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Significance

 Land-use systems create 
“scarcity” and value regimes that 
shape economic inequality 
trajectories. Transitions from 
labor- to land-limited economies 
occurred in all major world 
regions and explain a certain 
amount of variation in wealth 
inequality, as gauged from 
disparities in residence size and 
storage capacity. Equally, this 
contribution is often moderated 
by governance, and there is 
considerable variation in 
long-term wealth distribution 
that reflects other factors, 
including the interaction of land 
use with political institutions. 
This study supports the 
contention that transitions from 
labor- to land-limited systems, 
rather than cultivation and/or 
herding per se, have contributed 
systematically to the long-term 
dynamics of economic inequality.
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Here, we assess the extent to which land use relating to food acquisition (farming, herd-
ing, foraging) and associated value regimes shaped past economic inequality. We consider 
the hypothesis that land- use systems in which production was limited by heritable 
material wealth (such as land) sustained higher levels of inequality than those limited by 
(free) human labor. We address this hypothesis using the Global Dynamics of InequalIty 
(GINI) project database, estimating economic inequalities based on disparities in resi-
dential unit area and storage capacity within sites in different world regions and through 
time. We find that inequality was significantly greater in land- limited than labor- limited 
regimes, whether based on residence area or storage capacity, though governance could 
moderate these differences. Increasing inequality with larger residence and/or site size 
is associated with underlying shifts from labor-  to land- limited economies. Transitions 
from labor-  to land- limited regimes also appear to underlie the development of extended 
political hierarchies. Increases in inequality after cultivation became common in each 
hemisphere similarly reflect shifts from labor-  to land- limited systems. Land- limited 
systems in the eastern hemisphere, incorporating animal traction, exhibit an upward 
trend in inequality over time, while a downward trend in the western hemisphere reflects 
the lower persistence of land- limited regimes based solely on human labor.

land use | agriculture | wealth | residential area | storage

  The class which has the means of material production at its disposal, consequently 
also controls the means of mental production, so that the ideas of those who lack the 
means of mental production are on the whole subject to it. The ruling ideas are 
nothing more than the ideal expression of the dominant material relations, the dom-
inant material relations grasped as ideas  ( 1 , p. 67) 

 It would be difficult to overstate the role that material production and its means have 
played in consequential philosophical discussion of wealth inequality. Here, we consider 
means of material production and wealth inequality in deep time. A recent conceptual 
economic model contrasts labor- and land-limited farming systems ( 2 ). In the former, 
labor is more valuable and more “scarce” than land in an economic sense (that is, the 
relative marginal product of labor is greater than that of land). Labor-limited systems are 
correspondingly land-abundant. “Labor” here refers to free labor and is equivalent to 
relational and/or embodied wealth, of limited susceptibility to intergenerational wealth 
transfer ( 3 ). Unfree labor (forced or slave labor) is a form of material wealth, like land. 
Where land or some other form of material wealth (traction animals, unfree labor) is of 
greater relative value than (free) labor, the system is land- (or material wealth-) limited. 
Land-limited systems are thus relatively labor-abundant. While the labor- versus 
land-limited model was expressed primarily in arable terms ( 2 ), it also applies to herding 
regimes, hunter-gatherer systems, and forms of land use unrelated to food, such as mining.

 Here, we use the labor/land model to interrogate the GINI project database ( 4 ), framing 
comparison of land-use regimes for food acquisition (cultivation, herding, and/or foraging 
practices). We evaluate the hypothesis that systems limited by land or some other form of 
material susceptible to intergenerational wealth transfer ( 3 ) are associated with higher eco-
nomic inequality than systems limited by (free) labor. We estimate economic or material 
wealth inequality using Gini coefficients calculated over residential unit areas and storage 
capacities within sites ( 4 ), interpreting these as proxies for wealth (including income—see 
ref.  5 ). We acknowledge that using residential unit sizes and storage capacities as proxies for 
wealth inequality presents clear limitations. These proxies constrain our focus to sites and 
phases where sufficient evidence is preserved and to comparisons among residential units. 
There may also be confounding factors, such as building materials and their preservation 
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( 6 ), and variation in storage practices ( 7 ). The Gini coefficient values 
considered here are all calculated at the site(/phase) level, holding 
confounding variables (such as building materials, storage technol-
ogies, and environmental parameters) relatively constant. As dis-
cussed in ref.  4 , we anticipate that Gini coefficient estimates of 
wealth inequality based on residential unit sizes tend to underesti-
mate true wealth inequality. Our aim here is to assess whether the 
hypothesized contrast in wealth inequality (as estimated from res-
idential unit size and/or storage capacity disparities) is observed 
between labor- versus land-limited systems, despite potential con-
founding factors.

 The GINI project database encompasses regions and land-use 
regimes far more diverse than the western Eurasian cases consid-
ered in ref.  2 .  Fig. 1  presents an elaborated version of the labor/
land model, encompassing world regions without traction. While 
labor-limited systems (“gardens”) are similar whether or not 
(unspecialized) animal traction is involved, land-limited systems 
vary in agroecological and political terms depending on the role 
of specialized animal traction. Extensive systems with specialized 
traction entail lower inputs and yields per unit area of land than 
labor-limited systems and achieve large-scale aggregate production 
through radical expansion ( Fig. 1 A  and D  ). The role of landesque 
investment (e.g., irrigation systems) depends on the ecological 
setting; expansive cropping systems in Chalcolithic-Bronze Age 
southern Mesopotamia, for example, were based on irrigated ara-
ble land, while extensive farming in northern Mesopotamia was 
rain-fed and facilitated by radial field systems ( 8     – 11 ). Land-limited 
systems with specialized traction require modest human labor 
year-round but additional seasonal labor at harvest time ( 12 ), 
whether landless workers or migrants from regions with earlier/
later harvesting or with other subsistence strategies.        

 In the absence of traction, land-limited farming depends on 
large-scale landesque investment to increase the supply of arable 
land (e.g., terracing, drainage, irrigation) through mobilization of 
(abundant) human labor; labor here may be accessible through 
nucleation in urban centers, for example, and/or unfree/forced/
displaced ( Fig. 1 B  and E  ). Labor intensity (per unit area) may be 

high in both labor- and land-limited systems without traction, 
which differ instead in the nature/scale of landesque investment. 
Finally, and irrespective of traction, extreme land-limited scenarios 
can arise where the physical supply of land is severely restricted, 
as on small islands, though even here systems may be labor-limited, 
as in early stages of Polynesian colonization ( 13 ).

 The labor/land model is distinct from frameworks based on nat-
ural resource distribution ( 14 ), environmental circumscription ( 15 ) 
and hoe versus plough farming ( 16 ), since the assessment of limiting 
factors is not reducible to natural productivity, physical setting, or 
technology per se (see also refs.  17     – 20 ). The labor/land model also 
differs from “intensification” [that is, increasing labor inputs per 
unit area, ( 21   – 23 )] since the latter does not capture the relevant 
contrasts in terms of the means of production and their heritability. 
For example, high inputs per unit area occur (on a small scale) in 
labor-limited systems, while expansive traction-based systems entail 
lower inputs per unit area, and expansive systems without traction 
require high inputs. Rather, the identification of limiting factors 
requires archaeological, ethnographic, and/or documentary evi-
dence of land use practices to assess the relative value and “scarcity” 
of labor versus land, albeit shaped by these other considerations.

 In regions with traction, where land-use regimes differ primarily 
in terms of areal inputs, archaeobotanical and zoological data offer 
the most direct routes of inference, as in western Asia and Europe 
( 2 ). Archaeological evidence shows that cattle traction was already 
part of Neolithization in these regions and that it could promote 
either intensive or extensive systems, depending on sociopolitical 
conditions ( 12 ,  24     – 27 ). Direct botanical and/or faunal evidence, 
including cattle bone pathologies indicative of traction ( 28 ,  29 ), 
may be underlined by documentary sources detailing, for example, 
loans of oxen by elite households to share-croppers, as in Bronze 
Age Mesopotamia ( 30   – 32 ) and Mycenaean Greece ( 33 ).

 In regions without traction, the most direct archaeological evi-
dence for labor- versus land-limited systems is the nature and scale 
of landesque investment. There are diverse and spectacular cases of 
large-scale landesque investment in Mesoamerica, for example, 
including Aztec chinampas ( 34     – 37 ) and Maya terraced, irrigated, 

Output of one farmer  

    with landesque investment  

Output of one farmer  

     without landesque investment  

A With trac�on 

C Labor-limited  D Land-limited with trac�on E Land-limited without trac�on 

B Without trac�on 

Fig. 1.   Schematic visualization of labor-  and land- limited agricultural systems (A) with traction and (B) without traction; effects of (C) manuring on output with 
a given amount of land (labor- limited) and of (D) ox- traction and (E) landesque investment with a given amount of labor (land- limited).D
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and/or drained landscapes ( 38   – 40 ). In South America, there are 
pre-Inka examples in the coastal zone of the central Andes ( 41 ,  42 ) 
as well as Inka terrace/water conservation systems ( 43   – 45 ). In some 
regions, large-scale land-limited systems of landesque investment 
can be contrasted with small, family-scale systems: in the southern 
Andes, for example, Inka terraced field systems of monumental 
stone walls contrast with family-scale terraces of fieldstones in pre-  
and post-Inka periods in the Intersalar region of southern highland 
Bolivia ( 46 ). The Inka case also offers an example informed by 
documentary sources, detailing the mitmaqkuna  (or mitmaq ) system 
of forced/displaced (agricultural and military) labor ( 44 ,  45 ,  47   – 49 ). 
Eastern hemisphere examples of landesque investment at varying 
scales include irrigation works ( 50 ,  51 ), terracing ( 52 ,  53 ), and field 
systems ( 54   – 56 ) in varying combinations, including bunded rice 
paddies ( 57 ,  58 ).

 Other sources of evidence relevant to the classification of cases in 
the GINI project database are ethnographies/ethnohistories and 
spatial/GIS-based approaches. The former include evidence for 
labor-limited systems in Melanesia, with notable emphasis on the 
importance of “strength” in numbers for defense as well as land use 
( 59 ), and wealth-in-people perspectives in sub-Saharan Africa ( 60 , 
 61 ). Spatial approaches to (physical) land scarcity include simulation 
modeling of farming niches in the Indus River Basin and American 
Southwest to gauge diachronic change in land pressure ( 62 ,  63 ).

 Using land-use classifications of 1,267 sites (Dataset S1 ) in the 
GINI project database ( 4 ), we consider the hypothesis that 
land-limited systems tend to sustain higher levels of economic ine-
quality than labor-limited systems. For the most part, classifications 
simply distinguished “labor-limited” and “land-limited”, but there 
are exceptions; in Europe, sufficient information was available to 
attempt a four-point ordinal scale from labor- to land-limited, while 

in other regions without traction and lacking extensive landesque 
investment evidence, an intermediate category of “more land-limited” 
resulted in a three-point ordinal scale (SI Appendix ). In the analyses 
that follow, we mostly use the two-point scale (labor- or land-limited, 
the database field [Twoscale] in ref.  4 ).

 In testing the heuristic model, we aim not only to gauge its general 
relevance but also to identify exceptions, where the model’s expecta-
tions are overturned, and possible factors involved. A second aim is 
to assess how far mean residential unit area, total site area, maximum 
residence count, and related site-level quantitative variables corrob-
orate labor- versus land-limited distinctions based on the independ-
ent lines of evidence summarized above, thus providing a means of 
estimating gradations of labor- versus land-limitation. Third, we 
investigate how labor- versus land-limited regimes relate to polity 
structure and contribute to relationships between site hierarchies and 
housing inequality. Fourth, we compare the eastern and western 
hemispheres in terms of the emergence of labor- and land-limited 
systems through time. The absence of traction animals in the western 
hemisphere allows us to consider the hypothesis that land-limited 
systems based exclusively on mobilization of human labor were less 
persistent than those based (at least partly) on animal traction. 

Results

  Fig. 2  summarizes the comparison of site-level Gini coefficients 
for labor- and land-limited groups based on residential unit areas. 
Labor-limited regimes tend to be associated with lower Gini coef-
ficients than land-limited ones, though there is considerable over-
lap ( Fig. 2 A  and B  ). These differences are statistically significant 
taking the uncertainty of Gini coefficient estimates into account 
( Fig. 2C  ). We observe similar differences between labor- and 

A B

C
Number of observations Gini coefficient 

Region Labor Limited Land Limited Average  Gini 

(Labor 

Limited)

Average 

Gini (Land 

Limited)

Perm  p-value

Global 734 442 0.239 0.394 <0.001

Africa 13 2 0.261 0.543 <0.001

North America 276 2 0.231 0.376 0.035

Asia 212 53 0.247 0.417 <0.001

Europe 191 194 0.237 0.349 <0.001

Oceania 6 18 0.259 0.464 <0.001

Mesoamerica 1 154 0.278 0.423 0.097

South America 35 19 0.239 0.488 <0.001

Fig. 2.   Comparison of Gini coefficients based on residential unit areas for sites classified as labor- limited (n = 734) and land- limited (n = 442): (A) boxplots; (B) 
probability density functions, including uncertainty of the bootstrapped Gini coefficients, where solid lines show the means and dashed lines the 95% CI; (C) 
permutation tests at the global and [BigRegion] level.D
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land-limited regimes in all major world regions ( Fig. 2C  ). Labor-  
and land-limited sites can be compared at smaller regional and 
subregional scales where both are well represented (  SI Appendix, 
Figs. S4–S7 and Tables S2–S4   ). Similar contrasts occur in the 
southern Andes (SI Appendix, Fig. S6A  and  Table S3 ), for example, 
and in south-east Europe and Britain (SI Appendix, Fig. S4A  and  
 Table S2 ). Within western Asia, Anatolia and Mesopotamia exhibit 
the expected contrasts, while in the Levant the two groups are 
similar, though land-limited Gini coefficients are more variable 
(SI Appendix, Fig. S7A  and  Table S4 ). In North America, an inter-
mediate land-use category (more land-limited) coincides with a 
slight uplift in Gini coefficients (SI Appendix, Fig. S3A  ), whereas 
in East Asia it is associated with slightly higher Gini coefficients 
in Japan but not in Shandong, China (SI Appendix, Fig. S7A  ).        

 We also compared site-level Gini coefficients of labor- and 
land-limited systems based on storage areas or proportions 
(SI Appendix, Figs. S10–S14 ) in order to isolate patterning most 
directly linked with land use ( 2 ,  64 ). Storage data are far patchier 
than residential unit areas across the GINI project database; nev-
ertheless, the Gini coefficients of labor-limited sites are signifi-
cantly lower than those of land-limited sites, whether based on 
storage areas or proportions (SI Appendix, Figs. S10 and S11 ). 
Similar contrasts, as well as exceptions, are apparent at smaller 
regional scales (SI Appendix, Figs. S12–S14 ).

 We considered the overall impact of governance (collective ver-
sus autocratic, [PolitGov]) on the labor-/land-limited contrast 
(SI Appendix, Figs. S15–S18 ). While there is no pervasive effect 
globally, at a regional level, collective governance appears to mod-
erate the contrast in western Asia, South Asia, Europe, and South 

America, where collective land-limited Gini coefficients are lower 
than noncollective. In Mesoamerica and North America, compar-
ison of collective and noncollective land-limited cases shows no 
difference or the opposite trend.

  Fig. 3  shows relationships between residential unit and/or site 
size with Gini coefficients, coded by labor- versus land-limited 
systems and major world regions. Linear regressions are performed 
using the ordinary least squares method, with interaction terms 
to assess relationships between Gini coefficients and measures of 
size for labor- and land-limited groups separately (see also 
 SI Appendix, Tables S7–S10 ). We make several observations. First, 
there is a shift from labor- to land-limited economies with increas-
ing residential unit size and site size: labor-limited sites tend to 
have few/small residences, while land-limited sites tend to have 
many/large ones. Though there is overlap, settlement morphology 
appears to reflect gradations of labor versus land limitation. This 
observation is not surprising but does provide indirect support for 
land-use classifications. Second, with increasing residential unit 
and/or site size, land-limited sites tend to become significantly 
more unequal, whereas labor-limited sites disappear at larger res-
idence- and site-size scales and show weaker, insignificant, or even 
negative relationships between size and inequality. The implication 
is that increases in productivity with scale ( 5 ) are associated with 
an underlying shift from labor- to land-limited regimes. Put 
another way, larger residential unit size does not necessarily trans-
late into greater inequality; it depends on the nature of the labor-  
versus land-limited economy. The relationship between site size 
and the Gini coefficient also helps to explain why some land-limited 
sites have relatively low values, including sites in the Bronze 

Fig. 3.   Relationships between measures of residential unit and/or site size and the Gini coefficient, with data points coded by labor-  versus land- limited site 
classifications and by world region: (A) mean log residential unit area (n = 734 labor- limited, n = 442 land- limited), (B) mean log site area (n = 470 labor- limited, 
n = 262 land- limited, (C) log maximum residence count (n = 289 labor- limited, n = 246 land- limited), and (D) log (residential unit area × site area) (n = 289 labor- 

limited, n = 246 land- limited). The lines show the estimated linear models of the Gini coefficients on each measure of residential unit and/or site area by land 
use and the interaction term between the two variables. The gray areas show the 95% CI of the estimated linear models. See SI Appendix for the regression 
results and further robustness checks accounting for possible confounding factors.D
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Age-Iron Age Levant which are all smaller than 10 ha and likely 
part of larger polities (see below). Third, major world regions vary 
in residential unit size ( 5 ), such that those in Oceania tend to be 
small, for example, while those in the Americas tend to be large. 
Additional linear regressions (SI Appendix, Tables S7–S10 ) show 
that among land-limited sites, there is a significant increase in 
inequality with residential unit and/or site size also when con-
trolling for hemisphere and time.        

  Fig. 4  shows the distribution of labor- and land-limited sites in 
terms of the number of levels in site hierarchies, the database 
variable [NOfLevels], and the level at which individual sites sit, 
[WhichLevel]. There is a clear trend from labor-limited economies 
in site hierarchies with 1 to 2 levels, to land-limited economies in 
site hierarchies with >2 levels ( Fig. 4A  ). Similarly, labor-limited 
sites dominate the lower levels of site hierarchies, while land-limited 
sites dominate the upper levels ( Fig. 4B  ). The implication is that 
increases in Gini coefficients with [NOfLevels] and [WhichLevel] 
( 65 ) reflect shifts from labor- to land-limited regimes. There are 
statistically significant increases in site Gini coefficients at lower 
values of [NOfLevels] for labor-limited sites, and at higher values 
of [NOfLevels] for land-limited sites ( Fig. 4C  ); similarly, 
labor-limited sites show a significant increase in Gini coefficients 
from [WhichLevel] 1 to 2, while land-limited sites show a signif-
icant increase for [WhichLevel] 2 to 3 ( Fig. 4D  ). These results 
suggest that flows of surplus sustain site hierarchies in both labor-  
and land-limited economies but that these flows are more extended 
in the latter. This makes sense given “normal surplus” ( 66 ); labor-  
and land-limited economies differ in the scale of surplus. 
Labor-limited sites at relatively high [WhichLevel] (≥3) include 
sites in Chalcolithic (Trypillia) Ukraine and Moldova, Late 
Neolithic Shandong, medieval Zimbabwe, and the Southeastern 
United States (c . 900 to 1300 AD) including Cahokia. Among 
land-limited sites, those at low [WhichLevel] and with a tendency 

to relatively low Gini coefficients may be producers for wider 
polities; these include, for example, a number of the Bronze 
Age-Iron Age Levantine sites of restricted size noted above. Those 
at [WhichLevel] ≥3 with relatively low Gini coefficients (<0.40) 
are more striking as exceptions. These include urban centers such 
as Monte Albán, Teotihuacan, and some Aztec sites (such as 
Tlaxcallan, Yautepec, and Jilotzingo) in Mexico, Mohenjo-daro 
in the Indus River Basin, classical sites such as Athens, Olynthus, 
and Thorikos in Greece and Roman Wroxeter, Cirencester, and 
Silchester in Britain. Of these, Teotihuacan ( 67   – 69 ), Tlaxcallan 
( 70 ), Mohenjo-daro ( 71 ), Athens, and other classical sites ( 70 ) are 
associated with collective governance.        

 Finally, we consider the occurrence of labor- or land-limited 
sites since cultivation became common (∆Cult) in the western 
and eastern hemispheres ( Fig. 5 ). In both hemispheres, Gini coef-
ficients for labor-limited sites remain low, including after culti-
vation becomes locally common, hovering around values of c.  0.25 
( Fig. 5 B  and D  ). There is no significant increase in Gini coeffi-
cients with ∆years when controlling for land-use regime and hem-
isphere (SI Appendix, Table S13 ). Labor-limited economies 
reappear in both hemispheres after c . 3,000 ∆years (eastern hem-
isphere examples are early Saxon England and medieval Zimbabwe; 
western hemisphere examples include Andean and Postclassic 
Maya sites) but do not persist in the eastern hemisphere beyond 
 c . 5,500 ∆years. As a result of these trends, Gini coefficients show 
an overall downward trend in the western hemisphere and an 
upward trend in the eastern ( Fig. 5 A  and C  ). Linear regression 
analyses performed using the ordinary least squares method 
(SI Appendix, Tables S11 and S12 ) confirm that the western hem-
isphere followed an inverted U-shaped time trend, while the east-
ern hemisphere exhibits a positive linear trend over ∆years. These 
observations support the hypothesis that land-limited systems 
based purely on human labor mobilization, as in the western 

A B

C

Labor-limited Land-limited

Level N. of 

Lower 

Level

N. of 

Upper 

Level 

Average Gini 

Coefficient

(Lower Level)

Average 

Gini 

Coefficient

(Upper 

Level)

Perm. p-

value

N. of 

Lower 

Level

N. of 

Upper 

Level

Average Gini 

Coefficient 

(Lower Level)

Average Gini

Coefficient 

(Upper Level)

Perm. p-

value

1 vs 2 435 212 0.223 0.276 <0.001 1 23 0.316 0.399 0.231

2 vs 3 212 57 0.276 0.232 0.003 23 123 0.399 0.379 0.309

3 vs 4 57 29 0.232 0.213 0.168 123 61 0.379 0.485 <0.001

4 vs 5 29 1 0.213 0.255 0.265 61 94 0.485 0.388 <0.001

5 vs 6 1 0 0.255 - - 94 128 0.388 0.366 0.154

D

Labor-limited Land-limited

Level N. of 

Lower 

Level

N. of 

Upper 

Level

Average 

Gini 

Coefficient

(Lower 

Level)

Average 

Gini 

Coefficient

(Upper 

Level)

Perm. 

p-value 

N. of 

Lower 

Level

N. of 

Upper 

Level 

Average Gini 

Coefficient 

(Lower 

Level)

Average Gini

Coefficient 

(Upper 

Level)

Perm.

p-value 

1 vs 2 508 190 0.226 0.270 <0.001 173 119 0.359 0.366 0.348

2 vs 3 190 25 0.270 0.244 0.133 119 90 0.366 0.449 <0.001

3 vs 4 25 10 0.244 0.284 0.065 90 47 0.449 0.474 0.234

4 vs 5 10 1 0.284 0.255 0.277 47 2 0.474 0.553 0.286

Fig. 4.   Relationships between site hierarchies and Gini coefficients: (A) boxplot showing labor-  (n = 734) and land- limited (n = 430) sites per [NOfLevels] (the 
number of levels in the site’s hierarchy); (B) boxplot showing labor-  (n = 734) and land- limited (n = 431) sites per [WhichLevel] (the level at which the site sits); (C) 
[NOfLevels] permutation tests; and (D) [WhichLevel] permutation tests.D
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hemisphere, are less persistent than land-limited systems based (at 
least partly) on traction, as in the eastern hemisphere.          

Discussion

 Based on our analyses, disparities in residential unit area and stor-
age capacity are shaped by associated land-use regimes and the 
relative scarcity and value of labor versus land. Despite confound-
ing factors, we find significant differences in these proxies of mate-
rial wealth inequality between (relatively equal) labor- and 
(relatively unequal) land-limited settlements in diverse settings, 
including world regions without traction animals.

 Measures of social scale including residential unit area, settlement 
area, and combinations of these variables are positively correlated 
with wealth inequality in land-limited systems but not in 
labor-limited ones. The underlying nature of the economy deter-
mines these relationships between scale and inequality ( 5 ). Although 
there are many exceptions, there is a tendency for large-scale settle-
ments to be land-limited, underpinning a general link between 
land-limited inequality dynamics and urbanization ( 72 ).

 Labor- to land-limited contrasts also appear to underlie differ-
ences among sites in polity structure, the development of extended 
site hierarchies and the social advantages they harbor for apex sites 
( 65 ). Our findings highlight the importance of social scale and 

coordinated effort for increasing production, and of signaling 
success through material culture such as residential unit size ( 20 ). 
They are also consistent with the roles of institutional change ( 17 ) 
and demographic expansion, and with conceptual modeling that 
predicts an increase in population size and in the variance of 
well-being following shifts to more productive forms of subsist-
ence farming ( 23 ). Furthermore, the nature of economies appears 
to relate to different patterns of fortification in the GINI database, 
such that earlier fortified sites tend to be low in wealth inequality 
and to focus on the protection of people in labor-limited systems, 
while later fortification of high-inequality sites reflects a shift to 
safeguarding of material wealth in land-limited systems ( 73 ).

 However, the heuristic labor/land model also has clear limita-
tions and can only represent one set of linked factors that caused 
residential disparities. Significant positive correlations between 
residential unit or settlement size and Gini coefficients among 
land-limited sites, for example, explain around 30% of variation 
(SI Appendix, Tables S7–S10 ), leaving the majority unexplained. 
Some labor-limited polities developed considerable site hierarchies 
(Chalcolithic/Trypillia Ukraine and Moldova, Late Neolithic 
Shandong, medieval Zimbabwe, and the Southeastern United 
States (c . 900 to 1300 AD) including Cahokia), while some 
land-limited polities exhibit limited housing disparities, even in 
large urban centers such as Teotihuacan and Mohenjo-daro. 

Fig. 5.   Relationships between site ∆Cult dates (∆years) and Gini coefficients by hemisphere, with data points coded by labor-  versus land- limited: (A) the western 
hemisphere (n = 487) with the LOESS trend line; (B) the western hemisphere with the LOESS trend lines per land- use regime (n = 312 labor- limited and n = 175 
land- limited); (C) the eastern hemisphere with LOESS trend line (n = 665); and (D) the eastern hemisphere with LOESS trend lines per land- use regime (n = 416 
labor- limited and n = 249 land- limited). Oceania, which spans both hemispheres, is excluded.
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Collective governance is one institutional mechanism that appears 
to limit levels of economic inequality in these cases.

 A complementary focus for future analysis would be to assess the 
residential patterns of those directly engaged in food acquisition in 
labor- and land-limited systems, including longitudinal studies at 
smaller regional scales. This finer-grained assessment would make it 
possible to explore other dimensions of how economic inequalities 
develop and persist, including degrees of separation between farmers/
producers, the products of their labor and the wider population.

 Our results also have broad implications for the relative stability 
of high economic inequalities fueled by land-limited regimes. A 
broad hemispherical pattern is that land-limited systems based 
solely on human labor mobilization, as in the western hemisphere, 
are less stable and cumulative than those incorporating animal 
traction, as in the eastern hemisphere. Further work at smaller 
geographical scales would enable the investigation of differential 
stability of land-limited regimes within major world regions.

 Finally, our results shed light on the possible routes by which 
land-limited systems can emerge, building on the scenario of farm-
ers with and without oxen ( 2 ). Our model ( Fig. 1 ) encompasses 
worlds without traction, where land becomes more “valuable” to 
households with access to seasonal human labor for developing 
landesque investment and increasing the effective supply of land. 
Initially that access may depend on cooperative arrangements 
among households and hence on relational or network wealth ( 3 ), 
potentially translating into differential land ownership through 
unequal production between households and the accumulation 
of debts ( 20 ,  74 ). Such a scenario is also relevant to expansive 
systems with traction that depend upon seasonal labor at harvest 
time ( 12 ) and is consistent with the view that land-limited regimes 
could coevolve with inequality ( 75 ). A further scenario for 
land-limited systems dependent on landesque investment is that 
such landscapes of congealed labor ( 76 , p. 59) are susceptible to 
being co-opted and elaborated through force, as inferred for the 
Chimu and Inka polities in the Andes ( 41 ,  42 ,  44 ,  45 ,  47   – 49 ).  

Materials and Methods

All of the archaeological data on residential unit area, storage capacity, and 
measures of site area or size derive from the GINI project database (4). All of 
the Gini coefficient values in this paper were calculated at the site level. For 
residential area data, we calculated Gini coefficients for all sites (n = 1,176) 
with at least five penecontemporaneous residential units (SiteGiniLevel.csv). 
We also calculated a second set of site- level Gini coefficients for sites with at 

least two penecontemporaneous residential units (n = 181) including storage 
capacity data (storage area per residential unit or storage proportion per resi-
dential unit, depending on availability) (SiteGiniStor.csv). An R script is provided 
(Bogaard_2024- 00694.txt) to reproduce all graphs and tables in the main text 
and SI Appendix.

For all sites with calculated Gini coefficients based on residential unit area 
and/or storage capacity data (n = 1,267), we provide citations documenting the 
basis of their classification as labor-  versus land- limited [the variable [Twoscale] 
in the GINI project database, (4)], or on a 3-  or 4- point ordinal scale [the variables 
[Threescale] and [Fourscale], respectively, in the GINI database, (4)] (Dataset S1). 
We also indicate the type(s) of evidence on which this classification is based (bio-
archaeology, landesque (investment)/spatial assessment, administration (texts), 
and/or ethnography/ethnohistory). In some cases, this evidence derives from 
the site itself, while in others site- based evidence aligns the site with land- use 
regimes documented more widely in the relevant region and period.

In SI Appendix, we also adjust all Gini coefficients for comparability to account 
for biases arising from differential sample size and population scale (64). We 
show that the contrasts between labor-  and land- limited sites presented here 
are robust to these adjustments.

Data, Materials, and Software Availability. All scripts and data for replicating 
the analyses and reproducing main and supplementary figures are provided in 
this tDAR Project (https://core.tdar.org/project/496853/the- global- dynamics- of- 
inequality- gini- project) (77).

ACKNOWLEDGMENTS. The Global Dynamics of Inequality (GINI) project is 
funded by the NSF (NSF Grant No. BCS- 2122123) and supported by the Coalition 
for Archaeological Synthesis (https://www.archsynth.org/) and the Center for 
Collaborative Synthesis in Archaeology (https://ibsweb.colorado.edu/archaeol-
ogy/). We thank the Santa Fe Institute for hosting GINI project Working Groups.

Author affiliations: aSchool of Archaeology, University of Oxford, Oxford OX1 3TG, 
United Kingdom; bSanta Fe Institute, Santa Fe, NM 87501; cUnidad Ejecutora en Ciencias 
Sociales Regionales y Humanidades, Universidad Nacional de Jujuy, San Salvador de 
Jujuy Y4600, Argentina; dDepartment of Social and Political Science, Dondena Centre 
Bocconi Institute for Data Science and Analytics and Centre for Research on Geography, 
Resources, Environment, Energy and Networks, Bocconi University, Milan 20146, Italy; 
eCentre for Economic Policy Research, London EC1V 0DX, United Kingdom; fDepartment 
of Anthropology, University of Georgia, Athens, GA 30602; gDepartment of Anthropology, 
University of Pittsburgh, Pittsburgh, PA 15260; hDepartment of Archaeology, University of 
Cambridge, Cambridge CB2 3DZ, United Kingdom; iNegaunee Integrative Research Center, 
Field Museum of Natural History, Chicago, IL 60605; jDepartment of Archaeology, University 
of York, King’s Manor, York YO1 7EP, United Kingdom; kDepartment of Environment and 
Geography, University of York, King’s Manor, York YO1 7EP, United Kingdom; lInstitute 
of Cultural Heritage, Shandong University, Qingdao 266237, Shandong, China; mCluster 
of Excellence Roots, Kiel University, Kiel 24118, Germany; nDepartment of Archaeology, 
Durham University, Durham DH1 3LE, United Kingdom; oDepartment of Anthropology, 
Florida State University, Tallahassee, FL 32306; pDepartment of Anthropology- Sociology, 
Lycoming College, Williamsport, PA 17701; qInstitute of Behavioral Science, University of 
Colorado Boulder, Boulder, CO 80302; and rDepartment of Anthropology and Climate 
Change Institute, University of Maine, Orono, ME 04469

1. K. Marx, F. Engels, The German Ideology (Prometheus, New York, NY, 1998).
2. A. Bogaard, M. Fochesato, S. Bowles, The farming- inequality nexus: New insights from ancient 

Western Eurasia. Antiquity 93, 1129–1143 (2019).
3. M. Borgerhoff Mulder et al., Intergenerational wealth transmission and the dynamics of inequality 

in small- scale societies. Science 326, 682–688 (2009).
4. T. A. Kohler, A. Bogaard, S. G. Ortman, Housing differences and inequality over the very long term: 

An introduction to the special feature. Proc. Natl. Acad. Sci. U.S.A. (2025).
5. S. G. Ortman et al., Scale, productivity, and inequality in the archaeological record. Proc. Natl. Acad. 

Sci. U.S.A. (2025).
6. J. Munson, J. Scholnick, A. G. Mejía Ramón, L. Paiz Aragon, Beyond house size: Alternative estimates 

of wealth inequality in the ancient Maya Lowlands. Ancient Mesoamerica 34, e8 (2023).
7. P. Halstead, J. M. O’Shea, Eds., Bad Year Economics: Cultural Responses to Risk and Uncertainty 

(Cambridge University Press, Cambridge, UK, 1989).
8. N. Postgate, Early Mesopotamia (Routledge, London, UK, 1992).
9. T. J. Wilkinson, Archaeological Landscapes of the Near East (University of Arizona Press, Tucson, AZ, 2003).
10. A. K. Styring et al., Isotope evidence for agricultural extensification reveals how the world’s first cities 

were fed. Nat. Plants 3, 17076 (2017).
11. C. Diffey, G. Emberling, A. Bogaard, M. Charles, 'Cropping the Margins’: New Evidence for Urban 

Agriculture at Mid- 3rd Millennium (BCE Tell Brak, Syria, 2023).
12. P. Halstead, Plough and power: The economic and social significance of cultivation with the  

ox- drawn ard in the Mediterranean. Bull. Sumerian Agric. 8, 11–22 (1995).
13. P. V. Kirch, On the Road of the Winds. An Archaeological History of the Pacific Islands before European 

Contact, Revised and Expanded Edition (University of California Press, ed. 2, 2017).

14. S. L. Vehrencamp, A model for the evolution of despotic versus egalitarian societies. Anim. Behav. 
31, 667–682 (1983).

15. R. L. Carneiro, A theory of the origin of the state. Science 169, 733–738 (1970).
16. J. Goody, Production and Reproduction: A Comparative Study of the Domestic Domain (Cambridge 

University Press, Cambridge, UK, 1976).
17. S. Shennan, Social evolution today. J. World Prehist. 24, 201–212 (2011).
18. S. M. Mattison, E. A. Smith, M. K. Shenk, E. E. Cochrane, The evolution of inequality. Evol. Anthropol. 

25, 184–199 (2016).
19. S. Shennan, The First Farmers of Europe: An Evolutionary Perspective (Cambridge University Press, 

Cambridge, UK, 2018).
20. J. L. Boone, A. Alsgaard, Surf & turf: The role of intensification and surplus production in the 

development of social complexity in coastal vs terrestrial habitats. J. Anthropol. Archaeol. 73, 
101566 (2024).

21. E. Boserup, The Conditions of Agricultural Growth: The Economics of Agrarian Change under 
Population Pressure (Aldine Publishing Company, New York, NY, 1965).

22. H. C. Brookfield, Intensification and disintensification in Pacific agriculture: A theoretical approach. 
Pac. Viewp. 13, 211–238 (1972).

23. J. W. Wood, The Biodemography of Subsistence Farming: Population, Food and Family, Cambridge 
Studies in Biological and Evolutionary Anthropology (Cambridge University Press, Cambridge, UK, 
2020).

24. V. Isaakidou, “Farming regimes in Neolithic Europe: Gardening with cows and other models” in 
The Dynamics of Neolithisation in Europe: Studies in Honour of Andrew Sherratt, A. Hadjikoumis, 
E. Robinson, S. Viner, Eds. (Oxbow, Oxford, UK, 2011), pp. 90–112.

D
o
w

n
lo

ad
ed

 f
ro

m
 h

tt
p
s:

//
w

w
w

.p
n
as

.o
rg

 b
y
 U

N
IV

E
R

S
IT

Y
 O

F
 Y

O
R

K
 o

n
 A

p
ri

l 
1
5
, 
2
0
2
5
 f

ro
m

 I
P

 a
d
d
re

ss
 1

4
4
.3

2
.2

2
4
.2

7
.



8 of 8   https://doi.org/10.1073/pnas.2400694122 pnas.org

25. D. Mischka, “Sozioökonomische Bedeutung von Pflugspuren im Frühneolithikum des 
nördlichen Mitteleuropas” in Landschaft, Besiedlung und Siedlung. Archäologische Studien im 
nordeuropäischen Kontext (Festschrift für Karl- Heinz Willroth), I. Heske, H.- J. Nüsse, J. Schneeweiss, 
Eds. (Wachholtz Verlag, Hamburg, Germany, 2013), pp. 295–306.

26. D. Helmer, E. Balise, L. Gourichon, M. Saña- Segui, Using cattle for traction and transport during the 
Neolithic period: Contribution of the study of the first and second phalanxes. Bull. Soc. Préhist. Fr. 
115, 71–98 (2018).

27. S. van Willigen, S. Ozainne, M. Guélat, A.- L.G. Haller, M. Haller, New evidence for prehistoric 
ploughing in Europe. Hum. Soc. Sci. Commun. 11, 372 (2024).

28. L. Miller, “Secondary products and urbanism in South Asia: The evidence for traction at Harappa” 
in Indus Ethnobiology: New Perspectives from the Field, S. A. Weber, W. R. Belcher, Eds. (Lexington, 
Lanham, MD, 2003), pp. 251–326.

29. M. Price, M. Fisher, G. Stein, Animal production and secondary products in the fifth millennium BC 
in northern Mesopotamia. Paléorient 47, 9–41 (2021).

30. K. Van Lerberghe, “The livestock” in Subartu, F. Ismail, W. Sallaberger, P. Talon, K. Van Lerberghe, Eds. 
(Brepols, Brussels, Belgium, 1996), pp. 107–117.

31. M. T. Roth, Laws about rented oxen. J. Cuneiform Stud. 32, 127–146 (1980).
32. M. Stol, Old Babylonian cattle. Bull. Sumerian Agric. 8, 173–213 (1995).
33. P. Halstead, “Surplus and share- croppers: The grain production strategies of Mycenaean palaces” in 

Meletemata. Studies in Aegean Archaeology Presented to Malcolm H. Wiener as He Enters His 65th 
Year, P. Betancourt, V. Karageorghis, R. Laffineur, W.- D. Niemeier, Eds. (Université de Liège, Liège, 
1999), vol. 20.

34. E. M. Abrams, L. J. Arco, An essay on energetics: The construction of the Aztec chinampa system. 
Antiquity 80, 906–918 (2006).

35. M. E. Smith, The Aztecs (Wiley- Blackwell, Chichester, UK, 2012).
36. C. T. Morehart, C. Frederick, The chronology and collapse of pre- Aztec raised field (chinampa) 

agriculture in the northern Basin of Mexico. Antiquity 88, 531–548 (2014).
37. F. F. Berdan, The Aztec Economy (Cambridge University Press, Cambridge, UK, 2023).
38. K. Reese- Taylor et al., The development of landesque capital in the Maya lowlands during the 

Middle Preclassic. Ancient Mesoamerica 33, 500–516 (2022).
39. S. Morell- Hart, L. Dussol, S. L. Fedick, Agriculture in the ancient Maya lowlands (Part 1): 

Paleoethnobotanical residues and new perspectives on plant management. J. Archaeol. Res. 31, 
561–615 (2023).

40. S. L. Fedick, S. Morell- Hart, L. Dussol, Agriculture in the ancient Maya lowlands (Part 2): Landesque 
capital and long- term resource management strategies. J. Archaeol. Res. 32, 103–154 (2023), 
10.1007/s10814-023-09185-z.

41. P. J. Netherly, The management of late Andean irrigation systems on the north coast of Peru. Am. 
Antiq. 49, 227–254 (1984).

42. F. M. Hayashida, The Pampa de Chaparrí: Water, land, and politics on the north coast of Peru. Lat. 
Am. Antiq. 17, 243–263 (2006).

43. P. Cruz, N. Egan, R. Joffre, J. L. Cladera, T. Winkel, When the past lives in the present. Agrarian 
landscapes and historical social dynamics in the southern Andes (Quebrada de Humahuaca Jujuy, 
Argentina). Land 10, 687 (2021).

44. P. Cruz, R. Joffre, T. Winkel, B. Roux, C. Vitry, Pre- hispanic agricultural dynamics in the Quebrada of 
Morohuasi (Salta, Argentina). Ñawpa Pacha 43, 175–197 (2023).

45. P. Cruz, A. Álvarez Larrain, R. Joffre, T. Winkel, Coctaca., Dinámicas agrícolas bajo el manto de los 
inkas. Relaciones Soc. Argent. Antropol. 48, 149–167 (2023).

46. P. Cruz et al., Social adaptive responses to a harsh and unpredictable environment: Insights from a 
pre- Hispanic Andean society. Ecol. Soc. 27, 29 (2022).

47. UMSS (Universidad Mayor de San Simón), Repartimiento de tierras por el Inca Huayna Capac. Testimonio 
de un Documento de 1556 (Dirección de Arqueología UMSS, Cochabamba, Bolivia, 1977 [1556]).

48. N. Wachtel, Les mitimas de la vallée de Cochabamba. La politique de colonisation de Huayna Capac. 
J. Soc. Am. 67, 297–324 (1980).

49. F. Pease, Los Incas (Fondo Editorial de la Pontificia, Universidad Católica del Perú, Lima, Peru, 2007).
50. C. Hritz, T. J. Wilkinson, Using Shuttle Radar Topography to map ancient water channels in 

Mesopotamia. Antiquity 80, 415–424 (2006).
51. T. J. Wilkinson, L. Rayne, J. Jotheri, Hydraulic landscapes in Mesopotamia: The role of human niche 

construction. Water Hist. 7, 397–418 (2015).
52. C. Lang, D. Stump, Geoarchaeological evidence for the construction, irrigation, cultivation, and resilience 

of 15th- 18th century AD terraced landscape at Engaruka, Tanzania. Q. Res. 88, 382–399 (2017).

53. A. Brown, K. Walsh, D. Fallu, S. Cucchiaro, P. Tarolli, European agricultural terraces and lynchets: From 
archaeological theory to heritage management. World Archaeol. 52, 566–588 (2020).

54. C. Green, C. Gosden, “Field systems, orientation, and cosmology” in English Landscapes and 
Identities: Investigating Landscape Change from 1500 BC to AD 1086, C. Gosden et al., Eds. (Oxford 
University Press, 2021).

55. H. Hamerow, “The ‘FeedSax’ project rural settlements and farming in Early Medieval England” 
in New Perspectives on the Medieval ‘Agricultural Revolution’, H. Hamerow, M. McKerracher, Eds. 
(Liverpool University Press, 2022), pp. 3–24, 10.2307/j.ctv333ktnp.8.

56. S. Arnoldussen, W. B. Verschoof- van der Vaart, B. Wouter, E. Kaptijn, P. J. Quentin, Field systems and 
later prehistoric land use: New insights into land use detectability and palaeodemography in the 
Netherlands through LiDAR, automatic detection and traditional field data. Archaeol. Prospect. 30, 
283–300 (2023).

57. S.- M. Ahn, The emergence of rice agriculture in Korea: Archaeobotanical perspectives. Archaeol. 
Anthropol. Sci. 2, 89–98 (2010).

58. M. Fochesato, C. Higham, A. Bogaard, C. C. Castillo, Changing social inequality from first farmers to 
early states in Southeast Asia. Proc. Natl. Acad. Sci. U.S.A. 118, e2113598118 (2021).

59. P. Roscoe, Social signaling and the organization of small- scale society: The case of contact- era New 
Guinea. J. Archaeol. Method Theory 16, 69–116 (2009).

60. J. I. Guyer, S. M. E. Belinga, Wealth in people as wealth in knowledge: Accumulation and 
composition in Equatorial Africa. J. Afr. Hist. 36, 91–120 (1995).

61. S. Chirikure, Great Zimbabwe: Reclaiming a “Confiscated” Past (Routledge, London, UK, 2020).
62. A. Angourakis et al., Weather, land and crops in the Indus village model: A simulation framework 

for crop dynamics under environmental variability and climate change in the Indus civilisation. 
Quaternary 5, 25 (2022), 10.3390/quat5020025.

63. T. A. Kohler, D. Bird, R. K. Bocinsky, K. Reese, A. D. Gillreath- Brown, Wealth inequality in the 
prehispanic northern US Southwest: From Malthus to Tyche. Philos. Trans. R. Soc. B Biol. Sci. 378, 
20220298 (2023).

64. M. Fochesato, A. Bogaard, S. Bowles, Comparing ancient inequalities: The challenges of 
comparability, bias and precision. Antiquity 93, 853–869 (2019).

65. T. A. Kohler et al., Economic inequality is fueled by population scale, land- limited production 
and settlement hierarchies across the archaeological record. Proc. Natl. Acad. Sci. U.S.A. 122, 
e2400691122 (2025).

66. P. Halstead, “The economy has a normal surplus: Economic stability and social change among early 
farming communities of Thessaly, Greece” in Bad Year Economics: Cultural Responses to Risk and 
Uncertainty, P. Halstead, J. O’Shea, Eds. (Cambridge University Press, Cambridge, UK, 1989), pp. 68–80.

67. D. M. Carballo, “Power, politics and governance at Teotihuacan” in Teotihuacan, the World Beyond 
the City, K. G. Hirth, D. M. Carballo, B. Arroyo, Eds. (Dumbarton Oaks Research Library and Collection, 
Washington, DC, 2020), pp. 57–96.

68. T. Froese, L. R. Manzanilla, Modeling collective rule at ancient Teotihuacan as a complex adaptive 
system: Communal ritual makes social hierarchy more effective. Cogn. Syst. Res. 52, 862–874 
(2018).

69. G. M. Feinman, “Leadership, the funding of power, and sustainability in the prehispanic 
Mesoamerican world” in Consumption, Status, and Sustainability. Ecological and Anthropological 
Perspectives, P. Roscoe, C. Isenhour, Eds. (Cambridge University Press, Cambridge, UK, 2021), pp. 
114–143.

70. L. F. Fargher, R. E. Blanton, V. Y. Heredia Espinoza, Collective action, good government, and 
democracy in Tlaxcallan, Mexico: An analysis based on Demokratia. Front. Polit. Sci. 4, 832440 
(2022).

71. A. S. Green, Killing the priest- king: Addressing egalitarianism in the Indus civilization. J. Archaeol. 
Res. 29, 153–202 (2021).

72. G. M. Feinman et al., Economic inequality across time: A critical assessment of grand narratives. 
Proc. Natl. Acad. Sci. U.S.A. 122, e2400698121 (2025).

73. M. D. McCoy et al., War both reduced and increased inequality over the past ten thousand years. 
Proc. Natl. Acad. Sci. U.S.A. 122, e2400695121 (2025).

74. P. Bogucki, The Origins of Human Society (Blackwell, Oxford, UK, 1999).
75. O. Sheehan, J. Watts, R. D. Gray, Q. D. Atkinson, Coevolution of landesque capital intensive 

agriculture and sociopolitical hierarchy. Proc. Natl. Acad. Sci. U.S.A. 115, 3628–3633 (2018).
76. K. Marx, Capital: A Critique of Political Economy (C.H. Kerr & Company, Chicago, IL, 1909).
77. S. G. Ortman, The Global Dynamics of Inequality (GINI) Project. tDAR. https://core.tdar.org/

project/496853/the- global- dynamics- of- inequality- gini- project. Accessed 18 February 2025.

D
o
w

n
lo

ad
ed

 f
ro

m
 h

tt
p
s:

//
w

w
w

.p
n
as

.o
rg

 b
y
 U

N
IV

E
R

S
IT

Y
 O

F
 Y

O
R

K
 o

n
 A

p
ri

l 
1
5
, 
2
0
2
5
 f

ro
m

 I
P

 a
d
d
re

ss
 1

4
4
.3

2
.2

2
4
.2

7
.


	Labor, land, and the global dynamics of economic inequality
	Significance
	Results
	Discussion
	Materials and Methods
	Data, Materials, and Software Availability
	ACKNOWLEDGMENTS
	Supporting Information
	Anchor 16



