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Abstract
Ethnic diversity has been established to be important for transaction costs, in a number of ways. This
research demonstrates that the economic consequences of diversity, and especially cultural isolation, are much
deeper. Diversity is shown to not only impact productivity relative to a production possibility frontier, as
in a transaction cost based framework, but to impact the production possibility frontier itself through its
impact on the ability of a society to adopt new technologies. The paper investigates first whether cultural
isolation, caused by a history of migration through heterogeneous terrain inhibits horizontal transmission
of knowledge, and second whether axis-orientation, specifically travel across a north-south dominant axis
inhibits vertical transmission of knowledge. The endogeneity between cultural transmission and productivity
is dealt with by using ancestral migration direction as a source of exogenous variation in culture. Cultural
isolation is estimated to account for over 30% of differences in sorghum maize production, two of the most
important crops throughout Africa.
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Introduction

In the past decade ethnic diversity has become one of the pillars of how we think about economic development.
It has been associated with trust (Alesina and LaFerrera, 2000), cooperation (Vigdor, 2001), cohesiveness
(Esteban, Ray, 2008) and other important concepts associated with economic relationships. Most, if not all of
work in the field has delved into the negative impact that fragmentation has on economic outcomes through
mechanisms based on transaction costs. This paper will argue that diversity also impacts economic outcomes
not just by impacting productivity relative to potential as it does through transaction costs, but by altering
a society’s production possibilities frontier. There is also an emerging literature that examines the origins of
fractionalization/polarization (diversity), however our understanding of the process of fragmentation remains
incomplete. We know that the origins of diversity are deeply rooted in history and associated with genetic
differences (Ashraf and Galor, 2013), and that location specific differences in human capital caused isolation
and thus diversity (Micholopolous, 2012). Much of human history involved migration on massive scales however,
implying that static differences in geographic endowments or initial differences in genetics are likely not the whole
story.
This paper uses one of these large scale migrations to examine both the causes and consequences of cultural
diversity. It exploits heterogeneous differences in society specific skills due to migration route axis orientation,
testing the axis-orientation and technology theory of Diamond (1998). It contributes to the literature on the
origins of cultural diversity by generalizing Micholopolous (2012) and showing that not only static geographic
endowments of settled societies impact diversity, but that the process of settlement drives diversity as well, due
to imperfect vertical transmission of knowledge. The main contribution is to the literature on the economic
consequences of diversity. The literature to date has been focused on how diversity leads to increases in
transaction costs by impacting cohesiveness, trust or cooperation. This can limit market development by
restricting transactions to within network individuals, causing below capacity productivity. This paper argues
that cultural diversity more deeply impacts economic outcomes by impacting not only production relative to a
production possibility frontier, but by impacting the frontier itself.
Diversity may therefore be crucial for economic potential directly and could help to explain why so much
knowledge and skill heterogeneity exists, even within small geographic regions (figure 1). Figure 1 shows the
suitability and productivity of maize for 10 tribes in Kenya. Efficiency means that maize should be produced,
at least to some extent, wherever possible, as it is the most profitable crop in Africa. While maize is ubiquitous
in the Bondei and Zigula homelands, it is barely produced at all in the Nguru and Luguru homelands, despite
almost identical suitability. Production is highly correlated with ethnic homeland, and is not attributable to
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typical economic theories of technology adoption, like context specificity (Basu and Weil (1998)) or acquisition
costs (Parente and Prescott (1994)). A surprising amount of heterogeneity exists within small geographic regions
subject to the same contextual factors where the costs of migration, interaction, should in theory be relatively
low. The heterogeneity therefore implies that production skills are not being transferred between neighbours,
and the correlation with the ethnic dimension implies a role for diversity in the explanation of this puzzle. This
paper attempts to explain this type of pattern by analyzing deep causes and consequences of diversity within
the context of the adoption of agricultural knowledge or skills.
Figure 1: Productivity and Suitability of Maize by Tribe
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The figure shows a region within Kenya with particularly heterogeneous maize production despite almost uniform suitability for maize.
Green indicates that maize is either more suitable for production or more heavily produced, yellow indicates mid-level
production/suitability and red indicates low production/suitability. Productivity of maize seems highly correlated with ethnicity.

To this end, the analysis tracks the Bantu expansion over time. Bantu migration followed two distinct
migration paths, the split being due to the arrival of iron between 0-300C.E. The arrival of iron allowed migrants
to travel through the rainforest which was more difficult terrain to clear, but more profitable, as it enjoyed more
precipitation on average. Different migration routes along different major axes, with different biogeographic
factors means that skills were likely to diverge depending on whether society began their migration before or
after the arrival of iron, consistent with Diamond (1998). Diamond argued that technology was less effectively
transmitted along a north-south axis than an east-west axis because when agricultural suitability changes,
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agricultural technologies fall out of use and fail to be further transmitted. Evidence in favour of this theory is
presented. Axis orientation impacts, through biogeographic factors, the development of different society specific
skills. This is consistent with diversity1 , as shown by Micholopolous (2012).
Direct evidence of this diversity is demonstrated. The Bantu that migrated through the rainforest lost the
ability to produce dry crops, as they transitioned into the wet climate in the rainforest. The heterogeneity in
the rainforest produced a host of different skills and knowledge, as hunting, fishing, and crop production are
all substantially different within different regions within the rainforest. These differences in skill and knowledge
were brought with migrants south of the rainforest, and impacted their settlement decisions. They specifically
chose locations that were more suitable to their skills and knowledge, which set the foundations of the geographic
diversity observed in southern Africa today.
Evidence is also presented that the process of settlement generates society specific skills which directly
impact the production possibility frontier. While southern migrants chose locations most suited for the wet
crops produced in the rainforest, both wet and dry crops are profitable throughout the study region, which is
well south of the rainforest. However, even within geographic regions, those who migrated south were less likely
to adopt the dry crops produced by their neighbours who migrated around the rainforest.
This lack of knowledge and skill adoption is not limited to knowledge lost through the rainforest however.
The same mechanisms causing society specific skills to emerge caused cultural drift, and thus cultural isolation.
Cultural isolation constrained the ability of these societies to adopt knowledge from their neighbours, and caused
a lower take-up of all New World crops introduced through the slave trade, long after Bantu settlement. This
is economically important, as one of those New World crops was maize, which is now the most profitable crop
throughout Africa. Southern Bantu produce 30% less maize today.
The process of settlement impacted production possibilities of the Bantu in two distinct ways. First, it
shaped society specific skills through vertical transmission of knowledge. During settlement along different
paths different skills became optimal, and these skills were passed across generations. Second, production
potential was impacted through the heterogeneous transmission of knowledge. The more cultural drift that
took place through the settlement process, the more difficult it became to adopt new skills from neighbouring
societies after settlement. This damaged the ability of the southern Bantu to adopt new technologies and
therefore constrained the expansion of production possibilities.
1 Diversity here is associated with both cultural distance and different groups in that group differentiation is necessarily required
for any distance to exist. For example the diversity within the southern group is shown to be higher than the diversity along
the eastern group, because the southern societies are more different from each other, even though there are more eastern societies
overall. Diversity is used in a way more similar to polarization (Esteban, Ray) than to fractionalization (Easterly, Levine), although
is still fundamentally different from the Esteban, Ray measure. It relates to the degree of difference for a given number of groups
rather than given distances for a varying number of groups.
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Production possibilities are not necessarily damaged through diversity however. If cultural isolation and
society specific skills codevelop over time, then a more diverse area is one with more diverse specialized skills.
Production potential is optimized when, ceteris paribus, society specific skill heterogeneity is maximized. In
this case a wide range of skills are available to a region and these skills can be shared between societies,
expanding production possibilities. On the other hand, production potential is maximized when ceteris paribus
cultural isolation is minimized, since cultural isolation can constrain the ability to adopt new skills. Whether
diversity is a net gain or loss for a region depends on the ability of its societies to adopt skills from each other.
The evidence shows this tradeoff: heterogeneity in productivity in different regions is driven by ethnicity, and
differences persist due to isolation.
Related Literature This paper focuses on the origins of diversity and how it historically limited interaction
and exposure to different and potentially better agricultural practices. Two recent papers discuss the origins
of diversity. Michalopoulos (2011) showed that more rugged and heterogeneous terrain, like in the rainforest,
causes less migration, less inter-group communication and less knowledge sharing, all of which reinforce a higher
equilibrium level of diversity. I come to similar conclusions and am able to provide a more general context for
thinking about the results. In the Bantu context the society begins in the same homeland and compares two
branches of migrants who differ only due to the timing of iron working.
I show that the process of settlement itself drives society specific skills, and that this impacts diversity in
new locations due to land selection. This is a somewhat different framework from Michalopoulos (2011) who
studies already settled societies. In his set-up society specific skill are non-transferrable because they correlate
perfectly with location specific skills. Analyzing skill transfer among Bantu contributes to Michalopoulos (2011)
by weakening the necessity for these two skill dimensions to be perfectly correlated. Where as in Michalopoulos
(2011) there is no incentive to overcome cultural drift, in the case of the Bantu there is. The fact that this
barrier is not overcome for the Bantu means that a lower bound can be placed on the costs associated with
cultural isolation.
Ashraf and Galor (2013) also study the origins of diversity. They demonstrate that much of the observed
ethnolinguistic diversity observed today is due to genetic diversity associated with initial levels of genetic
diversity in indigenous societies prior to “Out of Africa” migration. They argue that initial heterogeneity
caused mistrust which negatively impacted group productivity, leading to differences in optimal group size, and
thus heterogeneity in fractionalization and polarization. They attribute existing diversity to endogenous group
formation throughout large periods of migration, as well as to biogeographic factors. The Bantu case shows how
these same mechanisms can lead to diversity even controlling for initial genetic diversity by considering only a
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single ethnic group. However, the process underlying the generation of diversity is similar in both studies.
This paper also contributes to a large literature on the consequences of diversity. The literature starts with a
seminal work by Easterly and Levine (1997) who show that racial fractionalization is negatively correlated with
growth in cross-country regressions. Collier and Gunning (1999) follow-up on the work, arguing that linguistic
fractionalization causes low social capital and less provision of public goods which limits the growth of nations.
Alesina et al. (2003) confirm results from both papers using more sophisticated and complete data. Much of the
literature has focused on public good provision, or other forms of institutional quality. LaPorta (1999), Collier
(2000), Easterly (2001) and Alesina (2003) all fall into this category.
Micro studies on ethnicity delve deeper into the social capital aspect of diversity, and especially concerning
discrimination in credit markets. Fafchamps (2000) finds that African firms in Kenya and Zimbabwe are not
discriminated against with respect to credit access, but that discrimination does impact relationships with
suppliers, which influences credit. Fisman (1999, 2003) also shows a link between supplier credit, ethnicity and
productivity. LaFerrera (2002) also finds a link between access to credit and ethnicity. These papers are all
based on a distaste for diversity mechanism.
There is a literature on diversity and agricultural productivity, which is closely tied to this paper. Marcours
(2003) suggests that because network ties are ethnically based, informal property rights are also based on
ethnicity, and rental markets primarily exist within ethnic groups. This implies that minority groups are
excluded from the rental market in ethnically diverse markets, and are less productive agriculturally. This is
a significantly different mechanism from the one I advance. Marcours shows that society-location productivity
is altered by diversity, whereas in the Bantu context societal productivity is restricted regardless of location.
Further, in Marcours societies remain with the potential to produce, but can’t due to market constraints.
The argument presented for the Bantu context is that the economic potential of the society is fundamentally
impacted by diversity generated through the settlement process.
All of the studies on fractionalization impact the ability of a society or ethnicity to reach their economic
potential. This occurs through discrimination and exclusion, or through restricted markets due to lowered
social capital or through inefficient institutions or political outcomes. This is fundamentally different in nature
from the type of consequence that occurred for the Bantu. In the case of the Bantu, rather than influencing
productivity relative to the production possibility frontier, the increase in diversity impacted the production
possibility frontier itself for societies that were more culturally isolated. Since cultural diversity developed
simultaneously with society specific skills (and really because of them), the diversity that developed through
the settlement process deeply impacted economic outcomes for the Bantu by impacting their long run economic
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potential.
Because the mechanism influencing the impact of diversity crucially depends on cultural isolation, the Bantu
example can provide insight into the literature on the economic consequences of culture. Many papers have
shown that culture can be generally important and recent findings have especially highlighted the importance
of the interaction between culture and both institutions and agricultural production. Cohen et al. (1996), for
example, show that a culture of honour in America is related to historic herding rather than farming. Nunn
(2008) and Nunn and Wantchekon (2012) show the long run effects of the slave trade and identify the impact
on trust as being particularly important in persistence. Alesina et al. (2011) show that the introduction of
the plough caused decreases in womens rights. On the institutions side, Becker et al. (2010) show that better
historical institutions can lead to higher trust.
There is evidence to suggest that both the vertical and horizontal transmission of culture are worth considering more generally. Sanchez-Burks et al. (2003) shows the vertical transmission of culture from parents to
children with respect to how literally messages are received. One paper by Algan et al. (2012) show that both
horizontal and vertical transmission of culture are important in baby naming conventions in France.
The paper will proceed as follows: section 2 will provide a historical background, section 3 will describe the
data, section 4 will outline the empirical strategy and main results, section 5 will test robustness of the main
results, and section 6 will conclude.

2

Historical Background

The Bantu homeland is close to what is now the Nigeria-Cameroon border. As early as 3,000B.C.E. migration
began towards east Africa, just north of the rainforest, which is shaded in dark in figure 2. As can be seen from
the map, this route is similar agriculturally to the Bantu homeland. In the Bantu homeland, both wet and dry
crops were produced and livestock was kept. Similarly along the eastern migration route these each of these
crops were produced, and livestock was kept. However along the southern route migrants eventually reached the
rainforest, by which time dry crops and livestock would have been phased out as they were no longer suitable.
In 1,000C.E. the migration routes both emerge south of the rainforest, and the two groups were once again
able to produce the same crops. It is useful to examine this region in particular, to examine the impact of the
lost knowledge on agricultural productivity within contextually similar geographic regions, where both sets of
migrants share land.
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Figure 2: Migration routes during the settlement of Africa. Arrows denote the two branches of the Bantu
expansion
The map shows the two main branches of migration. The branch that goes directly south migrates through the rainforest, while the
branch that goes east then south avoids the rainforest. Both migration routes end up in the southern region of Africa which is the study
region for much of the analysis in the paper.

Just to the north of the eastern route were the Nilo-Saharans, from whom the eastern-migrating Bantu
migrants adopted iron. The iron working technology was diffused back along the settlements that arose along
the migration route, until they arrived back at to the Bantu homeland between 0–300C.E. The arrival of iron
working allowed for a second migration branch to emerge to the south. Before iron the thicker terrain was
unable to be cleared, but once it was cleared the land was more profitable because of lower population density
and higher rainfall. Routes were selected almost entirely based on 2 factors: existing population density and
ease of navigation. Suitability or land quality were rarely if ever factors for individual migrants. There are no
substantial differences in suitability2 within plausible single generation migration destinations based on the slow
speed of migration in any direction. Because of this migrants simply chose the least populated areas that were
navigable.
“...the expansion actually got underway by accident. With the existing system of food production,
villages moved to fresh sites once or twice a decade...It is not too much to assume that people preferred sites away from sectors where the best spots were already occupied by other farmer trappers.
2 e.g.

figure 1 shows suitability of maize within a reasonable migration radius
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To the contemporaries this migration was just natural drift.” (Vansina (1990)).
Contextually, the arrival of iron is important because its importance implies that there was likely no selection
into migration routes. Once iron arrived in the Bantu homeland between 0-300A.D. the southern route, which
had not previously been navigable, was now easily cleared, free of other farmers and comparatively higher
quality land. This newly abundant land to the south was the principal reason for differences in routes rather
than selection on agricultural ability, or any other dimension.
“...if we consider what might have been the new development which enabled them to do this [migrate
south], then I think we should look...towards the coming of the Iron Age...which has been placed at
the end of the first century A.D.” (Oliver (1966))
Despite the relative profitability along the southern route, the adaptation of skills would have had an impact
on productivity, and thus population growth and migration speed. “The situation suggests first very slow rate
of movement as people were learning about new aquatic habitats followed by a dash once they had achieved
mastery of their new environments” (Murdock (1959)). When the migrants exited the rainforest, if there was
lost knowledge of dry crops, there would have been a second adaptation period once reintroduced to the dry
environment. Further, it is plausible that with the differences in skill development, the heterogeneous rainforest
terrain caused increased cultural drift and isolation. This co-development of cultural isolation and location
specific skills limited human capital acquisition. This would not have been problematic as migrants were
entering the rainforest, but would have been when they exited. If skill acquisition was limited there may not
have been a catch up period after settling into the southern dry region.
Figure 3 outlines the expected migration speed over time if cultural isolation limits skill and knowledge
acquisition and if it doesn’t. The graphs show the expected relative speed of the southern migrants compared to
the eastern migrants, as explained by Murdock (1959). The initial dip in southern migrant speed in both graphs
represents the initial very slow rate of movement during the skill development period. There is no analogous
period for the eastern migrants. There is a second dip in both panels upon entering the rainforest assuming
that the vertical transmission of knowledge/skills is imperfect. When this is true, the re-emergence into a
dry-region would represent a second adaptation period. If vertical transmission wasn’t imperfect, there would
be no need to adapt, the required knowledge would be readily available to southern migrants. The difference
between panels (a) and (b) come from differences in the shock to the horizontal transmission mechanism. This
effect impacts the ease of adaptation. When horizontal transmission is possible, adaptation occurs quickly, as it
did through the rainforest. This is why there is a second convergence in panel (b) of figure 3. When horizontal
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transmission is constrained adaptation either doesn’t happen, or happens much more slowly, represented by a
lack of a second convergence period in panel (a). Constrained horizontal transmission lowers the productivity
possibilities frontier, reducing economic potential.
Figure 3: Expected Migration Patterns
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These two graphs show the expected migration patterns based on both history literature description and expectations based on
Malthusian dynamics. Depending on whether horizontal transmission of dry-crop knowledge was impaired by rainforest migration we
expect different patterns in the speed of the migration frontier. This theoretical migration pattern can be compared to the observed
migration pattern in table 4.

The evidence on migration patterns is more consistent with panel (a), implying that imperfect vertical
transmission of knowledge through the rainforest caused greater heterogeneity in the skill-sets of southern
migrants leading to greater isolation and therefore diversity. The initial emergence from the rainforest began in
1,000C.E., and unlike the more vague windows associated with the arrival of iron-working, this is widely agreed
upon. Between 1,000C.E. and 1500C.E. both the southern and eastern branches of migration settled southern
Africa. It will be shown that the differences in knowledge and skills described by Murdock (1959) had an impact
on settlement locations, with societies choosing locations most suited to their skill set. This largely defined the
ethnic diversity in southern Africa for the next 500 years.
The analysis focuses on the differences in biogeography encountered along each route, and their impact on
cultural isolation and therefore diversity. So it’s important to examine whether other factors may have been
important in the development of different societal traits. If either group of migrants was more likely to interact
with other societies, then this exposure could account for differences observed today, rather than the cultural
changes caused by differences in geographic history. However, this was not the case. From the start of the
migration south there would not have been any other significant encounters for either group, as none of the
region south of the Sahel was populated with other societies. There were some inhabitants in the region, but
they couldn’t be considered societies, as they had not yet made the transition to agriculture. They were small
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bands of hunter-gatherers, and would not have significantly impacted or threatened the relatively very large
groups of Bantu. In fact it had previously been popular in the history literature to write about whether the
migrating Bantu had either scared away or fully absorbed hunter-gatherers with their relatively sophisticated
tools (and therefore weapons) and larger, stronger populations (due to agriculture). Recent evidence has put
this debate to rest, suggesting that the former was much more prevalent; in fact there was very little interaction
between indigenous populations and Bantu migrants. Bantu populations show “no traces of Khoisan lineages”
(Plaza et al. (2004))3 meaning interactions were rare.

3

Data

There are several sources of data that are required. First, to document the differences in productivity of different
crop types within similar geographies I use GIS data on current crop production. After documenting the current
gaps, I show that these gaps originated during the Bantu expansion using historical settlement data to show that
migration patterns are consistent with knowledge loss, and using historical land use data to show that livestock
displays similar patterns historically. Final settlement locations are needed to show that settlement patters were
caused by differential skill development. To quantitatively assign history to tribes, extensive language tree data
is analyzed. Each will be described in turn.

3.1

Contemporary Data on Crop Productivity

Data on contemporary production of the major crops grown in Africa is required to show gaps in productivity,
and for this purpose land use data from Leff et al. (2004) is employed. In this dataset, the continent is divided
into 0.5◦ by 0.5◦ cells and the data provides, for each cell and each major crop, the percentage of the cell devoted
to the production of that crop. This data also includes a measure of land quality, which is used as a control in
each relevant specification, and is used in the generation of the McEvedy (1978) population density data. The
land quality data also comes at the 0.5◦ by 0.5◦ level. These 0.5◦ by 0.5◦ cells are used as the unit of observation
for all tests involving specific crop estimates.
3 It is known that there were no significant encounters between the eastern and southern groups, however there were almost
certainly different experiences. These differences in experiences are part of the mechanism considered though, and due to differences
in geography. For example, it’s plausible that the land abundance in the south caused less conflict within groups. This may imply
that relative land abundance is responsible for cultural isolation rather than land heterogeneity, but this doesn’t hurt identification
because it’s interpreted as part of the mechanism. It could be interpreted that this caused differences in aggressiveness, and here that
is interpreted as another way of framing isolation. Isolation needs to be interpreted sufficiently broadly in this context; identification
of narrowly defined and very specific effects are likely impossible over a 500 year study window. However, the identification of the
more broadly defined cultural isolation’s impact on long term technology adoption is the focus of this paper, and more narrowly
defined mechanisms are beyond the scope of the study.
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3.2

Historic Population Density Data

All tests involving historical population patterns use a 1◦ by 1◦ cell because of the higher uncertainty with the
historical data. Two datasets are used independently to determine historic population density, McEvedy (1978)
and Klein Goldewijk et al. (2010). The McEvedy and Jones data was geocoded for each period from 1C.E. to
1500C.E. (figure 8). It provides population data for various regions of Africa. To get the data at the 1◦ by 1◦
cell level, a technique designed4 specifically to increase the precision of population data, by Moon and Farmer
(2001), was used to smooth the data. This technique smoothes the data in a two step process, first determining
the most likely regions for population using land quality, and second smoothing the data to the level desired.
The aggregate population count within the initial regions, as defined by McEvedy (1978) is preserved under
this method, but the end result is that the data is disaggregated using a well known, and generally accepted
methodology.
The McEvedy and Jones data offers the advantages of having been constructed prior to Diamond’s hypothesis being published, and being the most familiar and popular population dataset used in economic research.
However, the drawback is that the dataset must be processed as described above to achieve the required resolution. An alternate dataset is available which can be used without any processing, but which was published
after the Diamond hypothesis was published. The concern is that Diamond’s theory may have informed historic
population estimates in the generation of the data. However, the hope is if consistent estimates are obtained
between the two datasets, both the data processing issue and the publication date issue can be ruled out as
possible alternate explanations.
The Klein Goldewijk, Beusen, and Janssen data comes at a 5’ by 5’ resolution, and is aggregated to the 1◦
by 1◦ level. This data relies on historical sources and anthropological findings, along with probability models
based on land quality and proximity to water to make historic estimates of population density and land use.
In addition to the population data, land use data from Klein Goldewijk, Beusen, and Janssen is also used. It
provides for each cell, the km2 of each cell that is devoted to either crop production or pastoral activities. This
land use data also comes in a 5’ by 5’ resolution, and is aggregated to the 0.5◦ by 0.5◦ level.

3.3

Crop Suitability Data

FAO Crop suitability data was acquired to control for selection on land characteristics (figure 10). The data
provides a suitability measure ranging from 1-8 for each major crop of Africa. This data comes, again, at the
0.5◦ by 0.5◦ level. In each cross-section analysis (where cell fixed effects are not possible) suitability for each
4 called

pychnophylactic interpolation
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crop is included as a fixed effect. This controls in a flexible way, for the suitability of each crop considered, as
well as its substitutes and compliments. If each crop is being produced efficiently, there should be no differences
in production, controlling for suitability and land quality.

3.4

Language Tree Data

Assigning migration routes to cells was accomplished using the ethnolinguistic map of Murdock (1959). For
each group on the map, the associated language was identified and matched to the Ethnologue (Lewis (2009)).
Each group is traced back along the Ethnologue language trees, which at one level provides a language split
analogous to the migration split. This split is used to assign migration routes.
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Figure 4: Example demonstrating how migration routes are assigned to cells

This is an example of assigning migration routes to cells using the Kissama tribe. The Kissama are located on the west coast of tropical
Africa and in this example all geographic cells within this region are assigned to the southern route. This is because if we locate the
Kissama on the language tree (3rd from the left on the bottom branch shown) and trace back the lineage to the second level of the tree we
see a language split analogous to the migration split (East/South). Since the Kissama speak a language most similar to southern
migrants, we assume that their ancestors initially migrated south.

An example is presented in figure 3.4 to illustrate the technique. In the example, the Kissama society is
located on the Murdock map. Each cell within the borders determined by this map are assigned to one of
either a ‘not Bantu’ or ‘rainforest Bantu’ or ‘non-rainforest Bantu’ value. These values are determined using
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the language trees from the Ethnologue. The language associated with the Kissama is identified and located on
the Ethnologue tree. If the language is traced back to a Bantu root, it is assigned either a ‘rainforest Bantu’ or
‘non-rainforest Bantu’ value. The language tree differentiates between these values at the second level from the
root of the tree. In this case, the Kissama would be assigned to the southern route.
The language tree data is also used to derive a measure of cultural isolation to be used in an instrumental
variables analysis of the effect of cultural isolation on technology adoption. To do this a measure of cultural
connectedness is developed. The measure looks at linguistic similarities as a proxy for cultural connectedness.
Using language trees to measure cultural differences is an idea first implemented by Desmet et al. (2011), and
a related measure is adopted here.
A fixed point is taken on the language tree, and the number of connections one group can make using this
fixed point as a root is measured. The choice of the level to fix as the root level was made by taking the coarsest
possible level at which some tribes would still be completely isolated (e.g. H40 in figure 5). Going finer than
this would bias the measure by making very isolated tribes appear less isolated than they are, and going coarser
than this would reduce variance in the measure. Many connections implies a low level of isolation. Figure 5
shows an example for sub-group H. Denoted in brackets are the number of tribes that end if that branch of the
tree is followed. There are 10 tribes in the data with H.10 as a root, so a connectedness score of 10 is assigned.
The idea is that fixing cultural distance by fixing a point on the language tree allows for an interpretation of
the measure where societies have a high or low number of connections for some fixed level of cultural distance.

3.5

Summary Statistics

The summary statistics in table 1 provide some context. Population in subsaharan Africa was initially extremely sparse, starting with approximately 2 people per 100km2 cell which is about the level expected from
hunter/gatherer bands. This is consistent with the claim made in the history literature that no societies existed
south of the Bantu throughout the migration period. There was a burst of population due to migration of the
Bantu until about 600C.E. While growth continues, the exponential rate slowed in the next 400 years, as the
southern migrants emerged into the dry-zone again. This reduction in population growth may have been because
southern migrants were unable to grow dry crops. After the re-emergence period was complete, the southern
migrant population stabilized as the southern region of Africa was populated. Even at this period, population
was very sparse with only 50 people per 100km2 cell, but well above the density of hunter/gatherers. Even
Botswana, one of the least dense countries in Africa today, currently has a population density of approximately
270 people per 100km2 cell, over 5 times the average density of southern Africa at the time.
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Figure 5: Bantu Language Tree. The numbers in brackets denote the number of tribes with that point as their root.
Bantu

The crop production numbers are for a 5-year average of the early-mid 1990s, and the summary gives the
percentage of land in a cell that is devoted to the production of that particular crop. The averages are fairly
small as there is a large percentage of land that is not devoted to any crop production, as it is either urban or
uninhabited (or at least not permanently inhabited). Maize is the most produced crop of those available for
consideration (slightly over 2% of land), which is consistent with other sources. Sugarcane is the least produced
crop of those available for consideration (less than 0.01% of land).

4

Results

This section starts with the main results: that ethnic distance caused by thousands of years of separate migration
impacted the potential productivity of societies. I show that cultural isolation, caused by ancestral rainforest
migration, reduced technological adoption throughout history. This is shown in the reduced form, and in a
two stage-least squares specification. Next I show that this diversity is rooted in the settlement process using
both historical migration patterns and settlement maps. Finally this section presents historic adoption data,
showing that the inability to adopt new technologies throughout history is caused by the co-development of
society specific skill and cultural drift that arise during the settlement process.

4.1

Contemporary Cropping Patterns and Cultural Isolation

The main results demonstrate that there are substantial productivity gaps between societies living in the same
contextual environments. These gaps are associated with differences in skill development through ancestral
rainforest migration. Differences persisted over time due to a reduced interaction with neighbouring societies
which developed alongside the differential skill development and was carried south by later generations. This
cultural isolation is measured using the extent of linguistic sharing that took place between societies.
Contemporary crop production data cannot say much about the origins of diversity, so this section establishes
the important relationships associated with the papers hypotheses about the consequences of diversity. The
hypothesized consequences are that (a) diversity implies specialized skills existed at least initially, and (b) that
specialized skills and cultural isolation codevelop limiting opportunities to adopt skills and knowledge from
neighbouring societies. The inability to adopt crops directly limits economic potential by constraining the
production possibilities frontier.
There are two key relationships that are implied by this logic. The first is that if cultural drift at the
societal level is associated with society specific skills, then at least initially there should have been differences

17

in the output associated with the differences in skills and knowledge. These differences may have, but did not
necessarily persist through time. They are expected to persist if skill differences begets cultural isolation which
persists. So the two tests are that (i) contemporary data should show that there exists skill/knowledge differences
today that are associated with historic settlement patterns and (ii) these differences should be associated with
differences in cultural isolation. Both of these can be analyzed using contemporary crop production data.

4.1.1

Migration Routes and Agricultural Knowledge

Table 2 presents the first relationship; that there still exists skill/knowledge differences today that are associated
with settlement patterns. The settlement patterns considered here are the rainforest migration which generated
a different and more diverse set of skills. To take advantage of this the crops are split in two ways. First, in
panels A and B, according to when they were introduced. This allows for the examination of the hypothesis that
dry crops were phased out and failed to be vertically transmitted during migration through the rainforest, which
characterizes the type of skill drift that took place5 . Panel C and D considers New World crops introduced
through the slave trade. This allows for the consideration of adoption opportunities at two different points in
history. The knowledge and skills associated with dry-crops were not adopted immediately upon settlement,
and then a few centuries later the New World crops were still not adopted by those with ancestral rainforest
migration.
The specification used in table 2 is a basic difference-in-differences specification:

log(CropP roduction)ij =β0 + β1 Bantu · Southij + β2 Bantuij + β3 LandQualityij

(1)

+ ΓSuitabilityF E + τ RegionF E + θf (Coordinates) + ij

Where β1 is the variable of interest, providing an estimate of the production of each crop by those whose
ancestors migrated through the rainforest relative to those whose ancestors migrated around the rainforest.
Subscript j denotes crop-type and i denotes cells. If knowledge and skills associated with dry-traditional crops
failed to be vertically transmitted, and that loss persisted then β1 < 0 for all dry crops in panel A, but none
of the wet-crops in panel B. If the knowledge and skill gap persisted over time it should only impact the drytraditional crops. In panel C and D the focus is on the process of knowledge acquisition. Here all crops, wet or
dry, should be associated with β1 < 0 if migration through the heterogenous rainforest terrain caused a change
5 Panel

A and B therefore also represents a nice test of Diamond’s axis orientation theory
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in the way societies learn about cropping techniques.
β2 differentiates between Bantu of either type from the other groups in the region. These other groups
are groups that either adopted agriculture late, or have not yet adopted agriculture at all, so it is expected
that β2 > 0, estimating a higher level of agricultural output in general, due to higher agricultural ability. β3
estimates the impact of land quality. This is fairly important because the measure of agricultural output is
the percentage of a cell devoted to cropping any particular crop. It shouldn’t be the case that we find lower
productivity of some crops simply because less of all crops are produced in the cell. The land quality controls for
this general level of suitability for agriculture. Γ estimates a vector of suitability fixed effects. This is different
from the more general land quality measure because it provides the suitability for each crop specifically rather
than the suitability for general agricultural output. τ is a vector estimating the regional fixed effects included in
the specification which ensure that contextual factors like institutions or infrastructure6 are the same between
comparison groups. θ estimates the effect of latitude and longitude in a flexible way. A third order polynomial
for both is included in the regressions.
Table 2 shows that there is a persistent skills/knowledge gap which is associated with settlement patterns
and contribute to contemporary differences in crop production. The mechanism seems to be related to the way
societies learn new crops since only crops that had to be learned since settlement were affected. While not
addressed in this table, the proposed cause for this pattern of cropping productivity is that rainforest migration
impacted the cultural diversity and isolation of those societies, and reduced the frequency with which they
observe and therefore adopt new cropping techniques from neighbouring societies.
The falsification test wet-traditional crops are also important as they can rule out some alternate explanations. For example, it seems unlikely that south migrating farmers have smaller plots, or are of lower overall
agricultural ability based on the fact that wet crop farmers are equally productive between migration routes.
It also demonstrates that the results aren’t driven by imperfect suitability controls. If high suitability for wetcrops was driving the results there would be similar wet-crop patterns in panel D and B, but wet crops are less
produced in panel D but not panel B. The only explanation for this is that the wet crops in panel D had to be
acquired by settlers, while the wet crops in panel B did not.

4.1.2

Introducing Cultural Isolation

While table 2 is consistent with a cultural isolation story, there is no direct evidence that it is a possible
mechanism. Table 3 addresses this. An OLS regression of the impact of isolation on adoption would be biased.
6 transport

costs, etc.
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For example, it could be that reduced acquisition of knowledge and skills cause diversity. In fact this is shown
to be true in Michalopoulos (2011). This is problematic because if diversity and skills co-develop, it becomes
difficult to separate the effect of diversity on knowledge and skills, as differing diversity but identical baseline
skills and knowledge are rarely observed. Because of this issue the migration route can be used as an instrument
for cultural isolation but only to examine crops for which skills and knowledge were not also directly impacted
by migration. This excludes all crops which would have been available to migrants. For this reason, the twostage least squares (2SLS) specification can only be used to analyze the adoption of crops introduced after all
migrants had settled7 . To this end, the 2SLS is shown only for the crops introduced through the slave trade.
The first stage is shown in table 3 Panel A. The specification is the same as the specification in equation 1,
but with the measure of cultural connectedness as the dependent variable rather than crop production, which
is the second stage outcome. If migration through the rainforest led to decreased interaction with neighbouring
societies and therefore greater diversity, then β1 < 0. The first stage shows a very strong relationship between
rainforest migration history and cultural connectedness. The Cragg-Donald minimum eigenvalue in table 3 is
over 300, when the rule of thumb for weak instruments is 10. So there is certainly no worry that the instrument
is weak; southern migrating societies are connected to between 2.8-3.5 fewer neighbouring societies than those
that migrated east. This implies that there is less communication and interaction between societies, and also
that the cultural distance between societies is greater8 .
The second stage results are shown in table 3 panels B and C. It could potentially be argued that a baseline difference in dry-traditional crops could impact the acquisition of dry New World crops, so the exclusion
restriction assumption is potentially more appropriate for the estimates in panel C than those in panel B. Panel
C estimates show that one additional cultural connection increases adoption by between 1.86%-3.98%. Southern Bantu have on average about 3.5 fewer connections (Panel A), implying an impact of 6.51%-13.93% on
agricultural productivity through the cultural isolation mechanism as a result of the rainforest migration.
The results highlight both the potential benefits and costs to diversity on the production possibilities frontier.
On one hand, being culturally distant from neighbours reduces economic potential by limiting the ability to
adopt new technologies. The New World crops diffused much more successfully through the more culturally
connected section of the network. On the other hand, when diversity is associated with society specific skills,
the benefits can be large. Eastern migrants who were well situated to make connections with new traders were
7 While not shown due to concerns over bias, the 2SLS estimates for the dry-traditional and wet-traditional crops are not
substantially different from the reduced form estimates, and the estimates on the dry-traditional crops are similar in both magnitude
and precision to the New World crop estimates.
8 It therefore represents isolation directly, but also directly implies diversity in the sense that these societies are ‘more different’
from their neighbours than societies without a rainforest history.
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able to expand their production set significantly. If the cost of making a cultural connection is decreasing in
geographic distance, then those societies that have historically benefited from making cross-societal connections
can improve their economic potential through increased diversity.
The dynamics of this relationship are interesting though because geographic distance is not exogenous.
Skills and isolation co-develop throughout the settlement process, and skills determine settlement location. The
diversity of a specific location is therefore endogenous to its geographic characteristics. These issues have not
been touched on empirically yet, but are dealt with in the next subsection which takes a more dynamic approach
by analyzing the settlement process within its historical context.

4.2

Historical Migration Patterns, Settlement Land Selection and Land Use

The results so far document that contemporary cropping patterns differ substantially within regions, and these
differences are associated with ethnicity, and specifically the cultural isolation of an ethnicity. The next subsection builds on these results by analyzing the historical roots of the phenomenon. This entails of investigating
the history of migration and skill divergence and its impact on the consequences of diversity, as well as looking
at the roots of diversity itself.
The following results will show that migration through different biogeographic regions influenced the development of skills, and that the divergence of skills is split along the same lines as the already observed divergence
in cultural isolation. It shows that these differences in skills led to a particular pattern of selection on land
characteristics which formed the foundations of the diversity observed in Africa today. The southern migrating
groups selected regions more similar to the rainforest, which led to a higher degree of polarization, but a lower
degree of fractionalization. This pattern of diversity is consistent with the low rates of adoption. Southern migrants had fewer society specific skills to draw on due to the lower fractionalization, but had higher polarization
and more cultural isolation, making it harder to acquire the smaller subset of skills available to them. This
means that southern migrants were exposed to less of the advantages of diversity, and more of the costs, leading
to the lower rates of technology adoption observed.
This pattern is shown in three stages using historical data. First, the divergence in skills is demonstrated
using historical population data to track the migration frontier of both migration routes. The history literature
outlines the test for diverging skills, summarized in section 2 and figure ??. There should be a specific pattern
of migration whereby there is a drop in the speed of the migration frontier upon entering and exiting the
rainforest, with a catch-up period after the first dip in speed but not the second, if skills diverged significantly
in the rainforest.
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Second, these skills should have led to selection on land characteristics and this selection process should have
driven different patterns of diversity. This implies a series of tests that specifies population, fractionalization and
polarization as dependent variables. To test the selection on land characteristics, an index of land similarity
to the rainforest should differentially predict population movements of southern migrants relative to eastern
migrants. This is almost certainly going to lead to differences in diversity, and this has already been shown
to some extent using the measure of cultural isolation. In addition to isolation, the benefits and costs of
diversity can be analyzed through fractionalization and polarization measures. Fractionalization implies a high
probability of meeting someone with different skills, and can be thought of as a benefit of diversity. Polarization
is a different measure of diversity, but is closer to isolation in that it implies a a larger distance between societies,
and is more likely to generate rivalries, making adoption more difficult.
Third, the diversity pattern shown should have had an immediate impact on technology adoption, and the
pattern of adoption through history should be consistent with contemporary estimates. This helps to rule
out alternative explanations for the results shown tables 2 and 3. Crop specific estimates are not available
historically, but similar tests using land dedicated to livestock, and land dedicated to crops in general can be
exploited. Livestock is similar to dry-traditional crops since it is profitable outside of the rainforest, but not
in it. So the same test shown for dry-traditional crops is applied to livestock. Crop land can be exploited by
looking at the impact of the New World crops on the expansion of crop land in general. New World crops
represented a large productivity shock, and if eastern migrants were more likely to expand the land dedicated
to crops following the introduction of New World crops it implies that the adoption of these crops was higher.

4.2.1

Migration Speed

Much of the interpretation of the contemporary results relies on Jared Diamond’s (1998) idea that knowledge
is not as easily transmitted across different agricultural climates, especially across long periods of time. This
mechanism establishes that skills diverge when migration routes diverge, and the divergence in skills both
between routes and importantly within the southern route, is the basis for the divergence in cultural isolation
and diversity. While there is no data on crop specific production for this period, the basic relationship can be
inferred from population data because the time period of interest falls within the Malthusian era. Malthusian
economics allows for the interpretation of population growth as growth in economic productivity because all
productivity gains in a Malthusian economy are used to support a higher population at the same per capita
income.
So, under Malthusian dynamics, the decrease in available technology associated with the abandonment of
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dry-traditional crops would increase the death rate and decrease the birth rate until population stabilized at
the initial wage level. A relative decline in the population growth rate appears at the same time as dry-crops
become less productive would suggest that dry-crops were abandoned, marking the beginning of a divergence in
skills. In reviewing the history literature it is clear this specific migration pattern is expected when adaptation
was required. Recall that historians argue that migration experienced an initial slowing of the frontier, followed
by a catch-up phase. There are two periods where a skill adaptation period and associated migration speed
drop should be expected: first as migrants enter the rainforest; and second as they exit the rainforest. Both of
these represent distinct changes in the technologies required for successful productivity.
When a drop in migration speed is observed as migrants enter the rainforest, it can be inferred that they
began to abandon the less profitable dry crops in favour of rainforest alternatives, giving rise to a skill divergence.
Given that iron arrived between 0-300C.E. and iron caused a shift in migration routes, a slowing of southern
migration within this time period is expected9 . Second, migrants likely slowed again as they exit the rainforest
if their skills were no longer suited to dry-traditional crops. While a catch-up phase is expected through the
rainforest, that is not necessarily the case south of the rainforest because of the cultural divergence that occurs
alongside divergence in skills. If migrating through the heterogeneous rainforest terrain caused cultural isolation
which limited horizontal transmission of human capital, then any catch-up stage south of the rainforest might
not take place. Convergence may not occur as quickly or drastically south of the rainforest as it did through
the rainforest migration because of the horizontal transmission issues outlined in the previous section.
Table 4 shows the speed of the migration frontier throughout time in km/200 years. The migration frontier
is defined as the set of cells with a settled population in the current period, but had a population below what
would be expected from a settled population in the previous period10 . Throughout the migration analysis,
individual estimates, while somewhat informative, are not nearly as informative as the pattern formed by the
estimates, which is most easily seen in figure 6. The expected pattern based on the account of the history
literature was shown and described in figure 3, panel B, in section 2. Figure 6, showing the patterns in the data
and figure 3, showing the expected patterns based on history literature descriptions, are remarkably similar.
9 Prior to this there should be some southern migration because the rainforest is not immediately to the south of the Bantu
homeland
10 I allow some nominal population in a cell to account for the existence of a nomadic population prior to Bantu arrival
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Figure 6: Speed of Migration Frontier Entering (left) and Exiting (right) the Rainforest Using Klein Goldewijk,
Beusen, and Janssen (top) and McEvedy and Jones (bottom) Data

This figure shows observed population dynamics using two different datasets. It shows two drops in migration speed, consistent with
expectations if vertical transmission of dry crops was imperfect. It shows no recovery after the second drop in migration speed consistent
with imperfect horizontal transmission of knowledge caused by rainforest migration.

The Klein Goldewijk, Beusen, and Janssen data shows the migration into the rainforest occurring about 100
years earlier than the McEvedy and Jones data, in both cases there is a drop in migration speed within the
1C.E.-300C.E. time range that iron working is known to have arrived in the Bantu homeland. This implies that
there was an adaptation period where dry-crops were phased out, as described in the history literature. In both
cases there is complete convergence until 1000A.D. where there is a second drop in migration speed at the time
the migration frontier is known to have exited the rainforest. Although convergence occurs much faster in the
Klein, Goldewijk, Beusen and Janssen data, which also shows an overshooting in migration speed (although not
significant) as described by Murdoch. In both cases the decline begins in the period before the exit, which is
not unexpected since the delineation between biomes is not as distinct in reality as it is on a map. The decline
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in speed upon exiting the rainforest is significant in both datasets consistent with Diamond’s axis orientation
theory, and consistent with constraints in the vertical transmission of knowledge causing a divergence in skills. In
contrast to the pattern upon entering the rainforest, convergence does not occur immediately in either dataset,
consistent with the hypothesis that cultural isolation impeded the horizontal transmission of knowledge.

4.2.2

Sorting into Settlements

The origins of diversity are intimately linked with the process of settlement. Because the rainforest required
more heterogeneous skills due to more heterogeneous terrain, the incentive to migrate and communicate with
other societies was reduced, and cultural isolation was higher. Cultural isolation leads to cultural drift, and
overall differences between societies, which, as shown is a crucial element to diversity. There is no reason though,
to expect that individuals with different skills choose to settle on pieces of land with similar land characteristics.
Societies with skills suited to the rainforest will prefer regions more similar to the rainforest. Under this selection
process, it follows that the regions most similar to the rainforest will be selected by the more isolated societies,
leading to higher diversity in these areas.
Using population data and the Murdoch map, this can be verified. By creating an index based on the FAO
suitability controls, I construct an index for the similarity of each cell to a typical cell in the rainforest. If the
southern migrating Bantu were more likely to settle on this land, and had higher population growth on the land,
it indicates that a knowledge gap existed historically which strongly implies imperfect vertical transmission of
knowledge.

8
X
¯ cr )
Indexi = 64 −
(suitic − suit

(2)

i

Where ic represents suitability of crop c in cell i, whereas cr denotes the suitability of crop c in a rainforest
cell. The index therefore takes the maximum value of the second term, 64, and subtracts from that the sum of
the difference between the suitability of any crop in the cell of interest from the average suitability of that same
crop in the rainforest. This provides a measure of the difference of any given cell to the average rainforest cell.
To facilitate interpretation by avoiding the difficulties in interpreting estimates based on an arbitrarily scaled
index, the variable included in regressions is an indicator taking a value of 1 when the index is above it median,
and a value of 0 otherwise11 .
11 The

specification was tested as a binary and a continuous variable, and it makes little difference to the precision of the estimates.
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This index is included in a slightly different difference-in-differences specification to what has previously
been used.

(3)

P opulationi =β0 + β1 SouthRoutei · Indexi + β2 BantuxSouth + β3 Indexi
+ β3 Bantu + β4 LandQualityij + ΥSuitabilityF E + θf (Coordinates) + i

β1 > 0 is still the variable of interest. The model provides an estimate of the difference in population
supported between those with and without a rainforest history, on land which is similar to the rainforest.
Because those who migrated through the rainforest know more about land similar to the rainforest, they should
be able to support a higher population when they settle on that type of land. Each of the other controls is
the same as before. Land quality is a general suitability for agriculture variable, suitabilityFE gives a flexible
control for crop specific suitability, and latitude and longitude coordinates are included flexibly.
Table 5 shows the results for both the Klein Goldewijk, Beusen, and Janssen data and the McEvedy and
Jones data. The estimates in the Klein, Goldwijk, Beusen and Janssen data are much higher, and due to
the measurement error associated with the processing of the McEvedy and Jones data which biases estimates
towards 0. That measurement error becomes more important here is not surprising; the resolution of the
assignment of the independent variable is smaller (societal level rather than rainforest vs non-rainforest). Even
despite the measurement error, the McEvedy and Jones data produces precise results consistent with lowered
land selection based on skill divergence. Both data series show considerable sorting into rainforest-similar land
by the southern migrating Bantu.
This sorting is likely to have led to different patterns of diversity, and this is measured using off the shelf
measures of fractionalization (Easterly and Levine) and polarization (Montalvo and Reynal-Quernol, 2005).
Fractionalization can be thought of as representing the benefits of diversity in this context. Its interpretation
is the probability of two random people from the region being from different ethnicities. If ethnicities formed
due to society specific skills, than a higher level of fractionalization implies a higher probability of encountering
someone with potentially useful and different skills. Polarization on the other hand is closer to representing the
costs of diversity in the context of technology adoption. Polarization is linked to power struggles and conflict,
and polarization is suggestive of larger distances between ethnicities as it reflects few large ethnicities rather
than many smaller ones which could represent sects or dialects of one main group. Polarization is therefore
not conducive to technology adoption in this context, while there is nothing inherent in fractionalization which
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should prohibit adoption, and if anything fractionalization should increase adoption by increasing the supply of
available skills.
The observed sorting does produce different patterns of both fractionalization and polarization. Table 5
shows that fractionalization is lower and polarization is higher in both datasets. This means that fewer societies
wanted to settle on the rainforest similar land, but those that did went in high numbers. This is consistent
with other results. The fact that fewer societies landed on the land preferred by the rainforest migrants means
that those societies had fewer opportunities to adopt new skills due to lowered opportunity. Meanwhile, they
faced high levels of polarization, meaning that the environment was more conducive to ethnic competition or
conflict. Combined with the fact that these societies were already more culturally isolated, the reasons for the
observed low adoption rates seem apparent. Southern migrants were significantly constrained by the type of
diversity that they faced given high ethnic distance and polarization, while eastern migrants faced exactly the
type of diversity that is most beneficial for technology adoption: high skill heterogeneity with low distance and
low polarization.

4.2.3

Historical Land Use

Skill divergence caused differences in diversity historically, and seems associated with differences in contemporary
technology adoption. To link historical skill development and diversity to contemporary technology adoptions
requires analysis on technology adoption throughout history. This subsection demonstrates using historical data
that the root of the knowledge and skill gap was the settlement process itself. To do this, a panel on agricultural
production dating back to at least the 16th century is needed. While crop specific data like this doesn’t exist,
more general land use data does. This data separates land into crop land, livestock land or non-agricultural
land.
This distinction is still very valuable. There are two ways to make use of the land use data. The first is
an analogous exercise to that done in table 2. Although crop type is not available historically, land devoted
to livestock is. Livestock can be treated as similar to dry-traditional crops, because it is not suitable in the
rainforest due to the tsetse, but is suitable around the rainforest. Land devoted to livestock is available for
each century from Klein Goldewijk, Beusen, and Janssen. The specification used to test this is the same as the
specification used in table 2 but land devoted to livestock is the dependent variable.
Because this data is available for every century, the dynamics of the adoption of livestock can be analyzed to
get some sense in the investment being made in knowledge acquisition over time. A convergent path would be
problematic for the analysis presented in tables 2 and 3 because it would suggest that knowledge is being acquired
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despite the cultural isolation of those who migrated through the rainforest, and the mechanism advanced in the
previous analysis loses plausibility.
Panel A of table 6 shows estimates of the adoption of livestock over time by the southern migrating Bantu.
Less livestock is used by southern Bantu, consistent with lowered incentives for vertical transmission of livestock
knowledge. The effect is remarkably stable, if anything the difference increases over time. The stability of the
estimate confirms the findings from the data on contemporary crop production, and is consistent with the
cultural isolation mechanism.
The second exercise undertaken with the land use data attempts to demonstrate the historic failure to adopt
New World crops more directly, and in doing so tests the impact of diversity on the production possibilities
frontier. Here I analyze whether there was a relative change in the allocation of land to crop production at the
time of the introduction of new world crops to southern Africa. The new crops increased the profitability of
crop production in general, and any societies exposed to the new seeds and processes would have allocated more
resources to this activity. This would have led to an increase in allocation to crop land for those who migrated
around the rainforest and no change in crop land allocation for those who migrated through the rainforest.
The history literature places the introduction of maize, the most important of the new world crops, at
sometime between the mid to late 16th century and the early to mid 17th century (for the Cape region). These
centuries are examines in columns (1) and (2) in panel B of table 6, where low human capital acquisition by
rainforest migrants would result in a negative estimate. The next two centuries are used as a placebo. No
analogous major shocks to agricultural productivity occurred during these centuries, so there should be no
reason to see a relative difference in the growth or contraction of land allocated to crops.
Panel B of table 2 shows that south migrating Bantu did not increase their crop use as much as eastern migrating Bantu during the introduction of New World crops, meaning that they historically had lower knowledge
and skill acquisition. This failure to adopt New World crops is still seen in contemporary production, which has
been shown to be due to cultural isolation.

5
5.1

Robustness to alternative Measures and Datasets
Institutions

The first robustness check is on the cultural connectedness measure. There are two reasons for this. First, it is a
newly introduced measure, so it should be shown that it is consistent with other measures that might typically
used in its place. Second, the exclusion restriction assumption used in the instrumental variables should be
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subjected to falsification tests. To meet these two goals, political institutions are analyzed.
It is reasonable to expect cultural isolation to result in a specific set of political institutions. Low levels of
hierarchy swill exist outside of the locality when migration is low, and interaction with other societies is limited.
However, hierarchy within the locality should not be impacted by this cultural change. Migration through the
rainforest will be associated with lowered hierarchy beyond the local level, but not at the local level if cultural
isolation increased throughout migration.
At the same time other institutions should not have been altered by migration through the rainforest or else
the exclusion restriction would be violated. The most concerning institutional difference which would plausibly
impact productivity and knowledge adoption is property rights. Low land rights would limit the incentive to
make investments in the productivity of the land, and this could include investment in knowledge acquisition.
If property rights were also impacted through rainforest migration then the exclusion restriction assumption is
violated and the role of cultural isolation in the persistence of low human capital acquisition is not identified.
The results are presented in table 7 and 8. Estimates show that jurisdictional hierarchies are less developed
beyond the local level, but not at the local level in societies with rainforest histories. The falsification test results
are presented in table 8. Each of the estimates is close to 0 and insignificant, meaning that property rights were
unaffected by rainforest migration. There is no evidence then, that the exclusion restriction assumption used in
the IV analysis is violated, however there is evidence that the measure of cultural isolation used in the previous
analysis is measuring what it was intended to.

5.2

Micro-evidence on why communication is not taking place

It has been shown that migration through the rainforest led to cultural isolation which caused persistence through
time. But, at a micro-level it seems counterintuitive that this effect could overcome the strong incentives to
overcome barriers to communication. This section looks at one potential reason why that has not taken place.
It is possible that since adoption of new world crops did not take place, and since production of traditional
dry crops was less profitable, that farmers opted out of farming, and into non-agricultural sectors. If the barriers
to improving farming caused the industry to become unable to keep pace with increasing returns in other sectors,
then individuals would opt out of farming and into non-agricultural sectors. In this case income is only very
marginally impacted, as those who would otherwise be farmers switch into occupations that are only marginally
less productive. Those who remain in farming would be a more selected group. They may be those least able
to do other jobs, or those most able to farm, or those most able to overcome their own cultural endowments.
In this case the results shown would be explained almost entirely at the extensive margin, meaning individual
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farmers may be equally productive, and would further explain the persistence of underproduction observed, and
fit with the cultural barriers to adoption already identified.
The DHS is used to determine the occupations of individuals of various ethnicities. In each case the most
recent version was used, the dates of the surveys range from 1988 to 2006. Seven surveys from southern Africa
(south of the rainforest) were combined: Malawi, Namibia, Zambia, Zimbabwe, Swaziland and Lesotho. South
Africa was not used because one of the required variables was missing. Unfortunately many of the controls
previously available are not available here because the DHS is not always geocoded. Because of this the
specification is extremely simple, and should be considered only as a suggestive, supporting piece of evidence to
that above; omitted variable bias could certainly harm identification in this case. A binary dependent variable
for agricultural occupation is used, and tested against a bare-bones model indicating whether respondents had
a rainforest history.

AgrOccupation = β0 + β1 Bantu + β2 Bantu · South + ΓCountryF E + 

(4)

Here, β2 is the variable of interest. The expectation is that if the previously identified barriers to adoption
existed, there would be differential exit from the agricultural sector among southern migrants. The results can
be found in table 9. The results indicate that Bantu speakers with a rainforest history are about 2% less likely
to become agriculturalists than Bantu speakers whose ancestors went around the rainforest. This is consistent
with the previous results, using a different dataset and suggests at least some of the effect seen previously is
due to extensive margin differences.

5.3

Altonji ratios

To be interpreted causal, unbiased estimates, the division between eastern and southern branches of migration
must be conditionally random. That would allow for the interpretation that migration routes caused differences
in agricultural choices both at the time of migration, and today.
First, the issue of conditional random allocation of migrants to southern migration and eastern migration is
critical. The view of the history literature, that selection did not take place has already been outlined. But the
issue has not been examined formally. This section will ignore the history literature for a moment, and take the
selection concerns seriously.
The Altonji et al. (2005) method of assessing selection on unobservables using selection on observables is
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pursued. The intuition behind the test is to measure how strong the selection on unobservables must be relative
to the selection on observables in order to explain away the effects. This strategy relies on a comparison between
a regression run with potentially confounding factors controlled for, and one without. Let βc denote the estimate
with controls, and βnc denote the estimate without controls. The Altonji ratio is |βc /(βnc −βc )|. When selection
on observables does not significantly impact the estimate, the denominator is small, increasing the ratio. When
the estimate itself is large, the ratio is large, because the numerator is large. The smaller is the impact of
observables on the estimate, the larger the impact of unobservables has to be to reduce the effect. The larger
the estimate itself, the larger the pull of selection needs to be to reduce the effect to 0. The rule of thumb
outlined in Nunn and Wantchekon (2012) is that any ratio above 1 is acceptable, as it indicates that selection
on unobservables must be larger than selection on observables in order to explain the effect.
That rule of thumb seems reasonable for this context as well. The selection on land quality, similarity to
the rainforest, land habitability, land centrality, and suitability for various crops are observable, and have been
shown to be important factors.
Table 10 shows the ratios of each of the main estimates. The ‘full’ specification is the same regression as in
table 2 while the ‘restricted’ specification drops the controls for land quality, index of similarity to the rainforest,
and all of the FAO crop specific suitability fixed effects. Only the variable of interest (Bantu x South), the Bantu
term and the latitude and longitude controls remain12 . For every estimate in which there was a precise result
in the full specification, the Altonji ratio is well above the rule of thumb number of one, indicating that there
is little concern that selection on unobservables is driving the result.

5.4

Alternate datasets

The main evidence uses the best available data, but in many cases the best available data is still questionable.
The McEvedy and Jones data has been criticized on a number of occasions. The production data is based on
remote sensing images which are known to have a difficult time identifying some crops, especially when intercropped, and is almost certainly subject to some measurement error. While in each case, classical measurement
error would work against the findings, not with them, it is still prudent to test the robustness of the findings
with other sources of data. Because the robustness checks are themselves using even worse data (otherwise they
would be presented as the main results) these results should not be considered in isolation, but solely as a check
that the patterns in the main estimates are not due to measurement error.
The robustness check uses the Afrobarometer data. The entire Afrobarometer was geocoded, and matched to
12 removing

the latitude and longitude controls makes little difference
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an alternative source of crop production data, You et al. (2006). The unit of observation is now at the individual
level. A settlement group is assigned to the observation based on the language spoken by the respondent in the
Afrobarometer survey. All respondents in the same village are assigned to the same You et al. (2006) cell, so
all analyses are now clustered at the village level. It is now assumed that villages are sufficiently separated that
they can be assumed to be independent agro-climactically.
There are a number of advantages and disadvantages to this approach over the estimates used in the main
results. First, information exists on individual farmers, so additional individual level controls become available.
These include gender, education, exposure to the slave trade (taken from Nunn who also uses the Afrobarometer)
and age. The ability to control for formal education is perhaps the main advantage. A number of other controls
are added to this framework, to control for other potential explanations in the literature. Unfortunately data
on every crop used in the main analysis is not available here, so instead the main, or second to main, crop
from each category was used as a representative. For dry-traditional crops, sorghum was used; rice was used for
wet-traditional; maize is used to represent the dry recently introduced crops, and groundnut was used for the
wet-recent crops.
Table 11 shows the results of this robustness check. The traditional dry-crop, sorghum, is still significantly
less produced by individuals whose ancestors migrated south. Each of the two recently introduced crops are
significantly less produced as well, while the rice estimate is statistically insignificant and close to 0. This general
pattern is very similar to the results found in the main analysis.
Perhaps the most valuable aspect of the robustness exercise is to show that none of the estimates are sensitive
to the additional controls that are able to be included in the robustness check data. Education has little to no
effect on any of the estimates. Nor does exposure to the slave trade which was not explicitly included at the
cell level but dealt with using regional fixed effects.
This robustness check also reassures that the main results are not driven by recent migration. It might have
initially been worrisome that precolonial settlement data was being matched with current production data. The
concern may have been that initial settlement was basically used as an exogenous proxy for current location,
however no correlation between the two could be shown. Using survey data alleviates this concern, as it examines
the current location of respondents rather than their historic settlement. There are pros and cons to this choice
however. Current location is a choice variable of the individuals currently producing, so this leaves the estimates
more open to selection criticisms. The initial settlement location is arguably a better measure to use as it is
outside the control of current producers and so it suffers from fewer endogeneity issues. Nevertheless, estimates
are robust to either specification.
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6

Conclusions

Typically people think about the cost of diversity as being based on trust/cohesiveness/cooperation which all
operate to increase transaction costs, but the work presented adds a further understanding of the true cost of
diversity: society-specific skills which operate at a level beyond transaction costs, and have a deeper impact.
The implication on how we think about diversity is fundamentally different from what has been considered in the
literature. Diversity does not simply impact the ability of a society to produce relative to some location specific
production possibilities frontier, it impacts the production frontier itself by limiting the available technologies
a society has.
Diversity, depending on how it is defined, is not necessarily bad for economic potential, though it was for
southern migrating Bantu. The high fractionalization and low isolation and polarization generated by eastern
Bantu settlement led to ideal conditions for technology adoption. This is because diversity originates from the
co-development of society specific skills and cultural drift. When skills are highly suited to a particular location
the incentive to migrate and communicate with other societies is low, and this creates cultural drift. This is
true for the Bantu. Those who migrated through the heterogeneous rainforest terrain developed more cultural
isolation due to higher cultural drift, and settled in different locations due to different skills. They therefore
experienced different patterns of diversity, including differences in fractionalization, polarization and isolation.
This can be seen directly from the isolation of these societies on the Bantu language tree.
The cultural drift is clearly linked to skill heterogeneity. Migration patterns show a divergence in skills
through the more heterogeneous rainforest. There are two periods where differences in biogeographic factors
lead to divergences in skills. The first is upon entering the rainforest, and the second is upon exiting the
rainforest. Both time periods show consistent decreases in migration speed, which is expected when skills and
geography are mismatched in a Malthusian environment. This higher degree of location specific skill decreases
incentives to migrate and communicate with other societies, and leads to cultural isolation and diversity.
Diversity in the form of high isolation (ethnic distance) and polarization, leads to lower adoption of new
technologies. This can be seen even today in cropping patterns of New World and dry-traditional crops.
Diversity is in a sense two-pronged. On the one hand its origins lie within the development of society specific
skills, so diversity mechanically implies a wider range of knowledge and skills available for adoption. However,
at the same time, it implies higher cultural drift, meaning these advantages cannot be taken advantage of. This
theoretically implies an optimal level of diversity where there is a large variety of skills in a location, but where
the cultural drift associated with these skills isn’t so large that opportunities for sharing are missed.
The eastern migrating Bantu are not a homogenous unit, they are highly fractionalized, but are significantly
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more homogenous and connected than the southern migrating Bantu when ethnic distance is considered. The
eastern migrating Bantu were less likely to choose land similar to the rainforest, and as a result the regional
diversity was lower for those societies. Evidence on land selection over time in southern Africa shows this clearly.
Even though these regions were more fractionalized in the sense that many societies shared land, the diversity
in culture among those societies was lower, so the advantages associated with the fractionalization was more
easily realized.
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Main Tables
Table 1: Summary Statistics
VARIABLES

Mean

St. Deviation

Minimum

Maximum

PANEL A: Population (people per cell)
Population
Population
Population
Population
Population
Population
Population
Population
Population
Population
Population

0
200
400
600
800
1000
1100
1200
1300
1400
1500

2.76
5.78
8.85
12.18
16.18
19.55
24.47
28.75
33.26
38.31
43.39

5.62
9.38
14.79
20.80
27.32
33.58
40.60
47.61
54.66
61.70
68.80

0
0
0
0
0
0
0
0
0
0
0

127.90
155.32
170.46
253.92
337.28
421.35
510.48
600.14
689.73
779.15
868.63

PANEL B: Crop Production (percentage of cell devoted to production)
Maize
Sorghum & Millet
Cassava
Groundnut
Rice
Cotton
Sunflowers
Pulses
Oil Palm
Soybean
Sugarcane

2.08
.66
.51
.21
.20
.15
.15
.13
.089
.039
.0092

4.17
1.66
1.14
.42
.86
.35
.41
.30
.33
.10
.05

0
0
0
0
0
0
0
0
0
0
0

41.4
23.95
10.87
3.45
14.60
3.80
5.10
4.10
7.90
.90
1.0

Population statistics are for Bantu regions only. Crop production
statistics are for the southern region of Africa (south of -9 degrees
latitude)
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Table 2: Modern Crop Production by Migration Route
Panel A: Dry Crops Traditional to Africa

South x Bantu
Bantu

Observations
R-squared

log(Sorghum)

log(Cotton)

log(Barley)

log(Wheat)

-0.348***
(0.0770)
0.0564
(0.0723)

-0.111**
(0.0461)
0.0868***
(0.0308)

-0.0208**
(0.00948)
0.0154
(0.0104)

-0.00239**
(0.000950)
0.00171
(0.00107)

4524
0.547

4524
0.613

4524
0.474

4524
0.473

Panel B: Wet Crops Traditional to Africa

South x Bantu
Bantu

Observations
R-squared

log(Rice)

log(Pulses)

log(Oil Palm)

0.00161
(0.0349)
-0.000802
(0.0166)

0.0394
(0.0358)
-0.0119
(0.0218)

0.0309
(0.0209)
-0.00839
(0.00899)

4524
0.566

4524
0.491

4524
0.341

Panel C: Dry Crops Introduced During Slave Trade

South x Bantu
Bantu

Observations
R-squared

log(Maize)

log(Soy)

-0.325***
(0.0953)
0.315***
(0.0761)

-0.0358*
(0.0197)
0.0374***
(0.0135)

4524
0.780

4524
0.524

Panel D: Wet Crops Introduced During Slave Trade

South x Bantu
Bantu

log(Sunflower)

log(Groundnut)

log(Sugarcane)

-0.114***
(0.0362)
0.102***
(0.0333)

-0.0942*
(0.0560)
0.0927***
(0.0337)

-0.0536**
(0.0220)
0.0417*
(0.0218)

Observations
4524
4524
4524
R-squared
0.563
0.671
0.511
Notes: Standard errors are clustered by 2◦ x2◦ region. Migration partition as described in Flight (1980)
is used ({ABCHKLR:DEFGMNPS.}). Dependent variable has been transformed using the inverse hyperbolic sine transformation. Controls include regionFE, crop suitabilityFE, land quality, coordinate
polynomials, similarity to the rainforest, desert and distance to market.***p<0.01,**p<0.05,*p<0.1.
Description: The figure shows the current cropping patterns of different crop types by historical migration
route. Areas that were settled by societies with southern migrating ancestors produce less dry-traditional,
dry-New World, and wet-New World crops but not wet-traditional crops. Wet-traditional crops are the
only crop type that would not have had to be adopted by the settlers whose migrants initially went south
meaning that societies whose ancestors travelled south are less likely to adopt new crops, even today.
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Table 3: Two-Stage Least Squared Estimates for the Impact of Cultural Isolation on Crop Production
Panel A: First Stage - Linguistic Connectedness

Bantu x South

Distance to Major Market
Land Quality
Latitude and Longitude
Suitability FE (all crops)
Observations
R-squared

(1)

(2)

(3)

(4)

-3.519***
(0.448)

-3.543***
(0.446)

-3.067***
(0.417)

-2.875***
(0.379)

NO
NO
NO
NO

YES
YES
NO
NO

YES
YES
YES
NO

YES
YES
YES
YES

5076
0.305

5076
0.378

5076
0.394

5076
0.438

Panel B: Second Stage on Dry New World Crops
ˆ
Ling.Connect

Observations
C-D min eigenvalue

log(Maize)
0.113***
(0.0366)

log(Soy)
0.0125*
(0.00744)

4524
308.3

4524
308.3

Panel C: Second Stage on Wet New World Crops
ˆ
Ling.Connect

log(Sunflower)
0.0398***
(0.0143)

log(Groundnut)
0.0327*
(0.0192)

log(Sugarcane)
0.0186**
(0.00804)

Observations
4524
4524
4524
C-D min eigenvalue
308.3
308.3
308.3
◦
◦
Notes: Standard errors are clustered by 2 x2 region. Migration partition as described in Flight (1980)
is used ({ABCHKLR:DEFGMNPS.}). Dependent variable has been transformed using the inverse hyperbolic sine transformation. Controls include regionFE, crop suitabilityFE, land quality, coordinate
polynomials, similarity to the rainforest, desert and distance to market.***p<0.01,**p<0.05,*p<0.1.
Description: This table shows 2SLS estimates on the New World Crops. The first stage shows that
migrating through the rainforest had a large and precise impact on cultural connectedness. The second
stage shows the impact of this change on connectedness on the adoption of New World Crops. Traditional
crops are not considered here because rainforest migration differentially altered the baseline knowledge
of New World crops, thereby violating the exclusion restriction. New World crops don’t suffer from this
same problem as baseline knowledge of these crops was 0 for both groups.
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Table 4: Differences in the Speed of the Migration Frontier by Route (in km/200 years)
Panel A: Klein Goldewijk, Beusen, and Janssen Data

Post x South

R-squared

1000b.c.-0

0-100

100-200

200-400

600-800

800-1000

1000-1200

(1)
-16.845
(14.745)

(2)
-203.593**
(101.887)

(3)
117.872
(103.114)

(4)
-13.344
(47.076)

(5)
-32.742
(36.094)

(6)
-68.408
(42.271)

(7)
-73.044**
(31.394)

0.0185

0.0226

0.0047

0.0061

0.0120

0.0327

0.0638

Panel B: McEvedy and Jones Data

Post x South

R-squared

0-200

200-400

400-600

600-800

800-1000

1000-1200

1200-1400

-49.46
(47.69)

-873.7***
(178.7)

-68.47***
(22.38)

-2.11
(13.74)

-2.33
(75.81)

-37.64**
(16.63)

-42.50***
(15.09)

0.065

0.247

0.030

0.011

0.043

0.017

0.012

Observations
3926
3926
3926
3926
3926
3926
3926
Notes:
Standard errors are clustered by region.
Migration partition as described in Flight
(1980) is used ({ABCHKLR:DEFGMNPS.}).
Year dummies and cellFE are also included as
controls.***p<0.01,**p<0.05,*p<0.1.
Description: This table shows that the migration pattern is consistent with imperfect vertical transmission of
knowledge. When entering the rainforest there is an adjustment period as societies learn to produce wet-crops
exclusively. As they learn, they converge to the speed of the other migration route. Because knowledge of
dry-crops is imperfectly vertically transmitted, there is a second period exiting the rainforest where migration
speed slows, since societies need to re-adjust to the new (old) agricultural environment.

Table 5: Sorting into Settlements and the Origins of Diversity
Klein Goldewijk et al. Data

Bantu South x Similarity
Bantu South
Similarity Index

Population
(1)
7101.2***
(2456.1)
-7535.8***
(2624.6)
-363.31
(1033.5)

Fractionalization
(2)

Polarization
(3)

-0.0634**
(0.0294)

0.0619***
(0.0213)

McEvedy and Jones Data
Population
(4)
918.7**
(432.6)
282.07
(486.24)
226.05
(297.8)

Fractionalization
(5)

Polarization
(6)

-0.0653*
(0.0355)

0.0699***
(0.0263)

Observations
935
932
932
935
932
932
R-squared
0.2494
0.195
0.266
0.181
0.215
0.240
Notes:
Standard errors are clustered by region.
Migration partition as described in Flight (1980)
is
used
({ABCHKLR:DEFGMNPS.}).
Controls
include
land
characteristics
controls
and
coordinate
polynomials.***p<0.01,**p<0.05,*p<0.1.
Description: The table shows that migrants exiting the rainforest preferred land that was more similar to the rainforest.
If land more similar to the rainforest was more profitable, it means that knowledge was imperfectly vertically transmitted
through the rainforest. This pattern of sorting decreased fractionalization in regions preferred by southern migrants but
increased polarization.
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Table 6: Historical Land Use
Panel A: Historical Use of Land for Pasture

Bantu x South
Bantu

Observations
R-squared

(1)
1500C.E.

(2)
1600C.E.

(3)
1700C.E.

(4)
1800C.E.

-0.666**
(0.264)
0.186
(0.227)

-0.697***
(0.265)
0.214
(0.228)

-0.720***
(0.266)
0.224
(0.231)

-0.711**
(0.277)
0.217
(0.248)

3763
0.745

3763
0.754

3763
0.760

3763
0.775

Panel B: Historical Use of Land for Crops

Year x South
Year (post)

Observations
R-squared

(1)
1500-1600

(2)
1600-1700

(3)
1700-1800

(4)
1800-1900

-0.243***
(.0680)
0.324***
(0.0632)

-0.270***
(0.0806)
0.382***
(0.0744)

0.0940
(0.332)
1.035***
(0.211)

-2.420
(1.839)
7.768***
(1.354)

10304
0.034

10304
0.036

10304
0.027

10304
0.047

Notes: Standard errors are clustered by 2◦ x2◦ region. Migration partition as
described in Flight (1980) is used ({ABCHKLR:DEFGMNPS.}). Dependent
variable has been transformed using the inverse hyperbolic sine transformation. Controls include regionFE, crop suitabilityFE, land quality, coordinate
polynomials, similarity to the rainforest, desert and distance to market. Pasture land units are km2 per .5◦ x.5◦ cell. ***p<0.01,**p<0.05,*p<0.1.
Description: Panel A shows that, like dry-traditional crops, livestock would
have been less likely to be used by southern migrants because it was unprofitable in the rainforest due to the tsetse fly. The historical data shows
that vertical transmission of livestock knowledge was less widely used just after settlement, and that it remained in this equilibrium up until the present.
Panel B shows that horizontal transmission of crops were imperfect after rainforest migration as the productivity shock associated with the introduction
of maize disproportionately impacted societies without a rainforest history.
Societies with a rainforest history increased their allocation of land to crops
by 24% less than other societies during the period in which maize was introduced, but not in other periods.

39

References
Alesina, Alberto F., Paola Giuliano, and Nathan Nunn, “On the Origins of Gender Roles: Women and
the Plough,” NBER Working Papers 17098, National Bureau of Economic Research, Inc May 2011.
Algan, Yann, Thierry Mayer, and Mathias Thoenig, “The economic incentives of cultural transmission:
Spatial Evidence from Naming Patterns across France,” 2012.
Altonji, Joseph G., Todd E. Elder, and Christopher R. Taber, “Selection on Observed and Unobserved
Variables: Assessing the Effectiveness of Catholic Schools,” Journal of Political Economy, February 2005, 113
(1), 151–184.
Basu, Susanto and David N Weil, “Appropriate Technology and Growth*,” Quarterly Journal of Economics,
1998, 113 (4), 1025–1054.
Becker, S.O., K. Boeckh, C. Hainz, and L. Woessman, “The empire is dead! long live the empire,”
Technical Report, Mimeo, University of Stirling 2010.
Cohen, D, RE Nisbett, BF Bowdle, and N Schwarz, “Insult, aggression, and the southern culture of
honor: an” experimental ethnography”.,” Journal of personality and social psychology, 1996, 70 (5), 945.
Desmet, K., I. Ortuño-Ortı́n, and R. Wacziarg, “The political economy of linguistic cleavages,” Journal
of Development Economics, 2011.
Flight, Colin, “Malcolm Guthrie and the Reconstruction of Bantu Prehistory,” History in Africa, 1980, 7, pp.
81–118.
Goldewijk, Kees Klein, Arthur Beusen, and Peter Janssen, “Long-term dynamic modeling of global
population and built-up area in a spatially explicit way: HYDE 3.1,” The Holocene, 2010, 20 (4), 565–573.
Leff, Billie, Navin Ramankutty, and Jonathan A. Foley, “Geographic Distribution of Major Crops
Across the World,” Global Biochemical Cycles, 2004, 18 (GB1009).
Lewis, Paul M., Ethnologue: Languages of the World, sixteenth ed., Dallas, Texas: SIL International, 2009.
McEvedy, Colin, Atlas of world population history, Harmondsworth ;;New York [etc.]: Penguin, 1978.
Michalopoulos, Stelios, “The Origins of Technolinguistic Diversity,” Economics Working Papers 0095, Institute for Advanced Study, School of Social Science May 2011.

40

Moon, ZK and FL Farmer, “Population density surface: A new approach to an old problem,” SOCIETY
&amp; NATURAL RESOURCES, JAN 2001, 14 (1), 39–49.
Murdock, George Peter, Africa : its peoples and their culture history, New York [u.a.]: McGraw-Hill, 1959.
Nunn, Nathan, “The Long-Term Effects of Africa’s Slave Trades,” The Quarterly Journal of Economics, 02
2008, 123 (1), 139–176.
and Leonard Wantchekon, “The Slave Trade and the Origins of Mistrust in Africa,” American Economic
Review, 2012, 101 (7), 3221–52.
Oliver, R., “The problem of the Bantu expansion,” Journal of African History, 1966, 7 (3), 361–376.
Parente, Stephen L and Edward C Prescott, “Barriers to technology adoption and development,” Journal
of political Economy, 1994, pp. 298–321.
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Appendix: Other Tables and Figures
Table 7: Impact of a rainforest history on jurisdictional hierarchy
Jurisdictional Hierarchy
Beyond Local Level
(1)
(2)
Bantu x South

Jurisdictional Hierarchy
At Local Level
(3)
(4)

-0.942**
(0.356)

-0.994***
(0.361)

0.0374
(0.381)

0.126
(0.370)

Y
Y
N

Y
Y
Y

Y
Y
N

Y
Y
Y

Region FE
Crop Suitability FE
Controls

Observations
1,895
1,895
2,148
2,148
R-squared
0.807
0.811
0.550
0.570
Notes: Standard errors are clustered by ethnicity. Migration partition as described
in Flight (1980) is used ({ABCHKLR:DEFGMNPS.}).‘Controls’ includes land quality, coordinate polynomials, similarity to the rainforest, desert and distance to
market.***p<0.01,**p<0.05,*p<0.1.
Description: This table shows that while rainforest migration did impact institutions, the effect seems to have been limited to institutions that are related to cultural
isolation. Local politics seems to have been unaffected, while societies established
institutions that were more isolated if their ancestors migrated through the rainforest.

Table 8: Impact of a rainforest history on property rights

Bantu x South

Region FE
Crop Suitability FE
Controls

(1)
Property Rights (general)

(2)
Land Rights

(3)
Movable Asset Rights

(4)
Inheritance Norms

0.0766
(0.0512)

-0.179
(0.110)

0.0766
(0.0512)

0.0871
(0.0689)

Y
Y
Y

Y
Y
Y

Y
Y
Y

Y
Y
Y

Observations
4,524
4,524
4,524
4,524
R-squared
0.283
0.530
0.283
0.283
Notes: Standard errors are clustered by ethnicity. Migration partition as described in Flight (1980) is used
({ABCHKLR:DEFGMNPS.}).Controls include regionFE, crop suitabilityFE, land quality, coordinate polynomials, similarity to the rainforest, desert and distance to market.***p<0.01,**p<0.05,*p<0.1.
Description: This table shows the impact of migration history on property rights. It further demonstrates that
migration through the rainforest had a fairly limited impact on institutions.
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Table 9: Likelihood of agriculture being occupational choice by migration route
Dependent Variable: Agriculture as Occupational Choice
(1)
(2)
(3)
(4)
Bantu x South
Country Fixed Effects
Age
Education
Gender of HH Head

-0.00326***
(5.51e-05)
Y
N
N
N

-0.00584**
(0.00194)
Y
Y
N
N

-0.0234**
(0.00914)
Y
Y
Y
N

-0.0239**
(0.00921)
Y
Y
Y
Y

Observations
18447
18447
18443
18440
R-squared
0.131
0.139
0.168
0.168
Notes: Standard errors are clustered by region. Migration partition as described in
Flight (1980) is used ({ABCHKLR:DEFGMNPS.}).***p<0.01,**p<0.05,*p<0.1.
Description: This table shows the impact of rainforest history on contemporary occupational choice. Southern migrants are up to 2.5% less likely to be agriculturalists
today, suggesting that a lot of the lack of adoption may occur at the extensive margin rather than the intensive margin. If regions that are unsuitable for new world
crops or dry-traditional crops are driving this result, it explains how the knowledge
loss could persist for so long.

Table 10: Altonji Ratios Assessing Selection on Unobservables
Crop

Estimate
(full)

Estimate
(restricted)

Altonji
Ratio

Sorghum
-0.790
-0.967
4.46
Cotton
-0.258
-0.327
3.74
Soy
-0.0523
-0.0739
2.421
Maize
-1.98
-3.156
1.684
Sunflower
-0.144
-0.280
1.059
Cassava
-0.413
-0.392
19.667
Groundnut
-0.335
-0.397
5.403
Sugarcane
-0.0655
-0.0819
3.994
*The results of the full sample are reported in table 2
*The restricted sample includes controls for latitude and
longitude as well as Bantu and the variable of interest:
Bantu x Southern Route (reported)

Table 11: Robustness Check: Modern Crop Production by Crop Class Representative
VARIABLES

Bantu x South

Latitude and Longitude controls
Education Fixed Effects
Suitability Fixed Effects
Age and Gender Controls
Distance to Metropolitan Centre
Exposure to Slavery

(1)
Sorghum
(dry-traditional)

(2)
Rice
(wet-traditional)

(3)
Maize
(dry-post colonial)

(4)
Groundnut
(wet-post colonial)

-2.127***
(0.441)

-0.354
(0.421)

-1.706***
(0.607)

-2.776***
(0.466)

YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES

Observations
8553
8553
8553
8553
Number of Clusters
718
718
718
718
R-squared
0.59
0.46
0.49
0.60
Notes: Standard errors are clustered by village. Migration partition as described in Flight (1980) is used
({ABCHKLR:DEFGMNPS.}).***p<0.01,**p<0.05,*p<0.1.
Description: This table shows contemporary crop production using entirely different sets of data. The unit of
observation is at the individual level, using data from the Afrobarometer, allowing for individual level controls, and
the productivity variable is defined as yield instead of percentage of land allocated.
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Figure 7: McEvedy and Jones Population data at each period

(a) 1 C.E.

(b) 200 C.E.

(c) 400 C.E.

(d) 600 C.E.

(e) 800 C.E.

(f) 1000 C.E.

(g) 1100 C.E.

(h) 1200 C.E.

(i) 1300 C.E.

(j) 1400 C.E.

(k) 1500 C.E.

These maps present the raw population data from McEvedy and Jones after processing as described in the text. Darker regions are more
populated
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Figure 8: Klein Goldewijk, Beusen, and Janssen population data at each period

(a) 1000 B.C.E.

(b) 0 C.E.

(c) 100 C.E.

(g) 800 C.E.

(d) 200 C.E.

(h) 1000 C.E.

(e) 400 C.E.
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Figure 9: Historic crop and pastoral land allocation from Klein Goldewijk, Beusen, and Janssen

(a) Crops 1500C.E.

(f) Pastoral Land 1500

(b) Crops 1600C.E.

(g) Pastoral Land 1600

(c) Crops 1700C.E.

(d) Crops 1800C.E.

(e) Crops 1900C.E.

(h) Pastoral Land 1700

(i) Pastoral Land 1800

(j) Pastoral Land 1900

These maps present the raw population and land use data from Klein Goldewijk, Beusen, and Janssen. Darker regions are more populated
in figure 8 and more heavily used for crop production in figure 9.
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Figure 10: FAO Suitability Data

(a) Sorghum

(b) Cotton

(c) Rice

(d) Oilpalm

(e) Maize

(f) Soy

(g) Sunflower

(h) Cassava

(i) Groundnut

(j) Sugarcane

(k) Legend

These maps present the raw crop suitability data from the FAO. Darker regions are more populated.
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