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1 Introduction

A 
map of world GDP per person in 2010 (Figure 1) reminds us 
that the pace of economic development has varied widely and 
with strong geographical patterns. The countries are color-cod-

ed by quintiles of income, from dark red (the poorest) to dark blue (the 
richest). The high-income world includes the United States and Canada, 
Western Europe, Australia, Japan and Korea, and a few other places (e.g. 
the oil-rich United Arab Emirates). Tropical Africa is the poorest region, 
followed by South Asia. Latin America, North Africa, and most of South-
east Asia are middle-income regions. As others have noted, there are two 
geographic gradients lurking in this map: from the relatively poor equa-
tor on all continents to the richer mid-to-high latitudes; and from the 
relatively poorer continental interiors (especially landlocked countries) 
to the richer coasts (Gallup et al., 1999).

In this paper, we suggest that these geographical patterns have deep 
underpinnings. We emphasize that economic development is a complex 
process driven by economic, political, social, and biophysical forces. 
Some economists have argued that the patterns evidenced in Figure 1 

-
tion, and that geography’s effects on development occurred exclusively 
through its effects on this historical institutional development (Acemo-
glu et al., 2001, 2002; Easterly and Levine, 2003; Rodrik et al., 2004; Ac-
emoglu and Robinson, 2012). We suggest that economic development 
has also been shaped very importantly by the biophysical and geophys-
ical characteristics of economies. Per capita incomes differ around the 
world in no small part because of sharp differences across regions in the 
natural resource base and physical geography (e.g. distance to coast), 

saving and investment. We posit that the drivers of economic develop-
ment include institutions, technology, and geography, and that none of 

growth. We survey the relevant literature, and empirically show that a 
multi-causal framework helps to explain the distribution of economic 
activity around the world today.



Figure 1. Gross Domestic Product per capita (2010, in current U.S. dollars)

2 Conceptual Framework

structural transformations of the economy:

• From low to high inputs of energy
• From traditional to modern agriculture
• From traditional to produced knowledge
• From high to low mortality rates
• From rural to urban life

Each of these transformations is a complex process involving primary 
resources (including land, energy, and labor); private capital accumulation; 

by public entities; and the environment for business operations, including 
legal, regulatory, social and cultural factors. As such, economic growth is 
forged by the interactions of the physical environment, cultural norms, 
institutions, and available technology. While some writers have declared 
that one of these factors predominates over the others, it is the interaction 
of the environment, culture, institutions, and technology that counts.
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2.1 The case of the steam engine

The takeoff to modern economic growth was made possible by the piv-
otal invention of the steam engine. Without it, or some other way to mo-
bilize vast motive power, sustained economic growth was impossible, as 
humanity’s long prior history had demonstrated. The harnessing of fossil 
fuel for mechanical power enabled England and later the world to break 
free of the tight binding constraints of relying on biomass for motive 
power. As economic historian A. E. Wrigley has cogently put it, the tran-
sition to modern economic growth depended on the transition from an 

on fossil fuels (Wrigley, 2010).
The invention and adoption of the steam engine perfectly illustrates 

the interplay of nature, culture, and institutions. The precondition, of 

economically proximate to population centers. Moreover, the presence 
of iron ore was nearly as important, since the steam engine required an 
accompanying steel industry that was capable of producing the new ma-
chinery of the steam era (including the steam engines themselves and 
the new factory machinery that would run on those engines). Britain had 

experience using these resources before the steam era.
There is, of course, a cultural and institutional perspective as well. 

The 18th-century inventors of the steam engine, Thomas Newcomen and 
James Watt, were both seeking riches with their invention. They were 

Newcomen and its improvement by Watt was the product of the market 
economy, and notably of intellectual property rights. Moreover, the early 
19th-century factories that adopted the steam engine employed surplus 
labor (mainly women and children) from the countryside, a surplus that 
resulted from a preceding rise of agricultural productivity as the result of 

-
ering pace. Watt was working as an instrument maker at the University 
of Glasgow during the years of he developed his breakthrough invention.

Market institutions and intellectual property rights were critical to 
the Industrial Revolution (Acemoglu and Robinson, 2012), but we argue 
that they were not enough. In fact, Venice and the Netherlands had de-
veloped capitalist institutions before, but did not experience the Indus-



trial Revolution as Britain did. Good institutions without massive and 

-
ries of efforts that are still incomplete to mobilize non-fossil-fuel primary 
energy resources at modern industrial scale. The comparison of Britain 
and the Netherlands is eye opening. The Netherlands arrived earliest 

modern market economy, but was overtaken by Britain in the Industrial 
-

cantly larger than those of the Netherlands and this gap played a key 
role in Britain’s ability to pull ahead. Using today’s energy prices and 
1820 population, Britain had around $45,000 of coal per capita, while the 
Netherlands had around $8,900.

2.2 Complementarities of economic transformation

The initial takeoff to modern economic growth in England is therefore 
a vivid case of complementarities, including essential natural resources, 
key technological insights, the emergence of market-based institutions 
including intellectual property, and a supportive political environment. 
It’s no accident that the takeoff to modern economic growth was a very 
rare event indeed, requiring the simultaneity of many developments, 
each with antecedents in preceding centuries. This is something like the 
birth of life itself. It happened just once, giving us a template of DNA and 
proteins that are universal in the biosphere. So too the modern industri-
al revolution happened just once, in 18th century England, and then it 
spread to the rest of the world beginning with those places geographical-
ly and institutionally more similar.

During the 19th century spread of industrialization, coal was a sine 
qua non. Western Europe, Australia, New Zealand, the United States, 
Japan, Russia, South Africa, and a few other places had coal, while most 
of Africa and South America did not. By the end of the 19th century, the 
regions without coal had fallen far behind the coal-possessing world in 
industrialization, and many such places succumbed militarily and polit-
ically to the new heavy armaments fashioned by the coal age. During 
much of the 19th century, some heavily forested countries like the US 
and Scandinavia could rely on wood burning as an alternative to coal. In 
fact, wood fuel dominated coal burning worldwide until around 1870. Yet 
wood fuel cannot sustain a modern economy. The forests deplete far too 

McCord & Sachs 15



16 FAITH & ECONOMICS

-
ed in a modern industrial economy. Fernihough and O’Rourke (2014) 
review the literature on coal and development, and analyze thousands 
of European urban areas starting in 1300 using population as a proxy for 
economic activity. Their results indicate that, starting in 1750, proximity 
to coal (instrumented by location of carboniferous geological strata) be-

Later on, as transport costs plummeted with ocean steamers, rail-
roads, and eventually the internal combustion engine (at the end of the 
19th century), the close proximity to coal was no longer as decisive for in-

-
cally in international trade. Countries without their own coal could bring 
in the needed energy by trading for it. Of course, they required a surplus 
of something to trade for the coal, and that often posed its own circular 
challenge. Industrialization requires coal; coal requires exports; but ex-
port success often requires preceding success of industrialization. How 
then to get started? The obvious answers were through the export of 
primary commodities, whether agriculture or minerals. Yet the develop-
ment and trade of those commodities also require a considerable invest-
ment in infrastructure, including roads, ports, and power. Valuable miner-
als such as gold and diamonds could often justify the needed investments 
in transport and power. A few cash crops—such as cotton, coffee, tea, and 
cacao—might do the same for a limited region, but rarely at a scale to 
transform an entire national economy. 

After about a century, the coal age slowly gave birth to the oil age. 
The age of oil was necessarily preceded by the age of coal since coal is far 
easier than oil to mine and to deploy for motive power. Until the advent 
of the internal combustion engine in the late 19th century, oil was used in 
small amounts (mainly for kerosene), and collected on the surface from 
oil seeps. The coal age made possible the advances in metallurgy and pre-
cision engineering to drill for oil and to burn it in a highly sophisticated 
internal combustion engine. By the early 20th century, the possession of 
oil, like the possession of coal before it, offered a new pathway to eco-
nomic development. Oil could power the local economy and also be used 
to trade for coal and other goods and services from abroad. 

The second transformation of the modern economy is in agriculture. 

percent of the consumption basket of subsistence households. Until an 



economy enjoys an advance of agricultural yields beyond subsistence 
(typically 500 kg to one ton of staple production per hectare), almost all 
of the economically active population will be scratching out an existence 
growing food. Food is expensive to transport, even today. Most econ-
omies, except very small ones with agricultural neighbors or very rich 
ones (such as desert oil states) that can afford high transport costs, rely 
predominantly on their own food production to meet basic needs. 

Thus, a growing economy needs a breakthrough to high-productivity 
agriculture to release labor to non-food activities. That in turn requires 
a supportive natural environment—with adequate soils, sunshine, water, 
animal health, and topography—and a range of manufactured inputs: 
improved seeds, fertilizers, irrigation where possible, and mechanical 
equipment for land grading, plowing, seeding, harvesting, processing, 
transporting, and storing farm products. The breakthrough from tradi-
tional to commercial agriculture, measured by the breakthrough of farm 
productivity from staple yields of one ton per hectare or less to two tons 
per hectare or more, is therefore like energy: a matter of combining na-
ture, culture, technology, market forces, and institutions. 

Just as Britain and the Netherlands led in the 18th century develop-
ment of market institutions and overseas commerce, they also led in the 

led to improved crop rotations, heartier livestock, and the increasing sci-

and Peru. Britain’s improved farming techniques were then transmitted 
abroad by 19th century settlers to other temperate-zone economies, no-
tably the United States, Canada, Australia, New Zealand, Argentina, and 

the phrase of Alfred Crosby (1994), offered an ecology comparable to 
Britain, one that was enormously productive for Britain’s (and Europe’s) 
plant and animal species and agricultural techniques. 

The neo-Europes played a unique role in global economic devel-
opment. They had been long disconnected from the Old World pool of 
pathogens and biota. When Europeans arrived, the native settlers were 
killed in overwhelming numbers by Old World epidemic diseases such 
as smallpox. The result was a vast new territory for European settlement 
that was only sparsely settled by surviving native inhabitants. Europeans 
brought with them not only pathogens but their crops, farm animals, and 
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agricultural systems. These new lands also had vast natural capital: fossil 
fuels, fertile soils, navigable rivers and ports, and an ecology and climate 

Agricultural improvement requires urban-rural as well as interna-
tional trade, for example to import fertilizers and equipment from abroad 
for use in the rural areas. Yet the very feasibility of trade depends on the 
physical environment as well as on the built infrastructure and available 
transport technologies. As Adam Smith emphasizes in The Wealth of Na-

tions, sea-based trade is far cheaper than land-based trade per ton-km of 
freight. The open sea does not require road building and maintenance. 
Air shipments are prohibitively expensive even relative to land-based 
trade, except for very high value-per-unit-weight commodities and for 
people and their precious time. 

All this means that an economy’s physical access to sea-based ports 
is crucial for economic development. As Smith famously noted:

As by means of water-carriage a more extensive market is opened 
to every sort of industry than what land-carriage alone can afford 
it, so it is upon the sea-coast, and along the banks of navigable 
rivers, that industry of every kind naturally begins to subdivide 
and improve itself, and it is frequently not till a long time after 
that those improvements extend themselves to the inland parts 
of the country. (Book I, Chapter 3)

Countries with easy access to sea-based trade have an enormous advan-
tage over those without. Landlocked countries are notoriously disadvan-
taged, since they must not only typically pass a long overland distance to 
the sea, but must also cross a political boundary as well. Even if the land-
locked country is connected to the ocean through a navigable river, the 
downstream coastal country may be less than obliging of the upstream 
neighbor. Here again Smith made pithy and prescient observations:

The commerce besides which any nation can carry on by means 
of a river which does not break itself into any great number of 
branches or canals, and which runs into another territory before 
it reaches the sea, can never be very considerable; because it is al-
ways in the power of the nations who possess that other territory 
to obstruct the communication between the upper country and 
the sea. (Book I, Chapter 3)



There is also the key question of what to trade. Countries with large re-
serves of minerals, metals, energy reserves, or precious gems have a rela-
tively straightforward answer: they can export their natural capital under 
the ground and use the proceeds to invest in human and physical capital. 
Thus, Botswana is transforming its diamonds under the Kalahari Desert 
into human capital and infrastructure. Chile is doing the same with its 
copper, as are the Gulf States with their oil and gas. But what becomes of 
countries with no such fortune under the ground? Some, like Argentina 
and Brazil, can mobilize ample surpluses from its soils: grains, meat prod-
ucts, forest products, and the like. 

Yet some countries lack primary energy resources, valuable minerals, 
-

ble land to population is low, soils are inadequate, or climate conditions 
limit the yields on agricultural production). What is their fate? For most 
of the 19th and 20th centuries, their fate was chronic poverty or migra-
tion. There was little that could be eked out in exports from the home 
economy. Migration was the only practical way to sell unskilled labor, 
and some of those earnings could be remitted back to the impoverished 
home economy. Yet migration was and remains wrenching, painful, and 
often a last resort, not least because of the unwillingness of developed 
economies to admit large numbers of unskilled workers from developing 
countries. 

Fortunately, technological advances since the mid-20th century have 
ushered in a new range of development possibilities, in effect new ways 
to sell labor at long distances. In the 19th century, most of Northeast Asia 
and Southeast Asia exported agricultural and mining commodities in 
world markets. Hong Kong and Singapore, as the region’s two entrepot 

-
other possibility opened up: selling labor services to multinational man-
ufacturing companies for the labor-intensive parts of the manufacturing 
production process. The phenomenon of long-distance off-shoring was 
made possible by a range of breakthroughs in transportation (e.g. large 
containerized ships, inter-modal transport), computerization (e.g. CAD/
CAM processes), telecommunications (e.g. the Internet, mobile telepho-
ny, satellite transmission, and bar coding), and myriad other advances 
of the digital age. These advances are now allowing a few landlocked 
regions (e.g. Bangalore) to export labor services online, overcoming the 
age-old challenges of high over-land transport costs. Unfortunately, on-
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line services require relatively skilled workers, beyond the capability of 
most remaining impoverished landlocked regions. 

In addition to energy and agriculture, both supported by internation-
al trade, the growing modern economy must make a third fundamental 

hundred years before the Industrial Revolution, traditional agricultural 
societies relied mainly on knowledge passed down from one generation 
to the next. While economic life was certainly not unchanged from one 
generation to the next—with the cruel visitations of epidemics, wars, 
famines, and the like—the technologies on which the agrarian economy 
rested seemed to be established on eternal and unchanging verities. That 
led Keynes to his famous observation in his 1930 essay “The Economic 

would have felt at home in the technological milieu of pre-industrial 18th 
century Europe. 

The reliance on slowly changing, implicit knowledge ended dramat-
ically, decisively, and irrevocably with the Industrial Revolution. The 
progress of the world economy since then has depended on the systemic 
production of knowledge, with a complex interplay of mass literacy, pub-
lic education, industrial research and development, and public invest-
ments in science and technology. The realization that innovation is the 
key long-term driver of development was itself an innovation of a long 
line of hallowed thinkers stretching from Francis Bacon, to Condorcet, to 
Schumpeter, Solow and today’s economists. 

The central role of knowledge and human capital is now universal-
ly acknowledged. What is sometimes overlooked is the complementary 
process of the demographic transition. Each new generation requires a 
higher level of human capital investment per person than the preced-
ing generation. This requires that parents shift along the quality-quantity 
tradeoff by having fewer children while investing in more human capital 
(including health, nutrition, and education) per child (Becker and Barro, 
1988). Yet the shift to fewer children also depends on a complementary 
breakthrough in child survival. It is the dramatic reduction in under-5 
mortality, from around 40 percent of children in the pre-industrial period 
to below 1 percent in the high-income world today, which makes possible 
the decline of the Total Fertility Rate to two children per woman or few-

children will survive. Therefore, a shift from high mortality to low mor-



tality is a sine qua non of development; it is not only an outcome, but an 
input to growth. Yet Africa’s extraordinary disease burden probably has 
its most pernicious consequences for economic growth in delaying the 
demographic transition to low fertility rates (McCord, 2010). (The other 
major consequences are in the physical development of children beset by 
repeated bouts of infection and chronic under-nutrition.) As the cradle 
of many of humanity’s oldest and most serious disease scourges, such 
as malaria, Africa has long suffered a level of disease burden and child 
mortality far beyond that of other regions at comparable income levels. 
This has caused Africa to lag in the demographic transition as well. Until 
recently, most poor families across rural sub-Saharan Africa have had of 
6–8 children, preventing them from being able to invest adequately in 
each child’s human capital. 

rising farm productivity, a declining proportion of the total labor force 
is needed to feed the population. Labor leaves the farms for work in 

-
lation densities and face-to-face contacts of urban life. (Technically, they 
rely on reduced transactions costs and agglomeration economies.) Thus, 
as labor is disgorged from the increasingly productive farms, the new 
industries and services establish themselves in the cities (MacArthur and 
McCord, 2014). 

The Netherlands and Britain were precocious urbanizers in part be-
cause they were also precocious in raising farm productivity, having in-

chemical fertilizers (notably guano and nitrates from South America) in 
the 18th and 19th centuries. The early 20th-century invention of industrial 
fertilizers (the Haber-Bosch process), improved seed breeding supported 
by advances in genetics, and advances in mechanization gave further dra-
matic boosts to farm productivity and thereby to urbanization in the 20th 
century. The Green Revolution in Asian and Latin America, occasioned 
by high-yield seeds developed in the 1940s and 1950s, was decisive in spur-
ring agricultural productivity in the peasant economies of the developing 
world after 1950, though once again, the fruits of that technological rev-
olution came late and last to Africa for many reasons, including Africa’s 
unique agro-ecological conditions. In any event, the Green Revolution 
was key to speeding urbanization in the developing world. 
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Yet not all depends on farm productivity. The productivity of the 
cities themselves is another basic determinant of the speed of the ru-
ral-to-urban transformation. Cities that are well integrated into global 

growing markets, improved inputs, more extensive infrastructure, and 

do urban advances spur agriculture. This dynamic two-way interaction 
between the countryside and city produce a self-sustaining positive feed-
back loop when conditions are right. Cheap energy sources are vital to 
support rapidly growing cities, as are public investments in infrastructure 
(e.g. water, sanitation, roads, ports, and power grids) and effective urban 
public health units to prevent urban epidemics of cholera, yellow fever, 
measles, and other communicable diseases. 

The key location for productive cities is the seacoast, especially at 
the estuary of a major river that links the port city with the hinterland as 
well as with world markets. The greatest cities of the world are general-
ly blessed with a geographic advantage that enables them to look both 
inward and outward at the same time: New York on the Hudson River 
(Glaeser, 2005), Shanghai on the Yangtze River, London on the Thames, 
and so forth. When cities are themselves landlocked (far from the coast 
and river-based trade), they may be effective political capitals (such as 
Moscow), but are unlikely to become economically worldly cities gener-
ating self-sustaining growth through the national economy. 

2.3 Structural factors of development

Here are some of the key lessons of these factors for the history of eco-
nomic development: 

• Economies need access to abundant supplies of modern ener-
gy sources, and in recent history, fossil fuels. A home supply is a 
huge advantage; without it, an economy must trade for its energy 
needs; 

• Economies need to modernize their agriculture, and this depends 
on adding inputs to agriculture, agronomic conditions—soils, cli-
mate, water—and on the proximity of the hinterland to world 
markets (e.g. to be able to purchase inputs); 

• Economies need to trade surplus products or services—cash 
crops, minerals, energy, or labor—for the commodities and tech-



nologies that they are unable to produce economically at home. 
The availability of such a surplus is no assured matter. If agri-
culture is unproductive, transport conditions are poor, and the 
economy lacks adequate reserves of mining resources, the real 
alternatives may be poverty, migration, or a harrowing combina-
tion of the two. 

• Location matters enormously. Coastal locations offer unparal-
leled proximity to world markets. Being landlocked makes the 

-
omy (unlike Botswana) has no high value commodities to export. 

• Disease ecology matters, not only for human well-being, but for 
economic development as well. A heavy disease burden can slow 
or even block the demographic transition, and thereby impede 
the transition to a knowledge economy. 

For these reasons, relative success in economic development depends not 
only on the quality of institutions, as many economists emphasize, or on 
culture, as some economic historians and sociologists tend to favor, but 
also on the sheer physical realities of the national economy: its energy 
reserves, distance from the seacoast and world markets, temperature and 
disease ecology, and agro-ecological determinants of crop productivity 
(soils, precipitation, elevation, and so forth). 

Here is a simple illustration of that principle. Let us rank countries 
according to GDP per capita (purchasing-power adjusted), energy re-
serves per capita, and distance from ports. (Data sources and calculations 
will be described in the next section.) On each of these measures, the 
economies are put into quintiles, from worst (lowest) to best (highest). 
We consider the universe of countries with a population of at least 1 mil-
lion as of 2005. 

Now, let us consider countries that are both energy poor and far from 

quintiles on both dimensions. There are 25 such countries, 20 of which 
are in sub-Saharan Africa, plus Afghanistan, Belarus, Myanmar, Nepal 
and Pakistan. Of these 25 countries, 20 are poor, that is, in the lowest 
income quintile; four are in the second income quintile; and only one, 
Belarus, is a middle-income country (in the 4th quintile). By contrast, 
among the 56 countries that are in the top three quintiles on both energy 
and proximity to the coast, not a single country is poor (in the lowest in-
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come quintile). Only four are in the second income quintile. (There is no 
income data for Libya and North Korea, though they likely fall into the 

Consider the heavy burden of energy poverty on its own. There are 
57 countries in the lowest two energy quintiles (that is, lowest two quin-
tiles of energy reserves per capita). Of these, 27 countries, equal to 47 
percent of the energy-poor countries, are income-poor. On the other end 
of the spectrum, there are 87 countries in the top three energy quintiles. 
Of these, only two, or 2.3 percent, are income-poor. Having energy re-
serves is, by itself, almost a ticket out of poverty. Of the 28 highly coastal 
countries (i.e. those with the highest proportion of the population close 
to the seacoast), there are only two countries in the bottom quintile: Hai-
ti and Guinea-Bissau. Only two are in the second income quintile: the 
Philippines and the Gambia. 

We note that Sub-Saharan Africa is relentlessly maligned for its poor 
governance, which according to most economists, accounts for its failure 
to develop. Yet the region ranks extremely low on nearly every struc-
tural determinant of economic development. It is nearly devoid of coal 
(except for the deposits at the southern and richer tip of sub-Saharan 
Africa), and its population is unusually far from the coast, far from inter-
national trade, and burdened by very high tropical temperatures and by 
the uniquely heavy burden of tropical diseases. 

These points are not made to claim that economic development in 
sub-Saharan Africa is impossible, only that it is has been harder. The re-
gion’s energy, transport, and climate characteristics are serious obstacles 
that must be addressed through investments in technologies, infrastruc-
ture, and public health that can counteract some of the physical obsta-
cles. Fortunately, recent hydrocarbon discoveries (e.g. in Ghana, Mozam-
bique, and Uganda), and rapidly falling costs of photovoltaic and wind 
power may yet bring much of sub-Saharan Africa the low-cost modern 
energy supplies that it urgently needs. Improved transport and Internet 
connectivity can also help to overcome the long overland distances that 
impede African trade. The general point is that additional investments in 
human and physical capital are needed to compensate for geographical 
obstacles. Financing those countervailing investments has been a central 
and long-standing challenge for the region. 



3 Data and Relevant Literature

In Figures 2–7, we present maps of key geophysical conditions that have 

variable, the color scheme of the map allocates the countries by quintiles, 
from worst (red) to best (blue). The richest countries (in blue in Figure 1) 
are also the countries with the most fortuitous combination of structural 
characteristics in Figures 2–7. 

3.1 Energy

Country-level data for coal, natural gas and petroleum reserves are from 
the Energy Information Administration’s (EIA) International Energy 
Statistics. The units were converted into quads; then we add to today’s 
reserves the cumulative consumption of coal in key countries from Rut-
ledge (2011) and Patzek and Croft (2010). Separately, we use the EIA’s 

-
tiplying (arbitrarily) by 50. The energy reserve stock is then converted 
from quads into dollars using prices from Rapier (2010): $1.25 per mil-
lion BTU of coal (averaging $0.56 and $2.08 for coal types), $5.69 per 
million BTU for natural gas, $13.43 for petroleum, and $26.31 for hy-
dropower. Finally, we divided by country population to reach per capita 

3.2 Distance to major port

Specialization, emphasized by Adam Smith as what allows for higher 
productivity and higher incomes, is limited by the geographic scope of 
the market (Kelly, 1997). Economic geography affects countries’ ability 
to trade with each other, and the variation in access to foreign markets of 
suppliers and consumers has been found to explain some of the variation 
in income levels around the world both across countries (Redding and 
Venables, 2004) and within countries (Fally et al., 2010). 

The overwhelming majority of the world’s trade happens by sea, so 
we construct a new market access variable using ports as hubs of trade. 
We choose the world’s largest ports using Containerization International’s 

every coastal country with population over 1 million that did not already 
have a port. Finally, we add Belem and Chicago, since they are important 
ports that open up the interiors of South and North America, respectively. 
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Next, we calculated the distance from each land cell to the nearest port 
through which it trades with the world. Transport from a location to a port 
can happen over land, over sea, or on a navigable river or lake. However, 

-
port costs between land and water transport. Limão and Venables (2001) 
use cost data on shipping a standard 40-foot container from Baltimore 

1,000 km by sea adds $190, whereas 1,000 km by land adds $1,380. This 
indicates roughly a 1:7 ratio between over-sea and overland travel, which 
is what we use for our analysis here. Using a map of navigable lakes and 
rivers, each land cell is assigned a transport cost of 7, cells over oceans are 
assigned a 1, and navigable lakes and rivers are assigned a transport cost 
of 3.5. Note that although some Arctic rivers are ocean-navigable, they are 

constraint for most of the Arctic to prevent the algorithm from traveling 
there. We assign each country the average cost-adjusted distance to ports, 
weighing each grid cell by its economic activity using data from Nordhaus 
(2006). The result is mapped in Figure 4, by quintiles.

Figure 2. Pre-Industrial Fossil Fuels (per capita, using 2010 population 
and prices)



3.3 Malaria ecology index

There is ample microeconomic evidence that poor health hinders the 
accumulation of human capital and subsequent income levels, although 

measure (Bleakley, 2010a; Weil, 2007). Evidence is stronger in the case 
of tropical diseases, particularly in the case of malaria and hookworm 
(Bleakley, 2010b; Barreca, 2010; Sachs and Malaney, 2002; Gallup and 
Sachs, 2001; Miguel and Kremer, 2014). Recent work by Alsan (2015) 

-
ulation densities low and consequently preventing state development 
and centralization. 

We choose each location’s malaria ecology index as a proxy for the 
perniciousness of the ecology vis-à-vis tropical diseases. The index is an 
ecological index of malaria transmission strength exogenous to human in-
tervention (Kiszewski et al., 2004), used elsewhere in the economics liter-
ature (Sachs, 2003; Carstensen and Gundlach, 2006). The index combines 
ecological factors—rainfall and temperature—with biological ones such as 
the human biting preference of the mosquito species that serves as the vec-

Figure 3. Hydroelectric Reserves ($ per capita, using 2010 population 
and prices)
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tor for the transmission of malaria. It is worth highlighting that the index 
does not include any information on human population nor on mosquito 
abundance; both variables affect actual malaria outcomes but are endoge-
nous to public health efforts, so they are omitted from the construction of 
this exogenous index. The index is mapped in Figure 5, by quintiles.

3.4 Agriculture

Agricultural productivity has long been theorized to drive structural 
change (Rostow, 1960; Johnston and Mellor, 1961). If food is relatively 
non-tradable beyond local markets, then increased staple food produc-
tion leads to reduced food prices, increased real wages and hence lower 
poverty. As staple yields jump and basic food needs are met, crop pro-
duction begins to diversify, including to possible cash crops for export, 
and so the virtuous cycle of commercial farming begins. With greater sav-

freed up workers begin to look for wage employment, typically in nearby 
cities. To the extent that other sectors enjoy higher labor productivity, 
this is welfare enhancing.

In addition to preventing the process of structural change, low ag-
ricultural yields due to rain shocks in poor societies have been found 
to have in utero effects; evidence from Indonesia indicates that women 
born in years of higher rainfall self-reported better health status, were 
taller, completed more schooling, and lived in a household with more 
assets (Maccini and Yang, 2009). Moreover, low agricultural productiv-

(Miguel et al., 2004).
In order to estimate an area’s potential for agricultural productivity, 

we rely on Ramankutty et al.’s (2002) agricultural suitability index, which 
combines data on climate (temperature and moisture availability based 
on the evapotranspiration ratio) and soil (soil carbon density and soil 
pH) to model inherent suitability for crop cultivation. Importantly, this 
index does not measure agricultural production itself (which could be af-
fected by local income levels and their effect on demand and affordabil-
ity of inputs), but instead measures the exogenous physical determinants 
of agricultural productivity. We multiply the index (which runs from 0–1) 
times each grid cell’s land area, and aggregate the country level. Finally, 
we divide by population to arrive at a quality-adjusted land per capita 
value, and map it in Figure 6.



3.5 Temperature

Scholars have observed that high temperatures are correlated to lower 
economic productivity (Nordhaus, 2006), and thermal stress may directly 
affect human productivity and industrial processes (Hsiang, 2010; Jones 
and Olken, 2010). The adverse effect of high temperatures on agriculture 
probably reaches far beyond crops, also affecting forestry, dairy produc-
tion, and livestock in ways not likely captured in the crop suitability in-
dex explained above. In addition, high temperatures compromise fetal 
health and increase likelihood of low-birthweight babies (Deschenes et 

al., 2009), affect disease ecology (e.g. intensifying the transmission of ma-
laria [Kiszewski et al

2013). 
In order to capture the myriad effects of temperature beyond staple 

crop suitability, we include the average yearly temperature without try-
ing to disentangle all of the possible channels. We use gridded data from 
the University of Delaware (Matsuura and Willmott, 2012), and average 
it for all months from 1900–2010 for each grid cell. We weigh the grid 
cells by population in generating country averages to focus on the direct 
effect of temperature on human beings as opposed to crops. The quin-

Figure 4. Average Distance to Major Port
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tiles are mapped in Figure 7. This is only a rough proxy for the effect of 
-

evant for economic productivity such as number of days above a degree 
threshold.

3.6 Institutions

The history of the industrial revolution and of development more 
broadly strongly suggests that incomes are higher in countries where 
institutions reward entrepreneurship, innovation and effort for most 
of the population. Scholars have argued that national institutions that 
are economically inclusive and protect property rights are the primary 
drivers of economic development (Acemoglu et al., 2001; Easterly and 
Levine, 2003; Rodrik et al., 2004), although other evidence counters those 
claims (Michalopoulos and Papaioannou, 2014; Albouy, 2012). We focus 
our analysis on two governance variables frequently used in the litera-

House (2014), which goes from 1 to 7 with higher numbers indicating 
fewer civil liberties (freedom of expression and belief, associational and 
organizational rights, rule of law, and personal autonomy and individual 

Figure 5. Average Malaria Ecology Index



rights). The second variable is an index of the expropriation risk vari-
able from the International Country Risk Guide used in Acemoglu et al. 
(2001), which rates the average risk over 1982–1997 of expropriation of 
private foreign investment from 0 to 10 (with higher numbers indicating 
lower risk).

Acemoglu et al

European migrants were more likely to create inclusive political and 
economic institutions. They implement this idea by constructing a proxy 
for the mortality rates of early European settlers, and use their estimat-
ed settlers’ mortality rate as an instrumental variable for present-day 
political institutions. We have chosen instead to use the new time series 
in Easterly and Levine (2012) that directly measures the share of the Eu-
ropean population in countries during the 19th century. We choose this 
alternative measure as our instrument for three reasons: (1) it is a more 
direct measure of the settler population; (2) it covers a larger group of 
countries; and (3) it avoids the serious measurement errors of the mortal-
ity data pointed out by Albuoy (2012). Note that we extend Easterly and 
Levine’s measures to include Europe itself (including Eastern Europe, 
the Baltics, and Russia), each given a score of 100 percent European. 

Figure 6. Population-Weighted Average Temperature
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4 Results

Table 1 shows summary statistics of the variables employed in our re-
gressions. The next two tables present associations between cross-coun-
try income per capita in 2010 and geographical and institutional vari-
ables; while these cannot of course prove causal effects, the empirical 
regularities suggest that physical geography likely plays a strong role in 
accounting for the cross-country patterns of wealth and poverty. 

Table 2 displays the results of a series of regressions on 2010 levels 
of income per capita, in purchasing power parity terms. Column I shows 
that just two independent variables, fossil fuel reserves per capita and 
average distance from a port, account for 58 percent of the variation in 

economic activity is 10 percent further away from ports tend to have 
around 8 percent lower income levels. In fact, the standard deviation of 
the distance-to-ports variable is the same size of the mean, so a country 
one standard deviation further from ports than another has a 77 per-

Figure 7. Quality-Adjusted Land per capita



that countries with 10 percent more fossil fuel reserves per capita tend 
to have higher incomes per person by around 2 percent. The standard 
deviation of the fossil fuels per capita variable is 66,221 over a mean 
of 24,165, suggesting that a country with one standard deviation greater 
fossil fuel reserves per capita has a 49 percent higher income per capita 
on average.

Column II adds hydroelectric production per capita, malaria ecology, 
quality-adjusted land per capita and average temperature, and results in 
an adjusted R-squared of 0.75. The distance to ports and fossil fuels vari-

-
cal variables (such as being a former communist economy and the degree 
of civil liberties) add further to the explanatory power of the regression 

-
droelectric production per person variable is 13,010 over a mean of 3,980, 
then a country with a one standard deviation greater amount of hydro-
electric production per person would have a 23 percent higher income per 

-

deviation of the variable is 0.0086 over a mean of 0.004, a one standard 
deviation higher amount of good quality land for agriculture per capita 
is correlated to a 2,460 percent higher level of income per capita. Even 

-

with a magnitude between -0.29 and -0.38. Since the standard deviation 
of malaria ecology is 4.46 over a mean of 2.56, a country whose ecolo-
gy is one standard deviation more pernicious than the mean will have a 

on temperature is between -0.03 to -0.05 in the two regressions where it 

over a mean of 18.23, so a one standard deviation higher temperature is 
associated to a 1.3–2.1 percent lower level of income per capita. Finally, 
the two variables to measure institutional quality in the regressions are 

suggesting that both institutions and geographical attributes are highly 
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associated to income per capita levels. Countries that were previously un-
der socialist economic organization have 39–53 percent lower income per 
capita levels. Countries that score best on civil liberties tend to have 108 
percent higher income levels than countries that score the worst.

Given that political institutions are likely endogenous to income lev-
els, Table 3 replicates the literature’s instrumental variable method for 
better identifying the effect of institutions on income levels. Regressions 
(I)–(IV) instrument for civil liberties with the 19th century European 
share of the population, and (V)–(VIII) instrument for expropriation 

to be strongly associated with the modern-day governance variable, and 

usual threshold value of 10 for strong instruments (Staiger and Stock, 
1997). In the second stage, the instrumented institutional variables are 

-

Variable Obser-

vations

Mean Std. 

Dev.

Min Max

GDP per capita, PPP, in 
2010

140 11,750 12,601 316 52,170

Cost-Adjusted Average 
Distance to Port

140 23,108 23,449 1,162 113,310

Fossil Fuels ($ per capita) 140 24,165 66,221 0 482,787

Hydroelectric Production 
($ per capita)

140 3,980 13,010 0 133,003

Quality-Adjusted Land 
Per Capita

140 0.0040 0.0086 0 0.08

Malaria Ecology Index 137 2.56 4.46 0 17.5

Population-weighted 
Average Temperature

137 18.23 7.63 -1.2 29.1

Civil Liberties 137 3.29 1.72 1 7

Expropriation Risk 108 7.22 1.74 2.4 10

Table 1. Summary Statistics



graphical variables. Average distance to ports, fossils fuel reserves and 
quality-adjusted land per capita remain strongly associated with mod-
ern-day levels of income after controlling for institutions.

5 Conclusions

Economic development is a dynamic process requiring fundamental 
transformations in several spheres of the society. Starting from a tradi-
tional economy based on subsistence food production, economic growth 
requires a massive mobilization of energy resources, an upgrading of ru-
ral agriculture, and large-scale investments in transport, education, and 
human capital. The very biggest challenge of economic development lies 
in getting started, making the transition from a low-level equilibrium of 
subsistence and low saving, to an economy generating an investable sur-
plus that can be devoted to building human capital and infrastructure.

Table 2. Cross Section for Income per capita in 2010
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Table 3. Instrumenting for Institutions



Before the Industrial Revolution, there was no pathway to self-sus-
taining growth. The binding constraint lay in technology, and especially 

(for wood fuels) and animal traction were not enough to raise the econ-
omy above subsistence. Indeed, Malthusian dynamics were evident. In-
creases in survival, leading to increases in population, would put great 
stress on the natural environment, for example the deforestation caused 
by increased use of wood fuels. The Industrial Revolution, and especially 
the advent of the steam engine, broke the hammerlock of energy.

Growth took off in England and in other places where the mix of 
physical, technological, and institutional conditions made it possible. 
Our argument is that the underlying conditions were as much biophys-

to the extent that nature lent a strong hand. Some of the advantages 
included holdings of fossil fuels, proximity to ports, high quality agri-
cultural land, and low malaria burden. Of course institutions also mat-
tered for the functioning of the economy. Our view is that geography is 
a conditioning variable, neither a sole determinant of development, nor 
a deterministic factor. Even harsh geography can be overcome through 
suitable compensatory investments: roads can be built to a distant port; 
fossil fuels can be imported; economies can trade manufactures and ser-
vices for food they do not produce; and malaria and other communica-
ble diseases can be controlled through targeted investments in disease 
control.

The evidence supports this holistic and integrative view. Cross-sec-
tion regressions suggest that biophysical and geophysical factors explain 
a considerable amount of the cross-country variation in contemporary in-
come per capita. In conjunction with institutional development and tech-
nological advance, these factors played an important part in determining 
when countries began their escape from poverty following the Industrial 
Revolution and what income levels are today. While cross-country evi-
dence remains circumstantial, nevertheless its conclusions are increas-
ingly bolstered by more detailed analyses at the microeconomic level.
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