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Abstract. This paper explores the role of geography in early development. It
presents a model where the odds of survival are higher in geographically
favorable regions. In such regions, higher life expectancy prompts parents to
devote more of their resources to old-age consumption and enables them to
invest relatively more in the quantity and quality of their offspring. Invest-
ment in education, together with population growth, helps geographically-
favorable economies to attain high levels of a more educated population that
is necessary for sustained economic growth. The empirical evidence is gen-
erally supportive of the view that geographic attributes influenced regional
population levels in Europe and its colonial offshoots around 1500 A.D. and
that they affected population levels and educational attainment in low-income
countries of the 1990s.

JEL classification: J13, O11, O33

Key words: Human capital, demographic transition, growth

1. Introduction

This paper presents a simple theoretical framework that focuses on
geography. It links population growth and early development to geographic
characteristics and shows that geography affects economic development
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mostly indirectly–through its impact on households’ demographic choices.
Those choices, which entail the quantity and the quality of offspring, in turn,
determine whether economies can sustain technological and economic
progress.

The emphasis on geography in the context of early economic development
and demographic change is warranted by two related findings: First, geo-
graphic characteristics were important in the emergence of agriculture and
early development.1 Second, economic development and demographic trends
are related in the very long run.2 Taken together these findings suggest that
accounting for the role of geography in the early evolution of human societies
could be important: by influencing the odds of survival and life expectancy in
the initial stages of development, geographic characteristics have the potential
to affect many household choices–including but not confined to those
regarding the quantity and quality of offspring.

Using contemporary data covering low- and lower-middle income
countries in 1994 as well as historic data on Western Europe and its colonial
offshoots in 1500 A. D., I empirically verify that certain geographic attributes,
such as latitude and terrain, help to explain population densities and edu-
cational attainment. Among the low- and lower-middle income countries in
1994, those which were located at higher latitudes, had milder temperatures
and more diverse terrains had, in general, higher population densities and
higher rates of educational attainment. I also find some evidence to suggest
that terrain and temperatures exerted similar effects historically: among
Western Europe and its colonial offshoots, those same variables help to ex-
plain which countries had higher population densities in 1500 A. D.

In the overlapping-generations model below, survival odds are influenced
by geographic attributes. In geographically advantageous areas, individuals
can survive longer periods compared to others who live in less hospitable
regions. This in turn prompts parents to allocate more of their resources to
old-age consumption and the quantity and quality of their offspring. In re-
gions where geographical characteristics are more adverse, individuals
struggle for survival.3 These parents devote all of their limited resources to
consumption and procreation. They do not invest in the education of their
young. As a result, economies in geographically disadvantageous regions
never escape the Malthusian trap: life expectancy and population growth stay
low and mortality remains high.

In geographically favorable regions, however, a different story unfolds as
higher survival odds allow parents to have more offspring that are also
educated. Eventually, steady population growth and investment in education
combine to provide the necessary conditions for sustained economic progress.

2. Related literature

This paper is related to the unified, long-run, growth models. Galor and Weil
(2000) develop a framework that focuses primarily on the link between
human capital accumulation and technological progress. In their model,
economies eventually escape the Malthusian trap because of the scale effects
of population size on technological progress.4 Galor and Moav (2002) argue
that the process of natural selection gives individuals who value the quality of
their offspring relatively more a survival advantage. They then demonstrate
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that the emergence of mutations that value child quality more is sufficient to
kick start a phase of demographic transition and economic development that
is consistent with those observed in modern developed economies. The
present effort differs from these papers by its emphasis on geographic
characteristics as the driving force behind the patterns of demographic change
during early development.5 Goodfriend and McDermott (1995) emphasize,
like I do here, the role of population growth in the process of early
development. In a model with exogenous population growth, they show how
economic development is first driven by a growing population, which
generates increasing returns to specialization, and then by education and
human capital accumulation, which leads to industrialization. The model I
present below is similar to theirs because of the emphasis on population
quantity and quality as important determinants of early development. What I
present differs from their work because it emphasizes the role of geography in
affecting early development.

The second theoretical strand to which this work is related examines how
changes in mortality and the prevalence of epidemics influence demographic
and economic transitions. For instance, Kalemli-Ozcan (2002) presents a
model in which declining mortality enables parents to invest more in the
education of their children and less in their numbers. This generates a strong
link between mortality declines and economic growth. In a somewhat dif-
ferent vein, Lagerlof (2003) presents a model in which epidemic shocks fully
account for the very long-run trends in demography and development. The
model and the empirical analysis below is related to this strand because it
links mortality change with economic development and demographic change.
It differs from this strand primarily due to an emphasis on geography and
early development.

Finally, this model is also related to empirical work that addresses how
geographic characteristics impact economic performance. Gallup, Sachs, and
Mellinger (1999) and Sachs (2000, 2001) find that location and climate have
large effects on the level and growth of incomes per capita because they
impact agricultural productivity, disease burdens, and transport costs.6 Hall
and Jones (1999) demonstrate how, while geographic location helps to ac-
count for a significant portion of the cross-country differences in output per
worker, at least some of this might be due to the indirect role of geography in
shaping institutions. Acemoglu et al. (2001, 2002) argue that the simple
geography hypothesis, which suggests a direct link between climate and
economic development, is inconsistent with available historical data. Their
findings instead show that institutional differences help to explain most of the
cross-country variation in incomes. What I present below differs from these
papers because it emphasizes the role of geography in long-run population
dynamics and early economic development.

3. The building blocks

The model rests on two key assumptions:
I) Geographic characteristics affect survival odds. In this model, the odds of

survival (or mortality) are determined endogenously by geographic attributes.
Specifically, I consider an overlapping generations model in which individuals
could live up to three periods and there exists uncertainty about survival
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during the final old-age period.7 This formulation has its analogs in other
work. For example, a more discrete version of this approach has its prece-
dents in models where consumption below a subsistence level leads to
extinction. This is in fact the approach taken by Galor and Weil and Galor
and Moav. Also there exists papers in which survival is modeled in similar
fashion to the one presented below.8

According to this assumption, survival is low and mortality high if the
climate is adverse and natural resources are scarce.9 Indeed, Wrigley and
Schofield (1989) find that mortality in England between 1541 and 1871 was
increased by unusually cold temperatures in the winter and by extremely hot
temperatures in the summer. Jones (1981) discusses that a hot and humid
environment of human and animal diseases in Africa kept the rates of mor-
tality high and the level of population down.

II) Parents value both the quantity and quality of offspring. Individuals in
this model operate in the traditional Beckerian mold.10 That is, household
fertility is driven by a utility function that has as its arguments individuals’
own consumption as well as the quantity and quality of their offspring. Given
this Beckerian quality-quantity tradeoff and assumption (I), parents devote a
larger fraction of their incomes to their children (either in the form of more or
better educated offspring) if their self-survival odds are shorter.11

In the following section, I incorporate these assumptions into a simple
dynamic model to demonstrate how geography could influence the demo-
graphics of population and educational attainment. In Sect. 5, I provide some
empirical evidence that supports the role of geography in early development.
In Sect. 6, I conclude.

4. The economy

4.1. production

Consider an overlapping generations economy in which real economic activity
extends over an infinite discrete time. In every period, the economy produces a
single homogenous good using efficiency units of labor. The supply of aggregate
efficiency units of labor is determined by the size of the work force and the
human capital of eachworker. Let Y j

t denote the aggregate output at time t of an
economy located in geographic region j. Then,

Y j
t ¼ AH j

t ; ð1Þ
where A represents the exogenously given static level of technology and where
H j

t is the efficiency units of labor supply.12;13

The labor market is competitive and human capital is paid its marginal
product:14

�w ¼ A: ð2Þ

4.2. Individuals

Individuals, who are identical, live for up to three periods in overlapping
generations. All individuals survive youth and young adulthood but only
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some live to become old. There is uncertainty about who reaches old age, but
a favorable geography–one that is, presumably, milder in climate, exacts
lower disease burden costs, and more hospitable to agricultural production–
improves the odds of survival. Each individual has a single parent and is
endowed with a unit of time in every period. When young, a member of
generation t � 1 consumes a fraction of her parent’s time. This time
requirement increases with the child’s education level. In the second period
of life, t, the individual is a young adult. During this period she works,
consumes, and procreates, allocating her time between employment and child
rearing. In the final old-age period, t þ 1; the individual retires and consumes
if she survives to live that long.

4.2.1. Preferences and budget constraints

Individuals’ preferences are defined over their expected consumption and the
quantity and quality of their children.15 Resources that are devoted to
improving genetic survival–via quantity and/or quality investment in the
offspring–reduce the availability of resources for consumption. Let ct and ctþ1
respectively denote the consumption of a member of generation t � 1 in
young adulthood and old age. And let nt and htþ1 respectively denote the
number of her children and their average human capital level. Preferences of
this individual are represented by the following inter-temporal utility
function:

U t�1
j ¼ uðctÞ þ apjuðctþ1Þ þ ð1þ pjÞ½buðntÞ þ ð1� bÞuð�whtþ1Þ�; ð3Þ

where a; b 2 ð0; 1Þ and where the utility function uð:Þ satisfies the neoclassical
restrictions, with 8 x � ct, ctþ1, nt, etþ1 > 0, u0ðxÞ > 0, u00ðxÞ < 0, limx!0 u0ðxÞ ¼
1, and limx!1 u0ðxÞ ¼ 0 . In (3), the parameter b measures the value
associated with the number of offspring relative to average quality as
measured by future income, and pj, 0 � pj � 1; denotes the probability of
surviving young adulthood in geographic region j.16 This probability depends
on how favorable the geographic characteristics of the economy are. Let Gj
denote the relevant geographic attributes of the economy j. Then, by
assumption, pj ¼ pðGjÞ, with p0 > 0; p00 < 0; pð0Þ ¼ 0, pð1Þ ¼ p � 1,
limG!0 p0ðGjÞ ¼ 1, and limG!1 p0ðGjÞ ¼ 0:Note that the life expectancy of all
individuals in this economy equals 2þ pj.

Following the standard Beckerian model of household fertility, individ-
uals decide the optimal number of their children and the education level of
each subject to a budget constraint that reflects the allocation of time between
work and child rearing. To formalize, let etþ1 denote the education level of
each child, and let sn and se respectively denote the time costs of rearing a
child and educating one for a unit of time. Then, for a member of generation
t � 1, ntðsn þ seetþ1Þ denotes the total time cost of child rearing and education.

Given that a member of generation t � 1 works in the following period
and possesses ht efficiency units of labor at that time, her income is equal to
�wht ¼ Aht � It. She allocates this potential income among current con-
sumption, saving for future consumption and child rearing and education.
Thus, she faces the following budget constraint:

Ahtntðsn þ seetþ1Þ þ ct þ St � Aht � It ð4Þ
where St denotes the individual’s amount of saving in period t.17
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4.2.2. Population size and education

The size of the working population at time t þ 1, Ltþ1, is given by

Ltþ1 ¼ ntLt; ð5Þ
where Lt is the working population in period t, nt is the number of children per
parent, and nt � 1, is the growth rate of the working population.18 The size of
the population at time 0, L0, is given historically.

In order to employ a relatively simple human capital accumulation pro-
cess, I assume that each person’s human capital is determined in the following
specific way:

htþ1 ¼ /ðetþ1Þ; ð6Þ
where 8etþ1 � 0, /ðetþ1Þ > 0;/0 > 0, /00 < 0, /ð0Þ ¼ ~h > 0, and
limetþ1!0 /0ðetþ1Þ <1.

4.2.3. Geography, life expectancy, and the quantity-quality tradeoff

Members of generation t � 1 maximize (3) by choosing the number and
education of their offspring, and their own optimal consumption pattern.
Substituting equations (2), (4), and (6) into (3), and expressing the amount of
saving, St, as a fraction of total potential income (i.e., St ¼ stAht), the problem
of a representative individual can be written as follows:

fnt; etþ1; stg ¼ argmax
u½Itð1� ntðsn þ seetþ1Þ � stÞ�
þ apjuðstItÞ þ bð1þ pjÞuðntÞ
þ ð1� bÞð1þ pjÞu½A/ðetþ1Þ�

8
<

:

9
=

;
ð7Þ

subject to ðnt; etþ1; stÞ � 0:
The first-order conditions with respect to each of the arguments, nt; etþ1; st,

are respectively given by the following:

u0ðntÞ
u0ðctÞ

� ðs
n þ seetþ1ÞIt

b½1þ pðGjÞ�
� 0

u0½/ðetþ1Þ�/0ðetþ1Þ
u0ðctÞ

� sentIt

ð1� bÞ½1þ pðGjÞ�A
� 0 ð8Þ

u0ðctþ1Þ
u0ðctÞ

� 1

apðGjÞ
� 0

Functional form assumptions imply that interior solutions exist for the
optimal number of children, nt, and the share of total income earmarked for
second period consumption, st. That is not the case, however, with respect to
optimal education, etþ1. More specifically, there exists low enough values of
the geographic characteristics, Gj, for which the odds of survival are relatively
low. For such values, the optimal amount of education per child equals
zero.19 For other values, an interior solution exists for all control variables.

Regardless of whether an interior solution exists for education, etþ1, (8)
demonstrates the impact of a favorable geography on optimal choices of
fertility, education, and saving: by generating higher survival probability,
pðGjÞ, and extending the expected lifetime, a friendly geography lowers the
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effective discount rate on all kinds of future consumption. In a Beckerian
framework, the latter includes, in addition to old-age consumption, ctþ1, the
quantity and quality of offspring, nt and htþ1, as well.

The first-order conditions given by (8), together with the budget constraint
in (4), fully determine the optimal values of fertility, n�t , education, e�tþ1, and
saving, s�t . In particular, they are all non-decreasing functions of per capita
income, It, and geographic endowment, Gj:

n�t ¼ nðIt;GjÞ;

e�tþ1 ¼ eðIt;GjÞ; ð9Þ

and,

s�t ¼ sðIt;GjÞ;

Proposition 1 8 ht; Gj > 0,

(i) @n�t =@It > 0 and @n�t =@Gj > 0;

(ii) @e�tþ1=@It � 0 and @e�tþ1=@Gj � 0;

(iii) @s�t =@It > 0 and @s�t =@Gj > 0.

Proof: Follows immediately from applying the implicit function theorem to
the first-order conditions defined by (8).

5. Empirical evidence

As noted in the preceding section, this model suggests that favorable
geographic characteristics should lead to higher population densities and
more knowledge accumulation–most certainly in the early phases of develop-
ment. In this section, I test this hypothesis using two different datasets: one for
the low-income countries of the 1990s, and another forWestern Europe and its
colonial offshoots in 1000 A. D. and in 1500 A. D. The first sample, by
selection, includes only those countries that have not yet become developed
(and excludes those that might have become industrialized due to other factors
despite their unfavorable geographic attributes).20 Thus, this sample should
help to reveal the impact of geography on the levels of population and
educational attainment during early development.21 Similarly, historic data on
Europe and its colonial offshoots prior to the Industrial Revolution should
also reflect any impact geographic attributes might have had on countries,
some of which that have become industrialized since then.22

The empirical estimates of the effect of geographic attributes on various
characteristics of early development, like population density, educational
attainment, or urbanization, are obtained by estimating the following equa-
tion with cross-country data:
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DEVj;t ¼ b0 þ b1Gj þ b2Xj;t�1 þ tj;t; ð10Þ
where DEVj;t is the dependent variable potentially influenced by geography
(more on which below), Gj is a vector of regional geographic attributes, Xt�1
are additional control variables that may help to explain DEVj;t, and ti;t is the
variability in DEVj;t not explained by the regressors. I assume that ti;t is
uncorrelated with the regressors and is distributed normally with a mean of
zero and a variance of r2

i;t.
23

For each country, both sets of data include the following independent Gj
variables: Latitude, LATITUDEj; terrain, TERRAINj; measures of average an-
nual temperature, TEMPj, average morning humidity, HUMIDj, and two
interaction terms for latitude and terrain and average temperature and
humidity.24 The control variables in Xj;t�1 include regionalncontinental
dummies for Africa, East Asia, Central and Latin America, the Middle East,
AFRICAj, ASIAj, LAMj, MEASTj, respectively. For the contemporary data,
they also include an additional dummy for oil exporting countries, OILj, and
the log of the level of per capita income, LNGDPCAPj.

25

The dependent variables, DEVj;t, are population density, PDENSEj;t,
average years of schooling, SCHOOLj;t, and rates of urbanization,
URBANj;t.

26 Population density data are available for both the contempo-
rary and the historic data. Thus, for both datasets, I use the independent
variables to predict population density, PDENSEj;t. Educational attainment
data are only available for the contemporary data, and I use them to ex-
plore the role of geographic characteristics in average years of schooling,
SCHOOLj;t. Finally, rates of urbanization have been demonstrated to be
highly correlated with early development.27 For the historic data on Europe
and its colonial offshoots, urbanization rates are available for as early as
1000 A. D. and I use them to examine the impact of geography on
urbanization, URBANj;t.

With the exception of TERRAIN and URBAN , all these variables are
self-explanatory. TERRAIN is a binary dummy variable. It is based on an
index that ranges from 0 to 4.28 The index attains a value of zero if the
landscape is mostly sandy deserts or desert plains with low coastal re-
gions; one if it is mostly coastal lowlands with desert plateaus or coastal
plains with swamps; two if the landscape is diverse, ranging from flat
plains or gently rolling hills to plains, plateaus and deltas; three if the
terrain is mostly mountains and hills with small plains, high plateaus, and
deltas; and four if the landscape is mostly rugged mountains. For our
purposes here, it is important to note that the most favorable attributes
are covered by terrain codes 2 and 3. Consequently, the dummy TERRAIN
attains a value of one if the underlying code is a 2 or a 3 and zero
otherwise. URBAN is defined as the share of the total population that
lives in urban areas, the latter which is usually defined as residential areas
with a population of 20,000 or more. As noted above, the urbanization
rate is positively related to per-capita income.

Given that geographic attributes change little, if at all, over very long
periods of time, empirical issues arising from reverse causality is not of major
concern. They are applicable with respect to per-capita income, LNGDPCAP ,
which is only available for contemporary data. To focus attention on the link
from per capita income to population density and educational attainment, I
use a lagged value of per capita income, studying the relationship between per
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capita income in 1960 and population density and educational attainment in
1994.

The data are from a variety of sources. For both sets, the geography
variables are from Parker (1997). For the first dataset, which covers the low-
income countries of the 1990s, the population density data are from Parker,
average years of schooling are from the World Development Indicators of the
World Bank, and per-capita incomes are from the Penn World Tables. For
the second dataset on Western Europe and its colonial offshoots, the 1000 A.
D. urbanization measures and the 1500 A. D. population density variables
(with the exception of those for Western Europe) are borrowed from
Acemoglu et al. (2002), who in turn derive them from data provided by
Chandler (1987) and McEvedy and Jones (1978). Those for Western Europe
are derived from McEvedy and Jones and the CIA World Fact Book.29 Table
1 presents summary statistics of the key variables in the empirical analysis.

Table 2 shows how geographic characteristics impact population density
in the lowest-income countries of the world today. [As in all tables that
follow, columns (1)-(3) show estimates with robust errors, and (4)–(6) the
results from robust regressions that correct for outlier biases.] Under most
specifications using this sample, TERRAIN and LATITUDE enter positively
and statistically significantly, and their interaction, LATTER; enters nega-
tively and significantly. Together, these results suggest that the positive
impact of the terrain (latitude) declines as latitude (terrain) increases. The
impact of LATITUDE and TERRAIN on population density is quite large: a
ten degree higher latitude leads to an average of 20 more people per square
kilometer, an increase in density of roughly 15 %. And an increase from
zero to one in the terrain code is associated with an increase of roughly 60
people per square kilometer, an increase in density of over 50 %.

As seen in the robust errors specification in column (2) and the robust
regression results in (6), warmer temperatures yield a significant and positive
impact on population density in the low-income countries, although the po-
sitive impact of a warmer climate dissipates with increases in the average
temperature. As shown, TEMP is significant and positive in both specifications
and TEMP 2 is significant and negative (with the coefficient on TEMP domi-
nating that on TEMP 2 by an important order of magnitude). Note also that,
while the regional/continental dummies are significant in some cases (like the
negative and significant African dummy and the positive and significant East
Asian dummy), per-capita income in 1960, LNGDPCAP , had in general no
significant effect on population densities in 1994. These results, as well as those
that follow, are robust to the exclusion of any combinations of the additional
control variables like regional/continental dummies and income per capita.
They are also robust to the inclusion of additional variables such as the
cumulative share of total world mineral resources, openness (as measured by
the total share of exports and imports in GDP), and a dummy variable for
whether the country is landlocked.

According to our model, there should exist a positive relationship between
educational attainment and favorable geographic attributes as well. Years of
schooling data is scarce for the lowest-income countries (it exists for only 14
out of 60 of the countries in the sample). However, data on secondary school
enrollment rates are more widely available for this sample and I rely on this
alternative data here.30 Table 3 shows tests of the prediction that geographic
attributes should affect secondary school enrollment rates. As shown in

Geography, demography, and early development 309



www.manaraa.com

T
a
b
le

1
.
D
es
cr
ip
ti
v
e
st
a
ti
st
ic
s
a
n
d
th
e
co
rr
el
a
ti
o
n
m
a
tr
ix

n
=

6
0

M
ea
n

S
td
.
D
ev
.

T
h
e
C
o
rr
el
a
ti
o
n
M
a
tr
ix
,
1
9
9
4

P
D
E
N
S
E

S
C
H
O
O
L

L
A
T
IT

U
D
E

T
E
R
R
A
IN

T
E
M
P

H
U
M
ID

L
N
G
D
P
C
A
P

P
D
E
N
S
E

8
8
.8

1
2
8
.2

1
–

–
–

–
–

–
S
C
H
O
O
L

7
.1

3
.5

0
.3
0
3

1
–

–
–

–
–

L
A
T
IT

U
D
E

1
8
.0

1
3
.7

0
.6
7
4

.7
2
5

1
–

–
–

–
T
E
R
R
A
IN

0
.6
6
7

0
.4
7
5

0
.2
0
9

.2
1
6

)
.0
6
3

1
–

–
–

T
E
M
P

2
1
.8

7
.4

0
.0
2
0

)
.7
1
7

)
.8
6
3

)
.1
4
9

1
–

–
H
U
M
ID

6
6
.0

1
8
.4

)
.1
0
4

.6
0
3

.0
1
0

0
.3
0
9

)
.1
7
7

1
–

n
=

1
4

M
ea
n

S
td
.
D
ev
.

T
h
e
C
o
rr
el
a
ti
o
n
M
a
tr
ix
,
1
0
0
0
A
.
D
.
a
n
d
1
5
0
0
A
.
D
.

P
D
E
N
S
E

U
R
B
A
N

L
A
T
IT

U
D
E

T
E
R
R
A
IN

T
E
M
P

H
U
M
ID

P
D
E
N
S
E

6
.6
1

1
6
.3

1
–

–
–

–
–

U
R
B
A
N

3
.9
5

3
.9
3

0
.1
4
0

1
–

–
–

–
L
A
T
IT

U
D
E

2
0
.9

1
3
.3

0
.1
3
4

)
0
.3
6
8

1
–

–
–

T
E
R
R
A
IN

0
.7
3
8

0
.4
4
5

)
0
.3
2
3

0
.2
1
5

0
.0
6
1

1
–

–
T
E
M
P

2
1
.5

5
.7
8

0
.1
8
5

0
.2
8
7

)
0
.5
4
0

)
0
.3
2
2

1
–

H
U
M
ID

7
3
.4

1
5
.1

)
0
.5
1
1

0
.2
3
9

0
.3
5
5

0
.2
6
7

0
.0
7
1

1

310 M. Iyigun



www.manaraa.com

T
a
b
le

2
.
R
eg
re
ss
io
n
s
fo
r
lo
w
-i
n
co
m
e
co
u
n
tr
ie
s,
1
9
9
4

D
ep
en
d
en
t
v
a
ri
a
b
le
:
P
O
P
U
L
A
T
IO

N
D
E
N
S
IT

Y
,
1
9
9
4
(P
er
so
n
/S
q
u
a
re

k
m
.)

R
o
b
u
st

er
ro
rs

R
o
b
u
st

re
g
re
ss
io
n
s

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

L
A
T
IT

U
D
E

j
2
.0
8
(2
.0
9
)

–
2
.7
5
(3
.3
7
)

3
.0
1
*
(1
.0
1
)

–
3
.4
0
*
(1
.0
3
)

T
E
R
R
A
IN

j
7
8
.7

*
(3
3
.6
)

–
8
8
.0
5
*
(3
6
.2
4
)

5
0
.9

*
(1
8
.8
2
)

–
4
8
.9

*
(1
7
.1
8
)

L
A
T
IT

U
D
E
j
*
T
E
R
j

)
4
.0

*
*
(2
.4
8
)

–
)
3
.6
1
(2
.7
6
)

)
3
.4
3
*
(.
9
9
8
)

–
)
2
.8
3
*
(.
8
4
9
)

T
E
M
P
j

–
2
4
.1

*
*
(1
4
.3
)

1
9
.0
2
(1
5
.9
9
)

–
2
.0
3
(5
.7
1
)

7
.5
1
*
*
*
(4
.9
7
)

H
U
M
ID

j
–

9
.0

*
*
*
(5
.9
2
)

9
.0
3
(7
.4
8
)

–
)
.3
3
7
(2
.9
6
)

)
3
.1
3
(2
.5
9
)

H
U
M
ID

j
*
T
E
M
P
j

–
)
.1
8
5
(.
1
7
4
)

)
.1
3
8
(.
1
6
1
)

–
.0
4
5
(.
0
7
5
)

)
.0
3
5
(.
0
6
6
)

TE
M

P
2 j

–
)
.2
4
*
*
(.
1
4
5
)

)
.1
4
6
(.
1
6
1
)

–
)
.1
3
3
*
*
(.
0
8
0
)

)
.1
1
3
*
*
*
(.
0
6
9
)

H
U

M
ID

2 j
–

)
.0
3
9
(.
0
3
0
)

)
.0
4
9
(.
0
3
8
)

–
)
.0
0
6
(.
0
1
6
)

.0
1
4
(.
0
1
4
)

A
F
R
IC

A
j

)
5
1
.4

*
*
*
(3
5
.6
)

)
5
1
.4

(4
0
.1
)

)
5
2
.5

(3
6
.3
)

)
1
3
(1
5
.3
)

)
1
4
.7

(1
5
.0
)

)
1
6
.4

(1
4
.5
)

A
S
IA

j
1
1
7
*
(5
5
.2
)

9
7
.8

*
*
(4
9
.9
)

1
2
0
.0

*
(3
9
.9
)

1
6
0
*
(2
5
.2
)

1
6
2
*
(2
4
.8
)

1
7
0
.8

*
(2
3
.6
)

L
A
M

j
)
8
4
.0

*
(2
8
.8
)

)
7
1
.0

*
(2
9
.6
)

)
1
2
6
.4

*
(6
1
.4
)

)
2
8
.8

(4
2
.9
)

)
2
4
.6

(4
4
.1
)

)
1
8
.7

(4
4
.2
)

M
E
A
S
T
j

2
3
2
.4

(2
1
0
)

2
6
5
.1

(2
1
4
)

2
7
7
*
*
*
(1
7
9
)

5
1
.0

(4
2
.9
)

1
4
.9

(3
3
.5
)

3
5
.2

(3
2
.4
)

L
N
G
D
P
C
A
P
j

)
2
.5
5
(1
8
.9
)

)
.2
2
3
(1
7
.8
)

.0
2
9
(.
0
3
6
)

1
1
*
*
*
(7
.1
3
)

1
0
.0
5
(7
.2
9
)

)
.0
1
4
(.
0
1
6
)

N
o
.
o
f
o
b
s.

6
0

6
0

6
0

5
9

5
8

5
9

R
2

.3
3

.4
2

.4
7

–
–

–

N
o
te
:
*
,
*
*
a
n
d
*
*
*
re
sp
ec
ti
v
el
y
d
en
o
te

si
g
n
ifi
ca
n
ce

a
t
th
e
5
%
,
1
0
%

a
n
d
1
5
%

le
v
el
s.
T
h
e
v
a
ri
a
b
le
s
L
L
O
C
K

a
n
d
M
IN

E
R
A
L
n
o
t
in
cl
u
d
ed

a
s
th
ey

w
er
e
n
o
t
si
g
n
ifi
ca
n
t

u
n
d
er

a
n
y
sp
ec
ifi
ca
ti
o
n
.

Geography, demography, and early development 311



www.manaraa.com

T
a
b
le

3
.
R
eg
re
ss
io
n
s
fo
r
lo
w
-i
n
co
m
e
co
u
n
tr
ie
s,
1
9
9
4

D
ep
en
d
en
t
v
a
ri
a
b
le
:
S
E
C
O
N
D
A
R
Y

S
C
H
O
O
L
E
N
R
O
L
L
M
E
N
T
R
A
T
E
S
,
1
9
9
4
(A

v
er
a
g
e
y
ea
rs

o
f
m
a
le

ed
u
ca
ti
o
n
a
l
a
tt
a
in
m
en
t)

R
o
b
u
st

E
rr
o
rs

R
o
b
u
st

R
eg
re
ss
io
n
s

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

L
A
T
IT

U
D
E
j

)
.0
1
3
(.
0
2
4
)

–
)
.0
1
8
(.
0
2
5
)

0
0
8
(.
0
0
9
)

–
.0
0
1
(.
0
1
2
)

T
E
R
R
A
IN

j
)
.2
1
4
(.
7
0
7
)

–
)
.2
1
1
(.
7
2
5
)

.5
0
3
*
(.
1
8
2
)

–
.5
4
1
*
(.
1
9
4
)

L
A
T
IT

U
D
E
j
*
T
E
R
j

)
.0
1
1
(.
0
2
0
)

–
)
.0
1
2
(.
0
1
8
)

)
.0
3
0
*
(.
0
0
9
)

–
)
.0
3
0
*
(.
0
1
0
)

T
E
M
P
j

–
.0
2
4
(.
0
8
0
)

)
.0
0
4
(.
0
7
6
)

–
.0
7
1
(.
0
6
0
)

.0
0
5
(.
0
5
5
)

H
U
M
ID

j
–

)
.0
0
1
(.
0
3
5
)

.0
0
1
(.
0
3
4
)

–
)
.0
2
0
(.
0
3
2
)

)
.0
1
9
(.
0
2
9
)

H
U
M
ID

j
*
T
E
M
P
j

–
.0
0
0
3
(.
0
0
1
)

.0
0
0
4
(.
0
0
1
)

–
)
.0
0
1
(.
0
0
1
)

)
.0
0
0
2
(.
0
0
0
7
)

TE
M

P
2 j

–
)
.0
0
0
3
(.
0
0
1
)

)
.0
0
1
(.
0
0
1
)

–
)
.0
0
1
(.
0
0
1
)

)
.0
0
0
5
(.
0
0
0
8
)

H
U

M
ID

2 j
–

)
.0
0
0
1
(.
0
0
0
3
)

)
.0
0
0
1
(.
0
0
0
3
)

–
.0
0
0
2
*
*
*
(.
0
0
0
1
)

.0
0
0
1
(.
0
0
0
2
)

A
F
R
IC

A
j

.3
1
0
(.
3
4
1
)

.4
7
6
(.
4
6
3
)

.2
9
6
(.
3
9
3
)

.0
1
2
(.
1
4
7
)

.0
5
2
(.
1
5
8
)

)
.5
7
5
(.
9
8
8
)

A
S
IA

j
)
.0
3
0
(.
3
3
8
)

.1
2
3
(.
3
1
2
)

)
.1
0
0
(.
3
6
2
)

)
.0
4
8
(.
2
4
0
)

)
.0
7
7
(.
2
6
4
)

2
.1
3
(.
1
7
0
)

L
A
M

j
.0
6
0
(.
1
7
1
)

.0
1
8
(.
2
1
6
)

.0
6
7
(.
1
8
1
)

)
.0
4
4
(.
4
1
9
)

.1
7
9
(.
4
7
0
)

1
.2
3
(1
.2
7
)

M
E
A
S
T
j

)
.1
3
9
(.
2
1
3
)

.0
6
2
(.
3
5
0
)

)
.2
3
3
(.
2
0
9
)

)
.2
2
6
(.
2
6
9
)

)
.1
7
4
(.
2
9
9
)

.9
9
8
(1
.2
5
)

L
N
G
D
P
C
A
P
j

.2
9
3
(.
2
0
9
)

.2
7
0
(.
2
7
1
)

.3
5
0
(.
2
6
7
)

.0
9
7
*
*
*
(.
0
6
4
)

.0
1
6
(.
0
7
8
)

.0
0
0
1
(.
0
0
0
4
)

N
o
.
o
f
o
b
s.

6
0

6
0

6
0

6
0

6
0

6
0

R
2

.1
3

.0
9

.1
4

–
–

–

N
o
te
:
*
,
*
*
a
n
d
*
*
*
re
sp
ec
ti
v
el
y
d
en
o
te

si
g
n
ifi
ca
n
ce

a
t
th
e
5
%

,
1
0
%

a
n
d
1
5
%

le
v
el
s.

312 M. Iyigun



www.manaraa.com

columns (4) and (6), TERRAIN positively and statistically significantly impacts
secondary school enrollment rates. The effect of TERRAIN on school enroll-
ment is very large: for instance, geographic regions where the terrain is more
favorable have more than double the school enrollment rates compared to
regions where the terrain is not favorable.31

Tables 4 and 5 show the results generated with the second dataset, that on
Western Europe and its colonial offshoots in 1000 A. D. and 1500 A. D.
respectively. As shown in columns (1) and (3) of Table 4, TERRAIN had a
positive and significant effect on rates of urbanization in 1000 A. D. although
this effect seems to be driven by some outliers. In Table 5, I repeat this
exercise using population density data from 1500 A. D. The results are mixed.
On the one hand, the effect of TERRAIN on population density levels in 1500
A. D. does not seem to be robust (where it is either insignificant or significant
with opposite signs in different specifications). On the other hand, geographic
regions with warmer temperatures seem to have generated higher population
densities historically: the coefficient on TEMP is significant and positive in two
specifications (just like they are in Table 2).

I also examined whether geographic characteristics can help to explain
modern as well as early economic development. To test this idea, I expanded
the contemporary dataset, which covers the low-income countries in 1994, to
include all countries. This exercise generated 175 observations. Then, I tested
whether the selected geographic attributes, LATITUDE, TERRAIN TEMP ; and
HUMID, help to explain population density, PDENSE, and educational
attainment, SCHOOL.

Table 6 shows the impact of geographic attributes on population densities
for all countries in the broadened sample. The results with this sample are
consistent with those reported in Table 2: LATITUDE and TERRAIN positively
impact population densities. Interestingly, however, the positive and statisti-
cally significant effects of both LATITUDE and TERRAIN attain with the robust
regression specification. And when significant and positive, as they are in
column (6), the coefficients on LATITUDE and TERRAIN are about a third to a
half smaller than the coefficients in Table 2. Further, the aggregate explana-
tory power of all the independent variables is much weaker according to the fit
of the models as measured by R2. Thus, based on a comparison of the results in
Table 2 and Table 6, it is reasonable to conclude that the effect of the selected
geographic attributes on population densities are most relevant for early
development (when per-capita incomes are much lower).

Table 7 presents the estimation results with years of schooling, SCHOOL,
as the dependent variable and using this whole sample. Again, these results
do indicate a statistically significant, positive, and robust effect of LATITUDE
and TERRAIN on years of schooling. Accordingly, we can conclude that the
impact of geographic attributes on educational attainment seems to persist
for longer phases than that of geography on population. There is a rea-
sonable, but admittedly speculative, explanation for why the impact of
geography on schooling persists while that of geography on population
density does not: technological advances in health care in the last century
had a profound impact on mortality and life expectancy in all but the poorest
countries in the world. If in addition technological progress had a greater
and earlier effect on health than on educational attainment, one would expect
the effect of geography on population dynamics (but not so much education)
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to be diluted by that of technological advances on health and mortality over
time.32

6. Conclusion

During most of its history, humankind struggled for survival. This struggle
was all the more brutal where nature was not relatively cooperative. To what
extent did the fate of human societies depend on nature?

In this paper, I present a simple dynamic model that focuses on geography
in the very long run. The model links demographic transition to geography
and shows that geography affects the economy mostly indirectly via its impact
on demographics. The reason is that, by affecting the odds of survival, geo-
graphic characteristics influence household decisions–including those related
to the quantity and quality of children. And the latter in turn determine
whether economies can sustain economic progress.

The empirical evidence for Western Europe and its colonial offshoots in
1500 A. D. and those for the low-income countries of the 1990s generally
supports the idea that geographic attributes influence population levels and
educational attainment. The effects of latitude and terrain on population
dynamics and early development are statistically significant and robust:
among the low-income countries today, those with higher latitude and more
diverse terrains have higher population densities and education levels. And
among Western Europe and its colonial offshoots, average temperatures
(controlling for humidity) help to explain which countries had higher popu-
lation densities in 1500 A. D.

Endnotes

1 For instance, McNeill (1998, p. 67) claims that the reason why Africa remained backward in
the development of agriculture compared to temperate lands is that the latter exacted much
lower costs in terms of exposure to disease.

2 See, for example, Galor and Weil (2000) and Galor and Moav (2002).
3 Another indirect channel through which geography could potentially manifest itself in the
demographic makeup of regions is migration. Although the model here abstracts from the idea
that geographic characteristics might generate migration across the regions, the incorporation
of such an endogenous mechanism would serve to further propagate the indirect effects of
geography on demographic and economic changes. Such a modification could also help to
explain the long-run patterns of human migration.

4 While the primary emphasis of Galor and Weil is on the scale effect of population size on
technological progress, their model too incorporates the impact of geographic attributes on the
survival odds of the offspring (and the role of the latter in the take-off to a Malthusian regime).
The theoretical distinction of the model below is that geographic attributes influence adult
survival (which in turn affects individuals’ inter-temporal resource allocation).

5 As noted above, the emphasis here is on the role of geograpic attributes in early economic
development. In that vein, the simple model described above does not contain dynamic
elements that would generate a demographic transition phase–during which both population
levels and per capita incomes rose–as well as a take-off phase to sustained economic growth–
during which rising per capita income levels are associated with lower fertility and higher
educational attainment. These features could easily be incorporated into the model discussed
below without altering its main conclusions.

6 See also Masters and McMillan (2001) and Olsson and Hibbs (forthcoming) for further
empirical support.

7 There are at least two alternative specifications of survival probability. First, one could assume
that geographic characteristics influence survival indirectly by making survival endogenous in
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consumption. Then, in determining the optimal consumption pattern and the amount of
resources devoted to their children, individuals would have to take into account not only the
marginal utility of consumption but also the marginal effect of consumption on their own
survival. This specification would yield qualitative results that would be similar to what is
below. Second, while I abstract from child mortality and focus on adult mortality only, the
model could be extended to include child mortality without altering significantly the
qualitative nature of the main results.

8 See, for example, Grossman and Mendoza (2000).
9 This, of course, is associated with the ‘‘positive check’’ on population growth identified by
Malthus. He envisaged two sets of relationships that might serve to keep a population in
balance with its economic resources. In both cases, an increase in population exerts pressure
on food prices and lowers real incomes. Positive check operates through increases in mortality,
and the preventive check manifests itself in lower nuptiality and fertility. Refer to Wrigley and
Schofield (1989, pp. 458-466) for more details.

10 See Becker (1981).
11 The basic premise here is that children are normal goods that individuals get to enjoy

adulthood. Improvements in life expectancy induce individuals to allocate a larger share of
their incomes to the consumption of goods that they get to enjoy in their adulthood. In a
related vein, Kalemli-Ozcan and Weil (2001) employ a similar approach to highlight how
improvements in life expectancy could account for the emergence of life-cycle saving in
advanced economies.

12 In what I present below, I assume that geographic attributes do not directly influence
production. I adopt this formulation to demonstrate the importance of the indirect
mechanisms through which geography can influence the early evolution of an economy. That
noted, including geographic characteristics directly in the production technology would serve
to propagate the effects I present below.

13 For simplicity of notation, I will supress the geography superscript j hereafter unless the
discussion warrrants its inclusion.

14 By assuming there are constant returns to human capital, the model abstracts from how
changes in the level of population might influence wage rates. In fact, the negative link between
the size of the labor force and wage rates provided the main channel through which the
positive and preventive Malthusian checks operated (see footnote 9). The model presented here
could be easily extended to ensure that population shocks lead to changes in the real wage rate,
and therefore, that short-run deviations from the subsistence equilibrium self-correct in the
medium run. However, the main point I emphasize here is this: despite the fact that places with
good geographic attributes would have dense populations that could somewhat offset the
impact of a favorable geography, they would still be places where population densities reach
some threshold level first. This would in turn enable such geographically-favorable places to
take off on a path of sustained growth earlier than other locales with more unfavorable
geographic attributes.

15 As Galor and Moav (2002) demonstrate, the explicit formulation of the quantitiy-quality
tradeoff in parents’ utility specification has evolutionary foundations.

16 Note that both the number and the average human capital level of an individuals’ offspring do
not change during adulthood. Hence, nt�1

tþ1 ¼ nt�1
t andhtþ1

tþ2 = htþ1
tþ1:

17 I assume that there exists a costless storage technology that allows individuals to transfer part
of their current potential consumption to the future.

18 Note that, at any given time t, total population equals ½1 þ nt þ pj=nt�1�Lt This suggests that
total population would equal 3Lt if the growth rate of population was zero and the odds of
survival were one.

19 This is driven by the assumption that /ð0Þ ¼ ~h > 0 and limetþ1!0 /0ðetþ1Þ <1
20 According to the World Bank classifications, the list of low-income countries in 1994 included

Afghanistan, Albania, Armenia, Angola, Azerbeijan, Bangladesh, Benin, Bhutan, Bosnia and
Herzegovina, Burkina Faso, Burundi, Cote d’Ivoire, Cambodia, Cameroon, Central African
Republic, Chad, China, Comoros, Congo, Equatorial Guinea, Eritrea, Ethiopia, Gambia,
Georgia, Ghana, Haiti, Honduras, India, Kenya, Kyrgyz Republic, Liberia, Madagascar,
Malawi, Mali, Mauritania, Mongolia, Mozambique, Myanmar, Nepal, Nicaragua, Niger,
Nigeria, Pakistan, Rwanda, Senegal, Sierra Leone, Somalia, Sri Lanka, Sudan, Tajikistan,
Tanzania, Togo, Uganda, Vietnam, Yemen, Zaire, Zambia, Zimbabwe.
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21 At the end of this section, I also explore what the impact of geography was on all countries in
the 1990s to test whether geographic attributes can help to explain modern demographic
changes as well.

22 For the historic data, I confine attention to this subset because, together with Western Europe,
it comprises countries for which Acemoglu et al. (2002) demonstrate that institutions–but not
geography–played a role in their economic development since the 19th century. In addition to
aggregated data for Western Europe, this sample includes 41 observations for Argentina,
Algeria, Australia, Bangladesh, Belize, Bolivia, Brazil, Canada, Chile, Colombia, Cost Rica,
Dominican Republic, Ecuador, Egypt, El Salvador, Guatamala, Guyana, Hong Kong,
Honduras, Haiti, Indonesia, India, Jamaica, Laos, Sri Lanka, Morocco, Mexico, Malaysia,
Nicaragua, New Zealand, Pakistan, Panama, Peru, the Philippines, Paraguay, Singapore,
Tunisia, Uruguay, the United States, Venezuela, and Vietnam.

23 In addition to adopting this assumption on the distribution of errors because of its intuitive
appeal for cross-country data, I confirmed it with a Cook-Weisberg test for heteroscedasticity.

24 An alternative to TERRAIN involves utilizing the amount of arable land. The latter would more
directly capture the extent to which the land mass is amenable to agriculture. However, using
this alternative variable would generate endoegenity problems that do not exist when TERRAIN
is used instead. Nonetheless, in alternative empirical specifications where arable land was used
as a subsitute for TERRAIN results were generally similar in nature to what I present below.

25 I include per-capita GDP as one of the regressors on two accounts. First, during the process of
early development, there is a potential for a Malthusian link between income and fertility.
Second, under most generalized utility specifications, there exists a relationship between
household income and the quantity-quality tradeoff (see, for instance, Galor and Weil, 2000).
This noted, the empirical results I present below are robust to excluding LNGDPCAP from the
empirical estimates.

26 While, population density may not be a good measure of modern development, as shown in
Kremer (1993), it is a good measure of early development historically.

27 See, for example, Acemoglu et al. (2002). For the exact methodology of calculations, see also
Chandler (1987).

28 Source: Parker (1997).
29 http://www.odci.gov/cia/publications/factbook.
30 Alternatively, I have experimented with expanding the sample to cover the lowest- as well as

the lower-middle income countries according to the World Bank classifications. That way, I
was able to generate 43 observations using the average years of schooling data. The results I
generated with that sample were roughly in line with those reported in Table 3.

31 It is important to note that, while the results presented in Tables 3 and 7 are consistent with the
idea that geographic attributes influence educational attainment, they are also in line with
other alternative theories. For example, it could well be that, at unhealthy locations, parents
invest less in the education of their offspring (and more in their numbers) because the life
expectancy of the children–and not the parents–is low (see Kalemli-Ozcan, 2002).

32 There are both empirical and theoretical underpinnings of such a mechanism. Goldin and
Katz (1998), for example, find evidence that the technology-skill complementarity originated
with the shift in manufacturing to batch and continuous-process methods, as well as the
adoption of electricity motors. All of those occured in the 1890s and beyond–well after life
expectancy began to rise dramatically in the late-18th and early-19th centuries due to better
nutrition (see McNeill, 1998). Acemoglu (1998) presents a model in which the direction of
technical change is determined endogenously according to the fraction of skilled (or educated)
workers in the economy. Thus, his approach provides a theoretical basis for which to believe
that the effects of the technology-skill complementarity becomes more pronounced later
during the development process.
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