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Today, Latin American countries are characterized by relatively high levels
of economicinequality. This circumstance has often been considered a
long-run consequence of the Spanish conquest and of the highly extractive
institutions imposed by the colonizers. Here we show that, in the case of the

Aztec Empire, highinequality predates the Spanish conquest, also known
asthe Spanish-Aztec War. We reach this conclusion by estimating levels
ofincomeinequality and of imperial extraction across the empire. We find
that therichest 1% earned 41.8% of the total income, while the income share
of the poorest 50% was just 23.3%. We also argue that those provinces that
hadresisted the Aztec expansion suffered from relatively harsh conditions,
including higher taxes, in the context of the imperial system—and were

the first to rebel, allying themselves with the Spaniards. Existing literature
suggests that after the Spanish conquest, the colonial elites inherited
pre-existing extractive institutions and added additional layers of social and
economicinequality.

Exactly 500 years after the Spanish conquest of the Aztec Empire, Latin
American countries stand out for their relatively high levels of eco-
nomicinequality’”. Alarge social science literature has argued that this
isthelong-run consequence of the extractive institutionsimposed by
the Europeanelite* . But here we show thatin the Aztecarea, inequality
levels wererelatively high from well before the conquest. On the basis
ofthe available historical and archaeological evidence, we provide an
estimate ofincomeinequality in the late Aztec Empire, which spanned
most of the territory occupied by modern-day Mexico and parts of
Guatemala””. High inequality was the consequence of extractive
institutions meant to advantage primarily the Aztec imperial elite’ .
When they arrived, the Spaniards profited from the discontent that
high imperial extraction had generated in many provinces, leading
Mesoamerican peoples to ally themselves with Cortés in an attempt
to free themselves from the yoke of the Aztecs®.

The city of Tenochtitlan finally fell on 13 August 1521 after along
siege carried out by asmall number of Spanish troops and thousands
of indigenous allies. This event marks the beginning of 300 years of
Spanish colonial domination. Five centuries after the fall of the most
powerful empire in Mesoamerica, several questions remain concern-
ingthelevel of oppressionthat the Aztec Empire exerted inits domains

and its possible long-term consequences. To determine the levels of
inequality and of imperial extraction across the vast territories under
Aztec rule, we used information about the conditions prevailing in
each province to estimate their mean income per capita. We then
devised adetailed social table, representative of the highly hierarchical
social-economic stratification of the empire, and used it to estimate
interpersonal income inequality. We found that this inequality was
relatively high, especially in those provinces that suffered the most
disadvantaged situation under the imperial rule—which were exactly
those more likely to rebel and to ally with the Spaniards. The extrac-
tive institutions characterizing the Aztec Empire paved the ground
for subsequent colonial extraction. As we argue, the relatively high
levels of income inequality that came to characterize Latin America
could not be considered to have been the sole consequence of the
initial conditions imposed by the Spaniards (for example, through
the system used to ensure an extensive supply of native labour known
as encomienda®). Nor could they simply come from the predatory
attitudes and institutions of the colonial elite**. Instead, colonization
further exacerbated the highly extractive conditions that had come
into being before the conquest and ensured their continuation for
centuries thereafter.
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Results

The historical context

In1428, the city-states of Tenochtitlan, Texcoco and Tlacopan formed
the ‘Triple Alliance’, which established the Tenochca Empire, usually
known as the Aztec Empire®™'*"*, The 38 provinces that the empire
ruled over were subject to a highly developed imperial tax system. This
system, owing to its institutional refinement and the ability to collect
taxes on aregular basis, approached a proper fiscal state of the kind
that Western Europe developed from about the same period'®". And
yet, other characteristics of the Aztec Empire are generally considered
to have been relatively less advanced, so that it is difficult and maybe
improper to classify itsinstitutions on the basis of typologies developed
for Eurasian states’.

Ontheeve of the Spanish conquest, the Aztec Empire was the most
militarily, politically and economically powerful state in Mesoamer-
ica®".Ithad a highly productive agriculture, based ona technologically
advanced irrigation system and on highly developed domestication of
plants. But its economy also required intensive use of human energy,
lacking a wheel transport system and beasts of burden®. Except for
thoseinvolvedintheluxury goods sector andinforeign trade, the vast
majority of the population was occupied in seasonal pluri-activity, and
most production was household-based". Some specific goods, such as
mantas (cloths) or cocoabeans, were used as currency throughout the
empire; however, in many provinces barter remained widespread™'s".

Intheyearsimmediately preceding the conquest, Central Mexico
experienced a tremendous increase in population and substantial
economic growth™, In 1492, the Basin of Mexico had the highest
population density of all the Americas®. Demographic pressure had
increased competition for resources and pushed the Triple Alliance
to expand to more remote regions. This aggressive stance was also
fuelled by competition between the elites of the ruling city-states,
which ultimately led Tenochtitlan to consolidate its leading position
within the alliance? ?. Intense factional competition shaped many
aspects of society?’. The continued state of war, a tax system growing
ever more extractive and pro-elite political reforms exacerbated social
stratification across the empire. The nobility appropriated the land and
controlled the commoners through several mechanisms®, whichled to
aclear demarcationbetween landowning and landless classes. On the
positiveside,imperial expansion intensified trade and fostered market
integration®. This, however, was largely to the advantage of the original
provinces of the Triple Alliance. Inmany cases, the Aztec expansion led
toadeclineintherevenues of the provincial elites”. Elsewhere, the col-
lusionbetween the imperial and the provincial elites generated profits
for both in a win-win game resulting from the new imperial tributary
system, to the detriment of the peasants®*,

Income levels across the empire
Therelatively advanced imperial administration provides us with his-
torical documentation sufficient to produce estimates of the income
per capita. Wefirst produced estimates of population density at the pro-
vinciallevel. As there exists a positive correlation between population
density and per capitaincome that tends to be similar across ancient
societies*?**°, we could estimate the relevant parameter and use it to
infer approximate income levels from our demographic data (Fig. 1a
and Supplementary Table 1a). It is generally accepted that the original
variation in population density across Mesoamerica was determined
by differences inland productivity®*. In the more densely populated
areas, greater competitionamong humangroupsled to the emergence
of stronger states. Stronger state institutions and the positive exter-
nalities associated with agglomeration economies generated by the
physical proximity of many economic activities had a positive impact
onincome per capita.

In our estimate, the per capita income of the empire was about
US$690 (1990 purchasing power parity (PPP)) on the eve of the con-
quest, or about 1.72 times the subsistence minimum. Thisis comparable

to the income level estimated for the Euro-Mediterranean region in
150 AD, for Byzantium around 1000 AD or even for England on the eve of
thefourteenth-century Black Death and Indiaaround1600***, However,
itismuch lower thanthe $800-900 (1990 PPP) of late fifteenth-century
Spain, let alone the most advanced areas of Western Europe such as
North Italy and the Low Countries®*”. Additionally, there was substan-
tial variation within the empire. Of the 38 provinces, the four richest
(Petlacalco, Huaxtepec, Cuauhnahuac and Tlatelolco) had a per capita
income of over $900 (1990 PPP) (Fig. 1a). Tenochtitlan, the imperial
capital city, which enjoyed special administrative status, stood out with
anincome of $1,980 (1990 PPP). These estimates have to be understood
asapproximations, whichis always the case for pre-industrial societies,
and producing them required strong assumptions about the long-run
relationship between population density and per capitaincome (Meth-
ods). However, they are informative of orders of magnitude and can be
reasonably expected to properly reflect differences between each prov-
ince. The per capitaincomes of provincesrelative to each other, not the
exact province-by-province income estimates, are the most important
factor when measuring inequality across the empire.

Income inequality

Archaeology has established that economic inequality was generally
higherin post-Neolithic Eurasiathaninthe Americas. Thisis due to the
availability of large domesticated mammals, which led to more profit-
ableagriculture benefiting some over others and alsoled to the devel-
opment of amounted warrior elite’®**. However, even without large
domesticated mammals, the societies that emerged in Central Mexico
were highly hierarchical and stratified*’. The primary social distinction
inthe Aztec Empire was between the nobility, the commoners and the
slaves. Substantial differences also existed within each group™. The elite
dominated the commoners by holding sole control over productive
resources. Since they were not allowed to own farmland, commoners
had to acquire access to it from the nobles in exchange for labour or
for a part of the produce (calpulli/teccalli system). Among the com-
moners, the sources of economic inequality were labour specializa-
tion and chiefly the specific mechanisms through which they gained
access to land’. Among the nobility, inequality depended on juridical
status (imperial versus provincial nobility), the economic potential of
their respective provinces and the extraction levels imposed locally
by the imperial institutions. In particular, the taxes established by the
Triple Alliance for each province were variable, depending on how the
province had become part of the Aztec Empire. Those peoples that had
militarily resisted the Aztec Empire suffered the highest imperial tax
rates once conquered. Hence, high economicinequality in the empire
was also the result of an unequal distribution of political power, simi-
larly to what was found elsewhere™.

On the basis of the available historical evidence, we developed
social tables foreach province and for the Triple Alliance cities (Meth-
ods) as well as for the empire as a whole and used them to measure
income inequality by means of the Giniindex (Fig. 1b and Supplemen-
tary Table 1a). For the Aztec Empire as a whole, we estimated that on
the eve of the conquest therichest1% earned 41.8% of the totalincome;
this figure grows to 50.8%if the richest 5% is considered. As theincome
share of the poorest 50% was just 23.3%, this makes for a very skewed
income distribution (Fig. 2). The income distribution of the Aztec
Empire differs significantly from those of modern-day Mexico (Kol-
mogorov Dstatistic = 0.55,P < 0.005) and the USA (D = 0.65, P < 0.005).
Theincome share of the richest was higher in the Aztec Empire. Inter-
estingly, the income share of the poorest was also higher—but in the
Aztec Empire, the 4.6% earned by the poorest 10% (a social stratum
composed one third by slaves) corresponded to a situation close to
mere physical subsistence, which is clearly not true for the poorest
10% of citizens of the USA even if their income share is just 1.9%. Note
that theincomedistribution of the Aztec Empire reflects asociety with
asmall political and economic elite and amostly agrarian population:
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Fig.1|Per capitaincome and inequality in the Aztec Empire. a, Per capitaincome. b, Income inequality. ¢, Imperial extraction. Province IDs and boundaries
according to Broda®’. Additional details are provided in Supplementary Tables 1aand 2.

together, the nobles and all the urban ‘special categories’ that enjoyed
relatively highincomes accounted for just 4.3% of the total population
(Table1and Methods).

Overall, the Aztec Gini index of income inequality amounted
to 50.4. This is higher than the 36-39 found in the Roman Empire in
14 AD, the 41-43 reported for Byzantium around 1000 AD and the 33-37
of England and Wales in 1290, but in line with the 50 of the northern
Low Countries around 1500 and the 52 of the southern Low Countries
around 1550%****** _However, the Aztec Empire was much poorer than
the Low Countries, and hence similar Giniindexes have deeply different
implications. This is revealed by inequality extraction ratios, which
measure how close asociety is to the maximum inequality that it could
theoretically experience without pushing all of its members (except
for asingle super-rich) below subsistence****. With a ratio of 89%, the
Aztec Empire was much closer to the boundary thanthe northern Low
Countries (71%), which implies asocial organization strongly modified
in favour of a small elite. Within the empire, inequality reached even
higher peaks: >60 in some of the richest provinces and almost 80 in
the city of Tenochtitlan.

Importantly, these estimates are robust to some possible inac-
curacy in measurement of the income levels across the empire. If we
assumed a 10% lower per capita income for each province, which is
asizeable cut (leading to an estimated per capita income across the
empire of about $626 (1990 PPP)), we would get a Gini index of 45.4,

quite close to our estimate of 50.4 and still high compared with the
ancient polities mentioned above, except for the richest ones. The
associated inequality extraction ratio of 87%is almostidentical to our
estimate of 89%, which means that the way in which we characterize the
Aztecimperial society as arelatively extractive one would not change.

Extraction and the fall of the empire

The imperial ruling class of the Triple Alliance, the provincial ruling
class and the non-ruling nobles amounted to less than 2% of the total
population but concentrated 46.6% of the total income. Taken singu-
larly, these social categories extracted 4.5%, 28.4% and 13.7% of the
total income, respectively (Table 1). This might seem favourable to
the provincial ruling class, but as the imperial ruling class was amuch
smaller group, itenjoyed amuch larger per capitaincome: on average,
almost 5 times that of the provincial ruling class and 70 times that of
the non-ruling nobles. For thisreason, the level ofimperial extraction
indicates why discontent against the empire might have arisen in the
provinces and helps explain the quick formation of anti-imperial alli-
ances upon the arrival of the Spaniards.

Also regarding this aspect, there was high variation across the
empire. In some established provinces on the Gulf of Mexico coast,
such as Tochpan, Cihuatlan and Tepequacuilco, imperial extraction
was very high. In Cuetlaxtlan (Fig. 1c, ID 29), where (in the lordship
of Cempoala) Cortés made his first alliance against the Aztecs, taxes
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Fig.2|Income distributionin the Aztec Empire compared withmodern
American states. D], first decile (poorest 10%); D10, tenth decile (richest

10%). The data for Mexico and the USA are from the World Income Inequality
Database®®. A Kolmogorov-Smirnov test confirms that the reported distribution
ofthe Aztec Empire is statistically different from those of modern Mexico
(D=0.55,P=0.004) and the USA (D = 0.65, P= 0.000).

Table 1| Social table for the Aztec Empire as awhole

Income socialgroup  Per capitaincome Estimated Estimated
in minimum population share of total
subsistence share (%) income (%)

Imperial ruling class 905.19 0.01 4.54

Provincial ruling class 183.21 0.27 28.40

Non-ruling nobles 12.88 1.83 13.68

Special Category 3 4.36 0.42 1.06

Special Category 2 3.34 0.65 1.26

Special Category 1 2.21 1.07 1.37

Commoners Level 3 1.00 43.33 2517

Commoners Level 2 0.85 10.25 5.05

Commoners Level 1 0.80 39.06 1812

Slaves 0.75 3n 1.35

The point estimates were produced as the combination of province-level estimates, as per
the file ‘ReplicationFilel.xlsx’.

paid to the Triple Alliance amounted to 8.9% of the total income. The
maximum, 14%, was touched in Tepeyacac (ID 22), which also allied
with the conquerors.

Althoughat first the Spaniards faced resistance from certain native
peoples, they soon came to enjoy the support of various cities against
the Aztec Empire. Before arriving in Tenochtitlan, Cortés already had
the backing of Cempoala, Huejotzingo and Tlaxcala, the latter aninde-
pendent confederation and staunch enemy of the Aztecs. Later, inthe
Basin of Mexico, the Spaniards forged a powerful alliance with different
cities that paid taxes tothe Aztecs, such as the Otomies of Teocalhueya-
can, as well as the residents of Texcoco, Chalco and other townsin the
provinces of Petlacalco and Acolhuacan. It is interesting to note that
Tlatelolco (ID 1), a city-state that supported the Aztecs until the end
oftheir fall, suffered much lower imperial extraction than other prov-
inces: 1.3% of the totalincome. The fact that the success of the Spanish
conquest depended crucially on the alliance with native peoples s fully
recognized by recentliterature®. Our contributionis to show that there
were strong and quantifiable economic motivations behind the revolt
of some provinces against the rule of the Triple Alliance—motivations

that were themselves the result of imperial policies leading to unequal
fiscal treatment across provinces.

Discussion

Overall, our estimates suggest that the Aztec Empire had a relatively
high level ofincome inequality compared with other ancientempires,
such as the Roman Empire at the beginning of the Current Era or
Byzantium around the year 1000***, In fact, as revealed by aninequal-
ity extractionratio of 89%, it was as close to the maximum inequality it
could have obtained without pushing the vast majority of the popula-
tion below the level of mere subsistence. We thus conclude that high
inequality in Mexico was not originated by the new institutions estab-
lished in colonial times, but preceded the conquest.

Our findings challenge some influential social science works that
have argued that the Europeans, and especially the Iberians, unilater-
ally determined the institutional framework of the New World, bring-
ing to Latin America their inefficient and/or predatory institutions*’.
These works share a crucial limitation: they ignore the institutional
context set by the pre-conquest societies, and they consequently
fail to consider how this context might have contributed to shaping
the colonial institutions. Indeed, this literature, as it argues that the
European institutions were responsible for generating high inequal-
ity in Latin America, implicitly suggests that they replaced relatively
‘inclusive’ pre-conquest institutions that would have allowed for better
participation of large strata of the population in the political and/or
economic life. This position is difficult to hold. High imperial extrac-
tion and certain obligations imposed by the Aztecs (for example, the
provision of childrenand youths to be sacrificed in rituals) were deeply
resented by the provinces. Thus, inequality levels almost as high as the
theoretical maximum contributed to making the Aztec society less
resilient against anew and unexpected threat.

Undoubtedly, the conquest, the redistribution of political power
and the subsequent dramatic demographic crisis marked a radical
discontinuity from the preceding situation*®*, Per capita income
contracted to about $400 (1990 PPP) in the early colonial period,
growing back to about $600 (1990 PPP) only at the turn of the sev-
enteenth century*®. After the conquest, Europeans brought various
institutions to the Americas, but this does not exclude the possibility
that pre-existing ‘native’ institutions transcended or merged with the
colonial ones. Additionally, the existence of previous extractive institu-
tions made it easier for the Europeans to introduce their own system of
extraction, eventhrough direct adaptation of those native institutions.
Well-documented cases of pre-conquest institutions hijacked by the
Europeans include the mita, a forced-labour system used by the Inca
Empire®. Others have argued, in amore general way, that institutional,
economicand social transformations during the colonial period were
largely influenced by pre-conquest institutions®. However, the idea
that after the conquest native peoples were simply the recipients of
Spanish policies and institutions has remained prevalent among social
scientists* .

Forthe Aztecarea, our estimates of income inequality levels pro-
vide supportforthe view that pre-conquest institutions wereimportant
landing strips for colonial institutions. Since pre-conquest nobles and
lords were the sole owners of the farmland, the several layers of extrac-
tion previously imposed on commoners to control access to resources
made it easier for the Spaniards to appropriate land and labour. The
encomienda indiana and later the repartimiento, or the cuatequil
(aforced-labour system similar to the mita), took advantage of these
mechanisms™*°, Surely, for the native populations of Mesoamerica,
being required to provide labour to their rulers was not a new idea
introduced with the encomienda/repartimiento system. In addition,
the Spaniards directly inherited various methods of tax collection from
the Aztecs, at least in early colonial times™ .

Overall, the conquest shows a combination of institutional conti-
nuities and discontinuities. The highly hierarchical pre-conquest social
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stratification survived in the colonial period, leaving many nobles with
multiple privileges and entitled to extract a large share of the income
from the commoners, to their own benefit as well as to that of the new
Spanish elite. Hierarchical stratification and social-economicinequality,
however, were further exacerbated by the economic activities intro-
duced by the Spaniards—particularly mining, which had severe conse-
quences for the well-being of the native population and contributed to
its demographic collapse***. Additionally, the Spaniards introduced a
new caste systembased onrace, which established legal differences (with
crucial economic consequences) between the Spaniards, the natives,
the African slaves and their descendants, the mestizos or other castes
originating from the mixture of races. As a result, by 1790 New Spain
had a Giniindex of income inequality of 63.5—substantially higher than
most contemporary societies andbasically as high asit could have been
without compromising the simple survival of large masses of the popula-
tion*”. This being said, on the basis of our findings on inequality in the
Aztec Empire, and without negating the plight and terrible sufferance
that the conquest caused to the native population, we argue that colonial
institutions did not create high inequality in Latin America; they only
exacerbatedit.

Methods

Preliminary note about the sources available for studies of the
Aztec Empire

A major problem encountered by any attempt to study the social-
economic conditions of the Aztec Empire onthe eve of the conquest
isthe scarcity of surviving written sources, due to the massive burn-
ing of pre-1519 documents, including tax and census records, at the
hand of the Spaniards and their allies®. This might lead us to give
excessive weight to sources produced in later, colonial periods. In
the following, we make full use of the most ancient surviving docu-
ments, such as the Matricula de Tributos, which is either pre-Hispanic
or dates from the very first years after the conquest®”. We also take
into account the important additional information that has been
produced by archaeological studies conducted in Mexico and Gua-
temala. We strive to make our assumptions as evidence-based as pos-
sible given the circumstances. Our assumptions are also consistent
withthe generalliterature on the estimation of inequality in ancient
and pre-industrial societies.

Relationship betweenincome and population density

To produce our estimates of per capitaincomein the Aztec Empire, we
exploited the variation in population density among different societies.
In a pre-industrial context, population density is strongly correlated
with per capitaincome, as shown by studies that have used population
density as a proxy for relative levels of development®. On the basis of
information provided by Ashrafand Galor®, we exploited the positive
relationship between population density and per capitaincome. We
used asample of 66 pre-industrial societies, whichincluded 22 distinct
world areas all observedin three different years (1,1000 and 1500 AD).
The strong correlation between population density and income level
inour sampleis shownin Supplementary Fig. 1.

We estimated two models, using ordinary least squares (Model 1)
and two-stage least squares regression analysis (Model 2), with an
instrument to control for the possible endogeneity between popula-
tion density and per capita income. We used information in natural
logarithms for both variables. Other geographical controls were used.
The logarithmic population density variable was restricted (greater
than zero) for better functional form. The file ‘ReplicationFilel.xIsx’
contains theinformation used to estimate per capitaincome and pro-
videsthe complete panel. The results of the two models are presented
in Supplementary Table 3, and the estimators are very similar (0.1895
for Model 1 versus 0.1977 for Model 2). We chose Model 2 because
two-stage least squares regression analysis presents advantagesinthe
face of a possible endogeneity bias.

Estimation of the per capitaincome in the Aztec Empire and its
38 provinces
We first used the coefficient from Model 2 in Supplementary Table
3b to estimate the per capita income for the Aztec Empire, consider-
ing a population density of 42 inhabitants per square kilometre. This
density comes from assuming a population of 7 million people within
the empire, with an area of 170,000 square kilometres in 1519, which
is consistent with recent historical and archaeological literature'®***,
Onthe basis of the above, the per capitaincome across the Aztec
Empire is obtained through equation (1):

In(ypc) = 5.8293 + 0.1977(3.7376) )

where ypc is the natural logarithm of GDP per capita, and 5.8293 and
0.1977 are the estimators obtained for the constant and the natural
logarithm of population density, respectively, shownin Supplementary
Table 3a. The number 3.7376 is the natural logarithm of a population
density of 42. Theresult from equation (1), In(ypc) = 6.5686, is in natural
logarithm form (95% confidence interval, 6.3561-6.7195). By applying
the proper exponential transformation to this result, we obtaina GDP
per capitaof $712 (1990 PPP). Note that this estimate for the empire as
awhole constitutes just afirstapproximation, as we produced amore
precise and slightly lower point estimate of $690 (1990 PPP) directly
from the detailed income distribution obtained with the procedure
described in the following paragraphs. Interestingly, our estimate of
income per capita is higher than what has been produced for Latin
Americaasawhole onthe eve of the conquest®. However, our estimate
does not refer to the whole area but just to one of its more advanced
polities at the peak of its power. It is also entirely compatible with the
estimated sharp drop inincome per capita (to about $400 (1990 PPP))
in the immediate post-conquest decades*®. Note that limited differ-
ences inthe income estimates only marginally affect our estimates of
income inequality and inequality extraction ratios (Results).

To estimate the per capitaincomein the 38 provinces of the Aztec
Empire, we used available information about the population densityin
1492°°. Thisinformation refers to the territorial division of the current
subnational administrative entities of Mexico and Guatemala (states
and departments). Therefore, as afirst step, we established the corre-
spondence between the territories of today’s administrative entities
and those of the ancient Aztec provinces.

Asasecond step, we weighted the available estimates of the popula-
tion density in 1492 to reflect the conditions of the 38 provinces of the
Aztec Empire. Wefirst collected information onthe number of towns and
locationsin each Aztecimperial province in1519 from Barlow®. We then
weighted the population density estimate of each state or department
in 1492 according to the proportion of towns identified by Barlow that
could be attributed to each current state or department. For instance,
the province of Tlatelolco included 11towns, of which 9 have beeniden-
tified by archaeologists. These 9 identified towns were located in two
different currentstates: 3in whatis now Mexico City (or Federal District)
and 6 inwhat is now Estado de Mexico. Consequently, we estimated the
population density of the Aztec province of Tlatelolco (157 people per
km?) as aweighted average of the population density reported for these
two modern administrative areas, giving a weight of 3/9 to Mexico City
(392 people per km?) and 6/9 to Estado de Mexico (40 people per km?).

As athird and final step, we produced estimates of the per capita
income per province following the same procedure outlined above for
the Aztec Empire as a whole. This is done in the file ‘ReplicationFile2.
xIsx’, sheet ‘PerCapitalncome_AztecProvinces’.

The estimated per capitaincome and population density for each
province of the Aztec Empire are provided in Supplementary Table
1a, columns A and B (both in point estimates and in 95% confidence
intervals, whose standard errors, ¢-statistics and P values (P> |¢]) are
shown in Supplementary Table 1b); per capita income is also shown
graphically in Fig. 1a. We also estimate the per capitaincome for each
province interms of subsistence minimums (Supplementary Table 1a,
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column C). Note that by assigning the level ‘1’ to minimum subsist-
ence as defined above, we can express higher or lower income levels
as multiples of 1. For example, across the empire, the imperial ruling
classhad aper capitaincome equal to 905.2 times subsistence (Table1),
which might seem like a lot—but this estimate refers to a small elite
group composed of only about 600 individuals, as clarified in the
Supplementary Methods.

Estimate of subsistence minimums in 1990 PPP dollars

To express the per capitaincome in terms of subsistence minimums,
we considered an amount of $400 (1990 PPP), which is the level usu-
ally assumed for similar purposes***?, We divided each termin column
B of Supplementary Table 1a by $400 (1990 PPP). For instance, the
per capita income in Cihuatlan is $575.2 (1990 PPP) (95% confidence
interval, 510-610). To express this in terms of subsistence minimumes,
we divided 575.2 by 400, obtaining 1.4. It isimportant to note that the
level we set for subsistence, $400 (1990 PPP), is higher than the level
for mere physical survival, which would be $300 (1990 PPP) on the
basis of the literature***%,

Equivalences

Supplementary Table 4 discusses the equivalences used to develop
our estimates. Equivalences between cocoa beans, mantas and 1990
PPP dollars subsistence minimums are needed because part of the lit-
erature provides useful quantitative information expressed in the first
two units of measurement. Note that we assume $1 (1990 PPP) =2.29
cocoabeans; hence, a subsistence minimum of $400 (1990 PPP) equals
916 cocoabeans.

Estimation of social tables: social classes

Social tables providing information about the population size and
the per capitaincome of distinct categories are often used to roughly
estimate inequality levels in historical societies, particularly when
detailed information about the complete income distribution is lack-
ing®***. We elaborated a full set of social tables for different areas of the
Aztec Empire, based on the information provided by archaeological
and historical sources.

For the 38 single provinces of the Aztec Empire, we developed
social tables composed of nine distinct categories. For the city-states
that formed the Triple Alliance (Tenochtitlan, Texcoco and Tlacopan),
we also developed social tables with nine categories. The categories
are the same for provinces and Triple Alliance city-states, except
for the highest-ranking one: in the city-states, this was the imperial
ruling class, while in the provinces, it was the provincial ruling class.
As these two categories had different characteristics and income
sources, they are kept separate. We also developed a summary social
table for the whole of the Aztec Empire, which has ten categories
because it includes both the imperial ruling class and the provincial
ruling class (Table1).

Our starting point was the work by Smith and Hicks” oninequality
and social class in Aztec society, but we improved our social tables by
using additionalinformation when needed. The main social distinction
inthe Aztec Empire was between those who owned the land (the nobil-
ity), those who did not (the commoners) and the slaves.

The top of the social structure of the Aztec Empire was formed by
the nobility, which can be further divided into three categories:

« Imperial ruling class. This social category was not considered
in Smith and Hicks’, since their study focused on the imperial
provinces only. The imperial ruling class lived in Tenochtitlan
and in the other two city-states that were part of the Triple Alli-
ance (Texcoco and Tlacopan). This category had representatives
in the provinces for the collection of taxes, the calpixque. Even
though they were few in number, members of the imperial ruling
class received a sizeable part of the income generated locally,
through taxes.

« Provincial ruling class. This social category includes the kings
and the governing councils, formed by important nobles, of the
provinces that had been conquered by the Triple Alliance and
had become part of the Aztec Empire. The Aztec Empire used to
keep the conquered ruling groups at the heads of the respective
provinces. However, the provincial ruling class had a duty to col-
lect taxes locally and hand them over to the empire.

« Non-ruling nobles. This category includes the other nobles who
owned land and who utilized it directly or indirectly through the
commoners. Members of this social class also supported the rul-
ing class in the administrative tasks of government.

Themiddle of the Aztec social-economic structure was composed
of the commoners, who did not own land. Importantly, there were no
substantial differences between commonersliving in the countryside
and those in urban areas. The majority of commoners were farmers
(including most urban commoners), and the source of much of the
inequality within the commoner class was the mechanism by which
they obtained land to cultivate. However, some who specialized in
more profitable activities had a social-economic status above that of
the other commoners’. The commoners can therefore be classified
into two groups: one including people with specialized occupations
(further divided into three special categories) and a much larger one
whose members, the macehualtin, were characterized by seasonal
pluri-activity (further divided into three categories with different
levels of income).

Special Categories 1, 2 and 3 are the categories for commoners
with specialized occupations identified by the literature’:

« Special Category 3: guild merchants (pochteca) and luxury arti-
sans. This category includes wealthy commoners who profited
from the commercial economy and could accumulate consider-
able fortunes. People in this category worked directly for kings
or high nobles and also sold their products on the market.

« Special Category 2: high priests and top warriors. This category
includes those who occupied the top positions in hierarchi-
cal organizations closely linked to the state administration.
Although they were not part of the nobility, they enjoyed great
prestige and social influence. Note that among ‘top warriors’ we
find not only professional soldiers but also conscripts (all males
were required to serve as soldiers) who had risen in rank and
prestige by capturing enemy prisoners or by performing other
battlefield feats.

« Special Category 1: non-noble calpixque or city officials, in
charge of collecting taxes in the neighbourhoods (calpolli).

The differentiation of the rest of the commoners (macehualtin)
into three categories, with different levels of per capita income, is
based on a range of factors, particularly the way in which they gained
access to the land:"”

« Commoners 3. This category includes commoners who had direct
access to farmland, through institutions associated with their
neighbourhood or village (calpulliand teccalli). These commoners
were generally ancient settlers who had to pay tax (not rent) to the
local ruler, who in turn sent part of the tax revenues to the Triple
Alliance. Although there are geographical and institutional differ-
ences between calpulliand teccalli,inbothinstitutional arrange-
ments the commoners had access toland and were characterized
by having lived on their land for many years.

« Commoners2. This categoryincludes construction workers, load-
ers (tamemes), unskilled craftsmen and other workers earning
temporary salaries. Although it would be incorrect to think of
these as salaried workers entirely analogous to their Western
counterparts, theirincome came fromspecific payments for their
services that were structurally similar to atemporary salary.
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« Commoners1. Thisincludes mayeques, whose access toland was
through direct dependence on a noble rather than through the
institutions of calpulli or teccalli. They did not pay tribute to the
supreme lord but paid rent to the nobles®®. Historians frequently
comparethisinstitutional arrangement to European serfdomsince
the mayequeslacked freedom and self-determination. This group
was generally composed of new settlers who had immigrated into
a community after fleeing from other places ravaged by wars or
famines. For Tenochtitlan, this category alsoincludes the servants
of both the nobility and the Great Temple (Templo Mayor).

Finally, at the bottom of the social pyramid were the slaves
(tlacohtin), the lowest category in our social tables. Being aslave in the
Aztec Empire was not as permanent a condition as in other historical
settings and usually involved specific individuals, not their entire
families. This is why slaves were a relatively small percentage of the
total population.

Estimation of social tables: population per province and social
class

The late Aztec Empire had a population of about 7 million, distributed
as follows: 250,000 in the city of Tenochtitlan, 35,575 in the city of
Texcoco,30,000in the city of Tlacopanand on average 175,906 people
in each of the 38 provinces.

For Tenochtitlan, we obtained our estimate as the midpointin the
range of 200,000-300,000 proposed by Rojas*. For Texcoco, we
obtained our estimate of 35,575 as an average between the population
levels proposed in theliterature?®. For Tlacopan, we assumed a popula-
tion of 30,000, considering the upper bound of the range provided by
Denevan® 0f 10,000 to 30,000. Excluding the populations of the three
city-states that formed the Triple Alliance, we were left with 6,684,425
inhabitants. Dividing them evenly among the 38 provinces, we obtained an
estimated average of 175,906 inhabitants per province. The estimation of
the population persocial classis detailed inthe Supplementary Methods.

Estimation of social tables: per capitaincome per social class
At the provinciallevel, there are two sources of income variation:

1. Theper capitaincome level, which is estimated according to the
procedure described previously.

2. The payments that each province had to make to the Aztec
Empire (according to the Mendoza Codex and the Matricula de
Tributos).

We measured differentincome levels in terms of multiples of the
minimum subsistence level.

The amount related to imperial extraction (which represents the
income of the imperial ruling class) was subtracted from the estimated
income generated by each province. This amount was different across
provinces. We assumed a fixed income level for all categories of com-
moners and for the slaves. Subsequently, we subtracted the income of
these categories from the post-tax provincial income. The obtained
residual was then distributed among the non-ruling nobles and the
provincial ruling class.

Imperial ruling class. The income of the imperial ruling class comes
from the taxes paid by the 38 provinces. Tax payments by provinces
were estimated on the basis of the literature®®® and reflect the value of
tax paid in mantas (blankets). The distribution of cargas (loads) can be
used as a proxy for the tax burden paid ineach province andis reported
by the Mendoza Codex®’. Overall, these tax payments correspond to the
annualincome of theimperial ruling class that resided in Tenochtitlan,
Texcoco and Tlacopan. Payments were made from the provinces to
Tenochtitlan, and later a part was transferred to Texcoco and Tlacopan.
Theinformation on tax payment by province can be found in the sheet
‘ImperialTaxation’ in the file ‘ReplicationFile2.xIsx'.

We assumed that the income of the imperial ruling class, coming
from the tax payments made by the provinces, was distributed among
the three cities as follows: 88% for Tenochtitlan, 6% for Texcoco and
6% for Tlacopan. The literature® has highlighted that when the Tri-
ple Alliance was formed in 1426, the distribution of taxes was 2/5 for
Tenochtitlan, 2/5 for Texcoco and 1/5 for Tlacopan (originally, the alli-
ance was formed to defeat the Tepaneca Empire, which was ultimately
accomplished in 1430). However, during the rule of Moctezuma Il
(1502 t0 1520, when Hernan Cortés arrived), the distribution of taxes
was no longer proportional at all, as almost all the tax revenues went
to Tenochtitlan®>®*,

Slaves. We assumed that the income of slaves reflects a minimum
calorie intake of 867 grams of corn, which corresponds to $300 (1990
PPP) and 0.75 in terms of multiples of the subsistence minimum ($300
(1990 PPP) is the minimum necessary for mere physical survival; Sup-
plementary Table 4). Note that on some occasions people gave them-
selves as slaves to nobles or wealthy commoners just to gain access to
the minimum subsistence and avoid death by starvation.

Commoners 1. We estimated an income level for Commoners 1 of
0.8 in terms of minimum of subsistence, slightly higher than what a
slave received. The mayeques or ‘dependent commoners’ have often
been compared to the European serfs, as they lacked freedom and
self-determination. It therefore seems reasonable to assume that mem-
bers of this category were close to the minimum subsistence level:
above slaves, but below salaried workers.

Commoners 2. We estimated anincome level for Commoners 2 of 0.85
in terms of minimum of subsistence. This estimate is derived from a
reported salary of12.5 cocoabeans per day in1530%. We assumed that
the salary increased by around 30% between the period prior to 1519
andthe year1525asaconsequence of theimbalances generated by the
demographiccrisis and the collapse of the Aztec Empire. A30%increase
is comparable to the increase in wages observed in Europe a few years
after the demographic crisis caused by the Black Death of 1347-1352.
We therefore estimated a pre-1519 daily wage of about 9.62 cocoabeans
per day. Note that this salary is consistent with additional information
provided by the literature’: we know of unskilled workers who were
hired for similar amounts, and those in charge of the steam baths and
prostitutes charged between 8 and 10 cocoa beans. We assume that a
family had seven people on average and that the economically active
population was 31.4% of the total population on the basis of the avail-
able literature®®. Therefore, for each day of work, a family would have
received 21.14 cocoa beans (obtained by multiplying 9.62 by 2.198,
whichinturnisobtained by multiplying 7 (the size of arepresentative
family) by 0.314 (the share of the economically active population)).

We also assumed that a year had 256 working days, considering
the festivities included in the two calendars used by the Aztecs (see
the Supplementary Methods regarding the estimated working days).
Afamily would thusreceive an average of 5,450 cocoa beans annually.
Dividing this figure by 7 (the average size of a family), we obtained a
total of about 779 cocoabeans per year per person. Thisis equal to 85%
of the minimum subsistence level.

Commoners 3. We assumed that Commoners 3 had anincome of 1in
terms of minimum of subsistence. Members of this category did not
own their land, which explains why theirincome remained somewhat
limited. Henry Hawks, an English traveller of the sixteenth century,
pointed out that “the Indian lives the whole week with less than one
real, which the Spaniard or anyone else cannot do”™®. While this tes-
timony refers to the post-conquest period, it seems probable that
in the decades immediately following the fall of the Aztec Empire,
the conditions of farming commoners were no worse than before,
also considering the relative abundance of resources determined by
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the demographic collapse. For Tenochtitlan, where this category of
commoners was a smaller share of the population (Supplementary
Methods), we assumed a slightly higher income of 1.05. For the other
two cities that were part of the Triple Alliance, Texcoco and Tlacopan,
we assumed an intermediate level 0f 1.025.

Special Category 1. For Special Category 1, we estimated an income
level of 2 in terms of minimum of subsistence. On the basis of the lit-
erature’, the calpixque (neighbourhood tax collectors) had anincome
that was between 2 and 17 times that of commoners. We assumed a
conservativeincome level of twice that of the richest commoners, con-
sideringas areference the size (in square metres) of houses in Yautepec,
asreported by archaeological studies. For Tenochtitlan, we assumeda
higherincome of 4. For the other two cities that were part of the Triple
Alliance, Texcoco and Tlacopan, we assumed anintermediate level of 3.

Special Categories 2 and 3. Onthe basis of the literature, Special Cate-
gories2and 3 hadrelatively highincomes. Consideringtheincomelevels
estimated for Special Categorylandintheabsence of additional infor-
mation, we made the reasonable assumption that Special Category 2
(high priests and top warriors) had an income level of 3 in terms of
multiples of the subsistence minimum, while Special Category 3 (luxury
artisans) had anincome level of 4. For Tenochtitlan, we assumed higher
incomelevels of 6 (for Special Category 2) and 8 (for Special Category 3).
For the other two cities that were part of the Triple Alliance, Texcoco
and Tlacopan, we assumed intermediate levels of income of 4.5and 6
for Special Categories 2 and 3, respectively.

Provincial ruling class and non-ruling nobles. The income of the
provincial ruling class and non-ruling nobles varied according to the
province depending on two factors: the level of extraction made by the
imperial ruling elite and the per capitaincome level of each province.
Inpractice, the collectiveincome of these two classes was obtained asa
residual, subtracting from the totalincome of each province the taxes
paid (as reported by the Mendoza Codex) and the income earned by
the non-noble categories, which we assumed to be fixed as discussed
above. Then, onthe basis of the literature’, we assumed that 75% of this
residualincome went to the provincial ruling class and 25% to the other
non-ruling nobles. The original information relates to a sample of six
landholding communities in Morelos.

Social tables and the calculation of the Gini index of income
inequality across the Aztec Empire

Onthebasis of the information collected from the various sources men-
tioned above, we built afull set of social tables: (1) for Tenochtitlan, (2) for
city-states associated with the Triple Alliance and (3) for the 38 provinces
(Supplementary Tables 5-45). The Gini index (or any other inequality
measure) for the three cities of the Triple Alliance or for each province
canbe calculatedimmediately on the basis of these tables (see the sheet
‘Income&Gini_Provinces&CityStates’ in the file ‘ReplicationFile2.xIsx’).
Thesetables canalsobe used to obtainthe overall distribution across the
wholeofthe Aztec Empire, as well as the related syntheticsocial table (see
the sheet ‘IncomeDistr&Gini_AztecEmpire’ in the file ‘ReplicationFile2.
xlIsx’). The synthetic social table is discussed below.

Income distribution and social table for the Aztec Empire
asawhole

Theinformation coming from the 41 distinct provincial and city-state
social tables can be used to produce a detailed distribution of the
income across the whole of the Aztec Empire. Thisis done by taking into
accountthe populationshare of each city or province comparedto the
whole of the empire, rescaling the population shares presentedin each
localsocial table accordingly and finally using all the entries to build a
distribution representative of the whole of the empire. This is donein
thefile ‘ReplicationFile2.xIsx’, sheet ‘IncomeDistr&Gini_AztecEmpire’.

This distribution can then be used to directly calculate any possible
inequality measure—for example, the Giniindexes and the top income
percentiles (see the sheet ‘DistributionByPercentile_Empire’inthefile
‘ReplicationFile2.xIsx’).

Itis also useful to present this information in a different way, by
collapsing the complete distributionintoasummary social table having
the same characteristics as those developed for each specific province
or city-state. Thisisreportedin Table 1. As slaves and Commoners 1and
2aregiventhesameincomeacross cities and provinces, their estimated
incomeisalsothe samein the social table for the empireasawhole.In
contrast, theincome of Commoners 3 and of the specialized categories,
which has been assumed to be higher in Tenochtitlan, Texcoco and
Tlacopanthaninthe provinces, isapopulation-weighted average. The
sameis true for the three categories of nobility (imperial ruling class,
provincial ruling class and non-ruling nobles), whoseincome has been
allowed to vary across each city and province.

Reporting summary
Furtherinformationonresearch designisavailableinthe Nature Port-
folio Reporting Summary linked to this article.

Data availability

All data and replication files used in the analyses have been depo-
sited in the OpenICPSR datarepository (https:/www.openicpsr.org/
openicpsr/project/186521/version/V2/view) for purposes of reproduc-
ing or extending the analysis.
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