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Abstract: Why are some countries rich and democratic, while others are poor and autocratic? 
Why do the patterns of economic and political development cluster geographically?  Why did 
this patterns only emerge in the modern (post-1800) world? We offer a theory in answer to 
these puzzles, as well as a series of empirical tests of that theory that draws from Systems 
Biology. The key insight is this: the question of whether democracy causes economic 
development or economic development causes democracy is akin to asking “Are rabbits fast 
because coyotes chase them, or are coyotes fast because they chase rabbits.” The answer is 
that fleet-footed rabbits and coyotes are emergent properties of a complex adaptive system 
(CAS); what needs to be understood is how the physical environment shapes the 
characteristics of any given biological CAS.  It follows that what we observe today as 
differences in levels of economic development, democracy, and other widely studied 
outcomes are emergent properties of different CAS. We hypothesize that variance in those 
CAS are rooted in the ways that human beings solved the fundamental problem of biological 
survival in the centuries between the Columbian Exchange and the fossil fuel revolution.  
Thus, we explore, on the basis of novel geo-coded datasets, how variance in what could be 
grown, how much of it could be grown, how far it could be traded, how long it could be 
stored, and how frequently it would be lost to widespread droughts gave rise to quite different 
CAS.  We then explore why not all CAS were equally well suited to adapting the economic 
and political technologies of modernity once they were introduced in the post 1750 world.  
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 Why are some countries rich and democratic, while others are poor and autocratic?  

How do we explain, for example, why Australia has had a stable democracy with a high per 

capita income for more than a century when it was founded as a penal colony run by the dregs 

of the British military for their own enrichment?  Conversely, how are we to understand why 

Liberia is among the poorest countries on the planet and has never managed to fashion a 

stable democracy, even though it was never colonized and its founders were freed and free-

born black Americans whose political and cultural traditions were so strongly influenced by 

American notions of Republicanism that they modeled its 1847 constitution on that of the 

United States?  

More puzzling still, why do countries tend to have levels of economic development 

and democracy similar to those of their neighbors? This geographic clustering can be seen 

clearly in Figure 1, which displays countries’ levels of economic development on the vertical 

axis and their levels of democracy on the horizontal axis.  The figure denotes $10,000 as the 

threshold beneath which a country has a low per capita income, roughly the level of economic 

development of Sri Lanka.1 The threshold for a consolidated democracy is shown in the figure 

																																																													
1	The data on GDP per capita is skewed.  We therefore calculate the break point of low per 
capita income by converting the data to natural logs, and then calculate the mean of the 
logged data.  The result is 9.2, which corresponds to $10,000. We operationalize the level of 
economic development as per capita GDP in 2014 measured in PPP dollars, from the Penn 
World Tables. We define petroleum-based economies as follows.  We take average crude oil 
production per capita from 1991 to 2014 and divide it by population. We then denote an 
economy as being petroleum based if it produces more than the mean ($662) in per capita 
crude oil.  By this definition, the petroleum-based economies are Turkmenistan, Denmark, 
Iran, Russia, Angola, Republic of Congo, Iraq, Canada, Azerbaijan, Kazakhstan, Trinidad and 
Tobago, Venezuela, Bahrain, Gabon, Oman, Equatorial Guinea, Saudi Arabia, United Arab 
Emirates, Iran, Ecuador, Brunei, Denmark, Saudi Arabia, Qatar, Bahrain, Oman, United Arab 
Emirates, Norway, Qatar, Kuwait.  We note that this result is robust to measuring GDP per 
capita as 2010 US dollars from World Bank, World Development Indicators. 
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as an average Polity2 score of 85 or above from 1991 to 2016.2  The figure excludes petro-

economies in order to control for the fact that some countries have very high per capita 

incomes simply because they have prodigious amounts of oil and very small populations.  We 

color code, in orange, the countries located in Central Asia, South Asia, South East Asia, Sub-

Saharan Africa, Central America, and the Caribbean.  We color code in green the countries 

located in Scandinavia, the Baltic, Central Europe, Eastern Europe, Western Europe, Oceania, 

and North America.  We color code in blue the countries located in South America, the 

Balkans, the Middle East, North Africa, the Caucasus, and East Asia.  

[Figure 1—Polity and GDP per capita—about here] 

One does not need to squint at Figure 1 to see several striking patterns. First, low 

levels of economic development and authoritarianism (or weak democratic consolidation), go 

hand in hand.  Second, high levels of economic development and consolidated democracy 

also go hand in hand.  In fact, there is a discontinuity in the level of economic development at 

the consolidated democracy threshold. Third, 82 percent of the low per capita GDP countries 

cluster in the orange coded regions (Central Asia, South Asia, South East Asia, Sub-Saharan 

Africa, Central America, and the Caribbean)—but these regions account for only 47 percent 

of all countries.  Fifth, these same regions contain only one-fifth of the democracies. Finally, 

																																																													
2 We operationalize the level of democracy as the average Polity2 score, normalized to run 
from 0 to 100, over the period 1991 to 2016. Taking the average Polity2 score over a long 
period of time, rather than taking the values of a single cross section, allows us to capture the 
equilibrium level of democratic governance.  If, on the other hand, we were to look at a single 
year in cross section, the results would be driven by the year chosen. Moreover, it would 
introduce significant measurement error—the fundamental problem being that Polity2 is 
bounded at 100, and thus a cross section of a single year might suggest that Brazil or Mexico 
has the same level of democratic governance as Denmark or Switzerland. We take 85 (which 
corresponds to a +7 on the conventional Polity2 scale) following Jaggers and Gurr (1995).  
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even the consolidated democracies in these regions tend to be poor relative to other 

consolidated democracies. 

If we perform the same operations on the green-coded countries (those located in 

Central Europe, Eastern Europe, the Baltic, Scandinavia, Western Europe, Oceania, and North 

America) we observe exactly the opposite patterns.  As Figure 1 shows, more than 90 percent 

of the countries in these regions are middle or high income, and more than 90 percent of the 

countries in these regions are consolidated democracies—but the countries in these regions 

account for only 23 percent of all the countries in our dataset. These results are particularly 

striking in light of the fact that 12 of the 31 countries in these regions were forcibly made into 

Soviet Republics or Soviet Satellite States, which throttled their economies and political 

systems until the early 1990s.  That is, the powerful negative effects of Russian colonialism 

on Latvia, Lithuania, Estonia, the Czech Republic, Slovakia, Poland, Hungary, Romania, 

Bulgaria, Ukraine, Belarus, and Moldova were dominated by a countervailing, 

geographically-clustered, positive effect once the USSR fell apart. The implication of Figure 

1 is clear: some process that is generated by geography, or that is strongly correlated with it, is 

at work.  

Even more puzzling, these geographic patterns of economic development and 

democratic consolidation are not timeless; they only emerged in the past two centuries. If one 

were to ask, for example, how many of the 133 countries in our dataset were democracies in 

1700 the answer would be none. In fact, they are far from it, because 1700 marks the high 

point of Absolutism and the Divine Right of Kings. The recentness of democracy as a form of 

political organization can be seen in Figure 2, which plots countries’ average Polity2 scores 

for 1800-1820 against their scores for 1991-2016.  Of the 31 countries for which there are 
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Polity2 scores for both windows of time,3 roughly half (16) are consolidated democracies 

today—but not a single one of those countries was a consolidated democracy in the early 

nineteenth century.  Fifteen of those 16 countries display Polity2 scores for the early 

nineteenth century that are lower than the Polity2 score for Russia today. Not surprisingly, a 

regression of Polity2 scores in 1800-20 against the scores for those same countries in 1991-

2016 yields an R2 of .01.   

[Figure 2—Polity 1800 and Polity 1991 about here] 

If we focus on economic development, rather than democracy, the results are similar: 

countries’ levels of development in 1700 and today are uncorrelated. This can be seen in 

Figure 3, which plots a country’s level of urbanization (which a broad literature has shown is 

strongly correlated with per capita GDP) in 1700 against its level in 2010.4 The R2 is only .02.  

The reason is not hard to divine: with the exception of the Netherlands, none of today’s high 

per capita income countries were among the most developed countries in 1700. To give a 

sense of how much the distribution of economic activity across the world has changed, in 

																																																													
3 The Polity IV project only scores sovereign countries since 1800, which means that many 
countries do not enter the Polity dataset until the twentieth century.  We mitigate this problem 
somewhat by back-coding polity2 scores based on knowledge of countries’ political histories. 
For example, Polity IV only provides scores for Kuwait since 1960, but Kuwait has been 
ruled by the same royal family, the Al Sabah’s, since 1756.   Kuwait was made a British 
protectorate in 1899, hence it was not completely sovereign, but as a legal matter the British 
considered Kuwait to be an independent principality, and they did not interfere with its 
domestic politics. We therefore back-code Kuwait to 1800, assigning it the same score as in 
1960 because our reading of Kuwaiti history indicates little or no change in the authority and 
discretion of Kuwait’s monarchy prior to 1960.  We discuss these back-coding decisions, and 
provide the scores, in Appendix A. Nevertheless, there are a limited number of countries for 
which it is possible to back-code reliably.  
4 Acemoglu, Johnson, and Robinson (2002) and Dincecco and Onorato (2018) have shown 
that urbanization rates strongly correlate with GDP per capita today. We repeat their analysis 
for 2000, and also do an analysis for 1960.  We find that The R2 is .65 for 1960 and .59 for 
2000. We therefore develop datasets for the percent of the population living in towns and 
cities larger than 25,000 people in 1700, 1800, and 1900.  
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1700 France, the U.K, Japan, and South Korea—all economic powerhouses today—were less 

than half as urbanized as Bolivia, Tunisia, Turkey, and Syria. 

[Figure 3—urbanization in 1700 and 2010—about here]  

Scholars have long sought to understand these puzzles. There is a distinguished 

literature that argues that high per capita income makes democracy possible (e.g., Lipset 

1959, 1963; Huntington 1968; Dahl 1971; Przeworski et. al. 2000).  There is an equally 

distinguished literature that maintains that causality runs the other way; representative 

political institutions create the basis for sustained economic growth and high per capita GDP 

(e.g., North and Weingast 1989; Barro 1998; Acemoglu and Robinson forthcoming).  Another 

body of scholarship argues that democracy and economic development are part of a general 

equilibrium that is caused by institutions, but there is not a consensus in that literature about 

what institutions are or where they come from (e.g., Weingast 1997; Acemoglu et. al., 2008; 

Persson and Tabellini, 2009; North, Weingast, and Wallis 2009; Acemoglu and Robinson 

2012).  

A long line of work, going back to Aristotle has pointed to the role of climate and 

geography as drivers of economic and political outcomes.5  Carneiro (1970) argues that 

centralized states first emerged in areas where agricultural production was geographically 

circumscribed by mountains, seas, or deserts that limited the area that could be cultivated.  

Mayshar et. al, (2015) argue that hierarchical political structures emerged in environments 

well suited to growing easily appropriable cereals. Hibbs and Olsson (2004) and Putterman 

(2007) argue that climate, working through the timing of the transition to agriculture from 

																																																													
5 See Aristotle, Politics VII, 7.  Also see Montesquieu, The Spirit of the Laws (1748).   
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hunting and gathering, played an important role in long run rates of economic growth.  A 

related literature points to the role played by geographic or climatologic factors in shaping 

institutions and paths of economic development (Engerman and Sokoloff 1997; Diamond 

1997; Acemoglu, Johnson, and Robinson 2001; Easterly and Levine 2003).  

Other scholars have been critical of the view that geography and climate drove long 

run paths of institutional development. One line of critique argues that institutions matter for 

long run economic prosperity, but they were determined by idiosyncratic events in human 

history (Acemoglu and Robinson 2012).  A second line of critique has pointed out that the 

concept of an “institution” is so underdeveloped theoretically that it has failed to measure 

their effect as an empirical matter.  One cannot reject the argument, therefore, that economic 

development is driven by policy choices made in recent decades, particularly those related to 

investments in human capital (Glaeser et. al. 2004).  A third line of critique argues that 

geography and climate work on economic development directly, through the impact of 

malaria on economic activity (Gallup and Sachs 2001).  

These literatures have all contributed to our understanding about why consolidated 

democracy and economic development tend to go hand-in-hand and cluster geographically—

but they are disparate pieces of a complex and dimly-lit mosaic. Our goal in this paper is to 

offer a theory that puts the pieces together into a unified whole—and then to offer a battery of 

tests of that theory.  

We draw on insights from Systems Biology, a field of study whose goal is to 

understand the mechanics and dynamics of complex adaptive biological systems. A systems 

biologist might ask, for example, why does Ecosystem 1 contain fleet-footed rabbits and 

coyotes but Ecosystem 2 does not?  The core of the approach is to think about an ecosystem 
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as being governed by the interactions of numerous agents; no one is in charge. The agents—

the individual members of various species in a particular physical environment—provide 

information to one another both about the physical environment and about one another 

through their interactions.  That is, they generate complex feedback loops that guide the 

process of adaptation within each species over time.6  Because there are numerous agents 

from many species and because the interactions are taking place over long time spans, the 

feedback loops are characterized by non-linearities and complexity—so much so that asking 

questions about “causal mechanisms” is viewed as profoundly wrong-headed.  

Systems biologists therefore do not ask question such as: “Are rabbits fast because 

coyotes hunt them, or are coyotes fast because they hunt rabbits?”  Rather, fast rabbits and 

coyotes are understood as emergent properties of some complex adaptive systems, but not 

others. Instead, systems biologists ask: “Why did powerful hind legs made for sprinting prove 

to be successful adaptations in some systems, but not others?”  They would point out that it is 

not possible to answer that question without taking into account that rabbits and coyotes 

collocate in grasslands whose terrain favors speed, there were lots of random mutations that 

failed to become species-wide adaptations because they imposed too high a cost on other 

survival-favoring properties of rabbits and coyotes,7 and powerful hind legs in predator and 

prey did not happen all at once.  Fast rabbits and fast coyotes co-evolved over time.  In short, a 

coherent answer to the question of why rabbits and coyotes are fast, are found together, and 

																																																													
6 For an introduction to Systems Biology and the application of its concepts for understanding 
how environmental constraints effect the behavior of a non-human social animal, see Deborah 
Gordon, “The Ecology of Collective Behavior,” PLoS Biology 12 (2014).  
7	For	example,	some	rabbits	might	have	been	born	with	smaller	ears	that	would	have	saved	weight	and	
permitted	even	greater	speed,	but	that	mutation	would	have	come	at	the	cost	of	less	sensitive	hearing.		
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tend to be found in some physical environments but not others requires an approach that is 

both ecological and historical.  

We cannot overstate the importance of this last point: a complex adaptive system has a 

history.  What exists in a system at time t affects what can emerge in that system at time t+1.  

The implications of Systems Biology for thinking about the connection between levels 

of economic development and democracy, as well as their geographic clustering, are 

straightforward. Human beings are social organisms that both adapt nature to their needs and 

that adapt themselves to nature—and thus a human society is a biological CAS.  Plainly put, 

human beings must be able to obtain sufficient food kilocalories or they die—and, regardless 

of what urbanites in highly developed economies might think, they cannot generate food 

kilocalories just any way they like. Wheat will not grow in a rainforest, bananas will not grow 

in a desert, food rots quickly in the tropics, it is more difficult to lift a ton of wheat over a 

mountain than it is to float it down a river, widespread severe droughts occur more frequently 

in regions with monsoonal climates, and endemic malaria means that people can work less 

hard at growing food because they are sick much of the time or are caring for people who are 

sick much of the time. Though people in developed economies tend to take access to food 

kilocalories for granted, for most of human history—and for billions of people in developing 

economies still today—the ability to obtain food kilocalories was, and is, the central problem 

of existence.  

Human beings have pushed back against the constraints imposed by nature on the 

generation of food kilocalories for as long as there have been human beings, and they did so 

by adapting. Some of the adaptations they came up with were technological, such as 

transplanting cultigens, digging canals, forging metal tools, or prolonging storage through 
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fermentation. Some of the adaptations they hit upon were social—ways of behaving and 

planning, and expecting others to behave and plan—such as norms regarding trade or the 

sharing of food when supplies are irregular.  Some of the adaptations they hit upon were 

political, such as systems of direct taxation during times of plenty and redistribution during 

times of scarcity, or systems of law regarding property, theft and trespass.   

Like in any complex adaptive system, no single agent decided which adaptations 

would be made, and which would be rejected. Rather, numerous agents experimented locally 

and incrementally, and interacted with each other locally and incrementally. Some of those 

experiments turned out to be well suited to the characteristics of their particular physical 

environments. Some of those experiments also turned out to be well suited to underlying 

psychological predispositions—moral heuristics rooted in human evolution—particularly 

those related to the conditions under which food sharing is viewed as just.8 Some of those 

experiments also turned out to be well suited to social and political adaptations that had 

already been made. We would hypothesize that when an adaptation was well suited to the 

particular environment, to underlying moral heuristics, and to the existing stock of social and 

political adaptations, that adaptation stuck.  

The result was quite different ways of organizing human societies—different complex 

adaptive systems, as it were.  Differences in systems pushed human societies down quite 

different paths of long run development. It follows that what we observe today as high levels 

																																																													
8 The intuition is that uncertainty regarding resource acquisition is a key factor in triggering 
whether human beings tend to view sharing as just or unjust, and that this predisposition is 
rooted in the conditions under which hunter-gatherers acquired food.  See Kameda et. al., 
“Social Sharing and Risk Reduction: Exploring a Computational Algorithm for the 
Psychology of Windfall Gains,” Evolution and Human Behavior 23 (2002); Leda Cosmides 
and John Tooby, “Evolutionary Psychology, Moral Heuristics, and the Law,” in Gerard 
Gigerenzer and Christoph Engel, Heuristics and the Law, MIT Press, 2006.   
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of correlation among the level of per capita income and democratic consolidation is the 

outcome of a process of coevolution within a complex adaptive system. That is, they are not 

just outcome variables that happen to be correlated, they are emergent properties of particular 

complex adaptive systems, much like fast rabbits and fast coyotes. 

It follows that asking whether democracy causes economic development or economic 

development causes democracy is akin to asking whether rabbits are fast because coyotes hunt 

them, or coyotes are fast because they hunt rabbits. What is to be understood is how and why 

different complex adaptive systems emerged in different physical environments, and why 

some of those systems were more likely to generate high per capita incomes and consolidated 

democracies than others. 

Let us be concrete. Afghanistan, for example, is a complex adaptive system. The 

weakness of its central government, the venality of its public officials, widespread tax 

evasion, the paucity of public education, its tribal social structure, norms about honor and 

reciprocity, the use of violence rather than courts of law to adjudicate disputes, a low level of 

economic development, and other features of Afghan society co-evolved over a long period of 

time. The characteristics of Afghanistan—all the things that makes it fundamentally different 

from, say France—are as tightly and complexly woven together as an Afghan carpet.  The 

way that Afghanistan is woven together is different from France not because of idiosyncratic 

events in Afghan and French history, but because they were made on two quite different 

looms, using different yarns, dyes, and patterns. Pulling any particular thread will not cause 

Afghanistan to look more like France, not will it cause the weave that is Afghanistan to 

unravel; a fact learned the hard way, in both treasure and lives, by the governments of Russia 

and the United States.  
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If human beings have been adapting to the physical environment for as long as there 

have been human beings, then how are we to gain traction on understanding how the physical 

environment shaped the ways that human beings organized societies?  We cannot, for 

example, go back in time and give every society the exact same technology, so that we can 

see how variance in the physical environments gave rise to variance in complex adaptive 

systems?  

The Columbian Exchange—the movement of cultigens, pathogens, draft animals, 

tools, and modes of transport that took place once the Eastern Hemisphere and Western 

Hemisphere came in contact with one another in 1492—does allow us, however, to get 

considerable traction.  It leveled the technological differences in food kilocalorie production 

across societies for several hundred years. One of defining features of the Columbian 

Exchange was the rapidity with which societies across the globe adapted new agricultural and 

transport technologies to their local physical environments. It was only a matter of decades 

until New World maize, potatoes, and cassava were adapted in Africa, Asia, and Europe, and 

Old World wheat, rice, yams, and bananas were adapted in the Americas.9 The heavy, steel-

tipped plow, pulled by a horse or ox was a technology that disseminated almost as quickly as 

horses and oxen could reproduce, even if it was not always used because of local terrains and 

slopes (Alesina, Giuliano, and Nunn 2013). The world over, food was moved on inland 

waterways and along coasts by boats powered by sails, oars, and poles or overland by animal-

drawn wheeled vehicles (except for those regions of Central Africa where Tsetse Fly-

																																																													
9 A potential exception is the introduction of the potato to Africa, which may have been 
delayed until the late 19th century. Maize and cassava, however, spread rapidly. See Nunn and 
Qian (2011).   
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transmitted Trypanosomiasis reduced the survivability of horses and oxen).  Thus, the 

potential quantity of kilocalories that could be generated in any particular ecosystem 

increased after 1492. Variance across ecosystems in potential kilocalorie production 

remained, but it more reflected variance in local environments—temperature, humidity, 

rainfall, the presence of malarial mosquitos, drought frequency, soil quality, terrain slopes, 

and access to navigable water—than it did variance in technology.  

We hope that the implication is straightforward: there was a window of time, from 

roughly the Columbian Exchange to the application of steam power to transport (circa 1800) 

when variance across societies was less driven by variance in available agricultural 

technologies, and more driven by variance in the physical environment, than any time before 

or since. During this window of time, variance in physical environments strongly determined 

how many food kilocalories could be generated, how far they could be traded, how frequently 

their generation would be interrupted due to widespread droughts, and how long food 

kilocalories could be stored. It follows that during this window of time, variance in physical 

environments exerted a tremendous effect on social and political adaptations to mitigate the 

fundamental problem of obtaining food kilocalories. That is, variance in physical 

environments drove much of the variance in human CAS across the planet during the window 

1500-1800.   

The central hypothesis of this paper is that the way that human societies organized 

themselves in the sixteenth through the eighteenth centuries as a result of variance in their 

physical environments exerted a powerful effect on their ability to adapt the package of 

technologies that historians and social scientists refer to as modernity. Those technologies—

such as publicly-funded mass education (1760s), the factory system (1780s), Republican 
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government (1790s), the levée en masse (1790s), the railroad (1830s), the iron hulled 

steamship (1840s), refrigeration (1850s), the Australian (secret) ballot (1850s), the automobile 

(1880s), electric lighting (1880s), the airplane (1900s), the transistor (1940s), the laser 

(1950s) and the countless innovations that followed—did not have to be invented by every 

society over and over again from scratch.  Rather, societies had to adopt them successfully—a 

task that turned out to be quite easy in some settings, but extraordinarily difficult, if not 

impossible, in others.  

Lest we be misunderstood, we are not suggesting that climate and geography 

determined economic development and regime types in some direct and immediate sense.  

Rather, we are suggesting that the level of per capita GDP, democratic consolidation, and the 

other factors that researchers have noted tend to go them, such as a high level and broad 

distribution of human capital (e.g., Lipset 1959, 1963; Glaeser et. al 2004), are emergent 

properties of particular complex adaptive systems—different human ecologies as it were. We 

are also suggesting that variance in those human ecologies is related to the way that they were 

able to address the fundamental problem of food scarcity and uncertainty at a much earlier 

point in their histories.  That is, the social and political adaptations of societies to solve the 

problem of biological survival before modernity limited how quickly and completely societies 

could adopt the technologies of modernity.  

Finally, we are suggesting that that this way of thinking allows us to answer the 

central puzzle posed by a large and distinguished social science literature: why do economic 

development and political democracy go hand; and why do those outcomes cluster 

geographically?  The reason we hope is obvious: climates, soils, endemic malaria, terrain 

features, and access to navigable waterways cluster geographically; it should therefore not be 
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surprising that the outcomes they gave rise to over the course of history also cluster 

geographically.  

We operationalize these hypotheses by building geo-coded datasets that approximate, 

as closely as possible, the agricultural ecosystems of the hinterlands of the largest city in 

every country (or region that later became a country) in the world in 1700.  We use geo-

spatial tools to re-create, as closely as we can, the size of the economic hinterland (a function 

of terrain slopes and access to navigable water), the number of potentially storable food 

kilocalories that could be produced in that hinterland (a function of soil qualities and climate), 

the length of time those kilocalories could be stored (a function of temperature and humidity), 

the presence of endemic malaria (a function of temperature, humidity, and presence of 

mosquitos that carry the Plasmodium parasite responsible for the disease), and the frequency 

with which that food kilocalorie production in that hinterland would be wiped out by a severe 

drought (a function of variance in rainfall and temperature).   

We focus on the hinterlands of the largest city in every country or proto-country 

because the norms, laws, and political organization of modern nation states tended to emerge 

from single core areas that were then implanted onto the rest of the country as it took shape. 

To cite but a few examples: the legal and political organization of modern France emerged in 

the Île-de-France (the region around Paris); the legal and political organization of modern 

Mexico emerged in the Valle de México (the region around Mexico City); and the legal and 

political organization of modern Japan emerged in Edo (the seat of power for the Tokugawa 

Shogunate, which later became Tokyo when the Meiji emperor moved the capital from Kyoto 

in 1869).   
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We find that a few facts about the agricultural ecosystems of the hinterlands of the 

largest city in every country or proto-country circa 1700 explain the probability of economic 

development and democratic consolidation. We also find that this result is robust to using the 

hinterland of the second largest city in every country or proto-country circa 1700, robust to 

using the hinterland of the largest city in 1800, and robust to using the second largest city n 

1800.  

This paper continues as follows.  Section two advances the theoretical framework. 

Section three explains how we built the geo-coded data sets necessary to conduct our 

analyses. Section four assesses the theory using our geo-coded datasets. Section five assesses 

whether our explanation of economic development and democracy is robust to the alternative 

hypothesis of colonialism. Section six concludes.  

 
 Section 2: Theory 

Human societies must create stable sources of food energy, or they die out. The ability 

to access stable sources of food energy is a function of the available technology for growing, 

storing, and transporting food crops.	Given any particular state of technology, brute facts of 

nature determine the amount of accessible food energy by affecting what can be grown, how 

much of it can be grown, whether it can be stored, and the distance at which it can be traded.   

There are biological differences across the types of crops that thrive in temperate 

zones versus the tropics. These biological differences influence the storability, and hence 

tradability, of those crops. Those biological differences also affect the impact of weather 

shocks on those crops. Cereal grains and pulses thrive in temperate zones.  They are in high in 

calories and protein dense, and can be stored for years on end because they have low moisture 

contents and go dormant after harvest.  This makes them relatively easy to trade. They also 



	 17	

have definite growing seasons, which means that they are sensitive to weather shocks: if it is 

too wet or too dry at a particular time in the growing cycle, an entire year’s crop can be lost. 

The crops that thrive in the tropics, such as roots, tubers, and fruits can be stored for much 

shorter periods of time because they have high moisture contents, high respiratory rates, are 

subject to fungi and microbial attack, and typically do not go dormant after harvest.  Some 

tropical crops decay within hours of harvest (e.g., Sugarcane), some last but a few days (e.g., 

Bananas), some a few weeks (e.g., Taro), and some a few months (e.g. Yams).10  These crops 

tend not to be seasonal (they are produced year round), which means that idiosyncratic 

weather events are less likely to wipe out an entire year’s production. Given the transportation 

technologies prior to the application of steam in the nineteenth century, non-seasonal crops 

had to be consumed close to farm gates; they could not be traded at a distance.   

There is tremendous variation across the planet in temperature and humidity, and these 

affect the length of time that crops can be stored. Even cereal grains, which are characterized 

by high storability relative to roots and tubers, are highly sensitive to the conditions under 

which they are stored after harvest. The same grain that might remain edible for several years 

when stored under cool, dry conditions will decay within weeks if stored in a hot, humid 

environment. The effect of temperature and humidity on storage length are amplified by the 

moisture content of the grain at the time it is put into storage: if it is not possible to dry the 

																																																													
10 Sugarcane is the quintessential example: If cut cane is left unprocessed for more than 12 
hours, the sugar is lost to fermentation (Binswanger and Rosenzweig 1986; Dye 1998). 
Bananas and Cassava can be stored for only five to seven days; Taro for two to six weeks; 
Sweet Potatoes a few weeks to four months, depending on storage conditions; Yams 12 to 18 
weeks (Jennifer A. Woolfe 1972; Ravi, et. al., 1996; Diop and Calverley1998; Abu-Goukh 
1986); Potatoes, generally about the same length as Sweet Potatoes and Yams, though they 
are susceptible to a wide variety of endemic bacterial and fungal pathogens, which can 
dramatically shorten storage life under warm wet conditions (Boyd 1972).  
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grain, because of high relative humidity, the storage life of the grain falls dramatically. Given 

the drying and storage technologies of the 16th through 18th centuries, nature basically 

determined whether food crops could be stored at all.  

Whether a society can trade its storable surpluses is also affected by brute facts of 

nature.  All other things being equal, it requires far less energy to move goods by water, 

where friction is dramatically reduced, than it does over land.  All other things being equal, it 

requires far more energy to move goods uphill than it does to move them over flat terrain.   

Navigable bodies of water and flat terrains are not randomly distributed across the planet. 

Indeed, two areas of the globe are particularly blessed by flat terrains and slow moving rivers 

that remain ice-free year-round; North America and Western Europe. Given the technologies 

available prior to the nineteenth century, flat terrains and slow moving rivers basically 

determined whether food kilocalories could be moved at all.  

The extent and frequency of weather shocks is also not randomly distributed across the 

planet.  While there have been periods of cooling and warming (e.g, the Roman Warm of 250 

BC to 400 AD, the Little Ice Age of 1350-1750, and global warming over the past four 

decades), the basic climate patterns of the planet have been stable for several millennia. For 

our purposes of looking at the period 1500 to 1750, the notable fact is that some world areas 

are much more drought prone than others, and these drought prone areas tend to be 

monsoonal.  That is, they are affected by shifting winds that produce alternating dry and wet 

seasons that extend over huge areas.  Because of variance over time in solar radiation, dry 

monsoons vary in intensity from year to year, or cycle over multi-year periods, producing 

droughts that may persist for several years over huge areas. Broadly speaking, South Asia, 

South East Asia, East Asia north of Australia, Mexico and the U.S. Southwest, and West, 
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Central, and East Africa all have monsoonal climates.  The El Niño/ La Niña oscillation in the 

Eastern Pacific that drives the East Asian Monsoon also affects, in an irregular pattern, the 

west coast of South America, Central America, Mexico, and California.  The dry phases of the 

West African and South Asian Monsoons give rise to seasonal winds that also affect a broad 

swathe of the planet that extends from the Gulf of Guinea, across the Sahara Desert and the 

African Sahel, into the Middle East.  

The central point to keep in mind is that there are world areas that are not affected by 

monsoonal systems, and thus are less prone to spatially and temporally correlated droughts. 

These regions include Canada, the U.S. East Coast and Midwest, Western and Eastern 

Europe, Scandinavia, Australia and New Zealand, South Africa, and the East Coast of South 

America.  There are certainly weather fluctuations in these areas, but they are idiosyncratic 

events.  

How hard farmers could work—at production, storage, and trading—were also 

affected by brute facts of nature. The big differences in average temperature and humidity 

across the planet that affect what can be grown, also affect the work effort of human beings 

through the effects of endemic malaria.  Malaria is a parasitic disease carried by several 

species of mosquitos common to tropical areas. The Plasmodium parasite responsible for the 

disease resides for most of its life cycle in the liver and red blood cells of the infected person. 

In order to avoid being destroyed by the spleen, the parasite induces infected blood cells to 

stick to the walls of small blood vessels, with the resulting blockage of the microvasculature 

causing anemic symptoms such as weakness and fatigue, fever, vomiting, and headaches. In 

children, the anemia induced by malaria may cause permanent cognitive impairment because 

it occurs during a period of rapid brain development. The Plasmodium can cross the blood-
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brain barrier, causing Cerebral malaria, which may also cause permanent cognitive 

impairment, in adults as well as children.  Malarial infection is not a one time event: people 

who have survived an infection are subject to recurrences of the disease months later, because 

Plasmodium can survive in the blood or as dormant hypnozoites in liver cells.  Infection also 

provides only short-term immunity; people may be re-infected through subsequent mosquito 

bites. Human beings in areas where malaria is historically endemic developed genetic 

adaptations that provide some immunity, but the most common of these—the Sickle Cell 

Trait—comes at a big evolutionary tradeoff; individuals with two copies of the abnormal 

hemoglobin beta allele have sickle-cell anemia that induces recurrent, debilitating, sickle cell 

crises.  The problem of endemic malaria remains today in low per capita income countries, 

where the cost of mitigating it exceeds the local capacity to do so.  During the 16th through 

18th centuries, before mitigation it was undoubtedly a serious problem in those places where 

malarial mosquitos could survive.   

Let us now put these facts together in order to create a framework with which to 

understand how these features of climate and geography influenced social and political 

adaptations during the period 1500 to 1700.  Let us also consider how those differences in 

those complex adaptive systems influenced the rate at which societies could adapt the 

technologies of modernity in the centuries after 1800.  

 
Transactional CAS  

Imagine a group of people with the technologies of the 18th century, located on a 

navigable waterway, with flat terrain, fertile soils, and a temperate non-malarial climate 

characterized by idiosyncratic (not spatially and temporally correlated) weather shocks.  

Given this environment, the efficient method of producing food kilocalories was 
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straightforward: grow protein and calorie-dense cereals and legumes, and then take advantage 

of the biological characteristics of those crops (their low moisture contents and dormancy 

after harvest) and the temperate climate to store them for long periods of time.11   

Such an environment would not have been an undifferentiated plain: there would have 

been local differences in soils and climates that encouraged specialization in one crop over 

another.  Given the low cost of transportation in this environment—recall that the terrain is 

flat and cut by navigable waterways—there would have been incentives for farmers to 

specialize in particular cereals or pulses and to trade for the others.   

This environment would not have been an idyll.  Random, short-duration weather 

events—for, example, a heavy downpour just before a wheat harvest—would have caused 

periodic, local crop losses. High crop storability and low transportation costs would, however, 

have presented farmers with an obvious solution; purchase the lost crop from farmers far 

enough away to not be affected by the weather shock by offering them kilocalories from 

another cereal or legume with a slightly different growing season (e.g., exchange a bushel of 

rye harvested last month for the neighbor’s bushel of wheat), from kilocalories stored as 

human muscle power or human capital, or from kilocalories promised from the next harvest 

cycle.12 In short, low transportation costs, high crop storability, and idiosyncratic weather 

shocks created incentives to trade, specialize, and write complex, inter-temporal contracts. 

																																																													
11 Cereals that can be dried after harvest and then stored at low humidity can remain edible for 
years on end. High humidity, especially when accompanied by high temperatures, reduces 
cereal storability by orders or magnitude.      
12 The very fact of low transportation costs would have worked to insure that weather shocks 
were random and local; the lower the transportation costs, the larger the economic hinterland 
over which stored kilocalories in food or people could move, and thus the lower the 
probability that any weather shock would affect all producers simultaneously. 
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Consider now the social and political adaptations that were likely in this ecosystem.  

Large numbers of bilateral exchanges created incentives for some individuals to become 

specialized intermediaries who had incentives to collocate—which is to say that trade begat 

markets, markets begat towns and cities, and towns and cities, as agglomerators and 

distributors of social surplus, begat specialists in trading, artisanry, banking, and contract-

writing. That is to say, investments in commerce-specific human capital—literacy, numeracy, 

problem solving—and urbanization were likely outcomes. 

Anything that can be easily stored and traded can be easily stolen. Moreover, theft 

does not have to be violent; it can be as subtle as the opportunistic exploitation of a poorly-

drawn contract. This ecosystem based on storable and tradable kilocalories therefore created 

incentives for human beings to make adaptations designed to facilitate the specification and 

enforcement of contracts, such as such as commercial registries and courts, and invest in a 

State with the police power to enforce those contracts. It also created incentives to invest in 

political adaptations, such as parliaments and autonomous cities, that limited the authority and 

discretion of the State itself—lest the ruler or his agents appropriate the surpluses of the 

society for their own ends.  In short, the rule of law and the political structures that made it a 

reality, were likely adaptations in this particular ecosystem.  

As a heuristic device, we term the combination of adaptations that emerged from this 

ecosystem—the laws that specified property rights, the political structures that limited the 

authority and discretion of government, the literate, urbanized, commercially oriented 

society—a Transactional CAS. We hypothesize that a Transactional CAS was likely to be 

efficient at adapting the technologies of modernity.  Neither the transition to an economy 

centered on manufacturing, nor the transition to collective decision making by citizens in the 
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political realm, would have been discontinuous jumps.  These were already systems made up 

of prosperous individuals, evenly matched in terms of human capital, who could draw on 

established judicial and political structures designed to facilitate transactions—and protect 

those transactions against the grabbing hand of the state.  

We cannot stress more strongly that we are not claiming that modern economic growth 

and consolidated democracy were necessary outcomes of a Transactional CAS. Large scale, 

external shocks, such as a foreign invasion or colonization, obviously would have affected a 

society’s path of development.  In addition, human beings are not always rational, self-

interested agents that behave in accordance with incentives—and some irrational human 

beings may, at critical times, have an outsized influence. We are simply saying that, all other 

things being equal, modern economic growth and consolidated democracy were more likely 

outcomes of this particular CAS than of others.  

Great Britain is a quintessential example of such a Transactional CAS.  The gradual 

transition from monarchy to democracy, from agrarianism to industrialization, from a society 

of subjects to a society of citizens, did not happen because of a conscious plan by anyone. 

Those transformations occurred because, given the technologies available in the 16th through 

18th centuries, the natural environment was conducive to the emergence of a population of 

free, commercially-oriented farmers, a population of high-human capital merchants and other 

specialist intermediaries and producers residing in a multitude of towns and cities, who had 

been erecting structures, such as a parliament independent of the king, for decades, if not 

centuries, prior to the industrial revolution of the 1780s and the Great Reform of 1832.  

We hypothesize that Transactional CAS were well suited to adapt the technologies of 

modernity.  We expect that they were the countries that transitioned to democracy first, and 



	 24	

that they have had long-lived consolidated democracies. We also expect them to have 

experienced the most rapid economic development. 

Insurance CAS 

 Imagine now a group of people located on a navigable waterway, with flat terrain, 

fertile soils, and a temperate non-malarial climate characterized by aggregate (spatially and 

temporally correlated) weather shocks. Everything, including the available technology, in 

short, is the same as in the previous ecosystem, except that weather shocks are massive and 

can endure for years on end.  

A severe, widespread, and prolonged weather shock—say a drought that covers an 

expansive region for several years— means that a farmer cannot easily trade his way out of 

crop failure.  When faced with an idiosyncratic weather event, a farmer will lose one 

particular crop—say, his wheat—but his other crops that have slightly different growing 

cycles or water needs (e.g., maize, barley, and chickpeas) will come in.  His neighbors’ crops 

may be completely unaffected.  An aggregate weather shock, however, implies that all of the 

farmer’s crops—the wheat, maize, barley, and rye—fail, and that the same disaster befalls 

everyone else around him simultaneously. Worse, the farmer, his neighbors, and his 

neighbors’ neighbors cannot know when the drought will end; if the past is any guide, it could 

go on for years.   

Given the technologies of the sixteenth through the eighteenth centuries, the incentives 

facing farmers in this environment were reversed from those where weather shocks were 

idiosyncratic. From the point of view of any farmer the incentives were clear: guard his store 

of food kilocalories, while stealing the food kilocalories stored by his neighbor, using 

violence if need be.  Sitting at home, consuming his own store of cereals and legumes was not 
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an optimal strategy: given the biblical scale of the weather shock—and given that massive, 

prolonged weather shocks are common knowledge in this environment—how would he know 

that he had enough food to survive without recurring to theft?  How would he have known 

that his neighbor, and his neighbor’s neighbor, had enough stored kilocalories so that they 

were not incentivized to form a coalition in order to steal from him?   

The farmer and his neighbors had good reasons to understand that they faced a 

common pool problem.  They might have solved it by simply preying on one another—a 

Hobbesian world of the all against the all—but such a society would not have been likely to 

survive for long.  Another solution would have been an insurance system: an agreement to 

share based on setting aside a portion of each year’s harvest in order to create a central store 

that everyone could draw upon when disaster struck. Like any insurance system, however, the 

participants had an incentive to free ride and cheat; it was in their individual self interest to 

evade payments to the insurance fund, secretly create a private hoard, demand that their 

neighbors make the required contributions, and then draw from the insurance fund when 

disaster occurred. Worse, the group of farmers, by creating a centralized store, just created a 

target for theft by farmers outside the coalition. The solution; increase the size of the coalition 

by bringing the outsiders in—but that only amplifies the problems of free riding and creates 

an even larger target for theft by other outsiders.  The incentives are clear: use violence to 

compel all farmers to deposit a pre-determined portion of their crops; and use violence to 

defend that centralized store from farmers outside the coalition.  In short, the farmers have 

just created a centralizing state with sufficient police power that it can compel any farmer, or 

coalition of farmers, to pay a direct tax and sufficient military power that it can defend against 

any external coalition.  
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What are the incentives in this Insurance CAS?  There will still be trade during good 

times, and thus incentives to invest in human capital, create specialist intermediaries and non-

agricultural producers who will collocate in towns and cities, and incentives to invest in the 

laws and courts necessary to support transactions.  But those incentives will be dampened by 

the fact that a large portion of the surplus generated by the ecosystem has to be taxed directly 

in order to assure the society’s survival during bad times.  Moreover, the incentives to invest 

in norms and structures that limit the government’s authority and discretion will necessarily 

be weakened; the government must, by design, be powerful enough to overawe any farmer or 

coalition of farmers. Why wouldn’t the rulers and agents of that powerful state not, then, 

appropriate some of the surplus for their own ends?  What would stop the centralizing state 

from preying on all sources of wealth or stamping out any source of dissent?  How likely 

would it be that this ecosystem would generate adaptations such as autonomous cities, 

parliaments independent of rulers, and citizens instead of subjects?  

China is a quintessential example of such an Insurance CAS.  Indeed, China is unusual 

in world history in that it has been a recognizable political entity with a highly centralized 

government since 206 BC: dynasties rose and fell, Mongols and Manchurians invaded and set 

themselves up as rulers; but, unlike Western Europeans, who never succeeded in re-creating 

the political unity of the Roman Empire, Chinese society continually re-produced a highly 

centralized government with broad authority and discretion to reduce the rights of its subjects.  

We would suggest that the re-creation of basic political structures over the course of two 

millennia is not an accident.  Rather, it is the outcome of two facts about the physical 

environment of China: 1) the two powerful rivers that simultaneously allowed for low cost 

transport, nourished the country’s agricultural lands, and threatened to wash those lands away 
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when they spilled their banks required investments in water management that could not easily 

be coordinated across a system of fragmented states; and 2) dependence on riverine irrigation 

meant that weather shocks at river headwaters could produce droughts and floods that could 

wipe out all downstream agriculturalists at the same time.  The response to this uncertain 

environment was a centralized state that, from the rise of the Han Dynasty (206 BC) to the fall 

of the Qing Dynasty (1912), built a bureaucracy to tax peasant farmers directly, spent 

enormous sums on infrastructure to control rivers, and stored prodigious amounts of grain so 

as to insure against harvest failures.  Under the Qing Dynasty (1644-1912) this granary 

system became incredibly sophisticated; the central government gathered information on 

grain prices and weather in order to predict regional food shortages, and responded by selling 

rice from its local and regional granaries into the market.  Nothing on this scale was ever 

imagined in Europe, let alone achieved (Wong 1997).  This insurance system could mitigate 

the effects of persistent, large scale, droughts and floods, and thus permitted the Chinese 

population to expand beyond anything imaginable in Europe.  Circa 1800, China already had 

a population of 295 million.  This insurance system, however, came at a cost: a powerful, 

centralized state could head off any threat to its persistence, whether that threat came in the 

form of anti-monarchical political ideas or the emergence of a merchant class that could have 

coupled capital to the technologies of modernity in order to create a highly innovative 

economy.  

We hypothesize that Insurance CAS were not well suited to adapt the technologies of 

modernity.  The presence of a powerful, central state might have facilitated modest levels of 

economic development, but it would have stood in the way of the emergence of a democratic 

political system.  
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Subsistence CAS 

What are the incentives if it is possible to produce food kilocalories, but not be able to 

store them?  The Tropics are an example of such an ecosystem: high rainfall makes it difficult 

to grow crops that are easily stored, high temperatures and humidity frustrate attempts to store 

whatever can be grow, endemic malaria reduces work effort 

The biological characteristics of the food crops that flourish in the tropics are 

strikingly different from the cereals and legumes that flourish in temperate latitudes.  On the 

plus side, crops that flourish in hot, humid environments, such as tubers and fruits, are non-

seasonal; they ripen year round.  There is a tradeoff, however: those non-seasonal crops have 

high moisture contents and do not go dormant after harvesting; thus they decay rapidly after 

picking.  In the era before refrigeration and rapid transport, those crops could therefore not be 

easily traded. The efficient solution was (and is) simply not to pick them until they are to be 

consumed; yams, for example, can be left in the ground for extended periods of time, where 

they will continue to propagate.   

The incentives in this environment to specialize in particular crops, or to mitigate 

idiosyncratic weather shocks through trade, were therefore weaker than in temperate 

environments. In fact, they ran in the opposite direction; be a self-sufficient producer and 

store food kilocalories in the ground, in the form of un-harvested roots and tubers.  In the 

absence of a market, there can be no surplus; and in the absence a surplus, the incentives to 

become a specialist intermediary or specialist non-agricultural producer are very weak.  Why 

make costly investments in human capital if there was no pay off?  Why invest in legal 

structures, such as courts, property registries, and commercial registries, in order to facilitate 

contracts and arbitrate property rights when there is not much contracting, when there is no 



	 29	

surplus to steal, and when real property has little value? Why build cumbersome political 

structures, such as parliaments, in order to constrain rulers, when there is not very much that 

rulers can appropriate from their subjects, except the kilocalories that are stored in their own 

muscles and body fat? Even that store of surplus is not particularly valuable, however;  except 

for household service, labor power is an input to production, but an input to production is only 

of value when it can used to produce something that itself can be consumed.  

One common outcome in tropical environments are societies organized into bands or 

tribes, such as existed in Brazil, Venezuela, Central America, and the Caribbean prior to the 

arrival of the Spanish and Portuguese in the 16th century, and as existed in Papua New Guinea 

before it was colonized by Germany and Great Britain in the late 19th century. Another 

common outcome were kingdoms whose method of public finance was to tax human muscle 

power in the production of difficult to store crops.  The Kingdom of the Kongo, which 

stretched across modern day Northern Angola, the Republic of the Congo, the western portion 

of the Democratic Republic of the Congo, and Southern Gabon, is an example.  Prior to the 

arrival of Europeans in the sixteenth century, the Kingdom of the Kongo, was characterized 

by a low population density and a nobility that relied on slave labor to produce an agricultural 

surplus so modest that Europeans were struck by their impoverishment (Broadhead 1979; 

Thornton 2001).  Even when Europeans arrived, they did not think to colonize the areas under 

the control of the Kingdom of the Kongo, until world demand for rubber in the late nineteenth 

century made it worthwhile.  From the sixteenth through the early nineteenth century, 

Europeans and African kingdoms located close to the coast, such as the Kingdom of Loango 

(which had been a vassal state of the Kingdom of the Kongo) adapted African structures in 

order to provide labor for New World plantations through the Atlantic slave trade.  
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We hypothesize that ability of such Subsistence CAS to adapt the technologies of 

modernity were low.  We realize, of course, that there is a correlation between such CAS and 

being turned into a European colony.  We address that hypothesis in Section IV.  

Pastoral CAS 

What are the incentives if it is not possible to produce very much in the way of 

kilocalories at all? Steppes are an example of such an environment: they are too dry to grow 

crops, but they can support livestock that can be harvested for their meat and milk. The 

resulting production system yields very few food kilocalories per acre.  

What social and political adaptations did humans make in Steppe ecosystems?  The 

first is that they did not develop property rights in land; they developed property rights in 

animals.  The second is that low population densities and the fact that animals are movable 

meant that they did not need insure against serially and temporally correlated weather shocks 

by creating elaborate, state-based insurance systems; they simply moved themselves and their 

animals to better pasturage.  The incentives in such a system, of course, are to continually 

expand the possible range of pasture in order to outrun aggregate weather shocks.  That 

defining feature of a Pastoral CAS—the need for expansive pasturage—drove another 

defining feature of Pastoral CAS: people invested in their human capital, but those 

investments were in fighting on horseback, not literacy and numeracy.   

We hypothesize that the probability of such a CAS being able to adapt the 

technologies of modernity were very low.   

Section 4:  Data and Measures 

In order to subject our theory to tests against evidence we develop estimates of a series 

of dependent and independent variables.  Estimating the dependent variables is 

straightforward, while estimating the independent variables is considerably more involved.  
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Dependent Variables 

For the level of economic development, we employ two variables.  The first is GDP 

per capita in 2014 from the Penn World Tables 7.1, (chained series, at 2005 constant prices).  

There are a number of disadvantages of measuring the level of economic development using 

per capita GDP, and one of the most serious of these is that it is truncated with respect to time.  

The Penn World Tables, for example, do not extend back before 1950.   

We therefore develop a second measure of the level of economic development, the 

percentage of the population living in cities, covering the years 1700, 1800, 1900, and 2000. 

We do so following Acemoglu, Johnson and Robinson (2002) and Dincecco and Onorato 

(2018), who employ the urbanization rate as a proxy for economic development. For the year 

2000, we take the data from the United Nations, World Urbanization Prospects dataset and the 

United Nations, World Population Prospects dataset.  These datasets do not extend back in 

time before 1950.  We therefore create hand-coded datasets for the population of every city in 

the world with at least 25,000 people in 1700, 1800, and 1900.13 We then estimate country 

populations, on the basis of modern borders, for 1700, 1800, and 1900. We sum the urban 

populations and then divide by total population.14  

For the level of democratic consolidation tic we draw on the Polity 2 measure of the 

Polity IV dataset, which is the standard measure of the degree of political democracy in the 

comparative politics literature.15  It captures the competitiveness of political participation, the 

																																																													
13	In order to make sure that our estimates are not driven by the choice of the 25,000 person 
cutoff, we also hand-coded datasets for the population of every city in the world (except for 
China and Japan, because our data sources for those countries were not fine-grained enough to 
code below a 25,000 threshold). We find that the cross sectional variance across countries is 
not sensitive to the choice of a 10,000 or 25,000 person cutoff as an urban center.  	
14	See	Appendix	C	for	a	discussion	of	the	sources	and	methods	used	in	estimating	urban	populations	and	total	
populations.		
15 http://www.systemicpeace.org/inscrdata.html 



	 32	

openness and competitiveness of executive recruitment, and the constraints on the chief 

executive for every country in the world with a population above 1 million, beginning at 

political independence, or in 1800 for countries that are not former colonies.  In order to 

create a measure that captures both a country’s level of democracy and its long-run stability—

its equilibrium level of democratic consolidation—we average each country’s’ Polity 2 score 

over various windows of time: 1800 to 1820, 1821 to 1840, 1841 to 1870, 1871 to 1899, 1900 

to 1929, 1930 to 1945, 1946 to 1959, 1960 to 1990, and 1991 to 2016. For ease of 

interpretation, we rescale Average Polity 2 so that it runs from 0 to 100 (instead of -10 to 

+10). 

 

Independent Variables 

Generating the independent variables is considerably more difficult because our task is 

to approximate the storable agricultural capacity of the hinterland of each country’s largest 

city circa 1700 and to then estimate the frequency with which that hinterland would be 

affected by a severe weather shock.  That means that we must estimate the size and shape of 

each city’s hinterland as a function of the state of transportation technology before the 

widespread dissemination of steam power (as applied to that region’s terrain features and 

navigable waterways at that time).  It also means that we must estimate the storable 

agricultural capacity of that hinterland using the technology available from the 16th through 

the 18th centuries. Finally, it means that we must measure the frequency of weather shocks to 

that hinterland.  

We pick the hinterland around the largest city in each country in 1700 because the 

fundamental institutions of modern nation states tended to originate in a core area, and were 
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then transplanted to other areas by assimilation, conquest, and colonization.  Examples of 

such core areas include the Ile de France (the area around Paris, from which the modern 

French state emerged beginning in the 10th century), the Valle de México (the central plateau 

around Mexico City, that was the center of the Teotihuacán, Toltec, and Aztec Empires, the 

Spanish colony of New Spain, and the nation state of Mexico after independence), and the 

Edo region (from which emerged the modern nation of Japan beginning with the Tokugawa 

Shogunate in 1603).  The United States provides an example of how institutions spread from a 

core area: The 13 original colonies were all located on the Eastern Seaboard, and thus their 

institutions were endogenous to the natural environment there.  The U.S. Constitution not 

only harmonized the institutions of those 13 states, but it required that any additional state that 

joined the union had to have its constitution approved by Congress. Thus, Arizona’s 

institutions are not endogenous to Arizona’s natural environment; they reflect the institutions 

of the core area of the United States.  

 
Hinterlands 

For each country in the dataset, we identify the largest city in 1700 and calculate the 

size of its hinterland as a function of the distance one metric ton could be moved with a given 

amount of energy, using either of two 18th century technologies. Holding transportation 

technology fixed to pre-steam levels, friction and gravity are the fundamental drivers of 

hinterland size.  The uneven spatial distribution of flat terrain and navigable waterways 

therefore drive variation in hinterland size across the globe, as will become apparent below. 

We calculate hinterlands using the Path Distance Allocation tool in ArcMap 10.1. We 

use the tool to calculate the accumulated costs of moving a metric ton of goods from any 

location on the map to each city in our dataset, over a cost surface, along the least cost path.  
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For each city, the tool begins calculating the accumulated transport costs at the city itself and 

works its way outwards until the accumulated transport costs from the next cell to the city 

reach the budget constraint. Only cells on the map that fall within the budget constraint are 

coded as belonging to each city's hinterland. In the contexts of our analysis, costs and budget 

constraints are set in terms of physical parameters (e.g. friction, energy, work) rather than 

economic costs (e.g. dollars per ton-mile).     

We provide as inputs for the tool a map of the world composed of the following 

layers:  

• A vector dataset that geocodes the largest city in 1700 for each country in our dataset. 

• A raster Digital Elevation Map (DEM) that encodes the average elevation of each .225 

by .225 km cell on the map (resampled to 1km by 1km for computational efficiency).  

The DEM enables the tool both to calculate transportation costs due to elevation 

changes (i.e. fighting gravity) and also allows the tool to calculate the true 

transportation distance along a 3-dimensional surface (i.e. the hypotenuse rather than 

as the crow flies when traveling up or down hill).    

• A raster cost surface that encodes the per meter physical costs incurred by transporting 

one metric ton of goods through the cell.  For the sake of simplicity we specify two 

types of costs based on overland and waterborne transportation.  

We provide three additional inputs for the tool: a physical model that translates 

elevation gains to quantities of physical work expended, a set of assumptions about the 

physical limits of pre-steam transportation technology (e.g. a maximum grade beyond which a 

team of horses cannot pull a load), and a budget constraint for the total amount of energy 

available.  We explain each of these elements in detail in the following sections. 
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Overland Travel 

Determining the physical cost of transportation requires that we fix a pre-steam 

transportation technology from among the available options, including human porters, mule 

trains, and horse-drawn wagons.  We chose horse-drawn wagons, the Conestoga Wagon in 

particular, given its use in the 18th century United States for transporting bulk goods across 

the Appalachian Mountains.  

Though porters and mule-trains enjoy some advantages, such as the ability to traverse 

steep grades, the overall energy efficiency of a wagon far outweighs any disadvantages.  

Wagon transport therefore provides the most optimistic estimate of energy costs for travel by 

land.  That is, by assigning the Conestoga Wagon as the overland technology to every 

hinterland in the world in 1700, whether it was used or not, we bias against our hypotheses.  

For example, the Conestoga Wagon could not have been used in Central Africa, because 

horses and oxen are susceptible to Tsetse Fly-transmitted Trypanosomiasis.  Thus, our 

estimates of hinterland size for Central African countries are biased upwards, which also 

biases our estimates of potential kilocalorie production upwards and our estimates of the 

frequency of aggregate weather shocks downwards (the larger a hinterland, the lower the 

probability that all of it would be subject to drought simultaneously).  

Our strategy is to estimate the amount of energy required for a loaded Conestoga 

wagon to maintain a constant speed on flat land.  That is, we assume away the question of 

acceleration and simply calculate the energy required to overcome friction, primarily rolling 

resistance in the case of a wagon.  We rely on historical data to determine the physical 

characteristics of a typical Conestoga wagon, a typical load size, and the total resistance based 

on those factors plus road surface and road conditions.         
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We estimate 492 newtons as the force required to overcome the total resistance (per 

metric ton of cargo) of a loaded Conestoga wagon on a flat, earthen road in good condition. 

Applying that force over 1 meter implies 492 newton-meters, or joules, as the amount of 

energy expended per metric ton in hauling cargo via Conestoga Wagon over a flat, earthen 

road in good condition, at constant speed.  This is the value encoded for overland travel in the 

friction surface used by the Path Distance Allocation tool in ArcMap 10.1.  Below we explain 

the data and calculations behind this number.  

Diameter and width of the wagon wheels are two of the factors that determine the 

rolling resistance of a wagon.  We estimate the typical diameter and widths of a Conestoga 

wheel based on data in Shumway (1964). Rolling resistance is directly proportional to the 

gross weight of the vehicle (vehicle plus cargo), since the road surface deforms in direct 

proportion to gross weight. We assume a wagon weight of 3250 lbs and a cargo of 7000 lbs 

based on data in Shumway (1964) and the Pennsylvania State Historical Commission 

website.16 

Road surface and conditions can impact the difficulty of travel by wagon 

tremendously, with poor conditions capable of increasing the total resistance by an order of 

magnitude or more, relative to good conditions. Within the constraint of choosing a natural 

road surface, we choose the best possible conditions so that we do not overestimate the 

difficulty of land-based transport relative to water.  Based on data in Baker (1965: 18) we 

assume a resistance of 68.5 lbs per ton based on the average value for freight wagons on a 

nearly dry earth road in very good condition.  

																																																													
16 See:  
http/www.portal.state.pa.us/portal/server.pt/community/things/4280/conestoga_wagon/47821
0 
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We also accounted for energy required to overcome elevation changes based on the 

gross weight of the wagon and the gradient of the path.  Based on Baker (1918) we limited 

wagon transport to a 10% grade, at which point a horse can barely generate enough power to 

transport itself over any appreciable distance. 

 
Waterborne Transport 

In dealing with water-based modes of transportation, we make several simplifying 

assumptions.  First, we do not distinguish river travel from travel along major lakes, seas, and 

oceans.  Second, we largely assume away the effect of river currents in the physical model, 

with the exception that we code rivers with sufficiently strong currents as non-navigable using 

pre-steam technologies (based on historical sources).  Given that coastal and ocean transport 

are cheaper than riverine transport in terms of energy expended per ton of cargo, the first 

assumption leads us to overestimate the energy costs of oceanic transport. Since most rivers 

flow from the hinterland towards the city, the second assumption leads us to overestimate the 

energy costs of river transport as well. Our estimates are therefore biased against cities that 

could take advantage of water transport.  Since North America and Western Europe are 

particularly well endowed with navigable rivers and have long coastlines relative to their 

overall size, our procedures bias against the size of North American and Western European 

hinterlands, thereby biasing against our hypotheses.  

As with land-based transport, determining the physical cost of transportation over 

water requires that we fix a pre-steam transportation technology from among the available 

options.  In this case we chose the two boats used by Lewis and Clark in their westward 

expedition between 1804 and 1806; a pirogue and a keelboat. These boats were typical of the 

smaller vessels used for riverine transport in the 18th century, less capacious than river barges 
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or flat boats, less efficient than schooners because they were powered by oars and/or poles, 

but well designed to navigate smaller rivers both upstream and downstream. We choose these 

two simply because detailed knowledge of their shapes, drafts, and cargo capacity has been 

preserved.  These boats were significantly smaller that ocean-going vessels, and therefore lead 

us to overestimate the energy costs of ocean transport. Fixing the transport technology of 

Lewis and Clark's boats therefore provides an overly pessimistic estimate of energy costs for 

travel by water circa 1700. 

Parallel to our treatment of land-based transport, our strategy is to estimate the amount 

of energy required to pull a loaded boat, at a constant speed, through still water. Again, we 

assume away the question of acceleration and calculate only the energy required to overcome 

friction, primarily drag resistance in the case of water travel.  We rely on historical data to 

determine the physical characteristics of the boats, a typical load size, the typical draught for a 

loaded boat, and the drag coefficients given the shape of the boats.  

We estimate 53 newtons as the force required to overcome the drag resistance (per 

metric ton of cargo) of a loaded boat moving through still water. Applying that force over 1 

meter implies 53 newton-meters, or joules, as the amount of energy expended per metric ton 

in hauling cargo via Lewis and Clark's boats through still water at a constant rate of 3 miles 

per hour.  This is the value encoded for water travel in the friction surface used by the Path 

Distance Allocation tool in ArcMap 10.1.  Below we explain the data and calculations behind 

this number.  

Drag is the main source of resistance encountered by an object moving through water 

at low speeds, and is determined by a simple physical formula: 

𝐹" =
1
2𝜌𝑣

(𝐶"𝐴 
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where FD is the drag force, ρ is the density of fluid (in this case water), v is the relative 

velocity of the object, CD is the drag coefficient, and A is the cross-sectional area of the 

object, in this case the area submerged in water.  At low speeds we can safely ignore drag 

forces due to air resistance.   

The value of ρ is given for water (approximately 1000 kg/m3 at 4°C), we assume the 

velocity to be 3 miles per hour, we calculate the cross-sectional area based on the shape and 

draft of the boats based on data about boats at that time, and use a drag coefficient of 0.295 

based on the shape the boat, which approximates a bullet form (rounded in front, squared at 

back). 17 Converting the historical data to metric units, we arrive at a drag force of 56.6 

newtons (per metric ton of cargo) for Lewis and Clark's keelboat, and a drag force of 49.1 

newtons (per metric ton of cargo) for the white pirogue.  Averaging the two, we arrive at the 

estimate of just under 53 newtons of drag force (per metric ton of cargo) for waterborne 

transport.    

Navigable Waterways 

In constructing the friction surface, we assume that all oceans, seas, and lakes are 

navigable using pre-steam technology.  River navigability, however, is a complicated matter 

that we address here briefly and at length in the appendix.  

There are at least three factors that complicate our attempts to determine the 

navigability of rivers with pre-steam technology.  The first challenge is data availability.  To 

the best of our knowledge, geo-coded historical maps of navigable rivers around the world 

simply do not exist. Second, whether a river is navigable as a matter of principle is a different 

question from whether it was in fact navigated. Ideally, we want to capture the former.  At 
																																																													
17 See http://www.lewis-clark.org/article/496; http://www.lewis-clark.org/article/3072; and 
http://www.grc.nasa.gov/WWW/k-12/airplane/shaped.html 
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least in theory, the possibility exists that rivers that were navigable in principle were not 

actually used for purposes of trade due for economic reasons. Third, societies have been busy 

altering the natural environment since pre-historic times.  One might worry, then, that 

navigability in 1700 is not purely a matter of natural circumstances, but is also a matter of 

human intervention (e.g. widening and deepening of channels, dredging, etc.) 

Our strategy is to rely on historical sources that describe navigation and attempted 

navigation with pre-steam technology to help us code the world's major rivers as navigable or 

non-navigable circa 1700. In the instance of the United States, we were able to find a single 

map detailing the principal waterways circa 1890 [Statistical Atlas of the United States (1898) 

retrieved from the David Rumsey map collection (www.davidrumsey.com)]. In this case, we 

overlaid the historical map on a modern geo-referenced map using ArcGIS, matched the 

images of rivers from the historical map to a vector dataset of rivers and streams on the geo-

referenced map, and then coded each on the latter for navigability manually. Given that the 

vast majority of the river dredging and rapid dynamiting by the Army Corps of Engineers 

took place after 1890, this affords a reasonably accurate portrayal of the state of these rivers 

circa 1700.  In order to further control for post-1700 human intervention, we remove all 

canals.  For example, our Arc-GIS rivers layer does not include the Erie Canal.   

 For the remainder of the world, we started with a universe of cases consisting of 

major perennial rivers from the Natural Earth dataset18, as well as the CIA World Databank 

II19.  Using country- and region-specific historical sources, we found historical references to 

19th century (and earlier) navigation attempts for each and every river in the dataset. We then 

																																																													
18 http://www.naturalearthdata.com 
19 Now incorporated into the Global Self-Consistent, Hierarchical, High-resolution Geography 
Database http://www.soest.hawaii.edu/pwessel/gshhg/ 
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coded as navigable any river that was navigable at least six months of the year using pre-

steam technology.   

 
The Budget Constraint 

The final input used for calculating hinterlands is the budget constraint, or the total 

amount of energy available for transporting a metric ton of cargo to each city in the dataset.  

We set the energy budget based on historical evidence on the distance of typical wagon hauls 

for agricultural goods in the United States contained in Fogel (1964, pp. 75-79).20  Based on 

Fogel's estimates, we set our energy budget at 40 megajoules, the total amount of energy it 

would take to transport a metric ton of goods 50 miles on perfectly flat land using a 

Conestoga wagon.21  

 
Hinterlands for the Largest City in 1700  

The mean area for the hinterlands in our dataset is 53,058 km2 with a standard 

deviation of 38,465 km2. In Figures 1 and 2, we show the hinterlands for New York City and 

Mexico City as calculated by the Path Distance Allocation tool to give a sense of the how 

terrain and access to navigable waterways jointly determine hinterland extent.  New York's 

expansive hinterland is a function of coastal access, proximity to navigable rivers, and a 

relatively flat coastal plain.  Mexico City's hinterland is severely limited by its reliance on 

																																																													
20 See Fogel (1964): "... Texas, for example, reported that the distance of wagon haulage from 
some counties to shipping points was 110 miles for cotton, 47 miles for corn, 47 miles for 
hay, 42 miles for oats, 46 miles for potatoes, and 60 miles for wheat."  Further, "...data on the 
North Atlantic region indicate that, on average, the boundary of feasible agricultural 
production would have been located between 40 and 50 straight line miles from a navigable 
waterway" (pp 78-79).  
21 Fifty miles is approximately 80.46 km.  At 492 joules per meter (or 492,000 joules per km) 
transporting a metric ton of goods 50 miles by wagon requires 39,586,320 joules, which we 
round to 40 megajoules. 
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land transportation and a mountainous terrain. The effect of the mountains clearly limits and 

shapes Mexico's hinterland, which extends nearly 80 kilometers along flat land, but only 40 

km through more rugged terrain, e.g. due southwest of the city.   

	

Figure	4	Hinterland	for	New	York	City	at	a	40	megajoule	energy	budget	is	approximately	93,300	square	
kilometers.		Scale	1:7,000,000.		Source:	authors'	calculations.	

	

	

Figure	5	for	Mexico	City	at	a	40	megajoule	energy	budget	is	approximately	13,320	square	kilometers.		Scale	
1:7,000,000.		Source:	authors'	calculations	

	

Potential Caloric Yield of Storable Cereals  

For each hinterland, we calculate the maximum potential kilocalorie yield of storable 

crops, taking 17 major cereals and legumes. We calculate cereals potential using data from 
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The Global Agro Ecological Assessment for Agriculture (GAEZ 3.0), which is a joint project 

of the FAO and the International Institute for Applied Systems Analysis.  The GAEZ 3.0 

project provides a collection of raster datasets covering the globe that estimate, among other 

things, the potential yield per hectare of growing a number of crops under rain-fed, 

intermediate-input conditions. GAEZ calculates the potential yield for each crop based on 

crop characteristics, soil characteristics, and climate.22 We make the reasonable assumption 

that cross-sectional differences across countries in soil characteristics and climate for the 

period on which GAEZ makes its estimates (1960-1990) have not changed appreciably since 

1700. Indeed, while it is possible for soils to degrade over the course of decades, the creation 

of soils operates on geologic time scales.  Similarly, while there have been within-region 

changes in climate in recent decades, those within-region differences over time are dwarfed 

by the vast cross-sectional differences in climate across regions that have been persistent for 

several millennia.   

In terms of process, we superimpose the hinterlands map on the crop potential maps 

from GAEZ for 17 storable cereals and legumes: wheat, sorghum, rye, wetland rice, dryland 

rice, pearl millet, foxtail millet, oats, maize, barley, buckwheat, peas, greengram, chickpeas, 

cowpeas, soybeans, and peanuts. For each raster cell, we calculate the potential yield of each 

cereal or legume in terms of metric tons.  We then convert metric tons of potential yield per 

hectare to kilocalories of potential yield per hectare for each of the 17 crops based on data 

from the U.S. Department of Agriculture.23  For each cell we then calculate the maximum 

kilocalorie of potential yield per hectare across the 17 crops, allowing each raster cell to 

																																																													
22 Technical details at 
http://www.fao.org/fileadmin/user_upload/gaez/docs/GAEZ_Model_Documentation.pdf 
23 http://ndb.nal.usda.gov/ndb/ 
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produce the crop with the highest kilocalorie yield, and then sum across all cells in each 

hinterland. 

 
Storability 

We estimate the storability of cereals and legumes based on studies of the storability 

of maize conducted by plant biologists.  Maize storability is a non-linear function of 

temperature and relative humidity. Conditional on temperature, increases in relative humidity 

dramatically lower the number of days before maize becomes unfit for human consumption 

because of the consumption of the maize by fungi, bacteria, and insects.  Literature on the 

storability of other crops indicates that similar factors affect their storability.  We therefore 

employ monthly data from NOAA on temperature and relative humidity covering the period 

since 1850 in order to estimate crop losses.  

 
Malaria Ecology 

In order to estimate the impact on work effort of residence in a hinterland where 

malaria was historically endemic we rely on the an ecological index of malaria transmission 

developed by Sachs (2002), Kiszewski (2004), and Carstensen and Gundlach (2006) that 

combines ecological factors—rainfall and temperature—with biological ones such as the 

human biting rate of the mosquito species that serves as the vector for the transmission of 

malaria.  Thus, while the current infection rates of endemic malaria may be endogenous to the 

level of economic development, the distribution of malaria ecology is exogenous.  The 

malaria ecology index therefore captures, as closely as it can be approximated, the historical 

distribution of endemic malaria.  
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Ideally, we would treat the loss of work effort from malaria the same way we treat 

storage losses; we would use it to scale potential kilocalorie production. Unfortunately, 

estimating the impact of malarial infection on average human work effort is far more 

complicated than estimating the impact of temperature and relative humidity on crop storage.  

We note, however, that the distribution of the malaria ecology index across hinterlands is 

bimodal, with many hinterlands scoring a 0.  We therefore create a dummy variable that takes 

a value of 1 if a hinterland scores more than 0.5 (out of a possible score of 0 to 40) on the 

malaria ecology index, and zero otherwise.  

 
Droughts  

Conceptually, we think of aggregate shocks as droughts that lead to prolonged and 

widespread crop failure due to severe drought.  We therefore employ the Palmer Drought 

Severity Index (PDSI), devised by Palmer (1965).24  A PDSI of -4.0 or lower is considered 

extreme drought conditions. We retrieved monthly gridded PDSI data from 1850 to 2010 at a 

resolution of 2.5° by 2.5° from the NOAA25,26.   For each country in our dataset, we 

operationalize severe shocks to agriculture as the percentage of months between 1850 and 

2010 that the average PDSI for a hinterland experiences extreme drought (PDSI at or below -

4.0).  

 
Section 4:  Empirical Results 

																																																													
24 Palmer, W. C, 1965: Meteorological Drought. Res. Paper No.45, 58pp., Dept. of 
Commerce, Washington, D.C. 
25 http://www.esrl.noaa.gov/psd/data/gridded/data.pdsi.html 
26 Dai, A., K. E. Trenberth, and T. Qian, 2004: A global data set of Palmer Drought Severity 
Index for 1870-2002: Relationship with soil moisture and effects of surface warming. J. 
Hydrometeorology, 5, 1117-1130. 
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If our theory is correct then we should be able predict which countries developed 

economically and which countries democratized.  We would expect that differences in the 

productive capacity in storable crops of the hinterland of the largest city in each modern 

country in the world in 1700, the actual length with which those crops could be stored in the 

hinterland of that largest city, the malaria ecology of the hinterland of that largest city, and the 

frequency with which that hinterland was hit by widespread severe droughts pushed societies 

down quite different paths of development.  

Economic Development 

Our theory implies that hinterlands with a high capacity to grow and store cereals and 

legumes and which were not subject to severe, widespread droughts were more likely to go 

down paths of social and political adaptation during the period 1500 to 1700 that were 

conducive to economic development after 1700.  

Empirically testing this hypothesis is a difficult exercise, because, as any ecological 

system, there are numerous non-linear and complex interactions among the variables, and 

these might not be independent of time.  As a start we generate a scatter plot of the level of 

urbanization in 1700 as a function of our physical variables.  This requires that we convert a 

function with multiple dimensions into a two-dimensional graph.  In order to do that, we 

combine the kilocalorie production and storage variables into a single variable, by making an 

index of the storage variable, with 365 days of storage and above equal to 100, and all values 

below 365 as a percent of 365.  We then multiply kilocalorie production by the days storage 

index.  We show this variable on the x axis of Figure 6.   We then show the frequency of 

widespread severe droughts on the vertical axis.   We control for being in a hinterland with 

endemic malaria by putting those with malaria ecology scores of 0.5 or more in a separate 



	 47	

panel. We display differences in levels of economic development by using color codes to 

divide countries into different bins.  There are 169 countries in the dataset, 110 of which had 

urbanization rates of zero.  We therefore code all 110 as low economic development, and 

show them in the scatter plot as red. We then take the remaining 59 countries and divide them 

into two bins based on whether they are in the top or bottom half percent of the distribution, 

with the cut point being 6.14 percent urban.  We show the high economic development 

countries (the 30 in the top half of the distribution) as green.  We show the upper-middle 

economic development countries (the 29 in the bottom half of the distribution) as yellow.   

[Figure 6—Urbanization Rates in 1700, about here] 

 Figure 6 suggests that having a high level of economic development in 1700 was 

uncorrelated with the ability to produce and store large quantities of food kilocalories and low 

drought frequency. Indeed, the scatter plot only suggests one pattern: large cities did not 

develop in regions that had low potential for producing storable kilocalories and that were 

frequently hit by severe, widespread droughts.  This makes perfect sense, as one cannot 

imagine that large numbers of people concentrated in regions that had would have difficulty 

supporting life.  The pattern is even more pronounced in high malaria zones, which is what 

our theory would predict. Beyond that, however, the scatter plot does not indicate much of 

anything.  High economic development countries, middle level economic development 

countries, and low economic development countries appear to be randomly distributed.   

In order to make sure that our visual inspection of the data is accurate, we conduct 

statistical analyses. This allows us to restore some of the dimensions that are truncated in the 

scatter plot—but once again we hasten to point out that these tests must be crude because of 

the complexity of possible interactions among variables. [Note to readers: we are currently in 
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the process of using machine learning techniques in order to move beyond the crude p and t 

tests we employ below]. We ask what is the probability that the hinterland of the largest city 

of a high economic development country in 1700 could produce more than the mean of cereal 

and legume kilocalories, be at least in the 25th percentile of days storage of those kilocalories 

(that is, not lose them to mold within 64 days), not be malarial (a malaria ecology score of 0.5 

or less), and experience widespread severe droughts infrequently (be below the mean of 3.99 

percent in drought frequency, which is to say experience a major drought less than once every 

25 years). Our theory predicts that hinterlands with these characteristics should be more likely 

than others to generate high levels of economic development.  Thirty four countries meet the 

criteria, out of a total sample of 169 countries.  Of those 34, 9 (26 percent) were high 

economic development in 1700.  Of the remaining 135 countries, 21 (16 percent) were high 

economic development in 1700. A two-tailed probability test indicates that we cannot reject 

the null hypothesis that the probability of being a high economic development country in 

1700 was the same for the group that meet the criteria outlined above, versus those that do not 

meet those criteria, at conventional levels of significance (p=.14).  As a check on these 

results, we do a two tailed t test of the means of both groups.  The mean urbanization rate of 

the countries in the highly productive, medium to high storability, low malaria, low drought 

hinterlands in 1700 was 4.5 percent.  The mean urbanization rate for the other countries was 

2.5 percent. A t test indicates that these differences are not statistically significant at 

conventional levels of significance (p=.06).   

 We then ask, which countries experienced the greatest increase in economic 

development between 1700 and 2000, as measured by the urbanization rate. We again begin 

our analysis by constructing a scatter plot based on the same physical variables as in Figure 6. 
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As in Figure 1, we exclude countries whose economies are based on petroleum, because they 

have achieved high levels of development on the basis of petroleum resources alone.  We then 

divide the sample into quartiles, with the top quartile coded as green, the next quartile coded 

as yellow, the third quartile coded as orange, and the bottom quartile coded as red. We display 

the data in Figure 7. 

[Figure 7 about here] 

Our hypothesis is that the countries that experienced the most economic development 

between 1700 and 2000 should be clustered in the upper right hand corner of the low malaria 

panel.  That is to say, countries located in that corner are likely to have had Transactional 

CAS’s, and thus likely to have experienced very fast rates of economic growth since 1700. 

Figure 7 shows that this hypothesis holds.   

In order to make sure that our visual inspection of the data is accurate, we conduct 

statistical analyses. This allows us to restore some of the dimensions that are truncated in the 

scatter plot—but once again we hasten to point out that these tests must be crude because of 

the complexity of possible interactions among variables. We ask, what is the probability that a 

Transactional CAS hinterland (one that could produce more than the mean of cereal and 

legume kilocalories, be at least in the 25th percentile of days storage of those kilocalories, not 

be malarial, and not experience widespread severe droughts frequently) gave rise to a high 

level of economic growth between 1700 and 2000?  The number of countries with 

Transactional CAS hinterlands is 29, out of a total sample of 146. Of those 29, 15 (52 percent) 

fell into the top quartile of the distribution for change in the level of economic development 

between 1700 and 2000.  If we look at the remaining 117 countries we find that only 23 (20 

percent) are in the top quartile of the distribution for change in the level of economic 
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development between 1700 and 2000. A two-tailed probability test reveals that these 

differences are statistically significant at any confidence level (p=.0004).   

As a check on these results, we do a two-tailed t test of the means in the change in the 

level of economic development as a function of having Transactional CAS hinterland. The 

mean change in the urbanization rate of the countries with Transactional CAS hinterlands was 

63 percent. The mean change in the urbanization rate for the other countries was 43 percent.  

A t test reveals that these differences are statistically significant at any level confidence level 

(p=.0000).  

As a robustness test, we apply the same framework as in Figure 7, but we substitute 

GDP per capita in 2014 for change in the urbanization rate.  We present the results in Figure 

8.  The pattern in Figure 8 is virtually identical to that of Figure 7.  We then conduct the same 

p tests and t tests we did for Figure 7.  A two-tailed p test indicates that we can reject the null 

hypothesis that high per capita income countries were as likely to be located in Transactional 

CAS hinterlands as in Pastoral, Subsistence, and Insurance CAS hinterlands (p= 

[Figure 8—GDP per capita in 2014 about here] 

Democratic Consolidation 

Our theory implies that hinterlands with a high capacity to grow and store cereals and 

legumes and which were not subject to severe, widespread droughts were more likely to go 

down paths of social and political adaptation during the period 1500 to 1700 that were 

conducive to democratic consolidation after 1700.   

We therefore start by showing that our physical variables do not explain patterns of 

democratic consolidation in the early nineteenth century.  We use the same physical variables 

and set up as in Figure 6, and use the same break point for consolidated democracy as in 
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Figure 1.  That is, we code a country as being a consolidated democracy if its average Polity2 

score from 1800 to 1820 is 85 or above, following Jaggers and Gurr (1995). We denote such 

countries in green.  We code the remaining countries as persistent autocracies if their average 

Polity2 score from 1800 to 1820 is less than a 50 (denoting these in red), and a weakly 

consolidated democracy or autocracy if their average Polity2 score is between 50 and 85 

(denoting such countries in yellow).  We present the data in Figure 9.   

[Figure 9, Polity 1800-20 About Here] 

The data are unambiguous, because there were, in fact, no consolidated democracies in 

1800-20. If we repeat this procedure on 1821-40 we obtain basically the same result: out of 

the 46 sovereign countries in the 1821-40 window there was only one consolidated 

democracy.  

We then ask, which countries transitioned to consolidated democracy by 2016? We 

code a country as transitioning to consolidated democracy if its average level of Polity2 was 

85 or greater during any window of time from 1800-20 through 1991-2016. We denote 

countries that transitioned during 1991-2016 or earlier in green. We treat all other countries 

the same: either as unconsolidated democracies or autocracies, and we denote them in red.  

Figure 10 displays the data. The results are unambiguous—so much so that we do not 

think that even merit discussion.  

[Figure 10—Transition to Consolidated Democracy by 2016—About Here] 

In order to make sure that our visual inspection of the data is accurate, we conduct a p 

test. This allows us to restore some of the dimensions that are truncated in the scatter plot—

but once again we hasten to point out that these tests must be crude because of the complexity 

of possible interactions among variables. We ask what is the probability that a country 
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transitioned to democracy if it had a Transactional CAS hinterland? The number of countries 

with Transactional CAS hinterlands is 29, out of a total sample of 151.  Of those 29, 21 (72 

percent) experienced a transition to democracy prior to 2016.  If we look at the remaining 122 

countries, we find that 46 (31 percent) transitioned to democracy. A two-tailed probability test 

indicates that these differences are statistically significant at any level of confidence 

(p=.0007). 

One implication of our theory is that the more a country had a physical environment 

associated with a Transactional CAS, the earlier it would experience a democratic transition. 

We therefore repeat the steps above, but now truncate the data only to democratic transitions 

before the third wave of democratization (the period before 1991). We display the scatter plot 

in Figure 11. Readers who compare Figures 10 and 11 will quickly see that the fit between 

our physical variables and democratic transition is even stronger prior to 1991. The number of 

countries with Transactional CAS hinterlands is 29, out of a total sample of 145. Of those 29, 

16 (55 percent) experienced a transition to democracy prior to 1991. If we look at the 

remaining 116 countries, we find that 21 (18 percent) transitioned to democracy before 1991. 

A two-tailed probability test indicates that these differences are statistically significant at any 

level of confidence (p=.0000). If we push back the window of time to before the onset of the 

cold war (1946) the results are nearly identical (p=.0004).  

[Figure 11—Democratic Transition Before 1991—about here] 

 
Section Five: Assessing An Alternative Hypothesis 

A skeptical might argue that our results are confounded by colonialism.  Perhaps it is 

the case that the places that were poorly suited to growing cereals and legumes, were poorly 

suited to crop storage because they were hot and humid, had endemic malaria, and were 
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drought prone, were also the countries that were colonized by Western Europe? Our physical 

variables would therefore simply be picking up the effect of being a European colony. 

Differences in rates of economic development and democratic transitions are really the effect 

of being colonized by a Western European country. 

We therefore evaluate the alternative hypothesis of colonialism.   As a first step, we 

control for being a former European colony by dividing the data set into two groups: those 

that were colonized by a Western European country and those that were not.  Figure 12 

presents the data on changes in levels of urbanization from 1700 to 2000 for former Western 

European colonies. Figure 13 presents the data for countries that were never colonized.  The 

figures suggest that the same process by which physical environments influenced economic 

change since 1700 operated in both former colonies and non-colonies.  That is, fast rates of 

economic development are associated with being in a Transactional CAS in colonies as well 

as non-colonies.  

In order to make sure that our visual inspection of the data is accurate, we conduct p 

tests and t tests.  There is a statistically significant difference across the Transactional CAS 

hinterlands and other hinterlands in both groups of countries.  There are 54 countries in the 

non-colony group.  Of those 54, 19 have Transactional CAS hinterlands.  Ten of those 19 

(roughly half) fall into the top quartile of the distribution for change in the level of economic 

development between 1700 and 2000.  Of the 35 non-colonial countries outside of the 

Transactional CAS hinterlands, ten (29 percent) fall into the top quartile of the distribution for 

change in the level of economic development between 1700 and 2000. A p test indicates that 

the differences between the Transactional CAS and other CAS’ are significant at the ten 

percent level of confidence (p=.08).   
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What about countries that had been colonized by Western Europe? There are 92 

countries in this group, ten of which have Transactional CAS hinterlands. Of those ten, five 

(50 percent) fall into the top quartile of the distribution for change in the level of economic 

development between 1700 and 2000.   Of the 82 former colonies that do not have 

Transactional CAS hinterlands, 13 (16 percent) fall into the top quartile of the distribution for 

change in the level of economic development between 1700 and 2000.  The differences 

between the two groups of former colonies are statistically significant. A p test indicates that 

these differences are statistically significant at the one percent level of confidence (p=.01). 

As a check on these results, we do a two-tailed t test of the means in the change in the 

level of economic development as a function of having a Transactional CAS hinterland. 

Within the group of countries that were never colonized, the mean change in the urbanization 

rate of the countries with Transactional CAS hinterlands was 62 percent. The mean change in 

the urbanization rate for the other countries was 48 percent.  A t test reveals that these 

differences are statistically significant at the five percent level of confidence (p=.02). Within 

the group of countries that were colonized, the mean change in the urbanization rate of the 

countries with Transactional CAS hinterlands was 66 percent. The mean change in the 

urbanization rate for the other countries was 41 percent.  A t test reveals that these differences 

are statistically significant at any level of confidence (p=.0000).  

[Figures 12 and 13 About Here] 

We obtain materially similar results when we conduct the analysis on democratic 

transitions. Figures 14 and 15 present the data.  There are 53 countries in the non-colony 

group.  Of those 53, 18 have Transactional CAS hinterlands, 14 of which (77 percent) 

transitioned to democracy by 2016. Of the remaining 35 countries, 19 (54 percent) 
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transitioned to democracy by 2016. A p test indicates that the differences in probabilities of 

transitioning to democracy between the Transactional CAS and other CAS’ are significant at 

the ten percent level of confidence (p=.10).   

Our theory does an even better job at explaining variance in transitions to democracy 

among former colonies. There are 98 countries in the group of former colonies, of which 11 

have Transactional CAS hinterlands. Seven of those 11 (64 percent) transitioned to 

democracy by 2016. Of the 87 former colonies that do not have Transactional CAS 

hinterlands, 27 (31 percent) transitioned to democracy by 2016. The differences between the 

two groups of former colonies are statistically significant at conventional levels (p=.03). 

 [Figures 14 and 15 about here] 

A skeptical reader might argue that breaking up the data into colonies and non-

colonies masks the fact that four former British colonies—New Zealand, Australia, Canada, 

and the United States—have become highly democratic, wealthy countries.  Perhaps they 

were successful for purely idiosyncratic reasons.  There are two ways to address this 

hypothesis, by looking only at former colonies outside the British Empire and by looking only 

at former British Colonies.   

We start by dropping former British Colonies and repeating the analyses of economic 

development and democratization above.  Figure 16 presents the data on urbanization for 

former colonies outside the British Empire.  There are 53 countries in this group.  Of those 53, 

four have Transactional CAS, and three of those four (75 percent) are high economic growth 

countries.  Of the remaining 49 countries, eight (16 percent) are high economic growth 

countries. A p test indicates that the differences between the two groups are statistically 

different at the one percent level (p=.005).  A t test of the means across the two groups 
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produces materially similar results.  The mean for the change in the urbanization rate of the 

former non-British colonies in the Transactional CAS range is 77, while the mean for former 

non-British colonies outside of the Transactional CAS range is 44 percent. These differences 

are statistically significant at the one percent level (p=.004).  

[Figure 16 about here] 

We conduct the same analysis on transitions to democracy. Figure 17 presents the 

results.  There are 58 countries in the sample. Of those 58, only four are in the Transactional 

CAS range, and only one of those (25 percent) transitioned to democracy. Of the 54 countries 

outside of the Transactional CAS range, 16 (30 percent) transitioned to democracy.  A p test 

indicates that the differences between the two groups are not statistically significant (p=.84). 

Low statistical power, caused by the fact that there are only four countries in the 

Transactional CAS range, likely accounts for this result. 

[Figure 17 about here] 

We repeat these analyses for countries that were former British colonies and 

protectorates.  We present the data on changes in urbanization levels from 1700 to 2000 in 

Figure 18.  There are 38 countries in the sample, only six of which are located in 

Transactional CAS.  Two of those six (33 percent) experienced fast economic development, 

as measured by changes in the urbanization rate from 1700 to 2000.  Of the 32 countries 

outside of the Transactional CAS, four (13 percent) experienced fast economic development.  

The differences across the two groups are not statistically significant (p=.20), likely because 

there are simply too few countries in the Transactional CAS produce much statistical power. 

If we conduct a t test for differences in means, however, we do obtain statistically significant 

results.  The mean change in the urbanization rate for countries in the Transactional CAS 
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range is 59 percent. The mean change in the urbanization rate for countries outside the 

Transactional CAS range is 37 percent. The difference between the two is significant at the 

five percent level (p=.03).  

We conduct the same analysis on transitions to democracy among former British 

Colonies and Protectorates. Figure 18 presents the results.  There are 43 countries in the 

sample. Of those 43, eight are in the Transactional CAS range, and six of the eight those (75 

percent) transitioned to democracy by 2016.  Of the 35 countries outside of the Transactional 

CAS range, 11 (31 percent) transitioned to democracy.  A p test indicates that the differences 

between the two groups are statistically significant at the five percent level (p=.02). 

[Figure 18 about here] 

Taking all of the tests together, we find that our ecological theory is robust to the 

alternative theory of colonialism. These results do not mean that colonialism had no effect on 

economic development or democratization.  Indeed, there are statistically significant 

differences between the group of countries that were colonies and those that were not.  It does 

mean, however, we can reject the null hypothesis that physical variables do not account for 

differences in economic development and democratization once colonialism is taken into 

account.  

Section 6: Conclusion 

In this paper, we pursue a question that has long been of interest to social scientists: 

why do democracy and development go hand in hand, and why do they cluster 

geographically.  We develop a theory based on first principles, and we then test that theory 

against evidence. We find that we cannot falsify the theory.  
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Clearly, work needs to be done in order to show that our theory is robust alternative 

explanations of the data, such as European colonialism. The next iteration of this paper will 

tackle that challenge.  

 



Consolidated	Democracy	
Threshold

$0

$10,000

$20,000

$30,000

$40,000

$50,000

$60,000

$70,000

0 10 20 30 40 50 60 70 80 90 100

GD
P	
Pe

r	C
ap

ita
,	2
01
4,
	P
W
T	
in
	P
PP

$

Average	Polity2	Score,	1991	to	2016

Figure	1
The	Relationship	Between	Democracy	and	Economic	Development--Oil	Economies	Excluded

(Orange =	Central	America,	Central,	South,	and	SE	Asia,	Sub-Saharan	Africa
Green=W.	Europe,	Scandinavia,	Baltic,	Central	Europe,	North	America,	Oceania
Biue=	East	Asia,	Middle	East,	Caucusus,	Balkans,	North	Africa,	South	America)



R²	=	0.00878

0

10

20

30

40

50

60

70

80

90

100

0 10 20 30 40 50 60 70 80 90 100

Av
er
ag
e	
Po

lit
y2
	S
co
re
	1
99
1-
20
16

Average	Polity2	Score,	1800-1820

Figure	2
The	Relationship	between	Levels	of	Democracy	in	the	Early	19th	Century	and	Today



R²	=	0.02441

0% 

10% 

20% 

30% 

40% 

50% 

60% 

70% 

80% 

90% 

100% 

0% 5% 10% 15% 20% 25% 30% 

Pe
rc
en

t	o
f	t
he

	P
op

ul
at
io
n	
Li
vi
ng
	in
	C
iti
es
	in
	2
01

0

Percent	of	the	Population	Living	in	Cities	of	more	than	25,000	in	1700

Figure	3B	
The	Relationship	Between	Levels	of	Economic	Development	(measured	as	

urbanization	rates)	in	1700	and	2010	



●

●

●

●

●

●

●

●

●

●

●

●
●

●
●

●

●
●

●

● ●

●

●

●

● ●●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●
●●

●
●

0.00

0.05

0.10

0.15

0.20

0.25

30 35

Logged Potential Storable Kilocalories

P
er

ce
nt

 o
f T

im
e 

S
pe

nt
 in

 S
ev

er
e 

D
ro

ug
ht

High Malaria Countries

●
●

●
●●●

● ● ●

●

●
●

●

●

●●
●

●

●

●

●

●

●●
●

●
●● ●●● ●

●

● ● ●

●

●
●

●
●

●

●

●

●

●●●

●

●●
●

●

●

0.00

0.05

0.10

0.15

0.20

0.25

30 35

Logged Potential Storable Kilocalories

Low Malaria Countries

Percent Living in Cities: ● 0% 0.01−6.14%  Above 6.14%  

   Based on the hinterland around each country's largest city in 1700 
 

Figure 6: Relationship between Percent of Population in Cities of at least 25k in 1700, 
  Storable Kilocalories, and Frequency of Severe Droughts 
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Figure 7: Relationship between the Percent Change of Urban Population (1700−2000), 
  Storable Kilocalories, and Frequency of Severe Droughts 
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  Figure 8: Relationship between GDP/c 2014, 
 Storable Kilocalories, and Frequency of Severe Droughts 
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Figure 9: Relationship between Polity (1800−1820), Storable Kilocalories,
   and Frequency of Severe Droughts 



●

● ●

●

●

●

●

●

●
●

●

●
●

●

●
●●

●

●
●

●

●

●

● ●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●
●

●
●

●
●

0.00

0.05

0.10

0.15

0.20

0.25

30 35

Logged Potential Storable Kilocalories

P
er

ce
nt

 o
f T

im
e 

S
pe

nt
 in

 S
ev

er
e 

D
ro

ug
ht

High Malaria Countries

●

●

●
●

●

●

●

●

●
●

●
●

●

●●

●

●

●

●

●

●

●

●

●

● ●
●

●●

●

●

●

0.00

0.05

0.10

0.15

0.20

0.25

30 35

Logged Potential Storable Kilocalories

Low Malaria Countries

Transitioned to Democracy before 2016? ● No Yes 

  Based on the hinterland around each country's largest city in 1700 
 

Figure 10: Relationship between Transitioning to Democracy by 2016, 
 Storable Kilocalories, and Frequency of Severe Droughts 
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Figure 11: Relationship between Transitioning to Democracy by 1990, 
 Storable Kilocalories, and Frequency of Severe Droughts
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Figure 12: Relationship between the Percent Change of Urban Population (1700−2000), Storable 
 Kilocalories, and Frequency of Severe Droughts for Countries that were Never Colonized
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Figure 13: Relationship between the Percent Change of Urban Population (1700−2000), Storable 
 Kilocalories, and Frequency of Severe Droughts for Former European Colonies
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Figure 14: Relationship between Transitioning to Democracy by 2016, Storable Kilocalories, 
 and Frequency of Severe Droughts for Countries that were Never Colonized
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Figure 15: Relationship between Transitioning to Democracy by 2016, Storable Kilocalories, 
 and Frequency of Severe Droughts for Former European Colonies
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Figure 16: Relationship between the Percent Change of Urban Population (1700−2000), Storable 
 Kilocalories, and Frequency of Severe Droughts for Former (Non−British) European Colonies
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Figure 17: Relationship between Transitioning to Democracy by 2016, Storable Kilocalories, 
 and Frequency of Severe Droughts for Former (Non−British) European Colonies
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Figure 18: Relationship between the Percent Change of Urban Population (1700−2000), Storable 
Kilocalories, and Frequency of Severe Droughts for Former British Colonies and Protectorates
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Figure 19: Relationship between Transitioning to Democracy by 2016, Storable Kilocalories, 
 and Frequency of Severe Droughts for Former British Colonies and Protectorates


