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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

A How did farming trigger this change?

A Why did some regions remain with only simple hierarchy,
In spite of adopting farming?



Existing literature:
the emergence of hierarchy

A Neolithic Revolution A
Increased productivity A
Food surplus A (various mechanisms)
An elite that did not produce food (hierarchy) A
The emergence of the state

An short, plant and animal domestication meant much more food € The resulting
food surpluses € were a prerequisite for the development of settled, politically
centralized, socially stratified, economically complex, technologically innovative
societies.0(Jared Diamond, 1997)

A Differences in agricultural productivity across regions
generate differences In surplus and, therefore, iIn
hierarchical complexity.



Our criticism

A Surplus is not necessary for approprlatlon




Our explanation

A Neolithic Revolution A

Increased appropriability (disproportionally more In
regions suitable for cereals but not for roots/tubers) A

Cereals could be taxed or stolen A
An elite that did not produce food (hierarchy) A
The emergence of the state

A Differences in land suitability for cereals/roots/tubers
across regions generates difference in appropriability and,
therefore, in hierarchical complexity.



The model (sketch)

A Organizations:
I Anarchy
A Roving bandits
I Hierarchy
A Monopoly of violence, No bandits
A Fixed cost of organizing the state (army)
A The state employs tax collectors

A Agents
I Farmers
A Choose the percentage of their land to allocate to tubers and cereals.

A Cereals are more productive but they are appropriable (they can be taxed in
hierarchy, stolen in anarchy).

T Non farmers

A Choose whether to be foragers (and earn an exogenous income) or
bandits/tax collectors



The model (sketch)

A Expropriation technology:
I Anarchy

A Expropriation rates are an increasing/concave function of the number of
bandits

A Non-farmers will become bandits until the revenues from foraging and
banditry are equalized

I Hierarchy
A Tax rates are an increasing/concave function of the number of tax collectors.
A State maximizes net tax revenues (tax revenues-collection costs)

A Main exogenous parameter:
I Relative productivity of cereals vs tubers

A Definition of an equilibrium:
I Percentage of land allocatedtocereals <-Far mer s6 optimi zat.
i Expropriation rates of cereals (anarchy) <-Non-f ar mer s6 opti mi za
I Tax rates on cereals (hierarchy) <-State optimization



The model (sketch)

A Distortions:
I Farmers might decide to cultivate the less productive crop
I Non-famers might decide to be bandits/tax collectors rather than foragers

A Results:

i 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)

I 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

A Murdockds Ethnographic Atl as
Database of 1,267 pre-colonial societies from around the world.

I Jurisdictional Hierarchy Beyond Local Community

I Major Crop Type

i Dependence on agriculture

I Farming surplus

i Other controls (e.g. population density)

A Food and Agriculture Organization i GAEZ
I Land productivity
I Productivity advantage of cereals vs roots and tubers
I Other controls (e.g. precipitation, temperature, elevation etc.)

A Hierarchy Index (Borcan et al, 2014)
Cover 159 modern day countries for every half century from 1000 CE to 2000 CE.

A Archeological evidence (authors from several sources)
Cover 1x1 decimal degrees raster points. Data on ancient cities and archaeological ruins.

A Several other sources

I HYDE (Historical population reconstruction), MAP database (Incidence of malaria), Fenske
(2013) (several other correlates)



Crop yields, agriculture and main crop

Figure C.3: Optimal crop in terms of caloric yields among cereals, roots and tubers
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Crop yields, agriculture and main crop

Figure 7: Difference in potential yields (calories per hectare) of cereals versus roots and tubers.

High : 150424

- Low : -63507.6




Crop yields, agriculture and main crop

Figure 5: Major crop in pre-colonial societies

Cereal grains
- Roots or tubers

Tree fruits

Vegetables

None




Crop yields, agriculture and main crop

Table 1: Potential Crop Yields, Choice of Crops and Reliance on Agriculture

Dependent variable is:

Major crop is cereal grains (dummy) Reliance on agriculture

(1) (2) (3) (4) (9) (6) (7) (8)

OLS OLS OLS Logit Logit OLS OLS OLS
CALORIC DIFF  0.205%%*  0.210%**  (0.253***  1.150%**  1.617***  0.081*** -0.098%**  -0.046**
(CER - TUB) (0.029) (0.063) (0.059) (0.339)  (0.380) (0.022) (0.029) (0.022)
MAX CALORIES -0.007 -0.137%* -0.119 -0.896** 0.230%**  (.128%**
(ALL CROPS) (0.083) (0.069) (0.384)  (0.407) (0.046) (0.035)
CONTINENT FE NO NO YES NO YES NO NO YES
Ave marg. effect of 0.282%**  (.385%**
CALORIC DIFF (0.081)  (0.092)
r2 0.132 0.132 0.359 0.0733 0.235 0.387
pseudo 12 0.109 0.258
N 982 982 982 982 982 1063 1063 1063

The table reports cross-sectional OLS and Logit estimates and the unit of observation is the society in Murdock’s
Ethnoatlas. The dependent variable is either a dummy that identifies societies that cultivate cereal grains as main
crop (columns 1-5) or the reliance of these societies on agriculture (columns 6-8). CALORIC DIFF (CER-TUB)
is the standardized difference between the maximum potential calorie yield per hectare that can be obtained from
cereals versus the one that can be obtained from either roots or tubers. MAX CALORIES (ALL CROPS) is the
standardized maximum potential calorie yield per hectare that can be obtained from cultivating the most productive
crop among cereal grains, roots and tubers. Societies that live on lands that are suitable for neither cereals nor roots
and tubers are excluded from the sample. Standard errors (in parentheses) are adjusted for spatial correlation using
Conley’s (1999) method. *** significant at less than 1 percent; ** significant at 5 percent; * significant at 10 percent.



Crop yields, agriculture and main crop:
Robustness checks

A Results are robust when controlling for:
i PRECIPITATION
i  TEMPERATURE
i ELEVATION
I RUGGEDNESS
i  ABSOLUTE LATITUDE
i DISTANCE MAJOR RIVER
I DISTANCE COAST
i MALARIA
i PLOW

i POPULATION DENSITY (1995)

i HISTORICAL POPULATION DENSITY (HYDE)

i HISTORICAL POPULATION DENSITY (Pryor, 1995)



Cereals, surplus and hierarchy

2SLS estimates
2"d stage:

Hierarchy,/Surplus= U | ( MaCemalsEr ep X' b +

1st stage:

I(Main Crop=Cereals) = ,(YieldCereals;i YieldTubers,) + X' bU +



Cereals, surplus and hierarchy

Figure 4: Jurisdictional hierarchy beyond the local community in pre-colonial societies

| | No political authority above community
One level (e.g. petty chiefdoms)

[,_l Two levels (e.g. larger chiefdoms)

- Three levels (e.g. states)

- Four levels (e.g. large states)




Cereals, surplus and hierarchy

Figure 6: Farming surplus in pre-colonial societies

Direct Subsistence Production

- Existence of a farming surplus




Cereals, surplus and hierarchy

Table 2: Cereals, Surplus and Hierarchy - Reduced Form

Dependent variable is:

Jurisdictional Hierarchy
Beyond Local Community

Existence of
Farming Surplus

(1) (2) (3) (4) (5) (6) (7) (8)

OLS OLS OLS Ord Logit OLS OLS OLS Logit
CALORIC DIFF 0.244%*%* 0.179 0.274%*%* 0.495%** 0.141%%*  0.241%**%  (0.202%*%*  0.997***
(CER - TUB) (0.069)  (0.120)  (0.107) (0.149) (0.0319)  (0.0681)  (0.0742) (0.384)
MAX CALORIES 0.082  -0.188* -0.224 -0.132 -0.0985 -0.479
(ALL CROPS) (0.141)  (0.108) (0.178) (0.0870)  (0.0985) (0.463)
CONTINENT FE NO NO YES YES NO NO YES YES
Ave marg. effect of 0.249%*%*
CALORIC DIFF (0.096)
r2 0.0416 0.0429 0.249 0.0757 0.0911 0.157
pseudo r2 0.121 0.124
N 952 952 952 952 140 140 140 140

The table reports cross-sectional OLS (columns 1-3 and 5-7), Ordered Logit (column 4) and Logit (column 8) estimates
and the unit of observation is the society in Murdock’s Ethnoatlas. The dependent variable is either a dummy that
identifies societies that produce a farming surplus or Murdock’s (1967) index of jurisdictional hierarchy beyond the
local community and it takes the following values: 1 (no political authority beyond community), 2 (petty chiefdoms),
3 (larger chiefdoms), 4 (states), 5 (large states). CALORIC DIFF (CER-TUB) is the standardized difference between
the maximum potential calorie yield per hectare that can be obtained from cereals versus the one that can be obtained
from either roots or tubers. MAX CALORIES (ALL CROPS) is the standardized maximum potential calorie yield
per hectare that can be obtained from cultivating the most productive crop among cereal grains, roots and tubers.
Societies that live on lands that are suitable for neither cereals nor roots and tubers are excluded from the sample.
Columns 1-4 report in parentheses Conley standard errors adjusted for spatial correlation, while columns 5-8 report

robust standard errors.

kokosk

significant at less than 1 percent; ** significant at 5 percent; * significant at 10 percent.



Cereals and hierarchy

Table 3: Cereals and Hierarchy - OLS and 2SLS

Dependent variable: Jurisdictional Hierarchy Beyond Local Community

(1) (2) (3) (4) (5) (6) (7) (8)

OLS 2SLS 2SLS  2SLS OLS 2SLS  2SLS  2SLS
MAIN CROP: 0.707%%F 1.170%%%  0.863  1.040%* 0.304%F 0.892%F 1.064%F 0.993%F
CEREALS (0.131)  (0.359)  (0.596) (0.414)  (0.120)  (0.420)  (0.538)  (0.463)
MAX CALORIES 0.081 -0.037
(ALL CROPS) (0.127) (0.071)
DEPENDENCE ON 0.334 -0.419
AGRICULTURE (0.517) (0.783)
CONTINENT FE NO NO NO NO YES YES YES YES
N 952 952 952 952 952 952 952 952
F excl instrum. 1477 4484  65.51 99.87  76.90  33.09

The table reports cross-sectional OLS and 2SLS estimates and the unit of observation is the society in Murdock’s
Ethnoatlas. The dependent variable is Murdock’s (1967) index of jurisdictional hierarchy beyond the local community
and it takes the following values: 1 (no political authority beyond community), 2 (petty chiefdoms), 3 (larger
chiefdoms), 4 (states), 5 (large states). The main regressor is a dummy that identifies society in which the major
crop is a cereal grain. MAX CALORIES (ALL CROPS) is the standardized maximum potential calorie yield per
hectare that can be obtained from cultivating the most productive crop among cereal grains, roots and tubers.
DEPENDENCE ON AGRICULTURE is the percentage calorie dependence on agriculture for subsistence. Societies
that live on lands that are suitable for neither cereals nor roots and tubers are excluded from the sample. Standard
errors (in parentheses) are adjusted for spatial correlation using Conley’s (1999) method. *** significant at less than
1 percent; ** significant at 5 percent; * significant at 10 percent.



Cereals and hierarchy:
robustness checks

A Results are robust when controlling for:
i PRECIPITATION
i  TEMPERATURE
i ELEVATION
I RUGGEDNESS
i  ABSOLUTE LATITUDE
i ALTERNATIVE MEASURES OF LAND PRODUCTIVITY
i DISTANCE MAJOR RIVER
I DISTANCE COAST
i MALARIA
i PLOW
i POPULATION DENSITY (1995)
i HISTORICAL POPULATION DENSITY (HYDE)
i HISTORICAL POPULATION DENSITY (Pryor, 1995)
i USING ETHNIC BOUNDARIES AS IN FENSKE (2013)
i INCLUDING SOCIETIES LIVING IN DESERTIC SOILS



Cereals and surplus

Table E.12: Cereals and Surplus - OLS and 2SLS

Dependent variable: Existence of a farming surplus

(1) (2) (3) (4) (5) (6) (7) (8)

OLS 2SLS 2SLS 2SLS OLS 2SLS 2SLS 2SLS
MAIN CROP: 0.359***  0.940***  (0.846***  (0.846***  (0.299***  1.005***  0.797**  (0.799**
CEREALS (0.0791) (0.260) (0.273) (0.275) (0.0901) (0.316) (0.314) (0.317)
MAX CALORIES 0.0186 0.0361
(ALL CROPS) (0.0626) (0.0611)
DEPENDENCE ON 0.191 0.438
AGRICULTURE (0.663) (0.775)
CONTINENT FE NO NO NO NO YES YES YES YES
N 139 139 139 139 139 139 139 139
F excl instrum. 16.08 17.37 5.486 15.35 12.44 4.338

The table reports cross-sectional OLS and 2SLS estimates and the unit of observation is the society in Murdock’s
Ethnoatlas. The dependent variable is a dummy that identifies societies that produce a farming surplus. The main
regressor is a dummy that identifies society in which the major crop is a cereal grain. MAX CALORIES (ALL
CROPS) is the standardized maximum potential calorie yield per hectare that can be obtained from cultivating the
most productive crop among cereal grains, roots and tubers. DEPENDENCE ON AGRICULTURE is the percentage
calorie dependence on agriculture for subsistence. Societies that live on lands that are suitable for neither cereals nor
roots and tubers are excluded from the sample. Robust standard errors in parentheses *** significant at less than 1
percent; ** significant at 5 percent; * significant at 10 percent.



Cereals and surplus:
robustness checks

A Results are robust when controlling for:
i PRECIPITATION
i  TEMPERATURE
i ELEVATION
I RUGGEDNESS
i  ABSOLUTE LATITUDE
i ALTERNATIVE MEASURES OF LAND PRODUCTIVITY
i DISTANCE MAJOR RIVER
I DISTANCE COAST
i MALARIA
i PLOW
i POPULATION DENSITY (1995)
i HISTORICAL POPULATION DENSITY (HYDE)
i HISTORICAL POPULATION DENSITY (Pryor, 1995)
i USING ETHNIC BOUNDARIES AS IN FENSKE (2013)
i INCLUDING SOCIETIES LIVING IN DESERTIC SOILS



Cereals and hierarchy

Panel estimates

Hierarchy,, = WieldsCereals;,i YieldsTubers,, ) +d; +d, + X+ U,

Note:

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

-Variation in YieldsCereals;, and YieldsTubers;, over time are generated by
the Columbian exchange.

- Years 1500-1600 are excluded from the regression.



Cereals and hierarchy

Table 6: Cereals and Hierarchy - Panel Regressions

Dep. Variable: Hierarchy Index

(1) (2) (3) (4) (5) (6) (7)
CALORIC DIFF 0.189%%*  (0.272%**  (.282%**  (0.240***  0.255%**  (0.261***  (0.197**
(CER - TUB) (0.0683)  (0.0834)  (0.0760)  (0.0857)  (0.0889)  (0.0839) (0.0795)
MAX CALORIES -0.163 -0.193 -0.152 -0.115 -0.148 -0.165
(ALL CROPS) (0.141)  (0.131)  (0.139)  (0.142)  (0.138)  (0.123)
Controls (x Year FE):
Precipitation NO NO YES NO NO NO NO
Temperature NO NO NO YES NO NO NO
Elevation NO NO NO NO YES NO NO
Ruggedness NO NO NO NO NO YES NO
Abs Latitude NO NO NO NO NO NO YES
COUNTRY FE YES YES YES YES YES YES YES
TIME FE YES YES YES YES YES YES YES
r2 0.680 0.682 0.716 0.684 0.681 0.686 0.705
N 2869 2869 2850 2812 2755 2869 2869

The table reports panel OLS estimates and the unit of observation is the territory delimited by modern-country
borders every 50 years. The dependent variable is an hierarchy index: it equals O if there is not a government above
tribal level, 0.75 if the political organization can be at best described as a paramount chiefdom and 1 otherwise.
CALORIC DIFF (CER-TUB) is the standardized difference between the maximum potential calorie yield per hectare
that can be obtained from cereals versus the one that can be obtained from either roots or tubers. MAX CALORIES
(ALL CROPS) is the standardized maximum potential calorie yield per hectare that can be obtained from cultivating
the most productive crop among cereal grains, roots and tubers. Robust standard errors in parentheses

at less than 1 percent; ** significant at 5 percent; * significant at 10 percent

*3kk

significant



Cereals and hierarchy:
Robustness checks

A Results are robust when controlling for:
i EXCLUDING YEARS 1500-1750

i EXCLUDING COLONIES

i DISTANCE MAJOR RIVER

i DISTANCE COAST

i MALARIA

i TROPICAL LAND

i POPULATION DENSITY (1500)

i SETTLERS MORTALITY

i SLAVE EXPORTS



Cereals and hierarchy

Panel estimates

1850
Hierit — Z Qj (CalDiffi,AfterEmchange - CalDiffi,BeforeEmchange) + Xz/tﬁ + n; + Ur + Uit-
7=1050

Note:

- Hierarchy: (=0: Tribe; =0.75: Chiefdom; =1: State)
- CdDiff, =YiddsCereds , - YieldsTubers,

Baseline time-period 1000-1050. -

More Flexible specification: no need to assume in which year the -
Columbian exchange is completed.



Cereals and hierarchy

Figure 8: Flexible estimates of the relationship between the change in the caloric advantage of
cereals over roots and tubers due to the Columbian exchange and hierarchy.
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Cereals and ancient civilizations

OLS estimates

1) City;/ Archaelogical ruin=  WieldCereals; i YieldTubers, ) + X ' bU +

2) City./ Archaelogical ruin= (Distance area domestication cereals,) + X 'Ub +

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 cereals; is the distance from the closest area of

domestication of a cereal grain



Cereals and ancient civilizations

Table 6: Potential Crop Yields and the Location of Ancient Cities.

Dependent variable is:

Presence of an ancient city (dummy) Log(1+ number ancient cities)
(1) (2) (3) (4) (5) (6) (7) (8)
OLS OLS OLS OLS Logit OLS OLS OLS
CALORIC DIFF 0.0469*** 0.145%** 0.129%** 0.0340%** 1.256** 0.186%** 0.167%** 0.0357**
(CER - TUB) (0.0143)  (0.0388) (0.0380)  (0.0162)  (0.603) (0.0538)  (0.0512)  (0.0180)
MAX CALORIES -0.0864%**  -0.0744*** -0.0126 -0.208 -0.111%*%%  -0.0966%** -0.0139
(ALL CROPS) (0.0267) (0.0256)  (0.0128)  (0.542) (0.0361)  (0.0333)  (0.0138)
CONTINENT FE NO NO YES NO NO NO YES NO
COUNTRY FE NO NO NO YES YES NO NO YES
Ave marg. effect of 0.0135%*
CALORIC DIFF 0.006
r2 0.0498 0.0841 0.0986 0.451 0.0773 0.0865 0.574
N 15927 15927 15927 15927 9032 15927 15927 15927

The table reports cross-sectional OLS and Logit estimates and the unit of observation is the 1x1 decimal degree
square. In columns (1)-(5), the dependent variable is a dummy that takes the value of one if there is evidence of at
least one ancient city in the pixel and zero otherwise. In columns (6)-(8), the dependent variable is log(14+number
of ancient cities in the pixel). CALORIC DIFF (CER-TUB) is the standardized difference between the maximum
potential calorie yield per hectare that can be obtained from cereals versus the one that can be obtained from either
roots or tubers. MAX CALORIES (ALL CROPS) is the standardized maximum potential calorie yield per hectare
that can be obtained from cultivating the most productive crop among cereal grains, roots and tubers. Robust
standard errors, clustered at the country-level, in parentheses *** significant at less than 1 percent; ** significant at
5 percent; * significant at 10 percent.



Cereals and ancient civilizations

Figure E.5: Ancient cities and centers of independent domestication

Centers of independent domestication and domesticated crops
- Only cereals
Cereals, roots and tubers
Only roots and tubers
Other crops
*  Ancient cities (founded before 400 AD)




Cereals and ancient civilizations

Table 7: The Origin of the Neolithic Transition and the Location of Ancient Cities.

Dependent variable is:

Presence of an ancient city (dummy) Log(14+ number ancient cities)

(1) (2) (3) (4) (5) (6) (7)

OLS OLS OLS Logit OLS OLS OLS
Distance closest -0.00214%**%  -0.00143**  -0.187*** -0.00253***  -0.00147**
adoption cereals (0.000597)  (0.000604)  (0.0333) (0.000767)  (0.000647)
Distance closest -0.00120%** 0.000909 0.000253 0.112%** -0.00117%** 0.00133 0.0000658
adoption agriculture  (0.000343)  (0.000676)  (0.000566)  (0.0379) (0.000409)  (0.000900)  (0.000680)
CONTINENT FE NO NO YES YES NO NO YES
Ave marg. effect of -0.002%**
"Distance closest (0.001)
adoption cereals"
r2 0.00949 0.0307 0.0495 0.00512 0.0220 0.0376
N 15927 15927 15927 15116 15927 15927 15927

The table reports cross-sectional OLS and Logit estimates and the unit of observation is the 1x1 decimal degree square.
In columns (1)-(4), the dependent variable is a dummy that takes the value of one if there is evidence of at leaste one
ancient city in the pixel and zero otherwise. In columns (5)-(7), the dependent variable is log(14+number of ancient
cities in the pixel). "Distance closest adoption cereals" is the distance (in km) between the pixel and the closest
region in which agriculture started independently and cereals were among the domesticated crops. "Distance closest
adoption agriculture" is the distance between the pixel and the closest region in which agriculture was independently
adopted. Robust standard errors, clustered at the country-level, in parentheses *** significant at less than 1 percent;
** gignificant at 5 percent; * significant at 10 percent.



Cereals and ancient civilizations

Table 7: The Origin of the Neolithic Transition and the Location of Ancient Cities.

Dependent variable is:

Presence of an ancient city (dummy) Log(14+ number ancient cities)

(1) (2) (3) (4) (5) (6) (7)

OLS OLS OLS Logit OLS OLS OLS
Distance closest -0.00214%**%  -0.00143**  -0.187*** -0.00253***  -0.00147**
adoption cereals (0.000597)  (0.000604)  (0.0333) (0.000767)  (0.000647)
Distance closest -0.00120%** 0.000909 0.000253 0.112%** -0.00117%** 0.00133 0.0000658
adoption agriculture  (0.000343)  (0.000676)  (0.000566)  (0.0379) (0.000409)  (0.000900)  (0.000680)
CONTINENT FE NO NO YES YES NO NO YES
Ave marg. effect of -0.002%**
"Distance closest (0.001)
adoption cereals"
r2 0.00949 0.0307 0.0495 0.00512 0.0220 0.0376
N 15927 15927 15927 15116 15927 15927 15927

The table reports cross-sectional OLS and Logit estimates and the unit of observation is the 1x1 decimal degree square.
In columns (1)-(4), the dependent variable is a dummy that takes the value of one if there is evidence of at leaste one
ancient city in the pixel and zero otherwise. In columns (5)-(7), the dependent variable is log(14+number of ancient
cities in the pixel). "Distance closest adoption cereals" is the distance (in km) between the pixel and the closest
region in which agriculture started independently and cereals were among the domesticated crops. "Distance closest
adoption agriculture" is the distance between the pixel and the closest region in which agriculture was independently
adopted. Robust standard errors, clustered at the country-level, in parentheses *** significant at less than 1 percent;
** gignificant at 5 percent; * significant at 10 percent.



Cereals and ancient civilizations



