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Abstract

A comparison of the performance of the Braziliamoapace industry with that of the world
leader in aerospace production, the USA, requirpgrapriate conversion rates. Following the
methodology of the International Comparisons of g@dtitand Productivity project (ICOP), we
calculate unit value ratios for the aerospace intdpusased on ex-factory prices. So far no
comparisons have been made for this sector, dpediolems of disclosure in national statistics.
In this paper, we have made adjustments to offidata from industrial surveys using
supplementary data on quantities and prices frovargety of other sources. Our 2005 unit value
ratios for the aerospace industry are somewhat tawan updated UVRs from a previous ICOP
study by Muldeket al(2002) for the whole transport equipment branalt, the two estimates are
in the same range. Our results on comparative lakmoductivity in aerospace point to more
rapid catch up than in the transport sector as eoleh There was a period between 1999 and
2003, when the Brazilian aerospace industry cleaxiyperformed the United States. However,
Brazil was unable to sustain this dramatic sectaraich up. After 2003, firms disregarded the
clear signals of shrinking value added and contthteincrease the number of employees. As a
result Brazil once again fell behind.
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1. The Brazilian aer ospace industry

The aim of this paper is to chart the evolutiontltd Brazilian aerospace industry in an internationa
comparative perspective. After a brief descriptudrBrazilian production trends in section 1, the@a
focuses on a systematic comparison of output andugtivity trends in a binary comparison with the

world’s largest aerospace producer, the USA.

For over seven decades, Brazil has been accunwietiperience in aircraft manufacturing. After mass-
production of small planes for sporting, militanydaagricultural purposes, the industry shifted aicen

and engaged in the design and series producti@momimuter planes which became successful both in
domestic and export markets. Figure 1 shows tbdyation data for all the major Brazilian aircrgfpes
since 1936. Three distinct product cycles can Bgngjuished: 1939-60, 1969-93 and 1996-2007. These
cycles indicate the technological advance fromniaénly single-seat, piston-engine planes of the0$93
50s, to the turboprop commuter planes of the 1%#@s 80s, and subsequently, to the state-of-the-art

regional jets that highlight the Brazilian aerospawustry’s capabilities from the mid-1990s onveard

Figure 1 Production Cyclesof Major Brazilian Aircraft types, 1936-2007
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Source:own compilation based on Cabral (1987); Cassiatatal (2002), Embraer Annual Reports, TAglinerlist
database <http://www.airlinerlist.com> (download89 Feb)flight International,various issues.

Note When exact annual production data are lackingree1969, we divided the total number producedHhey t
years of production.; Embraer Legacy executive ge¢sincluded in the ERJ-135 series; figures dff&f0 exclude
general aviation aircraft, including license-prodddipers and the upgraded versions of the Ipar{&nd-201
and 202).

The three periods also reflect three major formmadistrial organization. Before and during WorldiW

I, the industry was dominated by a few privateducers competing for private customers as well as
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responding to government procurement incentiveterAd long post-war reorganization period, a state-
owned company Embraer emerged as the major playbeiindustry. Following a crisis in the indusaty
the beginning of the 1998€€mbraer was privatized, with its shares being Ihgldrazilian investors. It

established a structure of global supply chainubhorisk sharing partnerships.

The Brazilian aerospace industiy often mentioned as an example of successfohaa of a high-tech
sector in an emerging economy. In an internaticnatparison of aerospace value added, we find that b
the first years of the 21century, Brazil has emerged as a major playereiospace, approaching the
value added shares of established advanced coprdducers such as Japan, Canada or France (see
Figure 2). The global aerospace industry is dorathdlly the United States, which remains far ahead of
all other competitors. At its peak production ir020Brazil merely reached 5% of US value added. The

combined value added of all European countriesomfis26 per cent of US value added.

Figure 2 Value Added in the Aerospace Sector, Selected Countries, 1970-2007
(millions of constant 2000 US dollars)
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Sources:Chinese National Bureau of Statistics, various lyeaks; EU-KLEMS, IBGE, OECD STAN, UNIDO.
Constant 2000 prices in national currencies weleutzed using value added deflators for the trartspquipment
industry. The following unit value ratios were apgl for conversion (from GGDC, Szirmat al, 2005 and own
calculations as described in paper; updated to R@@zil: 1.09; Canada: 1.8; China: 4.6; Japarb.22Europe
includes the Euro-zone average of 1.85, Swede®; Uhited Kingdom: 1.44.)

Note: CHN=China, CAN=Canada, JPN=Japan, SGP=Singaptie=European Union, BRA=Brazil.

! Frischtak (1992) provides a comprehensive analysiie economic, financial and technological baokgd of
the crisis of Embraer.

2 For a detailed discussion see Cassiodat@l (2002) or Marques (2004).
% Following the ISIC Rev.3. 353, the aerospace itrgiuisicludes the production aircraft, spacecrafigines and
propulsions and components thereof. The spacesggfhent is not significant in Brazil. The focusiiraft.
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2. An industry of origin approach to output and productivity comparisons

The basic problem with aggregating output or commgathe levels of labour productivity of an indystr
across countries is the conversion of values toraneon currency. The various shortcomings of officia
exchange rates and aggregate, expenditure-baselaging power parities (PPPs) are well established
(Maddison and van Ark 1988; van Ark 1993). Accogdio Timmer (2000), the main arguments against
using official exchange rates for comparing indastcan be summarized as follows. First, they ateic
the relative price levels of internationally tralagoods and services in an economy and disregard n
tradables. Next exchange rates are often distdayegovernments for domestic political and economic
reasons. Exchange rates are also influenced bywlsgien and rapid international capital movements.
Finally, exchange rates provide a single convddeill goods and services produced in the economy.

They do not allow for sector specific converters.

Purchasing power parities, such as the ones peblibly the World Bank, OECD or Eurostat address a
number of these shortcomings. PPPs are calculatidn itradition of Kravis, Heston and Summers (3982
and are based on consumer prices and expenditteggoci@s in national accounts. There are, however,
several problems with the use of PPPs for secm@diuctivity comparisons. They include trade and
transport margins and indirect taxes and subsidies, include import prices but exclude export @sic
but most importantly, PPPs are based on final edipges. They are useful for converting expenditure

categories, but do not provide industry-specifiovarsion factors from the production side.

Therefore, when possible, sectoral unit value saidvRs) derived from the International Comparisén
Output and Productivity (ICOP) methodology are usedconvert output values and value added in
national currencies for purposes of sectoral irgonal comparisons. In short, according to thaslition
developed by Maddison and van Ark (1988), van Ar893) and advanced by Timmer (1996) a sample
of products from the countries in a comparisonraatéched and unit value ratios (UVRS) are calculated
using ex-factory unit values. These UVRs providevession ratios at the industry and branch leved, a
can be aggregated to the national level. Sincedttenical details of the ICOP methodology have been
presented in dozens of studfese refrain from further detail here; interestedders can find a summary

in Annex I.

A major advantage of this method is that it offedustry-specific unit value ratios based on praiduc

data, which is ideal for sectoral comparisons betwebuntries.

* The richest collection of such studies has bedslighed in theResearch Memorandseries of the Groningen
Growth and Development Centre (GGDC).



Since the 1980s, UVRs have been meticulously catiedland published at the two-digit branch level fo
a wide range of countrié{The aerospace industry forms part of transporatiquipment manufacturing
both in the ISIC Rev.2 and Rev.3 classification.)

The feasibility of industry-of-origin comparisonsagnbe constrained by the availability of produstele
output data in official statistical sources. Indigst characterized by monopolies are very likelyeimain
beyond the scope of comparison because their ptiodudata are not disclosed in national statistics
order to avoid identification of a single firm. Tduit is not surprising that the aerospace industry
especially in emerging economies, is missing froht@ss-country comparisons. Comparisons for the
more aggregate ‘transportation equipment indusirg’ based on samples of products from automobile
manufacturing, railway manufacturing or ship builglindustries. The assumption is made that the unit
values ratios derived from matches in these inghsstare also applicable to Aerospace output. The
technologically complex nature of the products Hreexistence of comparable safety standards asguab
make these ‘sister sectors’ acceptable proxies.ddery the assumption that unit value ratios in ggaoe

are similar to those for other transport subsectarsgins to be tested empirically.

The limited number of firms in a sector can regulbon-disclosure of data in national statistiag, this
can also be a virtue. Production statistics catrdmmd from published company figures to form thsi®
of alternative calculations. If company reportse@vthe value and volume of the annual production o

certain major products, a sample is at hand towgrebe ICOP-style calculations.

Unfortunately, in the case of an industry that @nsidered strategic for national security, such as
aerospace, further obstacles emerge. Productiail dédefence equipment is rarely revealed, aatkst
owned companies are often less obliged to pubbglonts as detailed as those published by joinkstoc
companies. Company-report-based data will moslylike only available for countries where the bulk o

production caters to the civilian market, rathemtho military demand.

In 1994, the largest state-owned aircraft produciogpany of Brazil (Embraénvas privatized and its
shares have since been traded on Wall Street. iBternhof aircraft manufacturing in Brazil and of
Embraer is discussed at length in Vertesy (forthingin Let it suffice here to state that this actdedhe
company successful once again, as many observeesniadéed (Goldstein 2002a, 2002b, Cassioédtal
2002, Goldstein and McGuire 2004, Marques, 2004nteio et al, 2009) and, most importantly, as is

shown by evidence from annual reports. Based onaile company data, we make an attempt in this

® For a complete list of countries, please refehtoGGDC ICOP Database 1997 Benchmhtin://www.ggdc.net
The following selected papers summarize the lataftulation for emerging countries in our scopea#iirand
Mexico (Mulderet al 2002), China (Szirmagét al 2005), Indonesia, South Korea and Taiwan (Stuiadvand
Timmer 2003) and South Africa (van Dijk 2002).

® Although the number of enterprises in the sects been well over a hundred, Embraer clearly doesnthe
industry (see Annex lIl.2 table).
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paper to estimate industry-specific unit valueastio convert the value added of Brazilian aeraspac
industry into US dollars for the benchmark year 200hese unit values ratios will be compared with
updated unit value ratios for the transportationigment sector, estimated by Muldet al (2002), as

well as with the official exchange rate.

In this paper, we estimate unit value ratios ineortb compare the output and productivity of the
Brazilian and United States’ aerospace industiié®re are three main reasons for using the US as a
benchmark. First, the USA accounts for the largéstre of the global aerospace production. Second,
reliable, detailed product-level manufacturingistais are available over a longer time span. Kin#he

USA has been the benchmark country for the majofigomparisons in the ICOP literature.

2005 was selected as the benchmark year. The cbhbiae appropriate benchmark year is of crucial
importance for a volatile industry such as aerospaspecially if the business cycles of the twontoes
being compared do not coincide. The choice for 2085 motivated by four arguments. First, production
in Brazil in 2005 was substantial in volume andecdfl a broad variety of products, indicative of the
capabilities of the industry. Second, it is a riekdy recent year, which comes after the currenises
which affected Brazil so heavily and after the isitial reorganization following the privatizatiorf o
Embraer. (The previous study by Muldaral (2002) took 1985 as its benchmark year, since vthen
Brazilian currency has been devalued by 13 ordersagnitude.) Next, the industry was in equilibrium
in that year, with little or no excess capacityndtly, and most importantly, detailed data for tiaar

were available from company and independent sources

The reliability of UVRs at the industry level degsnprimarily on the coverage of the matched sample
(i.e. the share of the output value of matched yetedin the total industry output) and the variatadf
UVRs within a sector. The coverage ratio in thgday more diversified aerospace industry of the WSA
obviously expected to be rather low. But for Brazijh coverage rates can be achieved. The most
appropriate product match shall thus include aoqiroducts that offers the highest possible cayera

ratio for Brazil.



3. Official data, supplementary data and calculations

The ICOP methodology requires manufacturing stasigion produced quantities and output values) at
both product and industry level in the countriempared. The usual sources for such data are economi
censuses (carried out typically in a 5-10 yearrvatis) or manufacturing surveys (annual in non-osns
years). ThaJnited States Census Burettacks industry output data up to 6 digits in Areual Surveys

of Manufacturing(ASM) and up to 10 digits in th@urrent Industry ReportfCIR). The relevant figures
for the most detailed classification are howevethixgld for reasons of confidentiality. Figures are

presented only up to 8 digits.

In Brazil, theInstituto Brasileiro de Geografia e Estatisti¢®Brazilian Institute of Geography and
Statistics, IBGE) collects data up to the 8-digitdl (corresponding to the 10-digit level of the)Sut
most of the values in tHeesquisa Industrial AnugPIA) are only shown up to 4 digits in the casehsf
aerospace industry. (The only exception refersamall share of aircraft parts, amounting to 8%otdil

output value.)

Officially published figures for the year 2005 fitre United States and Brazil are presented in Table
The table clearly indicates that the lack of prddievel data is a major limitation for ICOP-type
comparisons. The only comparable figures from thtonal manufacturing surveys indicate that Brazil

produced a total of 8.2 billion BRL worth of aerasp products in 2005, while the United States
production totalled 133,0 billion USD.

Table 1 Industrial Census Information on the Aerospaceindustry
and Commercial Aircrafts (2005)

Output GrossValue Value Unit value
Quantity of Output Added
(units) (million in national currency)
United StategUSD)

Aerospace product & parts nifg n/a 132,977 72,090 n/a

Complete civil aircraft mf}y 4,288 27,019 n/a 6.3
Unladen weight not exceeding 2 tons 1,357 458 nfa. .3 0
Unladen weight exceeding 2 tons but (D) (D) n/a (D)
not exceeding 15 tons
Unladen weight exceeding 15 tons (D) (D) n/a (D)

Brazil (BRL)

Aerospace manufacturifg n/a 8,196 n/a n/a
Unladen weight not exceeding 2 tons (D) (D) n/a (D)
Unladen weight exceeding 2 tons but (D) (D) n/a (D)
not exceeding 15 tons
Unladen weight exceeding 15 tons (D) (D) n/a (D)

Notes: (D) Withheld to avoid disclosing data for indivellcompanies. N/a = not available; a) includegpsiducts

of the aerospace industry as specified in NAICHA33@e detailed definition in Annex II); b) includeivil aircrafts
(fixed wing, powered), helicopters and other caricrafts (non-powered) and kits) but excludesraftengine.
Sources:a) (NAICS 3364)Annual Survey of Manufactureé005 U.S. Census Bureau; b) (NAICS 33641131)
Current Industry ReporM336G(05)-13 U.S. Census Bureau, Issued: August 2006; c) (CK88EB1) Pesquisa
Industrial Produto2005 vol. 24, No.2., IBGE.

10



Similar limitations have already been addressethénlCOP literature. Maddison and Van Ark (1988,
pp.114-119) made adjustments for the automobileufiaaturing industry based on additional data on the
technical specification of products and retail eafigures published in industry journals to compiue
sector in Brazil, Mexico and the USA. The analod\cars appears to be appropriate for the aerospace
industry. On the one hand, the number of aircraftipced is much smaller than the number of cars, bu
on the other hand, the products are much morel@idib other words, while the figures can be cofexta

in national statistics, it is hard to hide the proid physically. We thus looked beyond nationdisttas

and investigated alternative sources: industryrjalg; industry associations’ statistics, indepeh&a0O
publications, company statements, or environmegrdrte and accident statistics to locate and crbssic
output quantity data and indications of producecgy or retail prices. The additional figures ociéel

and the adjustments made are discussed in thevioticsection.

3.1. Adjustments and calculation of unit value ra8 for Brazilian aircraft production

3.1.1. Supplementary data sources

It is nearly impossible to find information on thetual sales price of an aircraft, not to mentiosdpcer

prices in local currency, especially given the thett nearly all aircraft produced in 2005 wereaigd.

In 2005, the only producer (final assembler) of owercial aircraft in Brazil was Embraer. TRaancial
Statements for the Years Ended December 31, 200@@05 and Independent Auditors’ Repofithe
company provides indirect information on the vabfeaircraft production. The “cost of goods sold”
figures (CGS), broken down by commercial/defensetative/services segments and presented in BRL
in the reports, were used as a proxy for the etofgoutput value of Embraer aircraft for the y2a05.
This figure comes closest to the ex-factory valte@wput. As far as we could ascertain, it does not
contain sales taxes and other duties. The figuredst of goods sold amounted to 6,269 million BRL,
which compares realistically to the 8,196 billioRB value published in the PIA statistics, whichoals

includes other aerospace segments such as heligdfibt aircrafts, aircraft parts and components.

The quantity of physical output of airplanes wataoted from the delivery figures for 2005 published
the 2006 Embraer Annual Repofp.74). The date of production and the date oifvdg}l of an aircraft
may differ, but interviews with company managerd #me amount of backlog confirmed that Embraer
was producing for direct delivery. (In other wordeere were no “white tail” planes in 2005.) The
difference between date of production and dateetif/ery is the testing period following a planetlr

out from the plant, which is not more than a fevelse

We make the assumption that relative sales prieepraportional to the relative ex-factory pricéaus,

the actual unit value of each type of aircraft t@nestimated if the total ex factory value of Englbora
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aircraft produced and their list prices are knoincraft Value NewgAVN) publishes the list prices of
new aircraft in USD (including Embraer as well aseig planes) and estimates the prices of used
aircraft on a yearly basis. Where this data wasanailable, data from th&viation Industry Groupvas
used. Aircraft producers sometimes offer signiftcdiscounts (up to around 20%, according to ingustr
experts) to customers based on the size of ordkdalivery arrangements. List prices are thus het t
actual selling prices, but they do reflect the eabd an aircraft — the larger the demand the cles#ing
prices will be to the list prices. Given a firm Bhag of nearly 500 aircraft for Embraer, the demaad

be considered high enough. Where maximum and mimirtist prices, were published, we used the
average of maximum and minimum pridéBhe second and third column of Table 2 preserdsdtita

collected in this fashion.

Table 2 Supplementary Data on list prices and output value of commercial air craft
produced in Brazil (2005)

Aircraft type Quantity of Averagelist price Unit values Output Value
Output (USD millions) (BRL millions) (BRL millions)
1) 2 3) 4) ®)
ERJ-135 2 16.1 28.1 56.1
ERJ-140 0 n/a n/a 0
ERJ-148 67 22.2 38.7 2592.8
ERJ-170 46 27.5 47.9 2205.1
ERJ-175 14 29.6 51.6 722.4
ERJ-190 12 33.1 57.7 692.4
ERJ-195 0 34.9 60.8 0
Total 141 44.1 6,269

Source:Col. 2 fromEmbraer 2006 Annual Repoi€ol. 3 fromAircraft Value Newsand Aviation Industry Group
Total Col. 5 from Embraer; Col. 4 and the rows @l 6 except total, own calculations as describedchain text
section 3.2.1.

Note: (a) ERJ-145s also include modified versions ofdheraft: 20 Legacy executive jets and an R-994 $or
the Brazilian government.

3.2.1. Unit value ratios

The final step of data preparation before unit galatios can be calculated is the estimation of
unit values of aircraft produced in the two cowgriBased on the assumption that relative list
prices indicate relative ex-factory unit valuesaof aircraft, we derived unit values in Brazilian
Reais from the list prices in US dollars, accordingequation (1) below. The resulting unit
values are reproduced in column 4 of Table 2.

usD
Ip g, ECGSBRL] q = |p_USD

UViBRL | BG4 |
[zlpiUSDQi

CGS™
lpiUSin (1)

’ List prices were not available for the Legacy exia® jets, since they are primarily sold indivitlyaWe assumed
that additional, tailor-made design features mdiee ltegacy jets fit more appropriately in the ER3-Tategory,
even if their size is more similar to the ERJ-13=hould they be categorised as ERJ-135s, onlptiygut value
shares change, the effect on the final resultstlim2%.)
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Where uvi = unit value of an aircraft type in year 2005
Ipi = list price of an aircraft type in year 200906D
GVO = total value of output in year 2005
CGS = costs of goods sold in the commercial segnmoky for GVGR-

The gross output values in column 5 of Table 2cateulated by multiplying numbers of planes witk th

unit values in column 4.

3.2. Adjustments and calculation of unit value ras for production in the United States

3.2.1. Supplementary data sources

The Aerospace Industries AssociatihlA) of the US collects and publishes a rich gestatistics that
include yearly production data of civil transpoirceaft® by type, including physical output quantity and
aggregate value. According to AIA figures, the ltotalue of civil jet transport aircraft (or airline
production in 2005 was 18.7 billion USD (see TaBjeThis amounts to some 70% of the 27.0 billion
USD output value presented in t@errent Industry ReporfCIR) for 2005. The difference is explained
by the fact that the CIR includes not only airlmeput light and general aviation aircraft that falthe

less than 2 ton and the 2-15 ton class categomwelss helicopters and other (non-powered) ditcra

Neither AIA, nor other sources publish price ortwalue data for specific aircraft types. Assumamge
again that the proportions of list prices are iga&htto proportions of ex-factory unit values, wsed list

prices of US airplanes published in AVN to estimatdactory unit values, as in the case of Brazil.

The first row of Table 3 shows the aggregate qtiaaind value data for all aircraft from the CIRegth
bottom row the quantity and value data for narrowl aide bodied aircraft. Produced quantities of the
various aircraft types as published M, together with the list price information as regedrin AVN are
shown in the second and fourth column of the ta®ye2005, B-717s and 757s are no longer included in
the list prices for newly produced planes. Thediatpiotations from 2004 and 2002, respectivelyehav
been used to price these models. Of the narrow-hgdyaft, the B-717 and 757 families only included
one model each (the 717-200 and the 757-300). Biefamily however varies considerably in size, so
the quantities for the Boeing 737-600, 700, 800 aDd series were additionally obtained directlyniro

the manufacturer.

8 A substantial part of the U.S. industry output siets of military aircraft that we do not include this study,
considering that there is no Brazilian product ttch them. This fact is expected to result in adlowoverage ratio
of matched products in the total U.S. output.
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3.2.2. Calculating unit values of Boeings

Ex-factory unit values of the various types wer&wated for Boeings in the same way as described
above in the case of Brazil, the only differenceslaat total gross output value of the 290 comnaérci
aircraft was directly available. Based on the aggion that relative list prices indicate relativefactory

unit values of an aircraft, we derived unit valuesUS dollars from the list prices in US dollars,

according to equation (2).

UsbD
wi=| P9 myo | fg = ip, UG _, o SVO @
zlpi a Z'piqi zlpiqi
Where uy = unit value of an aircraft type
Iy = average list price of an aircraft type
GVO = Gross value of output for all aircraft
g = produced quantity of an aircraft type

The obtained unit values of the aircraft types posdl in 2005 are shown in the fourth column of &bl
Our estimates of ex-factory prices are 71% of ayeiest prices. On a side note, it is interestingée
that even if producers offer a 20% discount, th@l retain a margin over the ex-factory price. 6o
output values for different types of aircraft weldained by multiplying the quantities with ourigsited

unit values. The quantities are reproduced in cal@nof Table 3.

Some further steps are required before Braziliath dS-produced aircraft can be compared. In the
comparison, the difference in aircraft size iskitig. It is not realistic to match Brazilian regairjets

with US jumbo jets. The difference is less pronathif we compare the Brazilian planes with the
smaller Boeing aircraft. On the US side, we theeefdistinguished between wide-bodies and narrow-
bodies. Narrow-bodies are aircraft with an aversemting capacity of 130-150 and an average range of
4,500 kilometres are normally used for interregiasmwell as regional travel and compose the biilk o
airliners sold. Wide-bodies are the workhorsesnfjtrange, intercontinental air transportation asaur
estimated unit values show their average unit wahre about 100 million dollars higher than narrow-
bodies. These jets can most likely be excluded famy potential product matching since no emerging

country has so far been able to produce seridetategory.

The average unit value for the narrow-body class %&3 million dollars; its total produced valueswa
9,839 million dollars in 2005. (The Boeing 737 fhms evidently the most representative of thissla
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Table 3 Supplementary Data on List Pricesand Output Value of Aircraft
Produced in the United States (2005)

. Average .
Aircraft type QL(J)anttltytof List Price Unit vg}llya (Usb ToLalsgutplulF value
utpu (USD Millions) millions) ( millions)
1) (2) 3) (4) (5)
Civilian  Aircrafts 4,288 6.3 27,018
Manufacturing
Narrow-bodies 227 43.3 9,839
B-717 13 409 28.3 368
B-737 212 61.4 43.4 9,202
-600 3 49.5 35.0 105
-700 98 56.5 39.9 3,914
-800 105 67.8 47.9 5,032
-900 6 71.8 50.8 305
B-757 2 81.4 57.5 115
Wide-bodies 63 141.2 8,897
B-747 13 221.8 156.8 2,038
B-767 10 135.5 95.8 958
B-777 40 208.7 147.5 5,901
Total 290 64.6 18,736

Notes:(a) includes all civilian aircraft and helicoptgn®duced; (b) list prices of 2004; (c) list pricd2002.
Sources¥First row and row total from: Current Industry Refp U.S. Census Bureau, August 2006; Columns 24and
from Aerospace Industries Association (2008) (a) Aincraft Value News2005 (and 2004) Quantities of B-737
series from Boeing Online Query for Orders and &zles, URL:
http://active.boeing.com/commercial/orders/index®2fontent=userdefinedselection.cfm&pageid=m15527
(retrieved: 12 September 2008) Columns 5 and 3: €aleulations as described in main text

3.3. Product matching and calculating UVRs

A key reason of Embraer’'s success was enteringrket niche for regional aircraft. However, as
discussed above, this poses significant challengesn it comes to comparing its production with
producers in the larger segments. The ICOP metbggduggests that once the product unit values are
available, UVRs can be calculated by matching pctslbased on “broadly defined classes”. The faat th
aircraft size differs in the two countries calls t@mution but is not considered an impediment ag ks
similar product characteristics can be used fossifzation. Bart van Ark and Hans Gersbach (1994)
have addressed a somewhat similar problem thatl deutriggered by high-tech products that eithereha
different product descriptions in the two countriedere (possibly due to issues of confidentiality)
information is available on value or quantity ob@uction; are unique to one country; or where thege
different product mix in the industry. Followingeir suggestion, we looked for additional industaga

to obtain the best matches — data on the techgpeifications of aircraft. Based on such featuwes,
have looked into possible alternatives of matchim@chieve the highest possible humber of products
included.
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Two possible dimensions for matching are plane @izée bodied, narrow bodied, or number of seats) o
plane weight. International trade and productiaatistics distinguishes airplanes weighing less than

tons, between 2-15 tons and more than 15 tonsden)a

Size is a better criterion for matching than weidghost Brazilian-made jetliners fall in the categof 2-

15 tons, close to the upper limit, with only thegkest ones of the E-170/90 family weighting moranth
15 tons. On the other hand, all US-produced plavesgh more than 15 tons. The best purely weight-
based match would only involve two products: tharan ERJ-190 jets and the US B-717.

There are several reasons why we choose not tbriatiching to these products. First, the produdtina
would only include 13 out of the 290 planes prodblicethe USA. and 13 out of the 142 planes produced
in Brazil. Moreover, the significance of this pratlunatch is questionable since the B-717s aredsie |
planes of an outgoing model (in fact, it is justeav name given to the old MD-95s after Boeing awyli
McDonnell Douglas), while the ERJ-190s are the tfsa new series of planes. The prices and vadfies
these non-representative items may well be biadddrdly, weight-based approaches have the
shortcoming that they do not necessarily refleettéthnological sophistication of a product. Predsic
often cut costs with the use of stretched versafraircrafts with the same technologies involvemine
avionics and highly similar aerodynamic featured arost importantly, with interchangeable parts and
components’ Furthermore, with the use of advanced light mater{composites), more sophisticated

planes are not necessary heavier than their smaltkar counterparts.

Body breadth classifications distinguish betweemave-body (single-aisle) and wide-body aircraftidh
feature turned out to be useful for matching beedusreates a clear distinction between long-letgl
and the short- to medium-haul ones that requirferdint production capacities and differ in duraili
(Even if a few of the narrow-body category planas be fitted for long-range operations, they regmes
a very small share of the output in both countyiéée therefore matched Brazilian narrow body aftcra

with US narrow body aircraft.

The body breadth classification is useful, sinc@sb provides a solution to the weight delimitatissue
by setting the boundary at 64 tons (or 45 tonsautlthe B-757s). (All Embraer jets have singleaiske
Table 3 for Boeing single-aisles). Narrow-bodievaro76% of Brazilian aerospace industry output
compared to 8% in the United States. This is ngbr&ing, since the Brazilian industry is specietlan
the manufacturing of commercial jets while the ©diStates output is far more diverse and consisis o
whole range of other products including militarycaaft, engines, missiles and space vehicles —eisaw

parts and components for Brazilian planes.

°See e.g. SITC Rev.3 codes 792.2., -3 and -4.
1See e.g. aircraft families such as New GenerdBioging 737s, where operational empty weights vastyvben
36.3 and 45.4 tons (with the -600 and -800 respelg)i
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3.4. Comparing small apples with big apples: adjusnts for product size differences

Even when jumbos and other wide-body jets are eedurom direct product comparison, regional jets
of Embraer and single-aisles planes of Boeing diffignificantly in number of seats. Given these
differences, we followed two alternative ways tdcakte the unit value ratio. (1) First, we dirgctl
matched the two groups of narrow-body jetlinersrefjarding differences in size. The rationale kethin
this approach is to compare actual products, witlamy modification of the figures. As the planes
produced in the United States are larger than sziBrBrazilian output will be overestimated and US
output will be underestimated. (2) The second mdteve is to standardize all the narrow-body
commercial aircraft produced in the two countred®0-seat equivalents and then make a productmatc
In this way, size differences are taken into comisition. But as the quality differences betweenliema
and larger single aisle airplanes are likely tosb®ller than indicated by the number of seats, iBnaz
output will tend to be underestimated relative ® altput. There is a substantial difference betwben
unit value ratios calculated according to these &pproaches. We decided to take the geometric gevera

of the standardised and non-standardised estirhates.

The plausibility of our results can be checked bgparing them with the results Muldet al (2002) as

well as with the relative “sales price level” whidfers to the relative list prices of standardiaedraft.

3.4.1. Standardization

Standardizing is a solution to eliminate the si#terbnces across the products of the two countkiés
looked at two attributes: operational empty wei@dEW) and maximum number of seats of the single-
aisles jet¥ manufactured in 2005. The correlation with urdtues was high in both instances, but the
number of seats showed marginally higher correfatith the unit values than weight (0.98 vs. 0.66 f
the combined data of both countries). As discusaealve, seating capacity is the most meaningful
criterion for standardization. For practical reasone chose to standardise planes at 100 seatsh vehi
less than the US average and more than the BraZiltae choice of number of seats over OEW or other
technical characteristics as a proxy for value rofaacraft is also supported in the airplanes ntarge
literature (see Ferreri, 2003, p.219).

There are two ways to obtain unit values for thé 4€at equivalent (100SE) jets. First, assumingttiea
size ratio of an actual plane compared to 100SElsdbe seating capacity ratio (i.e. a Boeing 7ih w
117 seats is 1.17 x 100SE), the produced quantiy00SEs can be calculated for both countries. The

1 As there is only a single large product matchrehis no need to calculate a Paasche and a Laspeyitevalue
ratio (see annex ).

2 |Includes the single-aisles jets manufactured ényar 2005, B717, B737-600, -700, -800 and -900¢ekcludes
the B757-200s as outlier.
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unit values of the 100SEs are then calculated Wigidg the (unchanged) total value of ex-factorypo

by the modified total quantity of production of rar-bodies.

Alternatively, the association between seating ciypand unit value of a plane can also be thesbfasi
obtaining unit values of the 100SE using a simpted lof hedonic regression. We estimated a linear
function to predict the unit value of the 100SE #meh calculated the quantity of 100 SE planesyxmed

by dividing the unit value into the total value et-factory output. The two methods rendered somewha
different results, reproduced in tables 5 and 6¢c&the regression method makes more optimal uak of
information, we used the regression method fordsiedising output. The calculations (for both me#)jod

are presented below in greater detail.

The adjusted quantity figures for the USA are shanvoolumn 3 of Table 4. Since the average seating
capacity grew by two-third after the standardizatithe unit value of the narrow-bodies category
decreased by some 40% from 43.3 to 25.8 million USD

Following the seat-based hedonic regression metupahtion (3) estimates a unit value of the 1006E o

26.5 million USD reproduced in column 6.

uv =0.233 * seats + 3.19;°R= 0.97 (3)
uv (100SE) = 26.5 m USD;
Q (100SE) = 9839/26.5 = 371.0 m USD

Table 4 Results of Quantity and Unit Value Adjustmentsfor the Production of
100-Seat Equivalent Aircraft (100SE) in the USA

Simplere- Re-weighted
Aircraft Maximum Produced W;'J?gltﬁd Unit value of quc;%ttri)tl;[ o %? I]t.C\)loaé Lée
type seating quantity quantity of 100SE 100SE (hedonic)
100SE (hedonic)
1) 2 (©) (4) ©) (6)
B717 117 13 15.2
B737-600 132 3 4.0
B737-700 149 94 146.0
B737-800 189 105 198.5
B737-900 215 6 12.9
B757 228 2 4.6
Total 227 381.1 25.8 371 26.5

Source:as described in text

Applying the first method for Brazil reduces théaloproduction quantity from 142 to 87.6 planes and

increases the unit value from 44.1 to 71.5 millBRL (see Table 5). The difference is smaller if the
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second method is used according to equation (dghwredicts a unit value of 62.1 million BRL fdret

standardized 100-seater aircraft and a standardisetber of 101 planes.

uv = 0.478 * seats + 12.95;R- 0.97 (4)
uv (100SE) = 60.8 m BRL,;
Q (100SE) = 6269/60.8 = 103.2 m BRL

Table 5 Results of Quantity and Unit Value Adjustmentsfor the Production of
100-seat equivalent Aircraft (100SE) in Brazil

Re-weighted  Unit value
. . Simplere- . output of 100SE
A'tr crgft Msaex;trir:]um Produt_cted wei ghtgd output Um{a/;élée of quantFi)ty of (hedonic)
yp 9 quantity 1 quantity of 100SE 100SE
(hedonic)
(1) 2 ©) 4 ®) (6)

ERJ-135 37 2 0.7
ERJ-145 50 67 33.5
ERJ-170 70 44 32.2
ERJ-175 78 14 10.9
ERJ-190 98 12 11.8
Total 141 89.1 70.3 103.2 60.8

Source:as described in text

3.4.2. The unit value for narrow-bodies

First we directly matched the two groups of singjiiges aircraft produced in the two countries. This
resulted in a unit value of 1.03 reproduced infitst row of Table 6. This value is lower than tfficial
exchange rate of 2.43 Reais to the US dollar f@520This means that using the exchange rate would

lead to an undervaluation of Brazilian aerospaceufacturing output.

Matching standardized 100SE planes results in ahmhigher unit value ratio of 2.29 BRL/USD

according to the hedonic method (and 2.72 if oneldvohoose the simple method), as shown in Table 6.

There is a large difference between the unit vaai®s derived by matching standardized and non-
standardized aircraft. The unit value ratio for tlum-standardised match is far below the exchaatge r
the unit value for the hedonic match is only sligidwer than the exchange rate. As explained apaee
decided to take the geometric average of the nramdsirdised and hedonic standardised matches, fas bot

have bias in an opposite direction. The geometrecage of the two UVRs is 1.54 BRL/USD.
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Table 6 Brazil-USA Product Matching for Calculating Unit Value Ratios

Brazil USA Unit
Q(BRA) Q(USA) Value
method | Product — Q(BRA) ~ V(USD) uv(USD)  glica’ s Type Q(USA)  V(USD) uv(USD)  gipays | Ratios
1. Embraer Boeing
narrow- narrow-
bodies 141 6,269 44.5 6,111bodies 227 9,839 43.3 10,092 1.03
2/a Embraer — Boeing -
100SE 89.1 6,269 70.3 2,301100seater 381.1 9,839 25.8 26,807 2.72
2/b Embraer — Boeing
100SE 103.2 6,269 60.8 2,736 100seater 371.0 9,839 26.5 22,546 2.29
Geometric average of 1 & 2/b: 153
Exchange rate 2.45
Updated UVR for transport equipment industry,
based on Muldeet al (2002) 1.94

Notes:100SE stands for 100-seat equivalent;

Method 1 refers to the direct matching of Brazileard US-made narrow body aircraft;
Method 2a refers to matching standardized 100Skeplan the basis of seat numbers
Method 2b refers to matching standardize 100Seeplan the basis of a hedonic regression (see sBetfal).

3.5. Comparisons with other UVR estimates

The official exchange rate for 2005 averaged 2.8 B a dollar® Thus our preferred UVR estimate of
1.53 BRL/USD is well below the exchange rate. Thedy of Mulderet al (2002, Table 3, p.13)

comparing Brazil with the USA presents unit valaias for 18 manufacturing branches, including

transport equipment for the benchmark year 198%irTinit value ratio for the transport equipment
sector in 1985 was 2,689 BRZ/USD. This unit valagoris based on 7 product matches covering 56.3%
of Brazilian output and 25.4% of US output. Theftiornt of variation of the UVRs within the branch
was low* (ibid, Table 3, p.13). We updated the 1985 UVR to 20@8ng price indices from both
countries™ This resulted in a UVR of 1.94 BRL/USD, which t#ll delow the official exchange rate, but
26% higher than our 2005 UVR of the aerospace ingdud 1.53 BRL/USD. Such a difference seems

reasonable, given that almost all of the aerospaggucts are intended for export, while a greatarres

of other transport equipments, including cars, eethe domestic market. Though not identical, W t

estimates are clearly in the same ballpark.

13 Annual average BRL/USD exchange rate for 2005 {IMF
14 Coefficients of variation indicate to the reliatyilof the aggregate ratios as they refer to thedgeneity of the
product UVRs in a branch. Its value increases \wlith coverage ratio. The ICOP literature considensations
below 0.1 reliable, which is clearly the case @ thdustry with a variation of 0.01 if Braziliaugntity weights and

0.0 if US weights are applied.

15We applied an industry level wholesale price iné@xBrazil from FGV (3.64*13% and industry level producer
price index for the USA from BEA (0.72), and acctshfor the currency devaluation in Brazil ((1/@&:10"9)).
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4. Productivity Comparisons

Consistent published series of value added andaymgnt in aerospace manufacturing are not available
Our time series for the two countries have beersttoated from a variety of sources (see Vertesy,
forthcoming, Chapter 2). For Brazil, official grosslue of output (GVO), value added (VA) and
employment figures are available from IBGE from @98nwards. Value added time series were
extrapolated backwards in time, using the indetotd| sales values of Embraer and the ratios afeval
added to gross output from IBGE for the transpquigment industry, as follows. First, the grossueabf
output was extrapolated from 1996 to 1970 usimgdax of total sales values of EmbrdeBubsequently,
value added output ratios for the total transpquigment industry were applied to estimate the ¥Aes.
The data collected by therospace Industry Association of BrgAlAB) were used for the employment
series between 1986 and 1995. The employment V386 has been extrapolated back to 1973 based

on the time series of Embraer’s labour force feryhars 1973-1985 from Cabral (1987).

For the USA, our value added series combines fgytream the EU KLEMS (SIC based, 1970-84) and the
OECD STructural ANalysis Database (STAN) (1985-208&tabase; the value of 2007 is derived from
the value for 2006 from STAN by applying the 20@®2 index from the Annual Survey of

Manufacturing. The employment series combine tHeoving sources: the Groningen Growth and
Development Centre’s 60 industry database (197@198NIDO Industrial Statistics (1981-1990), the
OECD’s (STAN) for 1991-2006; this was extrapolated2007 using the employment index from the

Annual Survey of Manufacturing.

The trends in labour productivity in the aerospmciistry in Brazil and the United States are cluhite
Figure 3. Labour productivity series were calcudaby dividing value added at constant prices with
number of employees. The benchmark productivity mamson for 2005 has been extrapolated using

constant price time series of the two countries.

The study by Muldeet al (2002, Fig.4, p.19) showed that the Brazilian $@ort equipment sector was
outperforming other Brazilian manufacturing sectossth a significant productivity lead from 1987
onwards. It was the only sector which attainedgreductivity levels of the USA (from 1996 to 2002).

But they make cautionary remarks about the reltgtof Brazilian time seriesitid, p.20).

16 sales values in USD for 1970-82 from Ramamurt86l9rable 5.5, p.193; 1983-84 from Cabral, 19885t91
Frischtak, 1992; and 1992-96 Embraer Annual Rep@/tsld Bank WDI GDP deflators were applied
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Figure 3 Comparative Labour Productivity Trendsin Aerospace
in Brazil and the USA, 1970-2007
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Sourcessee text.
Note: actual figures, including value added and emplaiata are shown in Annex I11.1

Figure 4 Comparison of Labour Productivity Levelsin Transport Equipment

and Aerospace, Brazil/USA, 1970-2007
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Sources:Transport equipment manufacturing industry figuresn Mulderet al, (2002, Fig,4,
p.19), updated with recent data from IBGE after &;98erospace industry values from own

calculations.
Note:actual figures are available in Annex 111.1
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Our study indicates that the Brazilian aerospackistry was not performing as well as the transport
equipment sector as a whole before the late 18®pt for a peak reached in 1989, labour proditgtiv

of the aerospace sector was on average half thedsl®f the aggregate transport branch (Figure 4).
However, from the mid-1990s onwards, the aerospadastry experienced more rapid productivity
growth that resulted in its overtaking the transpauipment manufacturing branch between 2000 and
03"

In an international comparison with the US aerospadustry, Brazilian productivity exceeded theelev
of the US between 1999 and 2003. In 2001 and 289@ur productivity exceeded the US level by no less
than 40 per cent., before suddenly collapsing darsd 20 percent in 2007 (Figure 4).

The US productivity trend shows much more stabiier time than that of Brazil, with a rapid growth
spurt during the last decade as result of condaidan the sector. Productivity growth in Brazd i
marked by fluctuations, with value added per empéoyarying between 12 and 176 thousand dollars per
worker. Given that series production and foreiglesa@f Brazilian commercial aircraft only started i
1970, it is no surprise that for the first two dées, the newly emerging industry remained lessuymibee
than its US counterpart. The relatively low valudded levels were related to Embraer’'s strategy of
acquiring foreign technology (see Cassioletal, 2002, pp.9-10). There are two significant downsur
between 1990 and 1994 and after 2002. The prodiyctiecline in the early 1990s is related to thsisr

in the aerospace industry (see Frischtak, 1992vamtksy, 2010, Chapter 5, forthcoming). Value added
declined from a peak value of 560 million USD in88%o 130 million in 1994. This was only partly
offset by the decrease in employment from 13,708,800 persons. The productivity growth in the
subsequent period was achieved by steep increasedue added, followed by increases in the labour
force at a much slower pace. However, the numbemngiloyees continued to grow steadily even when
value added started to decline in 2003, due tofdlee that Embraer repositioned itself as a system
integrator importing over 90% of its aircraft pasisd components from overseas (see Figueietdi

2008). This resulted in a very sharp drop in praditg, by some 180 thousand dollars per employee.

4.1 Firms’ Dramatic Miscalculations

The dramatic drop in labour productivity since 2@9%o striking that it calls for a careful anatysi the
changes in the underlying value added and employtremds. The changes in the share of value added i
gross output in the Brazilian aerospace industeyshiown in Figure 5. In 1998 value added amourded t

39% of total output, but over the next four yeassshare increased to 55%. (In comparison, this fat

"We have extrapolated the transport equipmentssefidulderet al (2002, Fig.4, p.19) from 1999 onwards using
updated value added and employment series frorsatime sources (IBGE for Brazil and BEA for the USA).
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the entire Brazilian manufacturing industry remainastantly around 45% (Unicamp, 2008, Fig.6, p15).

The period between 1998 and 2002 is characterizetivb opposing forces. Embraer witnessed the
success of its E-135/145 family, which containedspand components overwhelmingly manufactured
abroad. The company retained design, assembly amnketing activities and increased competitiveness.
A Unicamp study on the sector (Unicamp, 2008) erpléhe fact that value added grew at a faster pace
than gross output by the business cycle effect. stioeess of the ERJ-135/145 family strengthened the
local supply chain; new small businesses were fdrmeainly by former employees of Embraer (the

number of enterprises in the sector grew from 78996 to 111 in 2002).

Figure 5 Gross output and value added in the Brazilian aerospace industry, Brazil (1996-

2002)
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SourcesiBGE, FGV
Note: GO = Gross Output; VA = Value Added; SA = SalesVR@Gnsport sector deflators applied. Actual
figures are available in Annex I11.2.

Between 2002 and 2005 industry value added declmednore than 50% while gross output only
declined by 20%, resulting in a decline of the eadwld/output ratio to around 33 per cent. The reémo
these changes has to do with changes in the steusfyroduction. Figure 6 illustrates that the lpea
value added between 1999 and 2003 is associatedivatproduction cycle of the E-135/145 family of
regional jets. Since the development costs of tHF®190 family were expected to be nearly 3 times
high as that of the E-135/145 family, estimateiécaround 300 million USD in 2002 (Goldstein, 2002b

Embraer decided to rely more heavily on foreighk gbaring partners. This resulted in a declinehin t
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local content of the aircraft produced. Despite fhet that Embraer required foreign components
suppliers to transfer at least a small share ofiymwtion to Brazil, value added did not increase nwiiee

E-170/190 jets’ production cycle took off.

Figure 6 The production cycle of the E-135/145 and E-170/190 families and gr oss output
and value added in the Brazilian aerospace industry
(Gross output and value added in constant 2000 BRixiber of deliveries in units)
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The more than twofold increase in employment betw2@02 and 2007 is even more puzzling in light of
the decrease in value added during the same pdtiods need to cover wages and profits from their
value added. The fact that over this period tatgbleyment increased by 110% and total wages inetkas

by 60% while value added decreased by 50% and satek decreased by 10% indicates that — if the

statistics are correct — the firms behaved in laeratrational fashion.

We can distinguish the performance of Embraer ftioenrest of the industry. Embraer nearly doubled it
labour force from 12,227 in 2002 to 23,734 in 2087the same time, its sales increased by 80% t@nd i
net income increased by 90% (see Annex lll.2). ke income per employee figures may be more
meaningful to show the investment or increasingt afshuman resources. These values averaged at
nearly 30 thousand USD at the peak of 1999-2001adndptly plummeted to as low as 10 thousand in
2003. As the successful launch of the E-170/199 getured a profit growth in 2004, net income per
employee grew rapidly to 24 thousand USD in a ygstjfying Embraer’s investment in employees in
order to meet the increased demand and reduceatdoly. Although profits continued to rise until(@Q

the continued job increase was disproportionagjltiag in a steady decline of net income per eygds
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to 17 thousand USD. (The decline continued untd®t 12 thousand USD, even after the labour force,
mostly production workers, was reduced by nearB6 3% a response to the falling demand caused by the

global financial crisis.)

The employment trend in the rest of the industrimarily the local suppliers of Embraer, appearsrev
more puzzling. The right panel of Figure 7 showes thejor increase in employment between 2002 and
2003. Between 1996 and 2002 the industry excluEimipraer employed on average 3,400 persons, after
2003 the labour force averaged 7,200 persons.iftesesting to see that the nearly 7-fold saleseiase

of these local suppliers between 1998 and 2002 matsaccompanied by a similar increase in
employment. Employment started to increase in J@08early 3-fold increase from 2002 to 2004), just
when sales started to shrink. Employment stabileted high level, while sales continued to declBe.
2007 they were 60% lower than in 2004. Part ofedaglanation may lie in the rigidity of labour laws

Brazil that make job cuts rather costly for comeati

Figure 7 Sales and Employees of Embraer (1996-2009) and in theindustry without
Embraer (1996-2007)
(Sales in millions of constant 2000 USD; averageuahnumber of employees)
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SourcesiBGE, Embraer.
Note: Actual figures are available in Annex Il1.2.

The increases in the number of employees may tee soxtent originate in government policies (at the
municipal, state and federal levels) aiming torgitben the sector and the Embraer Programme for the
Expansion of the Brazilian Aerospace Industry (PE)Afor details, see Cassiolagb al, 2002, p.47). As

a result, new foreign investment came to the Sae #fms Campos cluster, e.g. by Latecoere, Sonaca
(Sobraer), Liebherr (ELEB). The PEIAB team estirdateat the number of new jobs associated with the

18 When in 2009 Embraer announced what looked li29% job cut as a response to the global financials;
trade unions as well as the federal government Wweth trying to block the move. The labour courtvewer
approved the dismissals if Embraer was paying ¢h@ired compensation (“Embraer comes to terms jotitrcuts”
Financial Times2 June 2009).
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new industrial policy was less than 2000 (Casgioktt al, 2002, p.50). Thus, even if the expected
increase in employment was fully realised, this lsardly account for the overall increase of emplegtn

in 2003 by more than 4000 persons.

Another explanation of these puzzling phenomena naag to do with the lack of data on hours worked.
Employment figures in this study refer to annuakrage number of persons employed. Full-time
equivalent values are unfortunately not availaBlesuming that the growth period of 1999-2002 was
characterized by excessive overtime work, which walssequently reduced in 2003 by hiring more
employees might explain some of the peculiaritiésthe employment trend. The observed labour
productivity decline may be exaggerated. But thisl&ns at best part of the trend. The fact remthas

employment is inflexible vis-a-vis the decline afes and value added.

There are also structural explanations for the iSagmt fluctuations in labour productivity in the
aerospace industry in Brazil. The upswings durihg tate 1980s and the 1990s coincide with a
significant change in the composition of the labfmrce, brought about by advances in computer aided
design and other technological transformations ttestulted in the downsizing of the blue-collar

workforce and requiring very different knowledgalaskills on the part of engineers.

However, there continues to be a number of ingtital factors that work against the sustained gnoofit
productivity. In an interview, the founder and lemmge director of Embraer, Ozires Silva, highligtte
that “the Brazilian cost” of bureaucracy and tas@mificantly decrease the efficiency of producing
Brazil, requiring “20 people in Brazil for the jaif 3-5 in the US™ Thus, even if aerospace engineers in
Brazil have acquired skills and competences traglorbally competitive, long-term productivity grtw

in the industry depends to a great extent on tlagaon of institutional constraints.

19 |Interview with Ozires Silva, Sao Paolo, 6 Apr 2009
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5. Conclusion

The Brazilian aerospace sector is often seen agfoihe star performers in latecomer economieshiln
paper, we have for the first time succeeded inutating a US/Brazil conversion factor, specificthe
aerospace industry. The ICOP methodology has irgdrthe approach; However, the lack of officially
published statistical data could only be overcomednsulting a variety of alternative sources, udahg
company financial reports, industry associatioradatd data collected by “independent enthusiasts”.
With such data at hand, the focus on a single ingwdlowed us to pay special attention to product
characteristics in the product matching procedutas. resulting UVRs for the benchmark year 2005
proved to be somewhat lower than, but not incoasiswith the extrapolated 1985 UVRs for the tramspo

equipment manufacturing industry from Muldgral. (2002).

Applying the UVRs in order to compare labour pratuty levels and trends in Brazil and the USA
provides us with interesting insights in Brazilengparative productivity performance. The rapid giow

in the 1980s resulted in a first catch-up episadenf1985 to 1990 that came to an end during threéscri
years of the Brazilian aircraft industry in the nnitheties. The late 1990s brought a second and more
rapid productivity spurt that resulted in Brazitgorarily overtaking the USA. However this produitsi
growth proved to be a bubble that burst after 20D@e industry as a whole, and especially the
subcontracting segment, appears to have been aldivio the economic realities of a declining value
added. Firms continued to increase the numbersffor over five years. The result was a rapid dewp

drop in productivity, both in absolute terms anad@mparison with to the USA.
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Annex |.

The | COP methodology for output comparison

For such an exercise, data should ideally be @iailan produced quantity and producers’ pricese@iv
that such information is rarely the at hand, uaiues (1v) (or shadow prices) of productsare calculated,
dividing ex-factory output valueo] by quantity producedqgf (Al). Unit value ratios (UVRSs) are
calculated for each matched product from the twantiees (A2) that actually indicate relative produc
prices. For a sample of broadly defined productth wimilar characteristics from the two countries
aggregate (UVRs) are calculated in two ways: bpaisiutput weights of the base country, resulting in
Laspeyres-type (A3) and of the home country, resulin a Paasche-type index (A4). The two are
harmonized in a geometric average, the Fisher inBlex the purposes of this study, aggregation to
branch level or national level will not be requirddowever, certain adjustments are necessary to the

product matching, given data limitations, as désatiin the following sections.

0.

uy, = ; (A1)
i
uv?
UVR® =— (A2)
uy;’
!
] DN\ Ty
UVR BV = ZWU(U) [!Jvi e (A3)
i = ij UV-U I
| uv;’ gy’
i=1
lj
D uvy g7
UVR ?U(B) = —i|:jl (Ad)
Y uv
i=1
Where uy = unit value of produdgtof the aerospace industry
0 = ex-factory price of productof the aerospace industry
g = produced quantity of produicof the aerospace industry
w = weight
UVR = unit value ratio
U = United States (base country)
B = Brazil
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Annex I1.

Definition of industrial classifications

USA, Aerospace industry

NAICS 3364 — Aerospace Product and Parts Manufacfur

This industry comprises establishments primarilgagyed in one or more of the following: (1)
manufacturing complete aircraft, missiles, or spaehicles; (2) manufacturing aerospace
engines, propulsion units, auxiliary equipment artg (3) developing and making prototypes of
aerospace products; (4) aircraft conversion (ineajor modifications to systems); and (5)
complete aircraft or propulsion systems overhawd egbuilding (i.e., periodic restoration of
aircraft to original design specifications).

336411 — Aircraft Manufacturing

This U.S. industry comprises establishments primamgaged in one or more of the following:
(1) manufacturing or assembling complete aircrgft) developing and making aircraft

prototypes; (3) aircraft conversion (i.e., major difications to systems); and (4) complete
aircraft overhaul and rebuilding (i.e., periodicstagation of aircraft to original design

specifications).)

33641131 — Aircraft Manufacturing, Civilian

civil aircrafts (fixed wing, powered); helicoptexsther civil aircrafts (non-powered) and kits

(Source:U.S. Census Bureau)

Brazil, Aerospace Industry

CNAE (1.0) 353 — Construction, Assembly and Rep#ircraft

Includes the construction and assembly of passengmorts, military, etc. aircraft, the
construction of helicopters, hang-gliders, glidaral other aircraft with or without motor; the
construction of spacecraft, satellites, sensorsvasather balloons for meteorological or other
purposes. It also includes the manufacture of esgend aircraft parts and components, the
manufacturing of flight simulators, as well as thpair and maintenance of aircraft, turbines and
aerospace engines. (It does not include the matméaof parts and accessories for electric
aircraft, or equipment and instruments for aeraligation.)

(Source:IBGE)
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Annex |11.1 Trendsin Labour Productivity L evelsin the Aer ospace Industry, Brazil and USA, 1970-2007

Years United States Brazil Brazil/USA
Transport
equipment
Value Added Employees Labour Productivity Value Added Value Added Employees Labour Productivity 3-year manufacturing
1000 3-year 1000 3-year moving (Mulder et al,
m USD, constant USD/EMP moving m BRL, constant m USD, constant USD/EMP moving average 2002}
(2000=100) (2000=100) average (2000=100) @2000) (2000=100) average (USA=100)  (USA=100) (USA=100)
1970 46,615.4 694,611 67.1 71.6 19.7 12.9 n/a 55
1971 42,748.1 561,090 76.2 71.3 15.6 10.2 n/a 55
1972 40,547.8 575,038 70.5 74.8 69.1 45.1 n/a 62
1973 46,749.4 600,660 77.8 75.6 77.6 50.6 3,086 416 154 21.1 19.8 64
1974 48,182.9 614,900 78.4 78.2 112.6 73.4 5,074 451 16.0 18.5 20.4 87
1975 45,644.8 582,552 78.4 78.0 133.6 87.1 5,120 701 16.5 21.7 21.2 72
1976 42,446.4 550,088 77.2 78.3 177.6 115.8 6,451 18.0 17.1 23.3 21.8 71
1977 43,912.3 552,920 79.4 78.9 155.4 101.4 6,266 16.2 17.3 20.4 21.9 67
1978 48,373.4 604,656 80.0 80.0 178.7 116.5 6,565 17.8 17.9 222 223 69
1979 55,545.4 689,282 80.6 79.8 230.2 150.2 7,614 19.7 18.2 245 22.8 76
1980 58,526.5 742,560 78.8 77.4 238.9 155.8 9,095 171 211 21.7 275 85
1981 53,520.3 734,000 72.9 75.1 334.8 218.3 8,266 26.4 20.2 36.2 27.0 83
1982 50,433.2 685,000 73.6 711 267.3 1743 10,278 17.0 204 23.0 28.6 68
1983 46,148.5 690,000 66.9 70.1 285.7 186.3 10,499 17.7 15.6 26.5 224 60
1984 48,281.0 693,000 69.7 71.8 218.8 142.7 11,672 12.2 14.9 17.5 20.9 54
1985 58,918.1 746,000 79.0 75.1 265.6 173.2 11,758 14.7 16.2 18.7 214 56
1986 61,280.1 798,000 76.8 80.4 465.0 303.3 14,100 215 20.6 28.0 25.6 56
1987 69,276.8 810,000 85.5 80.8 593.8 387.3 15,100 25.6 24.0 30.0 29.7 51
1988 65,702.2 820,000 80.1 82.3 419.9 273.9 11,000 24.9 30.5 31.1 37.2 52
1989 66,863.1 823,000 81.2 82.3 862.9 562.8 13,700 411 36.7 50.6 44.4 57
1990 69,868.2 816,000 85.6 88.4 677.5 441.9 10,000 44.2 39.3 51.6 45.1 62
1991 73,309.2 746,000 98.3 90.1 501.2 326.9 10,000 32.7 39.1 333 43.9 73
1992 58,637.9 678,827 86.4 91.5 438.9 286.3 7,100 40.3 34.1 46.7 37.6 77
1993 53,218.0 593,128 89.7 84.8 310.7 202.7 6,900 294 294 32.7 343 81
1994 41,797.2 534,611 78.2 82.7 195.2 127.3 6,900 18.5 24.2 23.6 29.1 84
1995 40,160.4 501,220 80.1 82.3 289.3 188.7 7,600 24.8 26.6 31.0 31.9 89
1996 44,2445 498,806 88.7 84.8 388.7 253.5 6,943 36.5 395 41.2 46.4 106
1997 45,036.4 526,628 85.5 89.8 699.0 455.9 7,965 57.2 51.1 66.9 56.9 111
1998 53,847.2 565,667 95.2 92.8 920.8 600.6 10,070 59.6 75.4 62.7 80.4 102
1999 52,004.7 531,780 97.8 97.3 2,022.0 1,318.8 ,0712 109.3 97.2 111.7 99.5 96
2000 48,925.7 495,180 98.8 102.4 2,559.5 1,669.4 3,617 122.6 132.8 124.1 128.7 110
2001 53,967.6 487,377 110.7 108.7 3,875.5 2,527.8 15,180 166.5 155.2 150.4 142.0 119
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2002
2003
2004
2005
2006
2007

52,629.0
47,949.3
55,498.4
67,853.5
78,111.2
99,143.5

451,532
425,217
416,863
436,578
445,094
459,270

116.6
112.8
133.1
155.4
175.5
215.9

113.4
120.8
133.8
154.7
182.3
195.7

3,985.1
2,813.7
3,194.7
1,942.9
1,991.3
2,096.6

2,599.2
1,835.2
2,083.7
1,267.2
1,298.8
1,367.5

14,728
19,604
22,496
23,522
27,408
30,742

176.5
93.6
92.6
53.9
47.4
44.5

1455
120.9
80.0
64.6
48.6
45.9

151.4
83.0
69.6
34.7
27.0
20.6

128.3
101.3
62.4
43.7
27.4
23.8

107
90
95
81
78
75

SourcesOECDSTAN, EU KLEMS, IBGE, US Census Bureau, UNIDO (see teMt)lder et al 2002, Fig.4.p.1MNote: (a) 1999-2007 figures in italics updated seriethwécent IBGE data
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Annex |11.2 Key indicators of the Brazilian Aerospace Industry and Embraer, 1996-2009 (in constant 2000 USD)

Aerospace Industry

Aerospace Industry Embr aer less Embr aer
Years GO VA VA/GO EMP NE SA EMP NI NI/EMP SA EMP
min USD min USD min USD min USD min USD 00D USD min USD
1996 671 356 0.53 687 6,943 76 402 3,849 -125.7 -32.67 285 3,094
1997 1,254 643 0.51 1,234 7,965 71 782 4,494 -31.4 0-7.0 452 3,471
1998 2,147 843 0.39 2,043 10,070 79 1,404 6,737 150.3 2312 640 3,333
1999 4,394 1,854 0.42 4,098 12,071 92 1,877 8,302 240.1  28.92 2,221 3,769
2000 4,975 2,347 0.47 5,145 13,617 95 2,757 10,334 0321. 31.06 2,388 3,283
2001 7,555 3,556 0.47 7,061 15,180 96 2,853 11,048 3320. 28.99 4,208 4,132
2002 6,639 3,656 0.55 6,750 14,728 111 2,421 12,227 .0214 17.50 4,329 2,501
2003 5,536 2,581 0.47 5271 19,604 108 2,026 12,941 .8127 9.88 3,246 6,663
2004 6,709 2,931 0.44 6,487 22,496 106 3,063 14,658 .1347 23.68 3,424 7,838
2005 5,226 1,783 0.34 5,283 23,522 115 3,353 16,953 .6394 23.28 1,930 6,569
2006 4,725 1,826 0.39 4,943 27,408 136 3,225 19,265 .5334 17.36 1,718 8,143
2007 5,678 1,900 0.33 5,746 30,742 137 4,383 23,734 .6408 17.22 1,363 7,008
2008 5,181 23,509 318.1 13.53
2009 .. . . . .. .. 4,414 16,853 201.1 11.93 .
Growth 96-02 9.89 10.26 1.04 9.83 212 1.46 6.03 3.18 15.19 0.81
Growth 03-07 1.03 0.74 0.72 1.09 157 1.27 2.16 1.83 3.20 1.74 0.42 1.05

SourcesiBGE, Embraer Annual Reports;

Notes:GO = Gross Output; VA = Value Added; SA = SaleBtFE= Annual Average Number of Employees; NE = NuntdfeEnterprises; NI = Net Income;

.. = not available. Transport sector deflatorenfeGV and UVR as calculated in the present studgktiated to 2000 applied for IBGE industry datBRL, and World
Bank World Development Indicators GDP deflatorsligopon company report figures in USD.
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