,
e.g., unskilled, the real wage of that class igdiuntil all the stock of unemployed
unskilled workers have been absorbed by the labwmrket and thereafter the real wage
of the factor is flexibl¥. This form of regime switching is attractive siritencreases the
realism with which the labour markets are modellad, it does have some implications
for the modelling of cross regional labour migratioGiven that labour migration
decisions depend on changes in relative wage tlages can only be net migration when
a factor within a migration pool is fully employesince only then can relative wages
change.

In this paper we assume that low skilled workeses. frery low wage and low wage
earners) and medium skilled workers (i.e. mediungevaarners) can be unemployed.
High skilled workers (i.e. high and very high wagarners) are assumed to be fully
employed. High and very high wages are therefoeeoitly wages that are flexible and
cross regional migration only happens in the high lsbour market segment.

Database: Social Accounting Matrix, Trade Shock Data and Elasticities

Social Accounting Matrix

The model described above is designed for caldmatising a reduced form of a
Social Accounting Matrix (SAM) that broadly confasnto the UN System of National
Accounts (SNA). This approach has been influenge(Pyatt, 1987).

The SAM used in this study was constructed by Joadiento de Souza Ferreira
Filho. It is described in greater detail in (Polast al., 2009). It improves upon earlier
SAMs for the Brazilian economy by updating the emuit data to the year 2004.
Another characteristic of this SAM is the degreagatfional detail, with information for
the 27 regions inside Brazil (26 states plus thdeFa District). It also provides a
disaggregated representation of labour and hougghuwlith ten different labour types
and ten different household groups. For the purpo$ehis study the SAM was reduced
by aggregation to 7 regions with 42 commodity actsud5 activities, 7 (region specific)
types of land, 7 (region specific types of capi&l, types of labour (5 different labour
types by 7 different regions) and 7 (region spekifiouseholds together with a series of
other institutional accounts and multiple tax insient$®. Details of the accounts are
reported in Appendix A.

121n terms of the model this requires that the magerates with one regime when there is unemployiareh
another regime when there is full employment. Tagime switching is achieved by specifying the made
mixed complementarity problem (MCP). The variarédifere generates a two segments labour suppltidanc
— horizontal until full employment and then vertieabut more complex options are possible, e.gegh
segments — horizontal until unemployment ratetfalbw some level, upward sloping until full emplogm and
thereafter vertical.

3 There are 4 taxes on commodities, 2 on activiienme taxes on household and enterprises anof fact
specific use taxes that vary by the employing @gtiWot all the tax instruments are active in Hase data.
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Measuring the exogenous trade shock

Given that detailed monthly data on import and expalues and quantities at the
product level were not available when this papes watten, we reverted to mirror data
on trade with Brazil reported by the US and thedpean Union. Together, they
accounted for 41 per cent of Brazil's total expatsl 39 per cent of total imports in
2007“. The data used come from the United States Intiersd Trade Commission
(USITC) and EUROSTAT. It includes the value and it of monthly imports and
exports at tariff line level and thus allows foettalculation of changes at constant prices
in imports and exports at the product level asireduo calculate the trade vector used in
the mode. Imports and exports at constant prices were tzkea at the tariff line level
as the quantity of imports / exports multipliedthg average unit value (value / guantity)
in the base year 2007 to be consistent with therathta in the SAM. For products where
no sufficient information was available for 200fe tcurrent value was used. Finally, the
trade data were aggregated to the sectors usde iBAM. To isolate the impact of the
crisis, the three months that arguably saw the peglact of the trade shock in Brazil
(Jan-Apr 2009) were compared with the same threatmsoin 2008 to calculate
percentage changes.

Table 2 shows the resulting data for the trade lshble first column presents the
percentage changes in export volumes with the Bl calculated as described above.
Simply applying these percentage changes to Bsarital would likely lead to an
overestimation of the trade shock as the contmadtiodemand in the EU and US was
particularly strong during the crisis. Thus, thea® column shows a hypothetical export
shock with all trading partners if it is assumedttaxports to the rest of the world remain
unchanged (it is thus a function of the first coluemd the shares of EU, US and rest of
the world in total exports for each sector). Thiads to a much more conservative
approximation of the total trade shock.

Y COMTRADE database.

!> The ability to augment the SAM by using directlyserved data is one of the advantages of distihingjs
between commaodities and activities. If the SAM baén constructed around a ‘standard’ format inpiuat
table these trade data would have required tramsfiion to achieve definitional consistency.
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Table 2. Export Shock as used in the Model

Exp volume Exp volume
change EU & US  change world
Sugar Cane 0.0% 0.0%
Soybean 31.2% 12.8%
Other agriculture -21.5% -14.2%
Livestock -13.6% -4.3%
Mineral Extraction -57.8% -18.3%
Petrol and Gas Extraction 39.0% 21.9%
Non-metallic minerals -32.8% -19.1%
Iron -62.6% -30.5%
Non-ferrous metals -56.9% -26.9%
Other metal products -39.0% -13.1%
Machinery -45.0% -16.5%
Electric materials -22.5% -6.9%
Electronic Equipment -22.5% -6.9%
Automobiles -14.5% -2.5%
Other vehicles and spare parts -48.0% -17.8%
Wood and furniture -29.9% -20.6%
Paper and graphic 20.2% 5.9%
Rubber products -23.6% -8.6%
Chemical elements -12.2% -5.0%
Refined petrol products -17.3% -2.4%
Other chemical products 6.8% 1.1%
Pharmaceuticals 66.7% 15.7%
Plastics -1.7% -2.0%
Textiles -35.9% -12.0%
Apparel -26.9% -17.2%
Leather products -26.9% -13.1%
Processed coffee products -24.7% -21.0%
Livestock products -8.2% -2.4%
Sugar -25.6% -1.3%
Other food products -2.0% -1.1%
Other manufacturing -10.8% -6.7%
TOTAL -23.0% -9.4%

Source: Authors’ calculation based on data from USITC and Eurostat
Elasticities
The elasticities selected for this study requiredssantial assumptions because of
the lack of empirical evidence for Brazil or otls&milar economies. The base elasticities

are reported in Annex 3 and Annex 4. A delibera@glon was taken to limit the number
of different elasticity values and this is refletia the chosen values.
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4. Policy Shocks and Model Closure

The model is implemented using two different comfagions of macroeconomic
closure and market clearing conditions. In many sydélyese configurations are identical.
The common properties are

1. The exchange rate is flexible and the balancéhercurrent account is fixed — this
ensures no change in aggregate foreign debt iegasgo future generations and
that the exchange rate adjusts to clear the forigount;

2. the internal balance — government savings #e&if as are all tax rates except the
income tax rates paid by households, which aret&resjust equiproportionately to
clear the government account;

3. the volume of investment is fixed, i.e., theitapstock passed onto the next year is
fixed, which with a fixed internal balance meanatthousehold savings rates adjust
to clear the capital account;

4. the market clearing condition for the factor keds are for a short run adjustment,

specifically:

a. capital is assumed to be fixed and immobile betwactivities;

b. land is region specific, as are the agriculageounts and is therefore fixed;

C. skilled labour — the very high and high wageegaties for each region — is
assumed to be fully employed and mobile betweenites;

d. semi-skilled and unskilled labour is assumedubject to the possibility of
unemployment, therefore if activities choose to lymore of these types of
labour they can do so at a fixed real wage raté tn& labour type is fully
employed when the wage rate becomes flexible arattiities choose to
reduce employment of these labour types the watge neduces until it
reaches the fixed minimum real wage rate after Wwhimemployment
increases; and

e. labour is mobile across regions in responseném@es in the relative wages

rates of each skill class of labour across regitimss if relative wages for a
labour type in a region rise and that labour typ#ully employed then labour
of that type will move into that region.

The differences between the two configurationstedia the treatment of import and
export prices and quantities. In both configuragidns assumed that export quantities are
fixed, i.e. made exogenous, and the world pricegxgiorts, denominated in foreign
currency units, are made flexible, i.e. endogendtiss allows us to “shock” the model
with the export changes that have actually beererobd. Implicitly, this approach
reflects the assumption that Brazil would choosexport the exogenously determined
quantities. The two configurations differ in the ywthey handle import prices and

gquantities:

1. In configuration 1 import quantities are deemedbe endogenously determined
subject to the assumption that the world pricesngiorts, in foreign currency units,
are fixed. We call this scenario X shock.
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2. In configuration 2 import quantities are alseefi, i.e., made exogenous, and the
world prices, denominated in foreign currency unitsse made flexible, i.e.,
endogenous, so that Brazil would choose to expodt inport the exogenously
determined quantities. We call this scenario X&Mdah

The first alternative contains the explicit prestimp that it is the changes in export
prices that induce Brazilian producers to altercexgupply decisions but that events in
the rest of the global economy do not result inngles in the prices of imports; it thus
analyzes the export shock in a ‘ceteris paribu€nado. In contrast, the second
alternative treats imports and exports symmetsicéitie observed changes in export and
import volumes are presumed to be a consequen&radilian agents responding to
changes in relative price signals that induce theeoved changes in exports and imports;
this presumption is arguably more consistent whith ihodel specification which is built
on the presumption that agents respond to priceakig

The different treatment of imports in the two confiations is reflected in Table 3.
In both configurations, the volumes of exports exegenously fixed and correspond to
those in the first column of Table 3 (which is e@lént to the second column in Table
2). The second column in Table 3 reflects the edtohchanges in import volumes under
the assumption that world prices of imports, irefgn currency units, are fixed: The X-
shock. Column 3 in Table 3 reflects the estimatednges of import volumes in the
X&M scenario, i.e. the assumption that import chesi@re exogenous. Import volumes
for the X&M scenario have therefore been calculatsthg mirror data of trade with
Brazil as reported by the US and the EU and acegrdd the methodology used to
compute the export shock that has been explaindétkiprevious section. In the case of
imports, though, the percentage changes calculzdedd on the EU and US data are
directly applied to reflect changes in imports fréime rest of the world, as there is no
indication of a disproportional shock on imporisnfrthe EU and US.
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Table 3. Export and Import Volumes (% changes) according to Macro-economic Closure

EXPORTS IMPORTS
All scenarios X Shock X&M Shock
Soybean 12.76 -36.39 0.00
Other agric -14.15 -59.84 -66.35
Livestock -4.31 -66.61 -19.78
Mineral Extr -18.34 -45.75 19.90
Petrol & Gas Extr 21.87 -31.88 -10.40
Minerals -19.08 -53.48 -43.68
Iron -30.54 -47.68 -30.94
Non ferrous -26.87 -29.56 -33.88
Metal prod -13.11 -32.91 -18.94
Machinery -16.49 -24.81 -38.81
Electric materials -6.94 -33.36 -21.96
Electronic Equip -6.94 -24.00 -21.96
Automobiles -2.50 -37.25 -44.94
Other vehicles -17.82 -28.53 -14.28
Wood & prod -20.55 -42.46 -24.94
Paper 5.93 -42.10 -41.83
Rubber prod -8.60 -36.04 -39.70
Chemicals -4.96 -31.34 -25.23
Petroleum prod -2.42 -31.06 -54.10
Chemical prod 1.13 -31.59 -15.41
Pharma 15.68 -40.29 2747
Plastics -2.04 -42.09 -36.85
Textiles -11.97 -49.88 -20.78
Apparel -17.23 -52.94 -6.62
Leather -13.13 -51.31 -57.88
Coffee prod -20.99 -52.91 -10.04
Livestock prod -2.42 -56.14 -50.43
Sugar -1.32 -51.30 -12.56
Other foods -1.06 -50.85 -19.14
Other manu -6.67 -50.30 -17.88
Construction 0.00 na 0.00
Comms 0.00 na 0.00
Financial serv 0.00 na 0.00
Family serv 0.00 na 0.00

Source: Simulation results and authors' calculation based on data from USITC and Eurostat.
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Since each of the reported configurations involdéferent response mechanisms,
the vectors of world prices consistent with expotume changes also differ. If the world
prices of imports — in foreign currency units — &iseed then the world prices of all
imported commodities decline relative to domesticgs, while if import volumes are
fixed the world prices of all imports rise. The lilee in world prices is generated by the
depreciation of the (nominal) exchange rate by PeR2cent in the case of the X-shock
configuration, while the exchange rate is much kféscted (estimated appreciation of
1.6 per cent) in the case of the X&M shock scenaltiocould be argued that the
depreciation corresponding to the X-shock is mdosatdy in line with the exchange rate

movements actually observed in the early stagdheofGreat Recession as discussed in
the introduction.
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5.

Figure 1.

Results and Analysis

The discussion of the results will concentrate ba tesults for the simulations
where only export volume changes are simulatedsfi®ek’); this will be referred to as
the base case. Where the results from other simogprovide useful insights, the
discussion will reference those results. The restnmeconomic impacts of the shocks are
summarised in Figure 1. These indicate that incafles the export declines simulated
amount to an approximately 9 per cent reductiomes exports. In the base case (‘X
Shock’), where import prices in foreign currencyituare held constant, this generates
small but appreciable reductions in GDP (-2.1 mant); domestic production, absorption
and private consumptih

If import volumes are also shocked (‘X & M Shockjen the reductions in GDP,
absorption and private consumption are ameliorathis is because with world prices of
imports fixed in scenario X shock, domestic respsn$o the export shocks are
constrained and it is necessary for the econonshitmk by a greater amount than if the
world prices of imports can adjust — in this cdse adjustments are those generated in
response to the imposed changes in import volufibs. additional contraction in
domestic demand is manifest in terms of reducedmets of domestic production and
absorption, especially in private consumption geaves as a simple welfare metric.

Simulation Results: Real Macroeconomic Aggregates (% change)
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Source: simulation results.

There is a notable tendency for the reductions eifare, based on equivalent
variations’, to be greater in the relatively richer — more eleped — regions of Brazil
(Figure 2). As with the macroeconomic indicatore impact of holding world prices
constant is an appreciably greater reduction irfaselin all regions. The magnitudes of
the differences in base period welfare are illusttan Figure 3, where the first column
for each household records the value of base pecmusumption/welfare. These
expenditures serve to indicate several importamsicerations. First the very large

16 Because of the assumption that intertemporal &dprsts are not permitted, all costs of the shoek ar
concentrated in one period. This is one of theaesasvhy the presented simulated reductions in GDP,
absorption and private consumption are more sdbarethe ones observed in reality.

" Equivalent variation is the change in income regfito maintain the same level of welfare as inbizse
period when evaluated at base period prices.
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differences between consumption expenditures aceggsns — those in the Rio Janeiro
and Sao Paulo regions being more than twice thosigei North and North East. Second
the muted impacts of the shock for households enNbrth, North East and South East.
And third, the small increases in real consumpggpenditures in the North and North-
East regions even though the regions experiench weléare losses.

Figure 2.  Real Household Consumption Expenditures ('00 real)
11.00
9.00 1~ M base M XShock
7.00 1
500 1
3.00 - - , , , I .

Hhold Hhold HholdC Hhold HholdS Hhold Hhold
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Source: simulation results.

The STAGE_LAB model also allows for an evaluatiohtloe crisis impact on
government revenues from taxes, which is intergstinthe context of the on-going
debate on government deficits triggered by theisri¥he model assumes that the
government collects revenue through import tarétes taxes, indirect taxes and direct
income taxes. The model is set up in such a walyrtéhveenue from import tariffs, sales
taxes and indirect taxes automatically adjusts wlhnges in the aggregates that are
taxed. The direct income tax rates, instead, wilcbanged by the government in order to
achieve a balanced budget. Figure 3 shows thatr wee@ario X shock, the government
would need to raise an additional 5 per cent oémer in direct income taxes in order to
balance for the losses from the other revenue esutitat are triggered by the trade
shock. Under scenario X&M shock, the effects of thmport and the export shocks
roughly offset each other and direct income taenexe can remain largely unchanged.
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Figure 3.  Simulation Results: Changes in Tax Revenues (% change)
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Source: simulation results.

The driving forces behind the changes in houseloadsumption and welfare
estimated in this paper are the induced changeshenfactor markets and their
implications for factor incomes. The incomes offafiént types of labour decline, and
particularly so for the very low and low wage labtypes: see Table 4. Similar patterns
emerge for capital with declines in all regionswéwer, the declines in factor income for
capital are smaller than those for low and very Mage labour in all regions. The
declines in factor incomes are stronger in the #ckhscenario than in the X&M shock
scenario. It is notable that returns to land inseem one region — Centre West; this is
because of increases in demand for the agriculpn@ucts predominantly produce in
the Centre West.
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Table 4. Simulation Results: Factor Incomes (% changes)

X-Shock X&M Shock
V low wages North -11.15 -7.34
Low wages North 9.24 6.07
Med wages North -1.37 -4.75
High wages North -2.85 -1.91
V high wages North -2.83 -1.89
V low wages NE -1.27 -3.53
Low wages NE -6.78 -3.57
Med wages NE 6.09 -3.51
High wages NE -2.48 -1.46
V high wages NE 219 -1.20
V low wages C West -1.60 0.29
Low wages C West 213 -0.36
Med wages C West -2.06 -0.38
High wages C West -0.95 -0.31
V high wages C West -1.08 -0.45
V low wages South -6.00 2.73
Low wages South -5.64 -2.57
Med wages South -5.94 -3.13
High wages South 244 -1.24
V high wages South -2.36 -1.18
V low wages Sao P -71.43 -4.37
Low wages Sao P 6.48 -3.78
Med wages Sao P -5.68 -3.30
High wages Sao P -2.56 -1.50
V high wages Sao P 277 -1.76
V low wages Rio -1.71 -4.51
Low wages Rio 6.80 -4.07
Med wages Rio -5.96 -3.60
High wages Rio 244 -1.46
V high wages Rio -1.41 -0.49
V low wages Rest of SE -8.80 -5.07
Low wages Rest of SE -7.99 -4.78
Med wages Rest of SE 6.71 -4.30
High wages Rest of SE -2.86 -2.08
V high wages Rest of SE -2.94 -2.08
Capital North -4.64 -3.36
Capital NE -3.73 -1.83
Capital C West -5.26 -3.32
Capital South -4.75 -2.68
Capital Sao P -5.10 -3.04
Capital Rio -2.39 -0.69
Capital Rest of SE -5.16 -4.63
Land North -9.51 -6.45
Land NE -5.48 -2.45
Land C West 6.37 5.88
Land South -1.01 1.04
Land Sao P -3.37 -1.12
Land Rio -8.69 -5.66
Land Rest of SE 6.97 -3.70

Source: simulation results.
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The model assumes that land and capital are firddsactor specific. High skilled
labour is fully employed, but there is an oversyppi low and medium skilled labour
that leads to unemployment. In this setup, a tradeck will generate changes in
unemployment among low and medium skilled workerd wage changes for the high
skilled. Because the model allows for high skillaBour to migrate across regions in
response to wage difference, simulations allowdmnclusions on migration pressures
triggered by the simulated trade shock. Therefibie,useful to subdivide factor incomes
between those referring to the labour types the¢ llae potential for unemployment, the
labour types that are fully employed, and the fixed sector specific factors land and
capital.

The patterns of the effects on labour types thattmaunemployed are illustrated in
Figure 4. Very low wage earners suffer — often ifiggntly — stronger increases in
unemployment than low and medium wage workersva @iut of seven regions in Brazil.
The relatively small negative (or even slightly jtigs in scenario X&M shock) impact
on very low skilled workers in Central West is agdriven by the increase in demand for
agricultural products.

Figure 4.  Simulation Results: Unemployment (% changes)
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Source: simulation results.

The results on changes in employment of highlyletilabour due to migration
(Figure 5) reflect the incentives for these typédabour to exit from the North, Sao
Paulo and Rest of SE regions and migrate towarusr aegions, especially the Centre
West and Rio Janeiro. This is broadly consisterthwhe pattern of impacts on
unemployment for lesser skilled labour with theaide¢ exception of Rio Janeiro, which
experiences appreciable increases in unemploynmeang lesser skilled workers while
also experiencing a strong increase in the wagegbkr skilled workers; this reflect the
patterns of production and sectoral employmenthiénRio Janeiro region.
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Figure 5.

Simulation Results: Changes in Employment due to Labour Migration (% changes)
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Source: simulation results.

More insight into the impacts upon factor incomasa be gained by examining the
impacts upon payment rates to the aggregate fabtoesach activitl?. For labour it is
only aggregate labour employed by agriculture i @entre West that experiences an
average increase and then only for one simulaf@&mock X); elsewhere the impacts on
labour are consistently negative. They are alsativelly uniform, which is not surprising
since it has been assumed that activities can tadjuployment levels and that labour
allocations will adjust. On the other hand for (eggte) capital the impacts are mixed,
again this is not surprising since export demamdémme commodities increase while for
others it decreases, which means that the pricesvesl by activities for their outputs
will increase or decrease respectively, but camégainot reallocate to equalise returns.
For activities outside of agriculture the procesaesrelatively simple since each activity
produces a single commodity, but the agriculturivities are multi-product activities
and therefore the driving force behind changesi land capital returns depends upon
both the mix of increasing and decreasing expamatal and the mix of outputs in each
agricultural activity (region). The Centre West adduth agricultural activities/regions
experience increases in overall export demand givein output mixes.

8 NOTE: the payment rates have no real world copates, rather they are the implied rates of payrfarthe
aggregates and can therefore be interpreted as aynmeasures (indices) that indicate élwveragechanges

across the

broad categories.
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Table 5. Factor Payment Rates by Aggregate Factors (% change)
LABOUR CAPITAL LAND
X-shock X&M shock X-shock X&M shock X-shock X&M shock
Agric North -1.05 -0.64 -9.51 -6.45 -9.51 -6.45
Agric North East -0.42 -0.24 -5.48 -2.45 -5.48 -2.45
Agric CentreWest -1.10 -0.60 6.37 5.88 6.37 5.88
Agric South -1.25 -0.69 -1.01 1.04 -1.01 1.04
Agric Sao Paulo -1.19 -0.70 -3.37 -1.12 -3.37 -1.12
Agric Rio -1.01 -0.55 -8.69 -5.66 -8.69 -5.66
Agric Rest of SE -0.88 -0.55 -6.97 -3.70 -6.97 -3.70
Mineral Extr -1.88 -1.13 -5.38 -19.72
Petrol & Gas Extr 213 -1.18 32.76 25.24
Minerals -1.46 -0.86 -1.60 -1.78
Iron -1.82 -1.09 -8.25 -11.41
Non ferrous -1.82 -1.08 447 -2.40
Metal prod -1.81 -1.06 3.84 2.77
Machinery -1.99 -1.16 8.82 19.74
Electric materials -1.94 -1.14 347 3.85
Electronic Equip -1.95 -1.15 19.70 20.93
Automobiles -2.15 -1.27 -5.19 -1.37
Other vehicles -2.13 -1.25 -5.98 -10.19
Wood & prod -1.28 -0.74 12.61 -10.58
Paper -1.89 -1.11 -3.66 0.00
Rubber prod -2.07 -1.21 -1.75 2.28
Chemicals -1.78 -1.04 6.24 6.37
Petroleum prod -2.10 1.7 410 10.26
Chemical prod -1.92 -1.13 7.33 442
Pharma -1.96 -1.15 -1.32 -12.15
Plastics -1.55 -0.91 2.79 5.53
Textiles -1.35 -0.78 -4.77 -4.28
Apparel -0.97 -0.56 -7.15 -4.23
Leather -1.00 -0.57 11.09 -8.07
Coffee prod -1.36 -0.80 12.77 -8.81
Livestock prod -1.35 -0.78 -7.77 -4.46
Sugar -1.36 -0.79 -3.89 -2.09
Other foods -1.34 -0.76 -4.57 -2.53
Other manu -1.64 -0.96 -5.69 -4.04
Utilities -1.90 -1.11 -6.45 -4.79
Construction -1.19 -0.70 1.22 1.16
Trade -1.58 -0.92 -4.42 -2.26
Transport -1.90 -1.11 -3.50 -2.72
Comms -1.90 -1.10 -8.05 -4.32
Financial serv -2.18 -1.27 10.68 -5.97
Family serv -1.52 -0.88 -8.31 -4.69
Enterprise serv -1.89 -1.10 -2.89 -3.67
Dwellings -1.61 -0.93 -9.86 -5.28
Public admin -2.03 -1.18 -1.68 -1.23
Private serv -1.69 -0.98 -8.68 -4.82

Source: simulation results.
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The extent to which activities seek to increasedecrease the employment of
primary inputs in aggregate depends upon the ictieraof the average prices received
for outputs and paid for (aggregate) intermediatpuis after paying any taxes on
production and/or factors used in production. Imm of the model used these
interactions determine the ‘price of value addeshich simply defines the amount
available to pay primary inputs after meeting alles costs. The impacts on the price of
value added by sector are illustrated in Figure 6.

What emerges is a pattern of incentives to restracthe mix of activities in the
economy following the changes in export and impartlumes. Overwhelmingly the
expanding activities are manufacturing activitiasl among the manufacturing activities
those seeking to expand are those that are typitalte natural resource intensive.

Figure 6.  Price of Value Added (% Change)
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Source: simulation results.
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6.

Concluding Comments

In this paper, we examined the impact of the trstueck associated with the Great
recession on labour and household income in Brdtie implications of export and
import volume shocks on the Brazilian economy tout to be complex and depend
critically upon assumptions about how trade commyodrices change and how much
flexibility domestic agents are assumed to possesssponse to relative price changes.

For the simulations presented in this paper, tlspaeses available to domestic
activities were assumed to be limited. The asswnptif a short run adjustment period
meant that capital and land use were fixed by #gtand hence the majority of activity
level response would be through the labour markieé responses available to labour
types were also constrained: for higher skilledolabthe choices were limited to
reductions in wage rates that could to some exiennitigated by migrating to regions
wherein the corresponding wage rates were fallipgrblatively) less, but for lower
skilled labour types there was not offsetting optigince they were price takes at fixed
real wage rates.

Our findings indicate that — notwithstanding thegaigve trade shock - average
returns to land and capital could increase in somgions. Overwhelmingly this was a
consequence of the expansion of export demandhiorcharacteristic commodities of
certain activities. Since the patterns of ownerstiipapital and land will vary across the
economy this indicates that there will be gainemd sers amongst the households that
own land and capital, even if the average incommfiand and capital increase.

The results also suggest that a large proportioth@fadjustment costs have to be
borne by labour, with all labour types typicallygiing out. The more highly skilled labour
types can ameliorate the losses but the lesséedkibour types cannot and hence bear a
disproportionate amount of the adjustment costs.
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Annexes

Annex 1. Database Accounts
Commodities Activities Factors Factors
Very low
Very low wages Rest
Agriculture wages of South
cCana Sugar Cane aAgnorth  North fvlownorth North fvlowrseast ~ East
Low wages
Agriculture Low wages Rest of
cSoya Soybean aAgneast  North East flownorth North flowrseast South East
Medium
Medium wages Rest
Agriculture wages of South
cOagr Other agriculture aAgcwest  CentreWest fmednorth North fmedrseast  East
High wages
Agriculture High wages Rest of
cLstoc Livestock aAgsouth  South fhighnorth North fhighrseast ~ South East
Very high
Very high wages Rest
Agriculture Sao wages of South
cMinex Mineral Extraction aAgspaulo  Paulo fvhighnorth  North fvhighrseast  East
Capital Rest
Petrol and Gas Agriculture Rio Capital of South
CPGex  Extraction aAgriojan  Janeiro fcapnorth North fcaprseast ~ East
Land Rest
Non metallic Agriculture Rest of South
cNmetex minerals aAgrseast  of South East flandnorth Land North  flandrseast ~ East
Very low
Mineral wages
clron Iron aMinex Extraction fvlowneast North East
Petrol and Gas Low wages
cNfer Non ferrous metals ~ aPGex Extraction flowneast North East
Medium
Other metal Non Metallic wages
cOmet products aNmetex  Minerals fmedneast North East ~ Households
High wages Household
cMach Machinery alron Iron fhighneast North East  hnorth North
Very high
Non ferrous wages Household
cEmat Electric materials aNfer metals fvhighneast ~ North East  hneast North East
Electronic Other metal Capital Household
cEquip Equipment aOmet products fcapneast North East  hcwest CentreWest
Land North Household
cAuto Automobiles aMach Machinery flandneast East hsouth South
Very low
Other vehicles and Electric wages Household
cOveh spare parts aEmat materials fvlowcwest ~ CentreWest hspaulo Sao Paulo
Electronic Low wages Household
cFurn Wood and furniture  aEquip equipments flowcwest CentreWest  hriojan Rio Janeiro
Medium Household
wages Rest of
cPap Paper and graphic ~ aAuto Automobiles fmedcwest CentreWest  hrseast South East
Other vehicles High wages
cRub Rubber products aOveh and spare parts  fhighcwest CentreWest
Very high
Wood and wages
cChem  Chemical elements  aFurn furniture fvhighcwest ~ CentreWest
Refined petrol Paper and Capital
cPetro products aPap graphic fcapcwest CentreWest ~ Others
Other chemical Land Import
c¢Ochem  products aRub Rubber products  flandcwest CentreWest  imptax duties
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Commodities Activities Factors Factors

Very low
Chemical wages
cPharm  Pharmaceuticals aChem elements fvlowsouth South exptax Export tax
Refined petrol Low wages
cPlas Plastics aPetro products flowsouth South saltax Sales Tax
Medium
Other chemical wages
cText Textiles aOchem products fmedsouth South ectax Excise duty
High wages Production
cApp Apparel aPharm Pharmaceuticals  fhighsouth South indtax taxes
Very high
wages Production
cLeath Leather products aPlas Plastics fvhighsouth  South indsub subsidies
Direct
Processed coffee Capital income
cCoff products aText Textiles fcapsouth South dirtax taxes
cLprod Livestock products  aApp Apparel flandsouth Land South  facttax Factor taxes
Very low
Leather wages Sao
cSug Sugar alLeath products fvlowspaulo  Paulo Othtax Other taxes
Other food Processed Low wages
cOfd products aCoff coffee products  flowspaulo Sao Paulo  Govt Government
Medium
Other Livestock wages Sao Investment
cOman manufacturing alLprod products fmedspaulo  Paulo i_s and savings
High wages Stock
cUtil Public Utilities aSug Sugar fhighspaulo  Sao Paulo  dstoc changes
Very high
Other food wages Sao Rest of the
cCons Civil construction a0fd products fvhighspaulo  Paulo row World
Other Capital Sao
cTrad Trade aOman manufacturing fcapspaulo Paulo total Totals
Land Sao
cTran Transport autil Public Utilities flandspaulo  Paulo
Very low
Civil wages Rio
cComm  Communications aCons construction fvlowriojan Janeiro
Low wages
cFser Financial services aTrad Trade flowriojan Rio Janeiro
Medium
wages Rio
cSfam Services to families  aTran Transport fmedriojan Janeiro
Services to High wages
cSent enterprises aComm Communications  fhighriojan Rio Janeiro
Very high
Financial wages Rio
cDwell Dwellings aFser services fvhighriojan ~ Janeiro
Public Services to Capital Rio
cSpub administration aSfam families fcapriojan Janeiro
Non mercantile Services to Land Rio
cSpriv private services aSent enterprises flandriojan Janeiro
aDwell Dwellings
Public
aSpub administration
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Annex 2. Model Overview

The model used in this study is a development ef $TAGE (Static Applied
General Equilibrium) model (McDonald, 2007) cal®@AGE_LAB. STAGE_LAB is a
member of the STAGE suite of single country combletageneral equilibrium models.
Conceptually, it falls into the class of modelsttifalow the approach described by
(Derivis, de Melo, & Robinson, 1982) and the modédksveloped by (Robinson,
Kilkenny, & Hanson, 1990) and (Kilkenny, 1991). e core of the suite is the basic
STAGE model customised to the setting/economic renment being explored in this
paper.

A. Behavioural Relationships

Households are assumed to choose the bundles ohadites they consume so as
to maximise utility where the utility function igdhe-Geary. The households choose their
consumption bundles from a set of ‘composite’ comities that are aggregates of
domestically produced and imported commodities.s€heomposite’ commaodities are
formed as Constant Elasticity of Substitution (CE®)gregates that embody the
presumption that domestically produced and importesinmodities are imperfect
substitutes. The optimal ratios of imported and éstic commodities are determined by
the relative prices of the imported and domestimmodities. This is the so-called
Armington ‘insight’(Armington, 1969), which has tlaglvantage of rendering the model
practical by avoiding the extreme specialisatiod @nice fluctuations associated with
other trade assumptions. In this model the coustgssumed to be a price taker for all
imported commodities.

Domestic production uses a multi-stage productiatgss (see below). The vector
of commodities demanded is determined by the domelmand for domestically
produced commodities and export demand for donadstiproduced commodities.
Using the assumption of imperfect transformatiotwieen domestic demand and export
demand, in the form of a Constant Elasticity of n&farmation (CET) function, the
optimal distribution of domestically produced comntiti@s between the domestic and
export markets is determined by the relative prmeshe alternative markets. The model
can be specified as a small country, i.e., prigertaon all export markets, or selected
export commodities can be deemed to face downwaping export demand functions,
i.e., a large country assumption.

The other behavioural relationships in the model generally linear. A special
feature of the model is that all the tax rates deelared as variables that can adjust
endogenously to satisfy fiscal policy constrairBémilar adjustment mechanisms are
available for a number of key parameters, e.g.ingavrates for households and
incorporated business enterprise and inter-ingirat transfers.

B. Price and Quantity Relationships

Figure A.1 and Figure A.2 provide detail on theemglationships between the prices
and quantities for commodities and activities. Thepply prices of the composite
commodities PQS) are defined as the weighted averages of the daalhys produced
commodities that are consumed domestica§ and the domestic prices of imported
commodities PM.), which are defined as the products of the worldgs of commodities
(PWM,)) and the exchange ratER) uplifted byad valoremimport duties TM.). These
weights are updated in the model through first oabanditions for optima. The average
prices exclude sales taxes, and hence must béedptiy 6d valoren) sales taxesl) to
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reflect the composite consumer prideQD,).”® The producer prices of commodities
(PXQ) are similarly defined as the weighted averagesthef prices received for

domestically produced commodities sold on domeatid export PE;) markets. These

weights are updated in the model through first oxmnditions for optima. The prices
received on the export market are defined as thduats of the world price of exports
(PWE) and the exchange rateR) less any exports duties due, which are defineddy

valoremexport duty ratesI(E).

The average price per unit of output received byetvity (PX,) is defined as the
weighted average of the domestic producer pricegrevthe weights are constant. After
paying indirect/production/output taxe3>), this is divided between payments to
aggregate value adde®\(A), i.e., the amount available to pay primary inpwad
aggregate intermediate inpuRINT,). Total payments for intermediate inputs per oiit
aggregate intermediate input are defined as thghtesil sums of the prices of the inputs

(PQD).

Figure A.1: Price Relationships in the STAGE Model

POD,
TEX— "
75, —>
POS.= 1
PWE, * ER o.
e \
PDD, =1 PM,=1
PE.= 1 PDS, =1
T~ ™,
*
a PWM, * ER
PXC,.= 1
/ =
P Xa % P Xa,?
T
l X,

Total demands for the composite commoditi€X).,, consist of demands for
intermediate inputsRINTD,, consumption by household®CD:, incorporated business

19 For simplicity only one tax on domestic commodigles is included in this figure.
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enterprise@, QED,, and governmenQGD,, gross fixed capital formatioQINVD,, and
stock changegistocconst Supplies from domestic produce@DD,, plus importsQM,,
meet these demands; equilibrium conditions ensatthe total supplies and demands
for all composite commodities equate. Commodities delivered to both the domestic
and export,QE;, markets subject to equilibrium conditions thatjuiee all domestic
commodity productionQXG,, to be either domestically consumed or exported.

Figure A.2: Quantity Relationships in the STAGE Model
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The presence of multi product activities means tdamestically produced
commodities can come from multiple activities,,itbe total production of a commodity
is defined as the sum of the amount of that comtpqaibduced by each activity. Hence
the domestic production of a commodiQXC) is a CES aggregate of the quantities of
that commaodity produced by a number of differenivetees (QXAQ, which are produced
by each activity in activity specific fixed propants, i.e., the output oQXAC is a
Leontief (fixed proportions) aggregate of the otitpiueach activity ©X).

% Incorporated business enterprises are institut@eeounts. An enterprise is defined as a legaboial entity
that engages in economic activities and transagfioits own right.
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C.

Production Nesting Structure and Labour Types

Production relationships by activities are defirted a series of nested Constant
Elasticity of Substitution (CES) production functas' Mathematically the limit on the
number of levels of nests is only constrained by mlumber of different factor types
included in the database. However there are addititimits imposed by economic
meaningfulness and the availability of empiricatad#hat allow for the inclusion of
information (elasticities of substitution) abouttpossibilities for substitution between
and within sub groups of factors. The illustratidiedow are for the four level production
nest, in quantity terms, used for this study. Talitate understanding there are four
figures for quantities and four for prices.

Figure A.3 illustrates the top two levels of theogmction nest. At the top level
activity output QX) is a CES aggregate of the quantities of aggrdgéeemediate inputs
(QINT) and value addedQVVA). Aggregate intermediate inputs are a Leontiefragate
of the (individual) intermediate inputs. Aggregaedue added is more complex: it is a
CES aggregate of the quantities of ‘primary’ inpdesmanded by each activit§ D),
where the primary inputs can be natural factorgpes of labour, capital and land that
exist — and aggregate factors that are aggreghtestural factors and/or other aggregate
factors. Any factor at the end of any branch inuFég A.5, A.7 and A.9 is by definition a
natural factor, i.e., it is not an aggregate, wherall the intermediate ‘factors’ are CES
aggregates. Thus the terfaB can refer to both ‘natural’ factors and aggregalteshe
model the sefff is defined as the set of all natural and aggrelgietors while the sdt a
sub set off, is defined as the set of all natural factorseoub sets df define the level
of each factor — natural or aggregate — in theimgstructure. The members of the déts
andf are detailed in Table A.1.

Figure A.3: Production Relationships: Top Two Levels (Quantities)

0X,
QINT, ovA,
iOC]l‘dC]daa l'O(]qudcfa FDca a FDlaba FDlnda
*QINT, *OINT, v ’ ‘

Starting from the top of the value added nestsabld A.3, aggregate value added is
an aggregate of three aggregate factors — lang, @aghital (cap) and labour (lab). This
reflects the fact that the database records tréinsador 7 types of land and capital and
35 types of labour. The aggregates for land andatagre both formed in one extra nest —

L (Perroni & Rutherford, 1995) demonstrate thate@&€ES function can approximate any flexible fueail
form, e.g., translog.
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see Figures A.5 and A.7 —where land and capitirdntiated by the regions of Brazil in
which they are employed are aggregated using C&iiodogy.

The corresponding levels of the price system dwstiated in Figure A.4. Several
points justify emphasis. First, the output pri€e)( is expressed inclusive of production
taxes TX) but the relevant price for the determination loé toptimum quantities of
aggregate intermediates and value added is nebdbiption taxes. Second, the prices for
individual intermediate inputs are the purchaséresrfor commodities in the economy.
And third, the prices for aggregate intermediateENT) and value addedP¥{A) are
constructs; they have no existence in reality ramey are simple intermediate steps used
by the model to determine the optimum quantitiesaifiral inputs used in the production
processes of activities. An important point to nabeut these prices, as with all the price
constructs, is that they cannot be subject to psiedges that are due to tax, or similar,
instruments.

Figure A.4: Production Relationships: Top two Levels (Prices)

PX,
T
TX,
PINT, PVA,

\

P QDC P QDC WF cap,a WEF, lab,a WF; Inda

Since land cannot be moved it is reasonable tonasshat the quantities of land in
each region are fixed, at least over a substapéiabd of time, although of course more
land may be brought within the production boundarg relative short time, e.g., through
land clearance, or existing land may be made maodugtive, e.g., through drainage.
Even if, for simplicity, it is assumed that the pligs of productive services flowing from
the stocks of land in each region are fixed thissdoot preclude substitution of land in
one region for another by any activity except infapoas the land using activities are
region specific. In this database (SAM) the agtimall activities are specified as region
specific activities that produce multiple outputerimodities) and are the only users of
land as a productive input in their regions. Therethere are no substitution possibilities
between the different types of land: the effectedasticities of substitution for the
aggregate land factors for each activi8f) are all therefore equal to zero. Strictly
therefore this nest for land, see Figures A.5 arfij éould be avoided by entering each of
land types as a separate factor in the aggregéte eaded function with a common
elasticity of substitution across all land typed aggregate capital and labour; the choice
to include a land nest has no impact on the pedao®a of the model.
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In the case where the nest has zero substituiattit aggregate pricd\MR,q4) IS a
simple constant weighted sum of the component prieg. WF,4 »

Figure A.5: Production Relationships: Aggregate Land (Quantities)

FDlnd,a

FDnJ,a FDnZ,a FDn3,a FDn4,a FDn5,a FDmS,a FDn7,a

Figure A.6: Production Relationships: Aggregate Land (Prices)

WFEiaa

WFnl‘a WFnZ‘a WFn&a WFn4,a WFn5,a WFnda WFnZa

Unlike land, capital is not region specific sinapital for all regions is potentially
used by all activities. Thus there are substitugossibilities between types of capital and
therefore the elasticities of substitutian] are all positive and are activity specific, and
the aggregate is a construct formed as an indéheafatural types of capital.

Figure A.7: Production Relationships: Aggregate Capital (Quantities)

F. Dcap,a
FDyio FDiy FDia FDra FDisa FDisa FDyg

In the case where the nest has imperfect subdilityethe aggregate pricé\(Feap o
is a weighted sum of the component prices, 8y » Where the weights vary with the
optimal mix of capital across the different typésapital. Consequently changes in the
demand for different (natural) types of capitallwéuses changes in the prices of those
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types of capital and in the price of the aggregéiese will be passed up to the next level
of the nest as changes in the price of the cagmifgtegate.

Figure A.8: Production Relationship: Aggregate Capital (Prices)

WF cap,a
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Table A.1: Natural and Aggregate Factors

Agoregates

Natural Factors

Adgoregates

Natural Factors

Aggregate labour North

Labour V low wages North
Labour Low wages North
Labour Med wages North
Labour High wages North
Labour V high wages North

Aggregate labour North East

Labour V low wages North East
Labour Low wages North East
Labour Med wages North East
Labour High wages North East
Labour V high wages North East

Aggregate land

Land North

Land North East

Land CentreWest

Land South

Land Sao Paulo

Land Rio Janeiro

Land Rest of South East

Aggregate labour CentreWest

Labour V low wages CentreWest
Labour Low wages CentreWest
Labour Med wages CentreWest
Labour High wages CentreWest
Labour V high wages CentreWest

Aggregate capital

Capital North
Capital North East
Capital CentreWest
Capital South
Capital Sao Paulo
Capital Rio Janeiro
Capital Rest of S&iatht

N Labour V low wages South
& Labour Low wages South
Q’&Q’ Aggregate labour South Labour Med wages South
N Labour High wages South

Labour V high wages South

Aggregate labour Sao Paulo

Labour V low wages Sao Paulo
Labour Low wages Sao Paulo
Labour Med wages Sao Paulo
Labour High wages Sao Paulo
Labour V high wages Sao Paulo

Aggregate labour Rio Janeiro

Labour V low wages Rio Janeiro
Labour Low wages Rio Janeiro
Labour Med wages Rio Janeiro
Labour High wages Rio Janeiro
Labour V high wages Rio Janeiro

Labour V low wages Rest of South East
Labour Low wages Rest of South East
Aggregate labour Rest of S East Labour Med wages Rest of South East
Labour High wages Rest of South East
Labour V high wages Rest of South East

43



The labour nesting is more complex because it iregtwo levels of nesting. At the
bottom of the nesting structure are 35 differepesyof natural labouFD;.); each type
of labour is distinguished by which of seven thgioas () within which it is currently
employed and five levels of wages ratps Where wage rates are taken as proxies for
levels of skill. The implicit behavioural assumptics that employers choose from the
pool of differently skilled workers within a regiatcording to the relative prices of the
different types of labour within the region, whigrocess identifies the aggregate
guantities of labour employed within each regiorelgh activity. If the average price of
labour in a region rises — relative to the priceoiher regions — then it is assumed that
activities will substitute between labour from ttiéerent regions according to relative
prices. There is again an implicit presumptionaetivities change the mix of aggregate
labour types so implicitly they are reallocatingghuctivity activities across regions.

Figure A.9: Production Relationships: Labour (Quantities)

FD/ab,a

//

FD/agl,a FD/ag2,a FD/ag‘?,a FDlag4,a FD/agJ',a FD/agG,a FDlug7,a

m
FDii1a FDi2a FDiiza FDijya FDpsa FDy714 FDpya FDi3a FDpryu FDizsa

The nesting structure in quantity terms for labisuilustrated in Figure A.9 and for
prices in Figure A.10, where the bottom level d tiesting is only fully articulated for
two regions. The construct pricé&F.g . have no real world counterpart and therefore
cannot be subjected to changes in tax instrumeuit.tie bottom level prices can be
subjected to tax and the model allows for all redtéactors to be subjected to factor use
taxes that are activity and factor specific; thizs@s obviously enter into the first order
conditions for optimal input mixes.
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Figure A.10: Production Relationships: Labour (Prices)
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The advantage of using such a nesting structurthas it avoids making the
assumption that all natural factors are equallyssultable in the generation of value
added. In the case illustrated by Figures A.1l tbOAthe implicit presumption is that
different types of labour are not equally subsditle but that aggregate labour, capital
and land are equally substitutable. For instaneelefiel 3 labour aggregatesd . .,

may be defined as the aggregate labour employednbwgctivity class in a specific

region, which is made up of seven types of labbat have different sets of skills but
can only be employed in the specific region. Howehe activity class may choose to
‘substitute’ labour from different regions by altey the balance between production
taking place in different regions.

This highlights an important consideration. The @im of a nesting structure
carries with it the presumption that factor markats segmented, i.e., while unskilled
labour from a region can be part of that regiomjgragate labour factor, unskilled labour
from another region cannot. Implicit to this sturet therefore is the presumption that
labour cannot migrate between regions, whereagality there are large amounts of
evidence that people are prepared to migrate imclseaf improved employment
opportunities. To address this consideration STAGEB includes a series of migration
functions that allow net migration of factors obguction between the sub nests of the
production structure, e.g., skilled labour can migr between different regions in
response to employment opportunities. The incestteemigrate are determined by the
changes in the relative wages received by the faaadifferent sub nests.

Until now it has been assumed that labour supphbes fixed. However
STAGE_LAB allows for the possibility of unemployntefor each and every natural
factor. This is achieved by defining the supplyeath factor by reference to current total
demand PLUS the stock of the factor currently urieyga. In the case of labour, if
there is current unemployment for a class of lapewg., unskilled, the real wage of that
class is fixed until all the stock of unemployedkified workers have been absorbed by
the labour market and thereafter the real wageheffactor is flexiblé. This form of

! In terms of the model this requires that the magelrates with one regime when there is unemploywaeh
another regime when there is full employment. Tagime switching is achieved by specifying the niade
mixed complementarity problem (MCP). The variaredibere generates a two segments labour suppltidonc
— horizontal until full employment and then vertiegbut more complex options are possible, e.gegth
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regime switching is attractive since it increashke tealism with which the labour
markets are modelled, but it does have some intits for the modelling of labour
migration. Given that labour migration decisiong@ed on changes in relative wage
rates there can only beet migration when a factor within a migration pool figly
employed, since only then can relative wages change

D. Migration Relationships

One problem the presumption that factor marketssaggnented is that it prohibits
movement of factors between the sub nests. Thisatgsn makes economic and logical
sense when it imposes the condition that inherexliferent factors cannot be
transformed from one format to another, e.g., labcannot be transformed capital
(except through production processes and inves)mémt the other hand there is no
binding reason to suppose that skilled labour capnovide unskilled labour services
relatively easily, although the opposite transfaiorais likely to be time and resource
consuming. Even more compelling is the argument idaour of the same skill type
located in different regions can substitute for saene labour type in another regions,
albeit migration is not costless and there aretéitiuns on the extent of relocations that
are likely to take place for a range of reasong,, @ersonal preferences and family
commitments. When migration is from one physicahlion to another it accords with
normal usage of the terminology, but in this instathe term migration is adopted to
embrace all economically induced transitions forme dabour market segment to
another.

In order to allow for these migration possibilititse model includes a supply
function with constant elasticity for each factgpé. If the relative wage of the factor in
a sub nest increases/decreases the supply ofatttat to a sub nest increases/decreases
subject to the condition that the total supplyladttfactor type in the economy is fixed:
the resultant migrations represent a partial adjest in response to changes in relative
wages and combined with the constraint ensure rhat&aring without any increase in
labour supply. The degrees of mobility are contwlby the supply elasticities, which
can vary for each and every factor, e.g., unskil&zbur in one region may be more or
less mobile that unskilled labour in other regidmspractice this version of the model
operates a pooling system; the labour supply fanstieither supply or demand labour
to/from a series of pools rather than engage atdnihl migration between sub nests; thus
only net migration is modelled. Full bi lateral ¢ckeng of labour migration could be
readily achieved, but would require the impositadmrmany more supply elasticities for
which there is limited information. The choice bétpooling mechanism is accordingly
driven by the decision to achieve a balance betwdetail and the imposition of
exogenous information that has limited empiricai®a

segments — horizontal until unemployment ratelfalbw some level, upward sloping until full emplogmb and
thereafter vertical.
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Migration Block Equations

ZWFf *WFDIST,* FD,

) > FD;,

WFMIG, ;= AVGWE, (MG1)
WFMIG, )"
FS, = F, *| > ———™ : (MG2)
SWFMIG,
> FS, = > F, . (MG3)

f$map_ mig_ fg, ¢ f$map_ mig_ fiq ¢

Migration Possibilities and Elasticities

The implementation of these migration functionsurezp the specification of first
the migration possibilities, i.e., the factors thah migrate and other factor categories to
which they can migrate, and supply elasticitiestti@r factors that can migrate.

The migration possibilities are defined by the nmiagset, map_mig_f(mig,f), that
defines the factors, f, that can migrate to eacbl,pmig. In this configuration it is
assumed that labour factors can change the regibmwhich they are employed, i.e.,
they can relocate/migrate to another region, bey tannot change their skill category.
Thus high skilled labour can relocate from one@adb another but only as high skilled
labour. But note the model does not track bilatenajration flows; rather labour that
chooses to exit a region if that regions relatiagw/falls and enters a ‘pool’ from which
regions whose relative wage has risen draws labihe. current migration possibility
mapping is recorded in the workbook as ‘migrat!N390 The migration elasticities are
recorded in the worksheet ‘migelast’.
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Annex 3. Commodity Elasticities

sigma omega sigmaxc
Sugar Cane 3.75 2 25
Soybean 3.75 25 25
Other agriculture 3.75 25 25
Livestock 3.75 25 25
Mineral Extraction 3.75 25 1.5
Petrol and Gas Extraction 3.75 25 1.5
Non Metallic Metals 3.75 25 1.5
Iron 3.75 25 1.5
Non ferrous metals 3.75 25 1.5
Other metals 2.25 2 1.5
Machinery 2.25 2 1.5
Electric materials 2.25 2 1.5
Electronic equipments 2.25 2 15
Automobiles 2.25 2 1.5
Other vehicles and spare parts 2.25 2 15
Wood and furniture 2.25 2 1.5
Paper and graphic 2.25 2 15
Rubber products 2.25 2 15
Chemical elements 2.25 2 1.5
Refined petrol products 2.25 2 1.5
Other chemical products 2.25 2 1.5
Pharmaceuticals 2.25 2 1.5
Plastics 3 2 1.5
Textiles 3 2 1.5
Apparel 3 2 15
Leather products 3 2 15
Processed coffee products 3 2 15
Livestock products 3 2 15
Sugar 3 2 1.5
Other food products 3 2 1.5
Other manufacturing 3 2 1.5

48



sigma omega sigmaxc
Public Utilities 3 2 1.5
Civil construction 1.2 0.9 1.5
Trade 1.2 0.9 1.5
Transport 1.2 0.9 15
Communications 1.2 0.9 1.5
Financial services 1.2 0.9 1.5
Services to families 1.2 0.9 1.5
Services to enterprises 1.2 0.9 15
Dwellings 1.2 0.9 1.5
Public administration 1.2 0.9 1.5
Non mercantile private services 1.2 0.9 1.5
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Annex 4.

Activity Elasticities

sigmax sigmava flnd fcap flab flnorth flneast flcwest flsouth flspaulo flriojan flrseast
Agriculture North 0.9 1.2 15 15 2 3 3 3 3 3 3 3
Agricuiture North 0.9 12 15 15 2 3 3 3 3 3 3 3
East
Agriculture
CentreWest 0.9 1.2 15 15 2 3 3 3 3 3 3 3
Agriculture South 0.9 1.2 15 15 2 3 3 3 3 3 3 3
Agriculture Sao 0.9 1.2 15 15 2 3 3 3 3 3 3 3
Paulo
Agriculture Rio
Janeiro 0.9 1.2 15 15 2 3 3 3 3 3 3 3
Agriculture Rest of
South East 0.9 1.2 1.5 1.5 2 3 3 3 3 3 3 3
Mineral Extraction 0.9 1.2 15 15 3 3 3 3 3 3
Petrol and Gas 0.675 0.9 15 15 16 2 2 2 2 2 2 2
Extraction
Non Metallic Metals 0.675 0.9 15 15 1.6 2 2 2 2 2 2 2
Iron 0.675 0.9 1.5 1.5 1.6 2 2 2 2 2 2 2
Non ferrous metals 0.9 1.2 15 1.5 2 3 3 3 3 3 3 3
Other metals 0.675 0.9 15 15 1.6 2 2 2 2 2 2 2
Machinery 0.45 0.6 1.5 15 0.9 1.2 1.2 1.2 1.2 1.2 12 1.2
Electric materials 0.45 0.6 1.5 1.5 0.9 1.2 1.2 1.2 1.2 1.2 1.2 1.2
Electronic 0.45 0.6 15 15 09 1.2 12 12 12 1.2 12 12
equipments ’ ' ' ' ’ ' ' ' ’ ' ’ '
Automobiles 0.45 0.6 1.5 1.5 0.9 1.2 1.2 1.2 1.2 21 1.2 1.2
Other vehicles and
spare parts 0.45 0.6 15 15 0.9 1.2 1.2 1.2 1.2 1.2 1.2 1.2
Wood and furniture 0.675 0.9 1.5 15 1.6 2 2 2 2 2 2
Paper and graphic 0.45 0.6 15 15 0.9 1.2 1.2 12 1.2 1.2 1.2 1.2
Rubber products 0.45 0.6 15 15 0.9 1.2 1.2 12 2 1. 12 1.2 1.2
Chemical elements 0.675 0.9 1.5 1.5 1.6 2 2 2 2 2 2 2
Refined petrol
products 0.9 1.2 15 15 2 3 3 3 3 3 3 3
Other chemical 0.675 0.9 15 15 16 2 2 2 2 2 2 2
products
Pharmaceuticals 0.45 0.6 15 15 0.9 1.2 1.2 12 2 1. 12 1.2 1.2
Plastics 0.45 0.6 15 1.5 0.9 1.2 1.2 1.2 1.2 1.2 21 1.2
Textiles 0.9 1.2 15 15 2 3 3 3 3 3 3 3
Apparel 0.9 1.2 15 15 2 3 3 3 3 3 3 3
Leather products 0.675 0.9 15 15 1.6 2 2 2 2 2 2 2
Processed coffee
products 0.675 0.9 15 15 1.6 2 2 2 2 2 2 2
Livestock products 0.675 0.9 15 15 1.6 2 2 2 2 2 2 2
Sugar 0.9 1.2 15 15 2 3 3 3 3 3 3 3
Other food products 0.9 1.2 15 15 2 3 3 3 3 3 3 3
Other manufacturing 0.675 0.9 15 15 1.6 2 2 2 2 2 2 2
Public Utilities 0.9 1.2 15 15 2 3 3 3 3 3 3 3
Civil construction 0.9 1.2 15 15 2 3 3 3 3 3 3 3
Trade 0.9 1.2 1.5 15 2 3 3 3 3 3 3 3
Transport 0.675 0.9 15 15 1.6 2 2 2 2 2 2 2
Communications 0.9 1.2 15 15 2 3 3 3 3 3 3 3
Financial services 0.45 0.6 15 1.5 0.9 1.2 1.2 1.2 1.2 1.2 1.2 1.2
Services to families 0.675 0.9 15 15 1.6 2 2 2 2 2 2 2
Services to 0.675 0.9 15 15 16
enterprises
Dwellings 0.9 1.2 15 15 2 3
Public administration 0.675 0.9 15 15 1.6 2 2 2 2 2 2 2
Non mercantile 0.675 0.9 15 15 16 2 2 2 2 2 2 2

private services
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