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Abstract

This paper empirically examines Jared Diamond’s axis-orientation technology transmis-
sion hypothesis in the context of Sub-Saharan African agriculture. Consistent with Dia-
mond (Guns, germs and steel: a short history of everybody for the last 13,000 years. Vin-
tage, 1998), societies in southern Africa whose ancestors migrated directly south from
west-central Africa—through the rainforest—engage in different types of agricultural
activities than societies whose ancestors migrated east—around the rainforest. In particu-
lar, those whose ancestors could consistently keep livestock and produce traditional dry-
crops throughout their multigenerational migration journey are more likely to engage in
these activities today. The differential preference for wet-crop production by those with
a rainforest ancestry led to settlements being established in different types of locations.
The data suggests that these initial atypical settlement location preferences led to more
geographically and culturally isolated societies. This may have disadvantaged these groups
with respect to the adoption of any new agricultural goods or processes.

Keywords Knowledge transmission - Axis orientation - Isolation - Agricultural production

1 Introduction

Jared Diamond famously hypothesized that a fundamental determinant of wealth dif-
ferences across the globe is whether a region is oriented primarily along an east-west
or north-south axis (Diamond 1998). His idea was that because there is less geographic
variation along an east-west axis, important information about agricultural products or
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processes can travel more seamlessly. While there is modest empirical support for the
Diamond hypothesis, (Laitin and Robinson 2011; Laitin et al. 2012; Pavlik and Young
2019), testing it has been a significant empirical challenge. As a result, big questions
regarding mechanisms remain unanswered. For instance, why does the effect persist
when information can now travel across the globe so quickly and easily? In this paper,
I make some progress on these issues by first showing that (1) knowledge does seem to
have historically traveled less seamlessly across more varying land conditions in Africa;
(2) the effect can be seen in current agricultural production patterns, and; (3) geographic
and cultural isolation may explain this persistence.

I explore all of this within the context of the Bantu expansion, one of the largest ever
human migration movements. Bantu migration began along what is now the Nigeria/
Cameroon border and followed two primary routes—south and east. Because migration
occurred very slowly—slowly enough that land characteristics were not substantially
different in any direction, for any single leg of migration—there was no selection into
either route (Vansina 1990). However, over many generations of migration large differ-
ences in the suitability of dry crops did emerge. The southern branch migrated through
the rainforest in central Africa, an environment much different than Nigeria/Cameroon.
The eastern branch, on the other hand, migrated around the rainforest, reaching Africa’s
east coast, and then veered south. Each leg along this route featured agricultural char-
acteristics much more similar to Nigeria/Cameroon than the rainforest. Both migration
branches rejoined after 1000C.E., and currently live in the same regions in some parts
of southern Africa.

This paper aims to use the large difference in the ability to produce certain agricultural
goods by southern migrants relative to eastern migrants, in order to explore three ques-
tions related to Diamond’s hypothesis. First, did ancestral differences in crop production
influence the inter-generational transmission of knowledge of some modes of agricultural
production? If so, does this help to explain crop production variation today? And finally, if
cropping patterns today do reflect ancestral migration routes, why?

To touch on the first, I examine the characteristics of the settlement locations of south-
ern migrants upon exiting the rainforest. If knowledge of dry crops was not transmitted
across generations when it fell out of use, then we might expect the migrants exiting the
rainforest to prefer to settle on land suitable for wet crops. However, those whose ancestors
were continuously able to produce both wet and dry crops may have no such preference.
Consistent with this hypothesis, I find that ancestors of southern migrants were more likely
to settle rainforest-similar land than ancestors of eastern migrants, even controlling for dis-
tance to the rainforest, latitude, longitude, and a wide variety of other land characteristics.
Furthermore, data that distinguishes historical land use by pasture/crop land reveals that
south of the rainforest, ancestors of southern migrants were historically less likely to keep
livestock. This is consistent with knowledge loss, since livestock is far less productive in
the rainforest because of the tsetse fly.

Perhaps surprisingly, I find similar agricultural production patterns using more detailed
contemporary data. In particular, the descendants of southern migrants continue to produce
less of the dry-crops that were produced in the Bantu homeland than the descendants of
eastern migrants. This is true even controlling for land characteristics, including the suit-
ability of the land for a wide variety of crops. Interestingly, however, they are also less
likely to produce both wet and dry crops introduced to Africa post-Bantu settlement. This
suggests that the apparent under-production of dry crops by south-Bantu is not the result
of selective rainforest migration on the basis of relatively poor dry-crop ability, which
might otherwise have been a concern. Instead, the result indicates that something more
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fundamental about adopting new farming techniques itself was influenced by the rainforest
history of some societies.

This brings us to the issue of mechanisms. I explore whether isolation could be one rea-
son for the patterns found in the data, and find some evidence to suggest that the descend-
ants of southern migrants are both more geographically and culturally isolated.! This result
on insularity is also consistent with the previously mentioned differences in preferences
over settlement locations. Upon exiting the rainforest, ancestors of southern migrants set-
tled away from most other societies, due to their particular preferences for land suited to
wet crop production. Whether due to this isolation, or due to the underproduction of many
agricultural products, the descendants of southern migrants fare worse economically today
than their counterparts whose ancestors originally migrated east.

The findings primarily contribute to the literature by establishing empirical support of
the Diamond (1998) hypothesis. The evidence to support the hypothesis has to date been
weakly positive. For instance, Pavlik and Young (2019) find positive but imprecise correla-
tions between axis-orientation and technology adoption. Laitin and Robinson (2011), Lai-
tin et al. (2012) show that those along a north-south rather than east-west axis are more
diverse, which we might expect if technology more easily flows east-west. One advantage
of my approach is that by focusing on a particular location and industry, I can be more pre-
cise both in the main effects, and with respect to mechanisms.

The second main contribution to the literature relates to the very long-run determinants
of development. Notably, Ashraf et al. (2010) show that historical isolation may foster
innovation, given a diminished ability to benefit from the technological advances of others.
I similarly explore whether isolated societies may be disadvantaged in knowledge adoption.
My approach builds on work by Putterman and Weil (2010), who demonstrate that the eco-
nomic history of a place, and the people who inhabit that place, are distinctly responsible
for economic development. I extend this literature in a few ways. First, my focus on human
capital sheds some light on why ancestry matters (e.g. Michalopoulos et al. 2018b). Sec-
ond, while much of the literature focuses on the economic history of a place or a society
(Hibbs and Olsson 2004; Olsson and Hibbs Jr 2005; Comin et al. 2010), I show how a soci-
ety’s ancestry influenced the places they settled.

Finally, the finding that isolation is influenced by ancestral migration routes contributes
to a small literature investigating the origins of ethnolinguistic diversity. The first paper in
this literature, Michalopoulos (2011), shows that incentives for knowledge transfer leads
to less diversity in the long-run. In this case I focus on diversity as a function of migration
and settlement, and accordingly share much in common with Ashraf and Galor (2013a,
2013b), who first established the strong relationship between diversity and migration out
of Africa. Further advancing the literature on the origins of diversity is Dickens (2021),
who establishes that diversity is associated with trade. Blouin and Dyer (2021) show that
investments in linguistic convergence are a function of economic trade incentives. Further,
Dickens (2018) investigates the nuances of the relationship between diversity and knowl-
edge flow. One contribution of this paper is to demonstrate how ancestral location-specific
knowledge can determine settlement patterns.

1 They also have more insular institutions. Meanwhile, an examination of differences in institutions on
other dimensions yields no clear patterns, and indeed it is difficult to find any evidence of other possible
reasons for the observed low levels of general crop adoption.

@ Springer



362 Journal of Economic Growth (2021) 26:359-384

Fig. 1 Migration routes during the settlement of Africa. Arrows denote the two branches of the Bantu
expansion. Notes: 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 migra-
tion routes end up in the southern region of Africa which is the study region for much of the analysis in the

paper

2 Historical background

The Bantu homeland is close to what is now the Nigeria-Cameroon border. As early as
3000 B.C.E. Bantu migration began towards east Africa, just north of the rainforest, a route
similar agriculturally to the Bantu homeland (Guthrie 1948). In both the Bantu homeland
and along this eastern route, both wet and dry crops were produced and livestock was kept.
Just to the north of the eastern route were the Nilo-Saharans, from whom the eastern-
migrating Bantu 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 and 300 C.E (Oliver 1966). The arrival of iron working allowed for a
second Bantu migration branch to emerge to the south (Fig. 1).

Before the arrival of iron, the thicker rainforest terrain to the south was unable to be
cleared. But once it was, the land was at least as profitable, largely due to lower population
density and higher rainfall. The history literature argues that the land was selected almost
entirely based on 2 factors: existing population density and ease of navigation. Suitability
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or land quality were not factors for individual migrants (Vansina 1990). This is not because
land quality was unimportant, but rather variation in land quality for a single leg of migra-
tion was very low considering the migration speeds of the time. Because of this, migrants
simply chose the least populated areas that were navigable.

Even if migrants could travel far enough to reach different types of land, the arrival
of iron implies that there was no selection into migration routes (Oliver 1966). Once iron
arrived in the Bantu homeland between 0 and 300A.D. the southern route, which had not
previously been navigable, was now easily cleared, free of other farmers. This newly abun-
dant land to the south was the principal reason for differences in routes.

By the time southern migrants reached the rainforest, dry crops and livestock had been
very slowly phased-out as they were no longer suitable. Despite the relative abundance
of land to the south, the substitution away from dry crops would have initially influenced
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” (Vansina 1990).

In 1000C.E. the migration routes both emerged south of the rainforest, and the two
groups were once again able to produce the same crops. It may be useful to examine this
region in particular, to examine the impact of any lost knowledge on agricultural productiv-
ity within contextually similar geographic regions, where both sets of migrants shared land.

One consideration for this empirical exercise should be the extent that other factors
caused differences in agricultural production methods. For example, if either branch of
migration was more likely to interact with non-Bantu ‘natives,” this exposure, not knowl-
edge transmission, could account for differences observed today. This, however, does not
appear to have been the case. From the start of the migration south there would not have
been any other significant encounters with natives for either group, as the region was only
very sparsely populated prior to the arrival of the Bantu. There were some inhabitants in
the region, but they had not yet made the transition to agriculture. They were small bands
of hunter-gatherers, and would not have impacted the comparatively large groups of Bantu.
In fact the history literature has extensively studied whether the migrating Bantu had either
scared away or fully absorbed hunter-gatherers with their relatively sophisticated tools (and
weapons) and larger, stronger populations.? Recent evidence has put this debate to rest,
suggesting that the former was much more prevalent; in fact there was very little interac-
tion between indigenous populations and Bantu migrants (Plaza et al. 2004).

Another source of differences could be simple cultural drift. Cultural drift certainly
occurred, both prior to—and during—southern migration. For instance, southern migrants
could have developed a distaste for various agricultural products at any point after the east-
ern migration leg began. This taste-based mechanism would still have to reconcile why
societies did not adopt newly introduced agricultural products at the same rate, or why they
failed to re-adopt livestock. However cultural drift could theoretically have occurred on
each of these dimensions, and in a direction that (by chance) was consistent with the Dia-
mond hypothesis. One way to mitigate this concern is by bringing together a large number
of outcomes, that all point to one consistent mechanism.

One final historical consideration may be interactions with traders. For instance, east-
ern migrants were exposed to Asian traders in a way that rainforest migrants were not,
which resulted in widespread conversion to Islam (Michalopoulos et al. 2018a). However,

2 Only Bantu had settled agriculture at this time, and accordingly could support much larger societies.
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societies that migrated south and east both established trading kingdoms. South of the
Bantu homeland, there were four main trading centres. For the southern migrants, the main
trading centre was the Kongo Kingdom on the coast of what is now the Democratic Repub-
lic of Congo. Along the eastern migration route, there was a trading centre to the east of
what is now Zimbabwe, which was the primary trade hub with south Asian traders, alluded
to above. In central Africa there were two main trading centres established, Lunda state and
Luba state. These are neighbouring states in central Africa, and it is unclear whether they
would have been more likely to serve southern or eastern migrants, though both fall within
the homelands of groups with a southern ancestry. Overall, despite the obvious difference
in exposure to Asian traders by eastern migrants, the likelihood of encountering foreign
traders more generally seems relatively similar. However it is important to keep in mind
that the fype of trader encountered was certainly different. To the extent that south Asian
traders may have differentially influenced eastern Bantu to keep agricultural products like
livestock, or caused them to be generally more open to technology adoption, the results
could be confounded.

3 Data

To examine the Diamond (1998) hypothesis, and the related questions regarding mecha-
nisms and persistence, data from a variety of sources is required, including historical and
contemporary population movements and agricultural activity in Africa. The unit of analy-
sis throughout the majority of what follows is a geographic cell, or a ‘virtual country’ in
the words of Michalopoulos (2011, 2012). Accordingly, much of the data description in
this section focuses on how various sources of data were mapped to a particular geographic
cell. The analysis is structured in a way to consider the average differences in various out-
comes between groups following different migration paths, so I begin by examining how
these migration routes are assigned to cells, and then describe the various outcomes con-
sidered throughout the analysis.

3.1 Language trees
3.1.1 Migration routes and language trees

Assigning migration routes to cells was accomplished using the ethnolinguistic map of
Murdock (1959). Assigning each of Murdock’s groups to a geographic cell is trivial. The
map was already digitized by Nunn and Wantchekon (2012), and can be simply overlaid
and geographically matched to a cell using any geographic information system (GIS)
software.

For each group on Murdock’s map, the associated language was identified and matched
to data from the Ethnologue (Lewis 2009). The Ethnologue data include the language’s
position on its respective language tree. The first split in the Bantu language tree is an
east-south split that corresponds to whether the group migrated east or south. That is, the
initial migration split among the Bantu generated linguistic drift. The nature of this linguis-
tic drift can still be detected in languages today, so linguistic characteristics can be used
to determine the initial migration directions of a language group’s ancestors, 2000 years
ago. Once we know the placement on the Bantu language tree for a particular language, we
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Fig.2 Migration routes during the settlement of Africa. Arrows denote the two branches of the Bantu
expansion. Notes: The figure provides an example of how a society is matched to a migration route. Socie-
ties are hand-matched to Ethnologue groups, which are matched to a language tree. The language tree is fol-
lowed back to the point where we observe the east-south split, and the group’s location with respect to this
split is used to determine the ancestral migration direction

know the migration direction, which can be matched to the Murdock map, and therefore a
geographic cell.

An example is presented in Fig. 2. In the example, the Kissama society is located on the
Murdock map. Each cell within the borders determined by this map is assigned to one of
either a not-Bantu, or south-Bantu, or east-Bantu value (only cells assigned to south-Bantu
and east-Bantu are considered in the analysis). These values are determined using the lan-
guage 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 south-Bantu or east-Bantu value. The language tree differentiates between
these values at the second level from the root of the tree. In this case, the Kissama, and all
geographic cells within its boundaries, would be assigned to the southern route.

3.2 Agricultural production

For long-run historical data [ use a 1° by 1° geographic cell, while for contemporary data
T use a 0.5° by 0.5° cell to reflect the higher degree of certainty in the contemporary data.
Historical data on agricultural production are rare, and to my knowledge do not exist by
crop. It is however, easier to come up with estimates of historical livestock use by measur-
ing bone sediments and fragments from archeological digs. This information allows anthro-
pologists to generate rough estimates of how land may have been separated into crop land,
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livestock land or non-agricultural land. Livestock is particularly interesting in this applica-
tion because, like dry-crops, livestock is less profitable in the rainforest due to the tsetse fly.

I make use of historical livestock of data, from Klein Goldewijk and Stehfest (2017),
which come at a 5’ by 5’ resolution, and which I aggregated to the 1° by 1° level to match
the resolution of other historical data. These data are based on historical sources and
anthropological findings, along with probability models based on land quality and proxim-
ity to water to make historical estimates of land use and population density. They provide,
for each cell, the km? of each cell that is devoted to either crop production or pastoral
activities.

This information is supplemented with data on contemporary production of the major
crops grown in Africa (Leff et al. 2004). In this dataset, the continent is divided into 0.5°
by 0.5° cells and for each cell and each major crop, we observe the percentage of the cell
devoted to the production of that crop. These data also include a measure of land quality,
which is used as a control in each relevant specification. The land quality data also come
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.

Information on contemporary yields is also of interest to assess the knowledge loss
hypothesis. To that end, I employ contemporary crop data from Institute (2019). These
data are based on sub-national administrative reports, and additionally serve as a robust-
ness check to the (Leff et al. 2004) data. The Institute (2019) data was processed in the
same way as described above.

3.3 Historical population

I use two independent datasets to measure historical population, McEvedy (1978) and
Klein Goldewijk and Stehfest (2017). The McEvedy (1978) data was geocoded for each
period from 1C.E. to 1500C.E. (Fig. Al). It provides population data for various sub-
regions of Africa. To get the data at the 1° by 1° cell level, a technique designed specifi-
cally 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 characteristics, 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. Summary
statistics of the resulting measures for each year can be seen in Table 1.

The McEvedy (1978) 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 history research. However, the big drawback is that the dataset
must be processed as described above to achieve the desired resolution, and therefore con-
tains a lot of measurement error. An alternate dataset is available from Klein Goldewijk
and Stehfest (2017), which can be used without any disaggregation, but which was pub-
lished after the Diamond hypothesis was published and is less well known to economic
historians.’ My approach is to examine any overlapping patterns in estimates coming from
the two datasets, to mitigate concerns with either data source individually.

3 One concern is that Diamond’s theory may have informed historical population estimates in the genera-
tion of the data.
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The Klein Goldewijk and Stehfest (2017) population data is processed in the same manner
as the previously described land-use data from the same source—both are aggregated to a 1°
by 1° geographic cell. Of note is that this data produces population figures that are much larger
on average than the McEvedy (1978) data (Table 1), which should be kept in mind as one
interprets the estimates coming from each dataset.

3.4 Crop suitability

FAO crop suitability data were used to assess selection on land characteristics (Fig. A2), and
as a set of controls throughout the analysis. The data provide a suitability measure for each
major crop of Africa, and come at the 0.5° by 0.5° level, which is directly applicable for the
contemporary outcomes (in Tables 6 and 7). For the historical analysis which is less reliable
and therefore typically at the 1° by 1° level, the mean of the 0.5° by 0.5° data was used to
aggregate to the 1° by 1° level. In every case the data are based on low inputs and rainfed/non-
irrigated growing conditions that is typical of Africa.

4 Empirical strategy

The empirical strategy exploits ancestral migration direction to estimate the role of inter-gen-
erational knowledge loss in historical and contemporary cropping patterns. The identifying
assumption throughout is that ancestral migration direction is (conditionally) independent of
both historical and contemporary crop production. The primary basis for making this assump-
tion is the assertion, by the history literature, that historical Bantu migration direction was
not selected by migrants based on land characteristics. This is perhaps plausible, if migration
was extremely slow, as is also suggested by the history literature. For instance, if migrants
were typically travelling only 200 m across a field, then the direction that they travel would be
unlikely to matter much since all land within a 200 m radius would likely be indistinguishable
in terms of productivity characteristics. Nevertheless, this assumption is empirically assessed
towards the end of this section.

4.1 Empirical specification

Assuming conditional independence for the time being, the following specification would
produce causal estimates of the average effect of a rainforest ancestry on those who emerged
south of the rainforest, and live in southern Africa:

Y, =py+ BRF, +TX, +e¢ (D

RF; represents a rainforest ancestry. X; is a vector of controls that includes distance to the
rainforest, distance to the nearest market, latitude and longitude, suitability for all major
crops, both the mean and standard deviation of elevation, the standard deviation of land
quality for agriculture, the long run variability in temperature (Giuliano and Nunn forth-
coming) and an index for malaria. In some columns I additionally control for the mean land
quality and a Herfindahl-Hirschman Index (HHI) of ecological regions. These are added
separately due to some concern that selection may have taken place on either of these
dimensions. The coefficient of interest is f#; which identifies the effect of a rainforest ances-
try on whichever outcome (¥;) is being considered (see Sect. 4.2). The main outcomes that
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Fig.3 Variation in Bantu settlement location used in the empirical analysis. Notes: The map shows the
residual variation in southern Bantu settlement locations to be able to visualize the geographic distribution
of the variation exploited in the main empirical analysis. Darker red means more bantu settlement

I consider are the historical use of the land for livestock and the contemporary production
of various crops that are both commonly produced in Africa, and for which data exists. We
can estimate this regression for the set of people living together south of the rainforest. In
this case (and throughout the analysis) I focus on the region south of 9°S (see Fig. 3 for a
map of Bantu settlement intensity within this region), and only consider regions settled by
those with Bantu ancestry.

4.2 Construction of main outcomes

The paper investigates five main outcomes: (1) historical land settlements; (2) historical
reliance on livestock; (3) isolation; (4) contemporary crop production; and (5) contempo-
rary mean night lights. All but (1) and (3) are constructed in quite a straightforward man-
ner, either relying on the raw data or some aggregation (either mean or sum, as appro-
priate). For the outcomes whose construction are straightforward, I describe them as they
are analyzed. For the variables that require more processing to facilitate interpretation, I
describe how they are defined in this section.
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4.2.1 Land characteristics

The first outcome of interest is settled land characteristics. To measure the land character-
istic of interest, I construct an index for the similarity of each cell to a typical cell in the
rainforest. The index is:

C
0; = C- max{sic} - 2 Isic - s;r (2)

Where s,, represents suitability of crop ¢ in cell i for each of the crops under considera-
tion, and s, denotes the mean suitability of crop c in a rainforest cell. The index takes the
maximum theoretical value of the second term (C - max{suit;.}) and subtracts from that
the sum of the absolute 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 similarity 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 otherwise.*

4.2.2 Cultural isolation

The language tree data described in Sect. 3.1 can be used to derive a measure of cultural
isolation. Using language trees to measure cultural differences is an idea first used by Des-
met et al. (2011), and I implement a related measure. I consider the share of overlap in the
language tree, and construct the share of the region that is different from group i, weighted
by the similarity of the languages to each other. Formally, I construct the following:

N
C; = Y sy (popi/pop)) 3)
J

Where C; is the cultural connectedness faced by group i. s; is the similarity between group
i and j, pop; is the population of group i and pop; is the population of group j. In this case
there are N groups in the region, including group i. I also consider a more traditional diver-
sity measure, the HHI, which is simply:

N
HHI __ 2
Dj =1- Zez‘j )

Where 6 is the share of group i in region j. This measure can be interpreted as the odds
that a random encounter is between two people of a different ethnic group, regardless of
how similar.

In addition to these two measures of diversity, I also examine the number of links in the
language tree from proto-Bantu. This measure differs somewhat by providing some sugges-
tive evidence related to the experience of the southern Bantu during migration through the
rainforest. The idea here is that when a group is geographically isolated - in the sense that

4 The specification was tested as a binary and a continuous variable, and it makes little difference to the
direction or precision of the estimates.
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Fig. 4 Population histogram (censored at 2000 people) per square d.d. Notes: The figure plots the distribu-
tion of population. A 350 person threshold is used to distinguish between hunter-gatherer populations and
groups relying on settled agriculture

they have few neighbours to trade with to facilitate independently supporting themselves -
the less easy it would be to break away from a main group. So more isolation implies fewer
links.

Finally, I examine the cultural borrowing measure from Blouin and Dyer (2021). This
outcome measures the intensity of loanwords in a particular language, which has been tra-
ditionally interpreted as a proxy for cultural borrowing by both linguists and historians. We
would expect more isolation to result in fewer loanwords in a particular language. Impor-
tantly, the measure taken from Blouin and Dyer (2021) is one that relies only on regional
borrowing from local neighbours, and excludes all borrowing from colonial / European
languages.

4.3 How plausible is the main identifying assumption?

The identifying assumption that is required is that the initial migration direction is inde-
pendent of potential agricultural outcomes, conditional on the controls described in the
empirical specifications above. In other words, it cannot be that the descendants of rain-
forest migrants would have produced less livestock or dry-crops even in the absence of
ancestral migration. This might be true, for example, if those that were worst at dry-crops
or livestock selected into rainforest migration. The primary argument against selection into
rainforest migration is that migration initially happened extremely slowly - slowly enough
that there were no observable differences between travelling east and south for any single
leg of migration. Accordingly people travelled south because land was more abundant, but
over many many generations the unobservable (to the migrant) differences that did exist
amounted to a substantial difference in the ability to produce dry-crops and keep livestock.
To try to assess this story requires information both on the differences in land characteris-
tics and on the speed of migration. This section looks at evidence of both in an attempt to
empirically validate claims made in the history literature.
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To this end, I first start with migration data, to estimate migration speeds, and then move
on to differences in land characteristics at the estimated differences in single-leg migration
distances. Population data exists at 200-year intervals, so I begin by estimating the speed
of the migration frontier for both eastern and southern migrants to ensure consistency with
the historical account.

The first step in the analysis is to define the migration frontier. To do so I assign a cell to
the migration frontier if in any 200-year period it has an initial population of less than 350
people per 1° x 1° cell, and more than 350 in the post-period.’ This threshold is based on
the maximum value of the population density variable in the Binford hunter-gatherer data-
set, which implies a maximum possible hunter-gatherer population of just over 350 people
per cell Binford (1980). The idea is that populations over that amount must represent set-
tled agriculture, which only Bantu groups engaged in at the time.® I combine this informa-
tion with a distance from Bantu-homeland variable, to scale the frontier variable in a more
easily interpretable way. This produces a variable that may be of interest, as follows:

Frontier,, = 1D pre < 350) - 1P, pose > 350) - d, (5)

Where p is population, d is distance to the Bantu homeland, ¢ is a geographic cell, and pre
/ post to represent the first or second time period in any 200-year time interval in the data.
With a migration frontier variable in hand, I estimate the speed of migration throughout the
Bantu expansion (details of the estimation procedure, and a description of results appear in
“Appendix B”). Interestingly, the pattern in the estimates are very similar to the historical
account quoted in Sect. 2. In both datasets we can see the “first very slow rate of move-
ment as people were learning about new aquatic habitats followed by a dash once they had
achieved mastery of their new environments” (Vansina 1990).

The estimates in “Appendix B” suggest that the eastern route was travelling about 193
km per 200 years, while the southern route was travelling about 100 km per 200 years. The
high end estimate has the eastern route around 400 km per 200 years, and the southern
route around 700 km per 200 years. If we conservatively put a 2040 year time gap on
subsequent generations, this implies a generation migrates between about 2 km and 35 km.
Since we are working with data that is 1° x 1° (about 100 X 100 km), I can—at best—make
comparisons across about 3 generations. In other words, comparing differences in land
characteristics between immediate cell neighbours, represents a very conservative exercise,
since it accounts for about three legs of migration at the estimated speeds.

At these migration speeds, I can comfortably examine the hypothetical difference in
land characteristics if a migrant went east versus south for the set of all cells near the Bantu
homeland. A visual inspection is displayed in Fig. 5. The top left cell shown in each panel
of Fig. 5 represents the approximate location of the Bantu homeland in south-western
Cameroon. The colour of each cell represents the land characteristic to the east minus the
same characteristic to the south. The east is defined as any of the three immediately adja-
cent cells to the right and the south is defined as any of the three immediately adjacent cells
below. I look at three main measures: in panel (a) overall land quality; in panel (b) dry land
quality; in panel (c) wet land quality. The figures show no clear pattern for each, suggesting
that there are no obvious observable differences across such small distances.

5 A histogram of the population per square d.d. is in Fig. 4.
® The 10th percentile of the population distribution, conditional on any inhabitants is 305 according to the
Klein Goldewijk and Stehfest (2017) data.

@ Springer



372 Journal of Economic Growth (2021) 26:359-384

Longitude

1 12 1 1 1 2
0 4La‘uitude 6 8 0

(a) Overall Land Quality

2

6 -4
1

EE N

Longitude
Longitude

-10
|

12
12

N
=)

1 I 1 I 1 | 1
1 12 1 1 1 2 1 12 1 1 1
0 4Latitude 6 8 0 0 4Latitude 6 8

(b) Wet Land Quality (¢) Dry Land Quality

Fig.5 Land quality: east minus south (red: east better; green: south better). Notes: This figure displays rela-
tive land quality to the east relative to the south. Each cell shows the land quality on a particular dimension
if the migrant travelled to the east relative to if they travelled south. Red indicates positive numbers and
green indicates negative numbers, so red indicates that east would be preferred if selection was based on
that dimension of land quality and green indicates that south would be preferred if selection was based on
that dimension. Subfigure a shows patterns in selection on overall land quality; subfigure b shows patterns
in selection on wet-crop land quality; subfigure ¢ shows patterns in selection on dry-crop land quality. Only
crops that are traditional to Africa are used to compute relative land quality (Color figure online)
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Table 1 Summary statistics

Sample Rainforest ancestors Eastern ancestors
N Mean SD N Mean SD

Distance to market (km) 287 489 236 536 377 203
Similarity of land to rainforest 287 0.467 0.499 536 0.287 0.452
Suitability of cereals 287 5.36 1.23 536 5.12 1.63
Suitability of maize 287 591 1.96 536 5.61 1.61
Suitability of cotton 287 6.39 1.03 536 5.97 1.63
Suitability of oil 287 5.19 1.32 536 5.25 1.64
Suitability of pulses 287 5.61 1.09 536 5.41 1.60
Suitability of rice 287 6.62 0.99 536 6.63 1.21
Suitability of roots 287 6.41 0.94 536 6.20 1.39
Suitability of sugar 287 7.44 0.71 536 7.29 0.96
Suitability of wheat 287 6.98 0.79 536 7.13 1.31
Land Quality index 287 0.327 0.189 536 0.434 0.222
Pasture Land 1900 287 12 81 536 23 120

Population 1500 (Klein Goldewijk 287 11,160 16,718 536 10,005 10,403
and Stehfest 2017)

Population 1500 (McEvedy 1978) 287 2797 2759 536 4435 3950

Notes: Population statistics are for Bantu regions only. Crop production statistics are for the southern region
of Africa (south of -9 degrees latitude)

The more precise exercise appears in Table 2, which suggests a similar conclusion. In
the table I show the mean land quality to the east and the mean land quality to the south,
and run a t-test for various definitions of ‘entering the rainforest.” I find surprising balance
in the land characteristics to the east and south, suggesting that there is little to no basis for
selection on land quality, wet crop quality or dry crop quality at the estimated migration
speeds. This empirical pattern reinforces the historical claims that selection effects were
non-existent, and lends some credence to the idea that conditional independence may, in
this case, be a reasonable assumption. The one caveat to this is that the available data, both
the migration data and the suitability data is fairly imprecise. Both are based on modelling,
and involve smoothing, and this inevitably introduces measurement error. In both cases we
would expect this to bias estimates towards zero. But based on the information available, it
does seem reasonable to cautiously proceed with the empirical exercise.’

7 There may be concern about selection on the southern rainforest boundary as well. A similar exercise
looking at land characteristics faced by migrants as they potentially exit the rainforest is seen in Table Al,
and the results are nearly identical.
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Table2 Mean differences in land characteristics along southern versus eastern migration directions near
northern rainforest boundary

Observations Mean to the East Mean to the South Difference
M 2) (3) )
Panel A: Overall Land Quality
Mean north of 0° 110 8.18 8.87 —0.69
(0.79) (0.82) (0.66)
Mean north of —1° 144 9.34 9.25 0.08
(0.76) (0.69) 0.57)
Mean north of —2° 174 9.82 9.34 0.49
(0.67) (0.59) (0.50)
Mean north of —3° 198 9.59 9.30 0.29
(0.60) (0.53) (0.46)
Panel B: Dry Land Quality
Mean north of 0° 110 2.39 2.90 —0.51
(0.34) (0.40) (0.39)
Mean north of —1° 144 2.45 2.68 -0.23
(0.31) (0.34) (0.31)
Mean north of —2° 174 2.70 2.53 0.17
(0.27) (0.30) (0.29)
Mean north of —3° 198 2.59 2.61 -0.02
(0.25) (0.28) (0.26)
Panel B: Wet Land Quality
Mean north of 0° 110 5.78 5.96 -0.19
(0.54) (0.54) 0.41)
Mean north of —1° 144 6.89 6.58 0.32
(0.57) (0.48) 0.41)
Mean north of —2° 174 7.12 6.81 0.32
(0.51) (0.42) (0.38)
Mean north of —3° 198 6.99 6.69 0.31
(0.47) (0.38) (0.36)

*##*kp < 0.01, ¥¥p < 0.05, *p < 0.1. The unit of observation is a 1° X 1° geographic cell. The partition
used to define South vs Eastern migration route is { ABCHKLR:DEFGMNPS.}.That is Guthrie’s partition
as described in Flight (1980). The sample is conditioned on being east of 20°E and south of 8°E to account
only for rainforest boundaries and Bantu settlement locations respectively. Each row reports means for the
adjacent cells to the south and to the east, as well as a t-test for the difference between them.

5 Analysis
5.1 Settlement south of the rainforest

Any agricultural data dating back thousands of years may not be as reliable as we would
like, so instead, to start, I take a revealed preference approach by examining settlement
preferences of eastern relative to southern migrants. If southern migrants were less likely
to settle on dry-land, that might imply that they preferred that particular characteristic less,
which would be consistent with lost knowledge of dry crop production.
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Table 3 Sorting into regions similar to African rainforest

Rainforest Similar Population log Population

)] @) 3 (C)) ()
South x Rainforest Similar 1,179%* 922 4% 0.531*

(505.0) (502.2) (0.309)

South 0.267%** 0.261%%** 250.0 392.0 —0.0188

(0.0881) (0.0881) (559.7) (561.7) (0.287)
rainforest similar 33.43 163.1 0.0390

(361.3) (360.1) (0.148)

Distance to rainforest v v v 4 4
Distance to market v v v 4 v
Suitability of major crops v v v v v
Latitude v v v 4 4
Longitude v v v 4 4
Malaria Index v v v v v
Elevation v v v v v
Standard deviation of elevation v v v v v
Standard deviation of temperature v v v v v
Standard deviation of land quality v v v v v
Herfendal index ecological zones v v v
Mean Land Quality v v 4
Observations 823 823 823 823 823
R-squared 0.274 0.276 0.238 0.242 0.450
Dependent Variable Mean 0.350 0.350 3864 3864 8.217

Standard errors are clustered according to Colella et al. (2019). ***p < 0.01, **p < 0.05, *p < 0.1. The
unit of observation is a 1° X 1° geographic cell. The partition used to define South vs Eastern migration
route is {A ABCHKLR:DEFGMNPS.}.That is Guthrie’s partition as described in Flight (1980). The sample
is conditioned on being south of 9°S to account only for non-rainforest settlements and avoid a mechanical
relationship. Suitability controls include controls for cereal, maize, cotton, oil, pulses, rice, roots, sugar and
wheat

I therefore examine whether regions inhabited by south-Bantu ended up on land more
similar to the rainforest. Estimates based on Eq. 1 appear in Table 3, columns 1 and 2. In
column 1 I show the results without controlling for eco-region variability or land quality,
since these land characteristics may themselves have been dimensions of selection. I then
show the results with these potentially endogenous controls in column 2.8 It turns out not to
matter much, in either case we see a strong and stable positive relationship suggesting that
south-migrating Bantu settled land more similar to the rainforest. Note that the table pre-
sents specifications that control for distance to the rainforest in each column, so similarity
is not mechanically driven by southern migrants simply not travelling as far south. Further,

8 See Table A2 columns 1 and 2 for regressions that place these variables as outcomes. In each case there
appears to be no correlation between the variable and rainforest ancestry.
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Table 4 Historical land use

Historical Land for Pasture

Mha/person log Mha/person

1) 2) (3) (4)
South —71.72%* —70.28%* —0.708*** —0.686%**

(30.89) (30.82) 0.271) (0.269)
Distance to rainforest v v v v
Distance to market v v v 4
Suitability of major crops v v v v
Latitude v v v v
Longitude v v v v
Malaria Index v v v v
Standard deviation of elevation v v v v
Standard deviation of temperature v v v v
Standard deviation of land quality v v v v
Herfendal index ecological zones 4 4
Mean Land Quality v v
Observations 823 823 823 823
R-squared 0.176 0.182 0.316 0.327
Dependent Variable Mean 19.19 19.19 0.402 0.402

Standard errors are clustered according to Colella et al. (2019). ***p < 0 .01, **p < 0.05, *p < 0.1. The
unit of observation is a 1° X 1° geographic cell. The partition used to define South vs Eastern migration
route is {A ABCHKLR:DEFGMNPS.}.That is Guthrie’s partition as described in Flight (1980). The sample
is conditioned on being south of 9°S to account only for non-rainforest settlements and avoid a mechanical
relationship. Suitability controls include controls for cereal, maize, cotton, oil, pulses, rice, roots, sugar and
wheat

there is actually little heterogeneity in the effect by distance to the rainforest (as evidenced
by Table A3).°

Next, we investigate whether south-migrating Bantu performed better on rainforest sim-
ilar land when they settled that land. This exercise uses population data and the Murdock
map to examine whether sorting on land took place in a way consistent with the hypothe-
sized agricultural knowledge at the time. To investigate this margin, I employ the following
regression specification:

Population; = ay + a|RF; + ay0; + asRF; - 0; + T'X; + ¢; (6)

@ is the variable of interest, and may be interpreted as a differential success on rainforest
similar land for those with a rainforest ancestry conditional on settling that land. The rest
of the variables are all as previously defined. Table 3, columns 3-5 present estimates from
Eq. 6.!° This is the intensive margin analogue to the extensive margin result in columns 1
and 2. Column 3 and 4 present results with and without the potentially endogenous controls

% As the table demonstrates, this is true for any of the historical outcomes examined in the paper.

10 Robustness to using both the Klein Goldewijk and Stehfest (2017) data and the McEvedy (1978) data, as
well as using different time-periods can be seen in Table A4.
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outlined above, and column 5 checks a logged dependent variable since the population data
is heavily skewed. The descendants of southern migrants, with skills potentially suited for
rainforest crops, were more likely to settle on rainforest-similar land than eastern migrants
who may have had more diversity in production skills, and therefore more profitable land
options available to them.

5.2 Historical agricultural production

To relate these population patterns to low agricultural adoption requires an investigation
into historical agricultural practices. Accordingly, this section explores land historically
devoted to livestock. Livestock is not heavily kept throughout the rainforest because of the
tsetse fly, but is kept outside of the rainforest in Africa, and may have been readopted by
the descendants of southern migrants after they exited the rainforest between 1000C.E. and
1500C.E.

Table 4 shows estimates of the (re)adoption of livestock by the southern migrating
Bantu, estimated with Eq. 1. Consistent with the Diamond (1998) hypothesis, less land
is devoted to livestock by southern Bantu in 1500 C.E (Table 4, column 1). The estimate
is also consistently negative over time (Table AS). Again, I show robustness to potentially
endogenous land quality and land-type heterogeneity (column 2 and 4 of Table 4), and
show results using both levels (columns 1 and 2) and logs (columns 3 and 4). The persis-
tent lack of adoption is consistent with the Diamond (1998) hypothesis, and is consistent
with the evidence presented in Tables 3 and A8.

5.3 Mechanisms: isolation/diversity

One reason why societies with a rainforest ancestry might have been less well positioned
to re-adopt crops is that they may be more geographically or culturally isolated. This is a
hypothesis that has been previously advanced, for instance to explain why innovation is
more likely in isolated regions (Ashraf et al. 2010).

In the same way that information seems not to travel efficiently when there are gaps in
how useful it is, if there are barriers to information flow—such as geographic or cultural
isolation—this could play a role in agricultural production decisions. In light of the land
selection evidence already discussed, it seems plausible that initial differences in prefer-
ences over land characteristics resulted in southern migrant settlement locations that were
further away from other groups. As a result of that distance, information of any type may
have been less likely to reach the now more isolated descendants of rainforest migrants.!!

To investigate this hypothesis, I again examine again Eq. 1 but now with measures of
cultural isolation as the independent variable. First, I construct the standard HHI used
throughout the literature (from Eq. 4).'% I supplement this with data on cultural isolation,
by looking at a measure of linguistic connectedness (Eq. 3). Third, I investigate the number
of links in the language tree from Proto-Bantu. Finally, I investigate cultural connectedness

1" Another plausible explanation could be that tastes for particular crops develop. Evidence suggests that
societies are willing to take-on substantial costs to produce goods they have developed a taste for (Atkin
2016). The argument against this machanism explaining the observed cropping patterns in the Bantu con-
text is in section D.

12 This is accomplished by taking disaggregated population maps and matching them geographically to the
Murdoch ethnic homelands map.
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Table 5 Isolation by ancestral migration route

Fractionalization ~ Linguistic ~ Links from Loanwords

Similarity Proto-Bantu  from Neighbours

@ (@) 3) @
South —0.0953* 0.287%** —0.671*** —0.587**

(0.0544) (0.0993) (0.115) (0.274)
Suitability of major crops v v v v
Malaria Index v v v v
Standard deviation of elevation v v 4 4
Standard deviation of temperature v/ v v v
Standard deviation of land quality v/ v 4 4
HHI: ecological zones v v 4 4
Observations 820 823 823 414
R-squared 0.130 0.150 0.460 0.434
Dependent Variable Mean 0.539 0.885 9.295 0.0792

Standard errors are clustered according to Colella et al. (2019).%**p < 0.01, **p < 0.05, *p < 0.1. The unit
of observation is a 1° X 1° geographic cell. The partition used to define South vs Eastern migration route is
{ ABCHKLR:DEFGMNPS.}.That is Guthrie’s partition as described in Flight (1980). The sample is condi-
tioned on being south of 9°S to account only for non-rainforest settlements and avoid a mechanical relation-
ship. Suitability controls include controls for cereal, maize, cotton, oil, pulses, rice, roots, sugar and wheat

directly by examining the cultural borrowing measure developed in Blouin and Dyer
(2021).

The estimates generated by this empirical model can be seen in Table 5. Column 1 pre-
sents the estimates from a model with the HHI measuring ethnic diversity as the dependent
variable. The HHI reflects the probability that two randomly drawn people from the area
are from different ethnic groups. So, column 1 suggests that an individual with rainforest
ancestry is about 10% less likely to randomly encounter someone from a different ethnic
group than an individual without.

Column 2 shows estimates for a similar measure. It examines weighted share of people
in a geographic region that speak a similar language to the group. So members of the same
language group get a weight of 1, close dialects get a weight close to 1 and very distant
languages get a low weight. Estimates using this measure are consistent in showing that
groups with rainforest ancestry are less diverse, even when taking cultural distance into
account. Next we turn to the number of links from Proto-Bantu. Here we expect fewer
links from proto-Bantu to coincide with more isolation. This is precisely what we find in
column 3—south Bantu have about 3/4ths fewer language-tree links. Finally, we examine
cultural borrowing directly. Blouin and Dyer (2021) construct data on language borrowing
and lending from regional neighbours for all languages for which words data exists (this is
just over half of all languages for Africa). Using word-borrowing from other languages, we
again find evidence that southern migrating Bantu can be characterized as more culturally
isolated."?

13 Interestingly, southern migrants also adopted institutions that have more insular features than the rela-
tively outward-oriented eastern migrants, despite that other institutional features appear relatively similar
(Table A6).
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6 Contemporary economic outcomes in Southern Africa
6.1 Contemporary crop production

An agricultural production gap that is reinforced by both cultural and geographic isolation
suggests reason to expect persistence. The analysis may therefore be amenable to an exami-
nation of contemporary data. This is advantageous because contemporary data allows for
an analysis of production decisions at much more detailed level. Beyond directly demon-
strating the long-run implications of the Diamond hypothesis, this could be also useful as
a robustness exercise, because the ability to examine different types of crops separately
offers another dimension that may provide some additional clues about the reasons for the
adoption decisions being made.'*

Contemporary crops can be separated into those that were introduced before the Bantu
expansion (e.g. native African crops or much of the Malaysian crop complex) or after
(e.g. the Colombian exchange crops). Among the traditional crops, dry crops would have
had to be adopted by the ancestors of rainforest migrants, but everyone should have had
some knowledge of wet crops.'> All post-expansion crops would have had to be adopted by
everyone.

This 2 x 2 division maps directly to Diamond’s hypothesis. First, since knowledge of
wet-crops likely survived the journey through the rainforestbut knowledge of dry crops did
not, we should expect no less production of the wet-traditional crops, but less production
of dry-traditional crops. Second is the crops introduced after Bantu settlement of southern
Africa, which can help to address two issues. First, if we saw the same pattern (underpro-
duction of dry crops but not wet) then this points to selection on migration as a real con-
cern. After all, it suggests that those with a rainforest ancestry are worse at all dry crops
than wet crops, regardless of ancestral knowledge. Second, and conditional on the pattern
being different for the contemporary crops, they can help to identify the isolation mecha-
nism. If persistence of knowledge loss occurred because isolation hindered any acquisi-
tion of agricultural information then we should expect underproduction of all of the newly
introduced crops. Finally, if some mechanism other than knowledge acquisition is the issue
we might expect similar production of new crops, and underproduction of only dry-tradi-
tional crops.

I again estimate Eq. 1, but now since I examine contemporary data, I include country
fixed-effects. The estimates appear in Table 6. Columns 1-4 show estimates for yields, and
columns 5-8 show estimates for land allocations. The results suggest a perhaps unsurpris-
ing—given previous evidence—underproduction of all crop-types except for pre-Bantu
expansion wet crops. The effect is not driven by the land selection result already discussed
because it is not a wet-crop effect; new wet crops are significantly underproduced by ances-
tors of southern migrants (Table 6 columns 4 & 7). The yields and land allocation results
are consistent with each other. Whenever yields are low, ancestors of southern migrants

14 For instance, one reason we might expect that livestock was not readopted is that—despite the arguments
put forth by the history literatures—there were in fact strong selection effects, and that today those with a
rainforest ancestry simply are not physically adept at certain tasks. Alternatively, it may have nothing to
do with good-specific skills or abilities. Instead, it could be that nothing is being shared by neighbours, or
adopted by these groups.

15 See Table A7 for a summary of crops considered, their origins, and the timing of their introduction to
Africa.
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Table 7 Light density by ancestral migration route

Light Density per 1000 people Variance LD / cap.

All light density > 0

(e)) (@) 3 “ ()
South —0.908* —2.7753%* —1.042% 0.474 0.0702

(0.543) (1.288) (0.540) (0.349) (0.407)
Suitability of major crops v v v v v
Malaria Index v v v v 4
Standard deviation of elevation v v v v 4
Standard deviation of temperature v v v v v
Standard deviation of land quality v v v v v
HHI: ecological zones v v v v v
Country Fixed Effects v v
Observations 792 388 272 402 285
R-squared 0.134 0.212 0.162 0.343 0.401
Dependent Variable Mean 0.772 1.577 1.577 2.505 2.505

Standard errors are clustered according to Colella et al. (2019).***p < 0.01, **p < 0.05, *p < .1. The unit
of observation is a 1° X 1° geographic cell. The partition used to define South vs Eastern migration route is
{ABCHKLR:DEFGMNPS.}.That is Guthrie’s partition as described in Flight (1980). The sample is condi-
tioned on being south of 9°S to account only for non-rainforest settlements and avoid a mechanical relation-
ship. Suitability controls include controls for cereal, maize, cotton, oil, pulses, rice, roots, sugar and wheat

devote less land to those crops. Interestingly, it does not seem as though southern migrants
specialize in wet-traditional crops. While the point-estimate on yields for these crops is
positive, indicating that they may do slightly better on these crops, the estimate is not sta-
tistically significant.'®

This is entirely consistent with the evidence previously presented in Table 4, albeit
with newer, more precise data from a different source, and for entirely different agricul-
tural products that fall into the same conceptual category.!” Across several different data
sources, agricultural products, and time periods, it appears as though southern migrating
Bantu both stopped producing wet-traditional crops, selected more isolated land as a result,
and failed to catch-up south of the rainforest by learning how best to produce in their new
homelands.

6.2 Light density

We might expect that this would influence the economic development of these regions.
Accordingly, we now investigate whether the regions settled by the ancestors of southern
migrants are less economically developed than the descendants of east-migrating Bantu.

16 One remaining concern could be that the locations of production based on ethnic homelands are no
longer the locations where people live. To address this, I also match agricultural production to current loca-
tions of people in the Afrobarometer. Still, accounting for migration, we find exactly the same patterns in
the data (for details see Sect. C).

17 That is, ones that are unprofitable in the rainforest, but profitable outside of it
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Because we are interested in sub-national levels of development, we turn to an analysis
of nighttime light density, a well-established method of analyzing subnational economic
development in a consistent, accurate way (e.g. Henderson et al. 2011).

The results appear in Table 7, and in particular columns 1-3 demonstrate a significant
reduction in light density per person. Column 1 shows a significant reduction in nighttime
light density per 1000 people, and column 2 removes the regions with no light density
at all, which may be very sparsely populated. Column 3 adds country-fixed effects, dem-
onstrating that even within countries we see significant reductions in development levels
between descendants of southern and eastern migrating Bantu.

This reduced economic development is expected in light of the evidence on the poorer
productivity and accordingly fewer resources devoted to agriculture, but a number of ques-
tions remain. What happens instead of agriculture? Do people urbanize? Do they select
out of agriculture altogether, or simply remain less productively in the agricultural sector?
For the first, we can again use the nighttime lights data. If people had urbanized en masse,
we may expect a few very large urban areas and much less wealthy rural areas. In other
words, we might a high variance in nighttime lights. In columns 4-5 of Table 7 we there-
fore investigate the variance of light density per 1000 people. There we find a positive but
insignificant effect suggesting that perhaps some of what is happening is urbanization, but
the effect is not strong enough to be conclusive.

To dig deeper, we can investigate occupations data. Section E examines self-reported
occupations from the DHS, showing that southern Bantu are indeed about 2% less likely to
work in agriculture than those with an eastern Bantu ancestry. The evidence reinforces the
inability of the descendants of southern Bantu to converge on agricultural production, and
is consistent with the evidence on contemporary crop production, as well as the nightlights
data.

7 Discussion

Understanding the underproduction of African crops, and particularly New World crops
has been a puzzle for development economists for at least the past 25 years (Morris and
Byerlee 1993). Longstanding hypotheses such as Diamond (1998) have historically been
able to explain the low use of some seemingly profitable technologies, but seemed unable
to explain the underproduction of crops like wheat, which were not introduced along a
north-south axis. This paper shows that the Diamond (1998) axis-orientation hypothesis
does seem relevant for explaining crop production in Africa, but also provides some sug-
gestive evidence to show that in the specific context of sub-Saharan Africa, axis-orienta-
tion may have broader implications for crop production than just the north-south diffusion.

I do this by pulling together information from a number of datasets, to examine the land
characteristics of population settlements, migration patterns, historical and contemporary
agricultural production, diversity and institutions. This exercise allows me to document
empirical patterns consistent with agricultural knowledge loss throughout the multi-gener-
ation migration from west-Africa to southern Africa. Lineages that took a migration route
through the rainforest would have almost certainly abandoned dry crops that were not suit-
able, and their descendants in southern Africa (where dry-crops are again suitable) never
fully readopted these crops. Part of the reason for this appears to be that their newfound
preference for wet-crops led to non-standard preference over settlement locations. This led
them to become less diverse and more geographically isolated, leaving them disadvantaged
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regarding re-adoption. The effect appears to persist through this adoption channel rather
than a direct dry-land suitability channel since both wet and dry New World crops are
underproduced by descendants of rainforest migrants.

Supplementary Information The online version contains supplementary material available at https://doi.
org/10.1007/s10887-021-09196-9.
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