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This stuff, not this



The emergence of hierarchy

Following the Neolithic Revolution some regions of the 

world developed complex hierarchies, leading to city-states 

and the great civilizations of antiquity

ÅHow did farming trigger this change?

ÅWhy did some regions remain with only simple hierarchy, 

in spite of adopting farming?



Existing literature:
the emergence of hierarchy

ÅNeolithic Revolution Ą

Increased productivity Ą

Food surplus Ą (various mechanisms) 

An elite that did not produce food (hierarchy) Ą

The emergence of the state

ñIn short, plant and animal domestication meant much more food é The resulting

food surpluses é were a prerequisite for the development of settled, politically

centralized, socially stratified, economically complex, technologically innovative

societies.ò(Jared Diamond, 1997)

ÅDifferences in agricultural productivity across regions

generate differences in surplus and, therefore, in

hierarchical complexity.



ÅSurplus is not necessary for appropriation

ÅSurplus is not sufficient for appropriation

ÅSurplus unlikely to emerge following Neolithic transition

Our criticism



Our explanation

ÅNeolithic Revolution Ą

Increased appropriability (disproportionally more in

regions suitable for cereals but not for roots/tubers)Ą

Cereals could be taxed or stolenĄ

An elite that did not produce food (hierarchy)Ą

The emergence of the state

ÅDifferences in land suitability for cereals/roots/tubers

across regions generates difference in appropriability and,

therefore, in hierarchical complexity.



The model (sketch)
Å Organizations:

ï Anarchy 

ÅRoving bandits

ï Hierarchy

ÅMonopoly of violence, No bandits

ÅFixed cost of organizing the state (army)

ÅThe state employs tax collectors

Å Agents

ï Farmers

ÅChoose the percentage of their land to allocate to tubers and cereals.

ÅCereals are more productive but they are appropriable (they can be taxed in 

hierarchy, stolen in anarchy).

ï Non farmers

ÅChoose whether to be foragers (and earn an exogenous income) or 

bandits/tax collectors 



The model (sketch)
Å Expropriation technology:

ï Anarchy 

ÅExpropriation rates are an increasing/concave function of the number of 

bandits

ÅNon-farmers will become bandits until the revenues from foraging and 

banditry are equalized

ï Hierarchy

ÅTax rates are an increasing/concave function of the number of tax collectors.

ÅState maximizes net tax revenues (tax revenues-collection costs)

Å Main exogenous parameter:

ï Relative productivity of cereals vs tubers

Å Definition of an equilibrium:

ï Percentage of land allocated to cereals <-Farmersô optimization 

ï Expropriation rates of cereals (anarchy) <-Non-farmersô optimization

ï Tax rates on cereals (hierarchy) <-State optimization



The model (sketch)

Å Distortions:

ï Farmers might decide to cultivate the less productive crop

ï Non-famers might decide to be bandits/tax collectors rather than foragers

Å Results:

ï If the relative productivity of cereals vs tubers is very low a state cannot exists (and

cereals are not planted)

(Intuition: it is difficult to impose decent tax rates, as the the farmers can easily switch

to the non-appropriable crop. Therefore, the fixed costs to set-up a state are above

the maximum achievable net tax revenues)

ï If cereals are productive enough to support a state, than hierarchy Pareto 

dominates anarchy. 

(Intuition: Lower expropriation rates under hierarchy. This implies that farmers will 

always cultivate the more productive crop and there will be less non-farmers that do 

not engage in foraging. 



Data
Å Murdockôs Ethnographic Atlas

Database of 1,267 pre-colonial societies from around the world. 

ï Jurisdictional Hierarchy Beyond Local Community

ï Major Crop Type

ï Dependence on agriculture

ï Farming surplus

ï Other controls (e.g. population density)

Å Food and Agriculture Organization ïGAEZ

ï Land productivity

ï Productivity advantage of cereals vs roots and tubers

ï Other controls (e.g. precipitation, temperature, elevation etc.)

Å Hierarchy Index (Borcan et al, 2014)

Cover 159 modern day countries for every half century from 1000 CE to 2000 CE. 

Å Archeological evidence (authors from several sources)

Cover 1x1 decimal degrees raster points. Data on ancient cities and archaeological ruins.

Å Several other sources

ï HYDE (Historical population reconstruction), MAP database (Incidence of malaria), Fenske

(2013) (several other correlates)



Crop yields, agriculture and main crop
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Crop yields, agriculture and main crop



Å Results are robust when controlling for:

ï PRECIPITATION

ï TEMPERATURE

ï ELEVATION

ï RUGGEDNESS

ï ABSOLUTE LATITUDE

ï DISTANCE MAJOR RIVER

ï DISTANCE COAST

ï MALARIA

ï PLOW

ï POPULATION DENSITY (1995)

ï HISTORICAL POPULATION DENSITY (HYDE)

ï HISTORICAL POPULATION DENSITY (Pryor, 1995)

Crop yields, agriculture and main crop:

Robustness checks



Cereals, surplus and hierarchy

2SLS estimates

2nd stage:

Hierarchyi / Surplusi= Ŭ I(Main Crop=Cerealsi) + X'ɓ + Ů

1st stage:

I(Main Crop=Cerealsi) = ɔ0(YieldCerealsiïYieldTubersi ) + X'ɓ + Ů



Cereals, surplus and hierarchy



Cereals, surplus and hierarchy



Cereals, surplus and hierarchy



Cereals and hierarchy



Å Results are robust when controlling for:

ï PRECIPITATION

ï TEMPERATURE

ï ELEVATION

ï RUGGEDNESS

ï ABSOLUTE LATITUDE

ï ALTERNATIVE MEASURES OF LAND PRODUCTIVITY

ï DISTANCE MAJOR RIVER

ï DISTANCE COAST

ï MALARIA

ï PLOW

ï POPULATION DENSITY (1995)

ï HISTORICAL POPULATION DENSITY (HYDE)

ï HISTORICAL POPULATION DENSITY (Pryor, 1995)

ï USING ETHNIC BOUNDARIES AS IN FENSKE (2013)

ï INCLUDING SOCIETIES LIVING IN DESERTIC SOILS

Cereals and hierarchy:

robustness checks



Cereals and surplus



Cereals and surplus:

robustness checks

Å Results are robust when controlling for:

ï PRECIPITATION

ï TEMPERATURE

ï ELEVATION

ï RUGGEDNESS

ï ABSOLUTE LATITUDE

ï ALTERNATIVE MEASURES OF LAND PRODUCTIVITY

ï DISTANCE MAJOR RIVER

ï DISTANCE COAST

ï MALARIA

ï PLOW

ï POPULATION DENSITY (1995)

ï HISTORICAL POPULATION DENSITY (HYDE)

ï HISTORICAL POPULATION DENSITY (Pryor, 1995)

ï USING ETHNIC BOUNDARIES AS IN FENSKE (2013)

ï INCLUDING SOCIETIES LIVING IN DESERTIC SOILS



Cereals and hierarchy

Panel estimates

Hierarchyi,t = Ŭ (YieldsCerealsi,tïYieldsTubersi,t ) +ɖi +ɖt+ X'ɓt + Ůc,t

Note:

-Hierarchy: (=0: Tribe; =0.75: Chiefdom; =1: State)

-Variation in YieldsCerealsi,t and YieldsTubersi,t over time are generated by 

the Columbian exchange. 

- Years 1500-1600 are excluded from the regression. 



Cereals and hierarchy



Å Results are robust when controlling for:

ï EXCLUDING YEARS 1500-1750

ï EXCLUDING COLONIES

ï DISTANCE MAJOR RIVER

ï DISTANCE COAST

ï MALARIA

ï TROPICAL LAND

ï POPULATION DENSITY (1500)

ï SETTLERS MORTALITY

ï SLAVE EXPORTS

Cereals and hierarchy:

Robustness checks



Cereals and hierarchy

Panel estimates

Note:

- Hierarchy: (=0: Tribe; =0.75: Chiefdom; =1: State)

-

-Baseline time-period 1000-1050. 

-More Flexible specification: no need to assume in which year the 

Columbian exchange is completed. 

CalDiffi,t = YieldsCerealsi,t - YieldsTubersi,t  



Cereals and hierarchy



Cereals and ancient civilizations

OLS estimates

1) Cityi / Archaelogical ruini= Ŭ (YieldCerealsiïYieldTubersi ) + X'ɓ + Ů

2) Cityi / Archaelogical ruini= Ŭ (Distance area domestication cerealsi ) + X'ɓ + Ů

Notes:

-The unit of observation is a 1x1 decimal degree raster point

-The sample covers all area of the world that were  

-Distance area domestication cerealsi is the distance from the closest area of 

domestication of a cereal grain



Cereals and ancient civilizations
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Cereals and ancient civilizations


