Taxation and Welfare: the case of Rubber in the Braillian Amazon
(1870-1910)

Felipe Tamega Fernandes
London School of Economics

“The demand for India-rubber, the principal andgiaproduct of
the [Pard] province, has diminished and is dimimmg in
consequence, in a great measure, of the quantitemnty
produced on the West Coast of Africa and in ourt Hadian
possessions, and in some degree from its havimgmény
purposes, been superseded by gutta-percha, aappteation to
other purposes relinquished.

I(an)1 compelled, most unwittingly, to arrive at toeclusion, that,
for a considerable period, there is no probabitifyany increase
in the trade of the province of Pard”.

1. Introduction

Mr. Vredemburg, British Consul at Pard, could netrhore wrong when he wrote the report quoted
above on %8 July 1858. Rubber exports from Para would soomoegrand become the second most important
article of trade for Brazil, ranking just below texé. After the discovery of the vulcanisation psscby Charles
Goodyear the potential applications of rubber dyesatpanded. Rubber was then the preferred maferitthe
confection of gaskets for steam engines, so tliatdlv material accompanied steel and iron wheriactory
machinery, mining pumps, and railroads were instilRubber was also essential in machine beltidg.doing,
and in buffers between railway carriages. In suiober is a hydrocarbon, a polymer of isoprenetielascause
of its organisation in long, crinkled chains, wittany applications and directly connected to theustriial
Revolution that was taking place in Europe andhaWnited States.

Rubber exports were more than 14% of total Braz#igports in the 1890s and a quarter of total égpor
in the 1900s. The Brazilian rubber golden age imlig dated from the mid-1880s, when exports exedete
£1 million mark, to 1912 when a peak of more thaé illion was reached. Peak rubber exports wenest
equivalent to those of coffee, but in less exceyatigears during the boom in the 1900s rubber d¢gpoere
between a third and a half of coffee expdrts.

The history of this rubber boom in the Amazon isskded by myths and legends that reflect the high
profits accrued in a region that was considerenhbgt, a pre-capitalist society. In this contextslias Opera
House is paradigmatic: the building is a monumerthé rubber bonanza. Inaugurated in December 1896,
central nave can accommodate 640 people in théoawain including three floors with box seats. Today part
of the Brazilian National Patrimony, preservedgnariginal style: eclectic and neo-classical aeatiure built
with materials and labourers brought from EuropeBélém, the main rubber hub, another sumptuoLsrine

was built from rubber proceeds some years eamied@74: Theatro da Paz (Theatre of Peace).
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During the rubber boom, it was said that Manaumdiadper capitaconsumption was the largest in the
world, men walked with canes topped in gold aneesjichildren went to convent schools in Parisaudanne
and almost 2,500 inhabitants took first-class tiske Europe every year. Houses were decoratBaiisien
style where “pre-dinner drinks were usually sipfredh silver champagne goblets set on Carrara méopleed
tables with bases of solid gofd”In addition, it was also said that Havana cigesee lighted with bank notes of
500milréis (equivalent to 20 pounds at 1900 exchange raté}tat every toothache was treated in Europe.
Exaggeration or not, these descriptions of theeubbom reflect the rapid wealth that flowed torégion from
1870 to 1910, capturing the imagination of manygbearound the world and fuelling immigration. Dgbts in
northeast Brazil contributed for the inflow of imgrénts, especiallyearense¢from Ceara State), who worked
as rubber tappers but stories about the Amazork lglaldl, as rubber was nicknamed, also attractedrier
seekers from abroad.

However, the story is not so positive as at fipgtears: the rubber boom is also known for the iofizen
Putumayo scandal which from 1907 to 1914 uncovéireéxploitation of thousands of Indians in thedeorof
Peru and Colombia. Thanks to an American, naméthElenburg, who gathered evidences while in Pheu, t
“Civilised” public was told that Indians were coastly beaten, enslaved, mutilated, tortured anebitered in
order to placat®ubber Baronsgreed for rubbet.In Brazil, such labour exploitationas less frequent for
Brazilian rubber producers seldom achieved thelle¥aerritorial power of their counterparts in Ber
Nonetheless, this does not imply that there wereigproducers of rubber in Brazil as some weradigger
than their counterparts in the neighbouring coestrThey were just less apparent probably duestexistence
of so many big rubber producers in Brazil, by far kargest exporter supplying circa 60% of worlchdad for
rubbef. It does not follow either that exploitation obtaurers, be they Indians Gearensesdid not occur in
Brazil: the literature on Brazilian Amazon has iadstressed the misfortunes of rubber tappers veine often
subjected to some form of debt-peonage, bondage;ssrfdom or indenture system. That exploitatiot,rn,
was possible due to the control of the means ofiymtion, that is, the land and the trees that gravthe
Amazon Forest. Moreover, it was also usually arghetiforeign export houses, in turn, were ablexploit
Brazilian rubber producers through their monopalgracredit and their direct contact with marketsoald. In
this view, exploitation of the rubber tappers wasslated into exploitation of rubber producer$wibst of the
surplus from Brazilian control of the rubber markexhaining in the hands of foreign export houses.

The aim of the paper is to show that Braziliarberexporters faced a relatively inelastic demaknidhy
in theory, should indeed have allowed them to aag@ubstantial monopoly rents. However, recemtlitee on
the Brazilian Rubber Boom has advanced that cotipetivas present in all stages of the rubber chain
(including, among exporters) and that cartelisatias virtually impossible. Supposedly, this woukavé
precluded the capture of monopoly rents by Brazitidbber exporters, but it is argued here thatdheof the

government has been so far neglected: inelasti€itiemand for Brazilian rubber allowed the governtrte
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capture monopoly profits even under a perfect caitiyvge market. How much of this surplus could hesn
captured and how much was actually generated msttteemain issue dealt with in this paper.

In order to address this issue, the paper preaentantitative approach, aiming to show the extensi
Brazilian market power and how the region (optiyfliprofited from it. An Almost Ideal Demand System
(AIDS) is computed using data on import of rublvenf the UK and the US balance of trade statisficsn the
results obtained, elasticities of demand for Brazifubber will be obtained. Furthermore, a weltamalysis is
carried out under different scenarios of governmatervention in the market, with focus on Brazilia
government taxation on rubber exports.

The paper is organised in 6 sections, includingititroductionSection 2presents a description of the
econometric model and the data used in the estmafithe elasticity of demand for Brazilian rubl&zction 3
discusses the estimation output under differemadas for the elasticity of substitution and floe £lasticity of
foreign supply. The following section analysesdlhenomics of taxation, stressing that the actyade tariff
levied by the government was well below its optimienel (Section 4. Section 5thus computes the welfare
effect of the actual export tariff and the courdetfial welfare effect had the government set th# & the
optimum level. The results indicate that the gowent could have doubled the welfare effect. Fin8igction 6

concludes the paper.

2. Model and Data Description

As explained in the introduction, the underlyingadf the paper is to analyse Brazilian market powe
on crude rubber and the first step is then to cdenghwe elasticity of demand facing Brazilian rub&eporters.
There are several ways of computing these elastictiough. One possibility would be to estimat@aled and
supply equations for the whole market jointly. Hoee in order to add up crude rubber supplies fseneral
different parts of the world, that procedure waelquire the assumption that rubber was a comptet®genous
commodity. In view of large quality differentiatkis procedure does not seem to be satisfactopgcesly in
view that quality is an important feature of owrgthere. Furthermore, by this procedure we woolde able
to obtain an estimate for the elasticity of demBmdBrazilian rubber which is exactly the objecttlois paper.
Another estimation procedure would be to estimatgeparate demand and supply system for different
countries/regions but this procedure would treaheabber source as a totally different commodigying no
room for complementarity or substitutability amahg sources: crude rubber was not a homogenousgiraid
all but different grades of crude rubber were stiliss to some extent and sometimes they couldogsoixed
to achieve some desired minimum quality. Moreothés, procedure would require information about $upp
conditions in all rubber producing regions, somajtthat does not seem feasible for the exercise her

The estimation procedure proposed here is thuglb@sean Almost Ideal Demand System (AIBS)
which provides a framework that is general enoughe used as a first-order approximation to anyatsem

system (see Appendix for a theoretic discussighemodel). Although it initially assumes that ugply of all

8 For a discussion about Almost Ideal Demand Systefer to the seminal article by Deaton and Muelésg1980). For
applications of the model see Alstenal. (1990) and Alstort al. (1994). Finally, for economic historians, IrwirD@3)
article is a good example of application of the eldd the analysis of an historical case: cottonnmduthe Antebellum
USA.



rubber sources is perfectly elastic (which mighalstrong assumption in some cases but which e/borected
later on here), that procedure gives a measuteeattationship between any given pair of crudéeulsource.
From the estimation output, it is possible to $aylbber sources were complementary or substitute they
were normal or inferior goods, for example. Undes setting, equation 1 below is the specificatiorbe

estimated here.

w=a+Y ylogp +ﬁlog§ @
j

wherelogP =" w, log p, (2)
k

wherew; is the budget share of country; is the interceptp; is the implicit price for rubber from all sourges
andx is the amount of money spent on rubber by countrgstly,P is the Stone’s Price Index as defined in
Equation 2, which is used because implicit pricesrfibber are collinedr Theoretically, homotheticity,
homogeneity and symmetry should be imposed ingtimation to assure that the microeconomics bethied
model will hold. Homotheticity would require thdit & coefficients summed to zero whereas under homagene
(of degree zero in prices) gf summed up should equal zero for each equatioallffihomogeneity requires
thaty; = y; for alli andj.

Under AIDS, changes in real expenditure operatatin thes; coefficients: it is positive for a luxury
good and negative for necessities. Since the nubmked not represent directly a demand system, we toee
retrieve from equation 1 above the true valuestHerelasticity of demand and for the elasticitgobstitution
between any given pair of crude rubber sourcesodiiog to Alstonet. al’®, the compensated elasticity of

demand for théh good with respect to thth price is defined as below:
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where 5” is the Kronecker delta that is equal to one=fj and zero otherwise. The standard error of the

elasticity is given byy; divided byw:. The elasticity of substitution is also impligitthe parameters estimated

and is defined as:
Vi 4)
(W w )

wherei # j , with an associated standard error calculatetieastandard error gf; divided byww;.

° Under high collinearity, small changes in datalmjroduce wide swings in the parameter estimattéshwnay have very
high standard errors and low significance levetsen the case when they are jointly significant tre R of regression is
quite high. Furthermore, coefficients may preskat‘tvrong” sign or implausible magnitudes. Howeteis does not seem
to be the case here, as it will be clear latecoafficients do show plausible magnitudes, expesitadand are quite robust.
Moreover, collinearity increases the likelihoodTgfpe Il error, i.e, the likelihood of accepting thell hypothesis that a
certain parameter is equal to zero increases. gince this does not work in favour of the resudtetrather the contrary, it
is possible in this case to simply disregard celirty, especially because its correction wouldiéeither dropping a
variable or making the coefficients biased. Neitheuld help in the analysis: dropping a variablaideembody losing
information whilst biasing estimators would turfiérences from point estimators useless.

In our sample here the correlation between BRCBEIRA prices (see definition along the text) is 94.2%

10 Alstonet al. (1994).



The own-price elasticities of demand for rubbeegiby equation 3 still assumes that rubber sugply i
perfectly elastic and that rubber exporters in toes like Brazil would rapidly adapt to any changerice.
This is not a reasonable assumption and then Wenséd to take into account the elasticity of dydpr
different sources of rubber. Since our goal isrtalgse the Brazilian market power on rubber, wefolaw

Irwin (2003) and compute the elasticity of expahthnd facing the Brazilian rubber exportérs,,, which is
dependent upon the Brazilian market sh@rthe elasticity of substitution between Braziltard other varieties
of rubber, o, the elasticity of foreign export supply, and the elasticity of demand for Brazilian rublagr

_&@d-So+ g +on (5)
erz S(c-n)+n+e

According to equation 5, the elasticity of demamdBrazilian rubber will be smaller, (a) the smiathe
elasticity of demand for rubber in general; (b) shaaller the elasticity of Brazilian rubber supghd; (c) the
smaller the elasticity of substitution between Biaaz rubber and the other sources of rubber

In sum, the methodology here will be to estimateA#dS for crude rubber. Besides looking at the
properties of the estimation, like Adjusted-Rurbin-Watson Statistic, Unit Root Tests, etce,will focus on
the parameters which will give us a measure of how necessaryifierent rubber sources were. The second
step will then be to retrieve the elasticity of stifotion between different rubber sources (throeghation 4)
and the own-price elasticities (through equatiowBich, in turn, will be corrected by equation 5 fioee more
reasonable case in which rubber supply is not piyfelastic.

The dataset used in the estimation was constrbgtéte author from British and American trade data.
The ‘Parliamentary Paper Series’ provide a detatsdunt of UK imports and exports from 1853 onwéiraim
which it is possible to compute quantities and igipprices for rubber by country of origin. A silai dataset
was constructed for the US from ‘the Report fromfegister of the Treasury of the Commerce anddééon
of the United States’. However, US data allows cotapon of implicit prices for rubber only from 186
onwards.

Since up to 1910 Brazil possessed the largest mati@e (60.8%) and no other single country
consistently exceeded the 10% mark, the othertdesrhad to be aggregated in groups, notablyewthat
their territory often changed as consequence oital policies or simply due to independence oorporation
by another. Since British colonies (whose combimegket share from 1870 to 1910 reached 14.0%) dlaye
decisive role in the demise of Brazilian rubberinoit is interesting to evaluate the elasticitdefand for their
wild rubber before plantations came into place. ébaer, using this taxonomy implies that the rehdt® are
readily comparable with Fernandes (2007) wheratitieor estimated elasticities of rubber demand fo@and
British data separately. Here, data for the USA Brithin once converted into the same unit measume
summed up, discounting off the trade between tivegeountries.

Brazil is defined in the same way in the Britiskdamerican data but it is very likely that Brazilia
figures (BRZ) include production of neighbouringuatries such as Bolivia, Venezuela and Colombiaesin

Belém city in Brazil developed as the main rubb@p in the region. In the British data, ‘British IGnies’

1 van Duyne (1975, p. 603).



(BRC) comprise ‘Channel Islands’, ‘New South WaléBritish West Indies’, ‘British East Indies’, ‘Bish
India’, ‘Madras’, ‘Bombay & Scinde’, ‘India Singap® & Ceylon’, Singapore & Eastern Straits’, ‘Ceylon
‘Federated Malay States’, ‘Borneo’, ‘Mauritius’,d&n’, ‘Australasia’, ‘British West Coast AfricaBritish East
Coast Africa’, ‘British South Africa’, ‘Natal’, ‘Zazibar & Pemba’, ‘Gold Coast’, ‘Lagos’, ‘NigeridSierra
Leone’, ‘Gambia’, ‘Niger Protectorate’ and final@ther British Possessions’. In the US data, BRGudes
‘British Honduras’, ‘Dominion of Canada’, ‘New Fodland’, ‘Labrador’, ‘Canada’, ‘British West Indies’
‘British Guiana’, ‘British East Indies’, ‘British Astralasia’, ‘British Africa’ and ‘Other British Beessions’.
Altogether, the sample accounts for 67-84% ofuddber imported into UK and the USA (see Figure lbwg

Figure 1: Market Share in Rubber (Value): Brazil, British Colonies and Others (1870-1910)
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Source: The Parliamentary Paper Series (seveuasgand Report from the Register of the Treasuhed®ommerce and Navigation of
the United States (several issues).

Implicit prices were computed as the official vatlieided by the quantity exported and they differed
hugely across countries and showed a general upvesudiacross time (especially at the end of thgpkg). For
instance, in the British dataset the coefficienvarfation of prices across countries for the pd855-1910
(there is no value of rubber exports for either386d 1854 to compute implicit prices) can be egelas 0.52
(in 1909) and it shows general upward trend df8&8. As it will be discussed in this paper, thesgn of this
seems to be explained by the exercise of monopwmlyep by Brazil (and some degree of marketing the
differentiation of Brazilian rubber) that pushed#Bilian rubber prices up, impelling other competingntries to
produce lower quality rubber at lower prices (witle possible exception of south-east Asia wherditgua
improved over time due to the domestication of azidian rubber tree known agvea brasiliens)s note that

here it is not a matter of high prices inducingduction of more costly substitutes but rather higices



inducing production of low quality rubber to be mikwith Brazilian rubber. Furthermore, remembet tita
other country except Brazil was capable of supgiyidequately the world market and in spite ofig prices,
Brazil did not see its position in the world rubbsarket undermined until 1910 when its market skged to
decline rapidly due to Asian plantation competitibtoreover, the fact that Brazil’'s market share wigber in
value than in quantity additionally suggests thidwez (or both) Brazil was capable of cornering theerket (or
exercising some degree of market power) or thetcperported a better quality of rubber (somettirag finds

support from contemporary evidences and from tpe tf rubber tree the Brazilian Amazon possessed).

Figure 2: Implicit Prices of Crude Rubber (£ per kg, 1870-1910
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3. Estimating Market Power

From the dataset described in the previous seciset of equations (in the form of equation 1) el
jointly estimated. In practice, our estimation \lilén have two equations: one for Brazil and arrathe for the
British Colonies. For Brazilian rubber, we will bstimating the Brazilian market share (dependenalbiz)
against the price of Brazilian rubber, the priceBatish Colonial rubber and a variable that captaverall
physical demand of the market as it is definechagdtal expenditure on crude rubber (total impoftsrude
rubber) divided by an average price of the raw pecbdAnalogously, for British colonial rubber, wallvbe

estimating the British Colonial share (dependemiade) against the price of Brazilian rubber, griece of



British Colonial rubber and a variable that captwerall physical demand of the market as it is$raf as the
total expenditure on crude rubber (total importsrafle rubber) divided by an average price oféneproduct.

The system was then estimated using lterative SegynUnrelated Regressions (SUR) with only
symmetry imposed and the results are reportectiAipendix. Homotheticity was not imposed sincesifstem
here is equivalent to the one in which one extua#qgn for “all remaining countries” had been deteivhose
coefficient would be given by the adding-up resioic."

The Adjusted-Rindicates a reasonably good fit for BRZ equat®a9) and a poor fit for BRC (0.11).
Durbin Watson statistic suggested positive sedaiatation in both equations possibly due to oroissif price
expectations or inflexibility in the short run, asesult of long run contracts between buyers afidrs. Even
though the estimated coefficients remain unbiasedcansistent, they are not efficient anymore. Aegtad
Dickey-Fuller tests on residuals in level for BRiuation (not reported here) indicated that the Imghlothesis
that the residuals follow a unit root is rejectéd #o. The null hypothesis of unit root is alseotgd in first
difference at 0.1% confidence level. For the BR@atigpn, null hypothesis can only be rejected inogec
differences at 0.1% confidence level.

Remember that under AIDS, changes in real expenedijperate through thfecoefficients: it is positive
for a luxury good and negative for necessities.oiding to the estimates presented in the Appeliazilian
rubber is a luxury good whereas British Colonidbtrer is a necessity (both statistically significantl%
confidence level). However, since the coefficiertsvery close to zero, changes in the quantityuafe rubber
consumed do not cause a significant change in teimsarket share: for instance, whenever overall
consumption of rubber increased there was onlyadl slacrease of Brazilian market share and a singinease
in the British Colonies’ market share. This migitther indicate that rubber supply might have Heerer in
BRZ compared to BRC.

Applying equation 3 to the estimated parametetBeAIDS model in the Appendix, we can retrieve the
own-price and cross-price elasticities of demarwtoiding to Figure 3 below, the own price-elastioitrubber
for British Colonies was -0.02 (not statisticaligrsficant though®) and for Brazil -1.32 (highly significant: t-stat
=-18.85%). The elasticity of substitution between Brazilamd British Colonial rubber was not significant bu

indicate that it might have been positive (+0'29)e., the two rubber sources were consideredisutes.

121n fact, to be strictly correct, the estimatedatépn should have included a price variable fot faaining countries”.
However, the micro properties do not change andylstem is equivalent to impose that the coeffisiexf these prices
were equal to zero. All qualitative results areusthto specification changes and it was just chdsea the minimal
specification required to support the hypothesidf@uvard here, i.e., that Brazil possessed mas&eter in world rubber
market that once exercised would have generateatiyeoset welfare effect. Furthermore, it must bressed that estimates
are invariant to the equation deleted. See Bai869).

3 Indeed, the price elasticity for British Coloniabber was seldom statistically significant and stimes would even
change the sign, becoming positive. This probabblyth do with the interaction between British amdetican demand
for British Colonial rubber as discussed in Ferren®007).

4 The price elasticity of Brazilian rubber is indeegty robust. For all time periods and for differepecifications, the
elasticity always registered a negative sign aadpiint value changed very little. See Fernand@971R for other
specifications.

> The cross elasticity proved to be statisticalgngicant for the regressions within the period @8®10. Its value was
always positive indicating that the two rubber sesrwere indeed substitutes.
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Figure 3: Implied Elasticites of Demand for Rubber(1870-1910)

Mkt Share Beta BRZ BRC

BRZ 64.14% 0.08 -1.32 0.29
6.24 -18.85 0.57

BRC 10.43%  -0.03 -0.02
-3.00 -0.05

Note: t-statistics below each estimate

It must be stressed again here that own-pricei@ksof demand for Brazilian rubber computed above
should not be confused with the elasticity of expemand that Brazilian rubber exporters facedr(fiitis point
onwards we will ignore the British Colonial rublzexit did not register a statistically significastimate nor is it
important for the analysis here). We should thememb the own-price elasticity of demand for Briarilrubber
by applying equation 5 in order to obtain the aatlesticity of demand that Brazilian rubber expastfaced. In
doing so, we find that the demand for Brazilianxehwas somewhat elastic but less elastic thateh®nd for
US cotton in the Antebellum period: -1.1 (assungtagticity of substitution of 0§ elasticity of rubber supply
from other producers as 1.0 and market share @f#6pagainst -1.7 for US cotton. Figure 4 below pr¢s the
elasticity of demand for Brazilian rubber underfefiént scenarios for the elasticity of supply framother

producersd) and elasticity of substitution between Braziliabber and another types of rubbey.

Figure 4: Implied Elasticity of Rubber Demand facedby Brazilian Exporters under Different
Scenarios, 1870-1910

elasticity of Elasticity of Foreign Export Supply (€)

substitution (0) ¢ o9 0,50 1,00 1,50 2,00
0,50 -0,83 -0,91 -0,94 -0,96 -0,97
0,80 -1,07 -1,09 -1,10 -1,11 -1,11
1,00 -1,18 -1,19 -1,19 -1,20 -1,20
1,30 -1,31 -1,31 -1,31 -1,31 -1,31
1,50 -1,38 -1,38 -1,38 -1,38 -1,38
1,80 -1,46 -1,47 -1,47 -1,47 -1,48
3,00 -1,65 -1,70 -1,73 -1,75 -1,77
5,00 -1,79 -1,89 -1,97 -2,04 -2,09

0 -2,06 -2,34 -2,61 -2,89 -3,17

From Figure 4, it is possible to infer that, excaptthe case in which rubber is considered a
homogeneous commaodity (equivalent to have an eiystif substitution equals to infinity), elasticf demand
for Brazilian rubber should have lain somewheraveen -0.8 and -2.1. Comparing with Irwin’s estinsafter
cotton during the antebellum period, from 1870%4Q rubber might have been more inelastic insdahea

elasticity of substitution between Brazilian rubbed rubber produced in British Colonies might hdeen as

18 Note that this refers to the elasticity of sulbsiiin between rubber from British Colonies and Breamputed for 1885-
1910.



low as 0.8, which, according to Figure 4, wouldgesj an elasticity of demand around -1-18nyway, for
rubber it is very unlikely that the elasticity afsstitution was actually higher than *,8vhich would mean that
the elasticity of demand for Brazilian rubber wobki/e laid within the 0.8-1.5 range. Therefore, dednfor
Brazilian rubber from 1870 to 1910 seems to haesmlneore inelastic than the demand for US cottomduhe
Antebellum period, especially because in the chagbber the government was intervening in the miagkite a

lot through an export tariff, implying that the danal for Brazilian rubber might have been even muelastic.

We will come back to that point later on here.

Furthermore, it should be highlighted here thatiimand for Brazilian rubber was becoming more and

more inelastic with the passage of time. From Fedubelow, it can be seen that at the peak otuthiear boom,
the elasticity of demand was probably very closene (-1.1). If the elasticity of substitution ssamed to be

0.8, the elasticity of demand for Brazilian rubbeuld have been as low as -0.94.

Figure 5: Elasticity of Demand for Brazilian Rubber, 20-year Moving Windows
(1870-1910)
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Note: The graph above was computed using the @lgsti absolute value. It further assumes a conighasticity of foreign supplg) at
1.0 and an elasticity of substitution) @t 1.3. All estimates are statistically signifitat 10% confidence level.

Crude rubber was not a homogeneous commaodity, atglktering huge differences in terms of quality
and physical properties of the material (notablgims of tensile elasticity). For instance, gyigaeha, a native
tree from Malaya and the Dutch East Indies, wasnaalastic variety of rubber and owed its commérsa for

insulation of (submarine) cables and for outerraasf golf balls. In turnheveadrees, from the Amazon region

"However, using the same parameters as Irwin,dies,3 and & = 0.5, rubber would be equally elastic: -1.7 for rubber
against -1.7 for cotton.

18 This belief is based on previous estimates ondfetes (2007) and also from other several diffespatifications (and
different time periods) estimated by the authorotdeported anywhere. The elasticity of substitubetween Brazilian
and British Colonial rubber was usually below 1.8.
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(especially in the Brazilian part), produced thstlagiality of crude rubber, being the most suitaideerial for
high value added products. Therefore, the higreeqtlality of the crude rubber, the more applicativmould
have and of course, the higher the price: pricgsead reflected quality and there were severalréifftegrades of
rubber in the market whose prices could differ HytBnes. Note that quality was also associatel gt crude
rubber production technique. Rubber was produceed the latex of the tree and would generate thegjoedity
only if the tree was tapped with care. Dependinghendexterity of the rubber tapper the latex caadgulate
once in contact with the air (or depending on gpetof tree as well), and the more care they Haal)dss
impurities the crude rubber might have had.

For certain manufactured products, there was d tonsubstitution from higher to lower grades of
rubber, and therefore there were limits to sultstifor Brazilian rubber. Thus from Figure 1 it deseen that
Brazilian market share was not challenged untilOL@hd that there was a premium on Brazilian rubber
expressed as high prices (see Figure 2).

Therefore, due to the relative inelasticity of dachéor Brazilian rubber, it can be said that coiodis
existed for monopoly profits to be generated, haudes oligopolistic (or monopolistic) structure enegigin
another paper (new version in preparation) | chgllethe assumption that an oligopolistic structangld not
have emerged in Brazil in more depth but for theppse of the present paper, we do not even nesftbto that
the current literature on Brazilian Amazon was aken. In fact, we only need to stress here thditdrature
missed the role of the government and how taxatiand have ensured that monopoly profits were gendr
even under perfect competition among exportersiober in Brazil. That is exactly the subject of oext
section and our results here seem to provide fueidence to Frank and Musacchio’s rubber chaatyars for
they acknowledge that even though competition wesamt at every link of rubber chain, Brazil wale &b reap
monopoly profits before about 19¢tHere, it seems that it would have been possilgggtoit Brazilian market

power on rubber even during the first decade otwentieth century.

4. The Economics of Taxation: Impact on Elasticitie

Even if we believe that conditions in the rubberkeaprevented its oligopolisation and that freryen
might have even precluded collusion agreementgstshown in the previous section that conditicasted for
the appropriation of monopoly profits and both emmporary and more recent literature neglecteddbsilpility
that government may have ensured (partial) monopaijts for the Treasury.

Following Irwin (2003) and Abreu and Fernandes &0 is possible to understand why an entire
country can be taken as a sole player in rubbekeh@ven when production occurs in a decentrakiezg
government interventions in the market affect ediducers to the same extent and a certain leyaoafuction
can be assured by government control of rubbee pincleed, the government possessed several meeisaoi

pursue this goal: nationalisatiaf rubber production, licensing schemséckpiling export tariffand_import

tariff over goods that affected the rubber cost structure
Firstly, the government could have ensured thatrtbeopoly outcome would have been reached if the

government had bought out (or simply appropriaédidubber production units, something similartte tase of

¥ Frank and Musacchio (2006, p. 288).
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guano production in PefdEven though this mechanism was not impossible @gdplied, it would have faced
strong opposition from the Amazonian elite whictpecially after the proclamation of the Republ&39), had
direct access to the governnfer®econdly, the government could have regulateartisint of rubber produced
through a licensing scheme similar to what Chitkidisaltpetré” However, this would have depended upon the
ability of the government to ensure their directiaamd to prevent smuggling, something very difficalapply
due to the geography of the Amazon basin: haddkergment policy pushed prices to a level high ghdo
compensate for the risk of smuggling, rubber tnadeld have probably been shifted to Mato Grosste stato
one of the neighbouring countries (note that afteproclamation of the Republic in Brazil in 18&8%ation on
rubber became a State prerogative). Thirdly, sttiokpcould have been used to create some sort of
“valorisation” policy, as S&o Paulo and Federalggoments successfully did for cofféim the first four decades
of the twentieth century and that was unsuccesgbultsued in 1911 and 1912 for rubber. Fourthlpoeitariff
was constantly used by State governments, espeaftdl the advent of the Republic in 1889 (anthieyfederal
government in Acre territory after it was bougtarfrBolivia in 1903) and even though the initial aias just to
generate essential revenues for Para and Amaztatas,there were consequences in terms of inesniir
rubber production: the quantity produced was indeidenced by government interventions. Lastlypaort
taxes over rubber inputs, directly affects the cbgroduction which would result in less rubbeniggoroduced

as well. This mechanism was largely used by Fedekernment (sometimes even applied to merchanfusas
other states of Brazil).

As explained above, nationalisation of rubber podida did not occur, a licensing scheme did not
emerge and stockpiling was not successfully purfwed 1870 to 1910. Furthermore, since import taxese
not under the control of state authorities (andabee the federal government was more concernedssiiks
relating to coffee rather than rubber) and its iotpgas too indirect to provide an estimate of dstampact,
only export tax effect on welfare will be analydeste.

Let's see then how the export tax could have besen @s a way to achieve the maximum level of
regional welfare. Figure 6 shows an export markesirtial equilibrium. PoinA corresponds to equilibriumin a
perfectly competitive market: rubber domestic picets would sell the quanti€; where rubber export supply
equals rubber export demand at the world geic& he optimal quantity of exports is equivalerttis monopoly
outcomeQ,, corresponding to the point at which the margiet of rubber export supply equals the marginal

revenue from exports. At this point the countrygrates the highest producer surplus.

2|n 1841, Peru asserted its rights of ownership guano deposits. In 1849, the Peruvian governaeatded a single
contract for extracting guano to a prominent lesgtepreneur, Domingo Elias, who was later succblegéndrés Alvarez
Calderén. According to Miller and Greenhill (20@6,243),

“(...) [a] central feature of these contracts afteB49 was the employment of merchants to

transport and sell guano overseas on consignmeiat fmited term, in return for a commission

and other payments for their services. The Perug@arernment stipulated both the quantity of

guano to be exported and the price at which it &hde sold.”
2L For instance, the first governor of Para undeiRépublic was Justo Chermont who was an activediguCompanhia
Mercantil do Para, a rubber trade company estaibly the famous Baron of Gondoriz (Jodo Caetamg&ees Vianna, a
Portuguese-born merchant) with the intention oheang rubber trade in Belém through the acquisitiblarge stocks of
rubber. See Weinstein (1983, pp. 137-164).
22 pbreu and Fernandes (2005) and Miller and Grek¢2006).
% Bacha and Greenhill (1992) and Abreu and Ferna(20€5).
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In the simplest case where the government intesdat@the market through the imposition of an expo

tax only, its optimal levet, would simply be the reciprocal of the price atast of rubber export demand. The
1
marginal revenue of commodity exports can be egpgiad* (1——} , WwhereP* is the world price and
OBRZ

Nerz1S the (positive) elasticity of rubber export demas defined before. Since the rubber domestie [frie.
the price actually received by rubber exportersjildvdoe given by = P*(1-t), equating marginal revenue to

rubber domestic price yields the optimal export tax1//zrz

Figure 6: Competitive and Monopoly Market Equilibri a
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From Figure 4, it is then possible to compute thelicit optimal export tariff, which is just the
reciprocal of the absolute value of the elastigigg®rted there. First of all, even in the coulaigitial scenario in
which rubber is considered a homogeneous prodptinal export tariff would have been as high as 3%

under more realistic assumptioms= 0.8-1.5), it could have reached 93% (with 68% &swver bound).

Figure 7: Implicit Optimal Export Tariff

elasticity of Elasticity of Foreign Export Supply (e)
substitution (@) 590 0,50 1,00 150 2,00

0,50 120% 110% 106% 104% 103%
0,80 93% 92% 91% 90% 90%
1,00 84% 84% 84% 84% 84%
1,30 76% 76% 76% 76% 76%
1,50 73% 72% 72% 72% 72%
1,80 69% 68% 68% 68% 68%
3,00 61% 59% 58% 57% 56%
5,00 56% 53% 51% 49% 48%

0 49% 43% 38% 35% 32%
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Note that these optimal export tariffs were suppdsebe levied in excess of an existing one which
amounted to 17.6%d valorenon average from 1870 to 1910 (see Figure 8 foevbtution of the Export Tariff
levied by the government). Thus, if the governnfead not intervened in the market, the optimal taould
have reached 127.5% (with a lower bound at 97.2%symings would lie between 0.8 and #28In turn, under
the same assumptions, the elasticity of demandBtiaailian rubber producers would face, had theegoment
not levied_anyexport tariff would have laid in the interval -8.70 -1.03°. Therefore, in the absence of
government taxation, the demand facing Brazilidolbau exporters might have been quite inelasticyimgithat
there were definitely grounds for appropriatiomafhopoly rents by the government during the rubbem. In
this context, taxation increased the welfare oféwgon but apparently there was room for even maiéare to

have been generated there.

Figure 8: Ad Valorem Export Tariff Levied by the Government (1870-1910)
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Note: Ad valorenexport taxes were computed as the ratio betweerights of rubber (total revenue generated by exaaff on rubber
exported) and total value of rubber exported irdstdfausing the actual tariff as defined by lawse Pinocedure adopted here captures the
true tariff burden insofar as government alwayatdighed official prices for rubber which sometindéfered quite substantially from
market prices. For Acre territorgd valoremexport tariff was computed from 1904 to 1910 (ribé Acre was officially part of Brazilian
Federation only after 1903), resulting in 17.35%wearage. For Amazonas, there were figures for /271881, 1884, 1885, 1896 and
from 1899 to 1910 and its ad valorem export taviis on average 17.34%. Finally, in Para, the nngsoitant rubber exporter stabel
valoremexport tariff amounted to 17.89% from 1885 to 1910

Sources:Data were gathered from several Provincial PresidieReportsRelatério da Fazenda do Amazor(d918) and LeCointe
(1922).

5. Welfare Analysis
Once having computed the optimal export tarif§ possible to evaluate the gains from the actyzime
tax and the counterfactual gain had the governmergased the tariff up to its optimum level. Tedfare gain

would depend upon the elasticity of Brazilian rubdepply, as it is defined as the consumer sumgtrisicted

% This is just the computation of (1+TRF_EXP)*(1+THEXP_OPT)-1; where TRF_EXP is the actual exporkeaied by
the government and TRF_EXP_OPT is the optimal exaaras of Figure 7.
% These elasticities were computed as the (negativejse of total optimum export tariff range.
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from foreign consumergP,-P;)*Q,, minus the domestic deadweight 1085%(Q1-Q,)(P1-P2(1-1)). In turn, the

change in rubber price in international marketgiven by:

€Brz AT (6)

€grz ~ Rz

Ap=

whereAp isP,— Py, &gy, is the elasticity of Brazilian rubber export supphd A7 is the change in export tax.
Note that wherg,,, approaches infinitflp = Ar, i.e., Brazilian rubber producers could integrphss through

the tax burden to consumers. Analogously, whgg = 0, Brazilian producers are unable to push pricesnap

they internalise the whole tax burden.

Thus the welfare gain of taxation depends notjpshn the elasticity of demand that Brazilian rubber
producers faced but also upon the elasticity oziean rubber supply. In that regard, it shouldemephasised
that there was no significant change in produgtipéer rubber tapper, inasmuch as there was no ehiang
production methods from 1870 to 1910. Rubber ettmadechnique varied according to the type of erbb
sought and extraction methods were very simpleoAting to Roberto Santos, the average rubber tappdd
operate in 1.33 trails (each trail was compriset& rubber trees on average) and would producedi265kg
of rubber per yea?. Productivity would depend then on the exhaustibthe tree and the type of tree (e.g.,
hevea brasiliensigould provide not only the highest quality of rebbut also register the highest productivity).
Since these factors were not under the contréiefiubber state owner (it was a given of the nasimee there
was no plantation scheme in Brazilian Amazon wofthote), it is fair to say that increases in prcteghn would
occur only extensively: adding more rubber tappeniore rubber trees and applying more capitdhaérform
of advances for the tapping season.

The absence of any major improvements in techniquight have resulted in a high inelasticity of
supply due to a claimed shortage of labour eveaghaluring the boom, Amazon population increaserddd,
from 278.3 thousands in 1860 to 1.2 million in 1818@s a result of immigration from other parts oéak;
notably from Ceara Staf@.

In sum, Brazilian rubber supply responsiveness didinectly depend on the availability of workerglan
we would expect that in periods of high immigrati@nazilian rubber supply might have been moretielas
whereas in periods of low immigration to the regitme opposite might have been true. Indeed, tigata
estimations of regressing total Brazilian expoftabber against different combinations of variadech as a
constant, lagged prices (or current price), popatedind a time trend, give an elasticity of suppéll below 1,

probably close to 0.25. Indeed, according to Weinst

% Santos (1980, pp. 77-86).

" |n this regard, see Akers (1912, pp. 67-70 an8B)-Woodroffe (1916, pp. 1-24), Santos (1980) BEE (1987).

% There was also international migration but it wascentrated at the end of our period here andhtinebers were
completely dwarfed by the mass of immigrants confiogn other regions of Brazil.
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“contemporary observers frequently commented onfalge that the volume of Amazonian
production was almost completely unaffected by epriluctuations, since the aviador

[intermediary]lacked an efficient method of increasing or redgdiis ‘tapper-client’ output®

The real welfare effect of the actual export taléffied by Amazonian governments, assuming an
elasticity of foreign export supply of 1.0 and dasécity of substitution of 1.3 (which is the middpoint
between 0.8 and 1.8 we used here before) would min@fi 139,139 (at 1910 prices) on average per yéas
value was obtained by first applying the elastioitglemand of -1.32 to equation 6, giving us thegchange,
had the tariff not been levied. This new countetfakprice P,) was used to compute the correspondent new
counterfactual quantity of rubber exported fromA8réQ,). As mentioned earlier on, the net welfare gais wa
calculated as the consumer surplus extracted fromign consumers(P>-P1)*Q,, minus the domestic
deadweight loss¥2*(Q1-Q,)(P1-P,(1-t)). This value was finally transformed into 1910 pgaising Rousseaux
Price Index® Assuming that the elasticity of Brazilian rubbeipply (sr2) was 0.25, Real Net Welfare
generated by taxation would amount to £139,139year(y) average in 1870-1910 and, if the elastioity
Brazilian rubber supply is assumed to be 0.50pitild amount to £244,497 on a yearly average owesdme
period, equivalent to 1.3% and 2.3% of the aversgazonian GDP (1870-1919) respectively.

Assuming the elasticity of Brazilian rubber supfzhxz) as equal to 0.25, Figure 9 below shows the same
computation for a 20-year moving windows which gades that with the passage of time, the governmast
generating a higher real net welfare because: a)value of rubber trade was increasing over tints an

Rubber was becoming more inelastic.

2 Weinstein (1983, p. 157).

30 Mitchell (1962, pp. 471-473). Results do not ctesignificantly if we apply Sauerbeck Price Indexi Mitchell (1962,
474-475).

31 GDP figures from Santos (1980) were converted isterling pounds using Ipea Dataset available at
http://www.ipeadata.gov.hr/
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Figure 9: Real Net Welfare of the Export Tariff, 180-1910 (in 1910 £)
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Santos (1980) provided an estimate of the AmazoBR from 1870 to 1910 (on a 5 year basis) which
was converted into pounds and then interpolatgatdeide a full Amazonian GDP series between 187%D an
1910. Then | computed GDP averages over the saraglpas of Figure 9, so that we can assess theitudg
of the welfare generated by government taxatiorcofding to Figure 10 below, the government couldeha
generated a welfare effect as high as 1.9% ofwbeati GDP of the region during the last 20 yedrtse rubber
boom (1891-1910), three times larger than whagtheernment could have generated at the beginnitigeof
period. Furthermore, it can be inferred that theegoment was increasing the net welfare effectigéee by the
export tariff in a context in which the GDP of tfegjion was also increasing.

It is also possible to compute the welfare efféei] the government increased the tariff up to the
optimum level. Still assuming the elasticity of Biten rubber supply&rz as equal to 0.25, over the whole
period, the government could have generated am @&x®8% (£133,846 at 1910 pricEspoubling then the
welfare effect that it was already generating whihexport tax. Over time, the government coulcehaitially
generated on average £38,525 per year (0.76% of) @b 1870-1889 whilst at the end of the perioid th
welfare would have amounted to £341,444 per ye&9¢h of GDP) in the period 1891-1910. Figure 10
summarises the actual and optimal welfare effechfgovernment taxation on rubber within a 20-yeaving
window from 1870 to 1910.

32 Assuming the elasticity of Brazilian rubber supfdyr,) as equal to 0.50, the Real Net Welfare effecegated
would be £267,810 on average per year during theg&870-1910, or 2.6% of GDP.
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Figure 10: Real Net Welfare of the Export Tariff, 1870-1910 (% of Amazonian GDP)
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In sum, had the government set the export tartfi@bptimum level, an extra welfare gain wouldéhav
been accrued by the government. Assuming thataistaty of Brazilian rubber supplyr,) was equal to 0.50,
from 1870 to 1910, the total possible welfare thatAmazon Region could have amassed was £268d17 p
year on average (at 1910 prices), equivalent t&2Zbthe region’s GDP. However, given the fact traide
rubber was getting more inelastic over time (arad thbber trade was increasing very fast), thd wo¢dfare
effect could have been as high as 3.7% of the négi®DP from 1891 to 1910.

6. Conclusion

In this paper, an Almost Ideal Demand System fobean was calculated using data from UK and US
Balance of Trade from 1870 to 1910, from whichdiswossible to compute elasticities of demand faziBan
rubber as well as cross-elasticities between Baawand British Colonial rubber. The results intcdat from
1870 to 1910 the demand for Brazilian rubber wayg wreelastic: had the government not set any exjaoift,
the elasticity of demand that Brazilian exportexseid might have laid within the -0.78 to -1.03 &ng

The paper then shows that the literature on Beazilubber has neglected the fact that the goverhmen
was able to ensure the monopoly outcome even unbigh degree of competition amongst Brazilian arbb
exporters and under a high inelasticity of suppigeed, the government possessed several mechatwsms
pursue this goal: nationalisation of rubber produrtlicensing scheme, stockpiling, export tariidamport
tariff over goods that affected the cost structineibber gathering in Brazil. It was argued héa the export
tariff and the import tariff were the main instrum actually used by the government but the weHaadysis

here focused on the export tariff only.
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Under reasonable assumptions, results here sutpgeshe optimum export tariff laid in the 97.2%-
127.5% interval but the government levied only ¥ @n average in the years for which data were alviail
(1870-1910). Had the government imposed the optiexport tariff, welfare could have been increaseshach
as £341,444 per year from 1891-1910, equivalehi®% of Amazonian GDP in the period. This welfacaild
have been generated on top of 1.80% that had gli®seh generated by the government when it sedbert
tariff at 18.9% in the same period (1891-1910).

In short, the paper thus shows that the Amazoniate §overnments were indeed generating positive
welfare gains for the Amazon region through taxatregardless of how competitive the rubber mankae.
Moreover, the results further indicate that theas woom for the government to extract monopolysrewnén in a
context of high inelasticity of Brazilian rubberngly. Therefore, the results show the extensionarket power
Brazil possessed in rubber market and suggesthtbatovernment could have ensured the maximummagio
welfare at the rubber consumer’s expense. Thislasion seems to contribute a great deal for thatdedbout
the rubber boom in the Brazilian Amazon and abaxation in general.

First, the elasticities of demand computed heraedp our understanding of the developments taking
place in the industrialising countries, especiafiythe USA and in Britain which were the main rubbe
consumers. From 1870 to 1910, rubber found moreraond applications and became an increasinglyegfiat
commodity: with such an inelasticity of demandsitikely that developments in the Brazilian Amazeere
influencing the development of rubber industrialgass in the USA and in the UK. Moreover, theiragtefence
on rubber pushed the Amazon region into such aaation of production that the region becamertual
monoproducer of rubber; importing everything elHeerefore, the region is an interesting case stdidyade
specialisation due to comparative advantage.

This trade specialisation changed the patterntegnation of the region into the world economy tred
paper here supports Frank and Musacchio’s viewttiea¢ was no economic imperialism in the Amazothas
rubber chain does not fit into the model of perialiey of raw material and centrality of manufa&uil hat
traditional formulation suggests that productiothi@ periphery (Brazil) should have developed nu&m with
impulses emanating from the industrial core (USA Barope). That pattern would ensure that profitthe
periphery would either be held down (so as to méenprofits at the industrial core) or be high der to
ensure profitability from investments flowing fraime industrial core. It is not surprising that foguite long
period, given the high inelasticity of demand foaBlian rubber, manufacturers in the core econsmire tied
to developments occurring within the Brazilian Amazdiametrically contrary to the traditional asguion of
economic imperialism.

However, economic imperialism cannot be complatidgnissed since the tax policy was constrained by
(foreign) export houses’ lobby. It is true that afitexport houses were foreign-owned or foreigmagged but
whenever they were not, they might have relied upaooperative local elite. The government mighteha
maximised its revenues in a context of pressunm feaport sector and the latter’s imperfect accedhe
government, but there should be no doubt thatelrermment could have reaped much more monopolytgrof

than it actually did. Even though it was only mengd briefly here, the issue of why export housdsd to
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collude or why there were high costs of bargairi;ygot thoroughly analysed in this paper and whé i
probably still missing here is an analysis of tbhétigal economy of taxation on rubber.

It might have been the case that a monopsony ¢t@wve emerged and it seems that the disputes among
different countries for rubber, especially betwdenUnited States and Britain, were more importaekplain
the enhanced government’s room for manoeuvre tlmatural characteristics of market organisati@razil
as claimed by Barham and Coomes (1996). In thitegbrcompetition in rubber trade might have béerrésult
of competition among imperialist countries and @droe solely credited to market organisation witBiazil.
On the other hand, it is possible that the govermimas not ensuring the maximum level of welfare ¢t
dispute on the regional level among the three S{#eara, Amazonas and Athethat comprised the Amazon
region. If Amazonian States were trying to dives trade towards their own jurisdiction (in ordeiricrease
their own tax revenues), the maximisation of tbgin revenues might have differed from the regiopéimum
level of taxation, leading to a sub-optimal outcome

Finally, the paper not only contributes to the ustinding of the effects of taxation and its welfar
impacts but also to the economic history of the Aomaregion. In providing the first measure of etast of
demand for Brazilian rubber and carrying out a armefanalysis, the paper showed that there was foom
extraction of monopoly rents from rubber trade emeancontext of high degree of competition intferket. In
other words, the paper brings the role of the guwent to the fore by analysing the impact of taxatn the

region’s welfare.
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A.1. AIDS (1870-1910)

Estimation Method: Seemingly Unrelated Regression

Date: 02/05/08 Time: 17:39

Sample: 1870 1910

Included observations: 41

Total system (balanced) observations 82

Linear estimation after one-step weighting matrix

Coefficient Std. Error t-Statistic Prob.

C(10) -0.90 0.24 -3.76 0.03%
C(11) -0.15 0.04 -3.44 0.10%
C(12) -0.05 0.03 -1.41 16.18%
C(100) 0.08 0.01 6.24 0.00%
C(20) 0.75 0.22 3.48 0.08%
C(22) 0.10 0.04 2.82 0.62%
C(101) -0.03 0.01 -3.00 0.37%
Determinant residual covariance 0.00

Equation: BRZ_MKT = C(10) + C(11)*LOG(BRZ_PRC) + C(12)
*LOG(BRC_PRC) + C(100)*(LOG(X)-LN_PRICE)
Observations: 41

R-squared 0.53 Mean dependent var 0.64
Adjusted R-squared 0.49 S.D. dependent var 0.05
S.E. of regression 0.04 Sum squared resid 0.05
Durbin-Watson stat 1.17

Equation: BRC_MKT = C(20) + C(12)*LOG(BRZ_PRC) + C(22)
*LOG(BRC_PRC) + C(101)*(LOG(X)-LN_PRICE)
Observations: 41

R-squared 0.18 Mean dependent var 0.11
Adjusted R-squared 0.11 S.D. dependent var 0.03
S.E. of regression 0.03 Sum squared resid 0.03
Durbin-Watson stat 0.69

A.2. Symmetry Test (1870-1910)
Wald Test

Test Statistic ~ Value df Probability

Chi-square 6.93 1 0.85%

Null Hypothesis Summary:
Normalized Restriction (= 0) Value Std. Err.
C(12) - C(21) -0.15 0.06

Restrictions are linear in coefficients.
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