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1000 simulated cash crop counterfactuals based on clustered point process estimates

Covariate Balance: Actual vs. Counterfactual Cash Crop Distribution

2.5 and 97.5 percentiles of the counterfactual coefficient distribution in blue; actual treatment coefficient in red.

Fig. 3. Covariate Balance: Actual vs. Counterfactual Cash Crop Cells. Each panel plots the histogram and smoothed density of counterfactual coefficients derived from 1,000
OLS models regressing the balance variable in the panel title on the counterfactual cash crop dummy based on one of 1,000 simulated point patterns. Dashed blue lines
indicate the 2.5 and 97.5 percentiles of each counterfactual coefficient distribution. Solid red lines indicate the coefficient of the real cash crop dummy in a regression with the
respective balance variable as outcome.
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2.5 and 97.5 percentiles as well as mean of the counterfactual coefficient distribution in blue; actual treatment coefficient in red.

1000 simulated cash crop counterfactuals based on clustered point process estimates

Treatment Effects: Actual vs. Counterfactual Cash Crop Distribution

Fig. 4. Treatment Effects: Actual vs. Counterfactual Cash Crop Cells. Each panel plots the histogram and smoothed density of counterfactual coefficients derived from 1,000
OLS models regressing the outcome variable in the panel title on a counterfactual cash crop dummy based on one of 1,000 simulated point patterns. Dashed blue lines indicate
the 2.5 and 97.5 percentiles of each counterfactual coefficient distribution. The solid blue line is the mean value of the counterfactual coefficient distribution. Solid red lines
indicate the coefficient of the real cash crop dummy in a regression with the respective development outcome (breal). Treatment effects are calculated as the difference
between the real and mean counterfactual coefficent; empirical p-values calculated as the share of counterfactual coefficients with absolute value greater than breal .
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activities but from the clustering of capital and infrastructural
investments in a given area (Krugman, 1991). Prior investments
not only lower costs going forward but also serve as a coordination
mechanism for subsequent distribution of factors of production
(Jedwab et al., 2017).

We operationalize the serial correlation mechanism by using an
FAO estimate of the market value of total agricultural production
across all crops in the year 2000. To test for path dependence, we
use data on paved and improved roads around 1960, which we dig-
itized from Michelin paper maps, the railroad data from Jedwab
and Moradi (2016), and electricity generation facilities as shown
on a comprehensive historical map of African power plants from
1972. We code cell-level proxies of historical road and railroad
density, a power plant dummy, and the total crop production value
per sq km. As for the railroads, we only use those that were
constructed for other than mining or military purposes to make
sure that the potential for cash crop exports may have, at least par-
tially, motivated rail construction (Jedwab & Moradi, 2016). Con-

sistent with the pattern visualized in the lower-left panel in
Fig. 1, we report in Appendix Table A8 that cells with high cash
crop suitability received significantly higher colonial investments
in road, railroad, and power generation infrastructure. At the same
time, suitability strongly predicts agricultural output today.

Table 3 investigates the degree to which the suitability effects
from Table 2 are mediated by these path dependence and serial
correlation proxies. We prefer to run our main mechanism analysis
with suitability rather than actual production locations, as the
cross-sectional nature of the Hance data does not allow strong con-
clusions on the temporal and causal sequence between cash crop
extraction and infrastructure investments.26 We focus on models
with geographic controls only, as the inclusion of other post-
treatment variables than the mediators may lead to bias (Acharya,
Blackwell, & Sen, 2016). The coefficients of the mediators across all

Table 2
Cash Crop Suitability & Contemporary Development.

Outcome

Roads Cities Lights Wealth

(1) (2) (3) (4) (5) (6) (7) (8)

Cash Crop Suit. 0.254*** 0.221*** 0.172** 0.150*** 0.176** 0.141** 0.062** 0.040*
(0.079) (0.071) (0.063) (0.055) (0.075) (0.065) (0.029) (0.020)

Caloric Suit. 0.163* 0.166 0.058 0.077 0.136* 0.164*** -0.032 -0.051
(0.089) (0.100) (0.053) (0.054) (0.078) (0.057) (0.054) (0.046)

TseTse Suit. -0.016 0.027 -0.061 -0.017 -0.145 -0.091 -0.015 -0.006
(0.072) (0.057) (0.046) (0.040) (0.087) (0.069) (0.036) (0.031)

Malaria Suit. -0.248*** -0.219*** -0.084 -0.082 -0.178** -0.145* -0.002 -0.013
(0.063) (0.065) (0.058) (0.060) (0.068) (0.076) (0.068) (0.065)

Ruggedness -0.033 -0.045 -0.044 -0.047 -0.056 -0.060* -0.023* -0.021
(0.051) (0.049) (0.031) (0.030) (0.038) (0.035) (0.013) (0.013)

Elevation 0.082 0.088* 0.273*** 0.267*** 0.264*** 0.257*** 0.138*** 0.124**
(0.064) (0.048) (0.077) (0.063) (0.082) (0.078) (0.046) (0.049)

Dist. River Nav. -0.163*** -0.141** -0.137*** -0.123*** -0.261*** -0.220*** -0.057*** -0.063***
(0.059) (0.055) (0.021) (0.019) (0.065) (0.051) (0.021) (0.021)

Dist. Coast -0.244*** -0.107* -0.391*** -0.280*** -0.800*** -0.607*** -0.242*** -0.167***
(0.064) (0.062) (0.045) (0.046) (0.094) (0.111) (0.030) (0.029)

Dist. City -0.220*** -0.184*** -0.286*** -0.092***
(0.042) (0.062) (0.060) (0.016)

Dist. Capital -0.110** -0.106** -0.193*** -0.085***
(0.046) (0.039) (0.055) (0.023)

Dist. Trade -0.034* -0.006 -0.018 -0.026
(0.018) (0.021) (0.029) (0.017)

Slaves (Med.) -0.098 -0.068 0.003 0.006
(0.077) (0.045) (0.069) (0.029)

Slaves (High) -0.037 -0.074 0.025 0.021
(0.047) (0.052) (0.080) (0.026)

Agric. (Med.) 0.007 0.097 0.018 0.013
(0.071) (0.059) (0.070) (0.078)

Agric. (High) 0.142** 0.024 0.081 -0.011
(0.069) (0.041) (0.061) (0.061)

Precol. State -0.022 0.045 -0.084 -0.059
(0.096) (0.089) (0.106) (0.050)

Precol. Chiefdom -0.010 0.048 -0.003 -0.002
(0.069) (0.063) (0.093) (0.033)

Precol Centr. NA 0.179* 0.097* -0.141 -0.064*
(0.095) (0.051) (0.148) (0.034)

Colony FE U U U U U U U U

Geographic Controls U U U U U U U U

History Controls X U X U X U X U

Sample Mean DV 1.175 1.175 0.509 0.509 1.115 1.115 -0.391 -0.391
Observations 28’166 28’166 28’166 28’166 28’166 28’166 6’775 6’775
Adjusted R2 0.189 0.203 0.180 0.194 0.277 0.292 0.197 0.237

Notes: OLS regressions with 0.25 degree lat/lon grid cells as units of analysis. The dependent variables in Columns 1–6 are defined as the natural logarithm of 1 plus (i,ii)
paved or improved road length in km per 1000 sqkm land area in 1998, (iii,iv) the urban population per sqkm land area in 2015, (v,vi) total night lights per 100’000 capita in
2015. The dependent variable in Columns 7 and 8 is the asset-based household wealth score as reported in the DHS surveys averaged across all households and survey rounds
per cell. Cells without any geocoded DHS surveys are dropped. The main independent variable is the cell mean of agro-climatic suitability scores for nine cash crops from the
FAO GAEZ database. Geographic control variables not shown: Longitude, latitude, and their squares. Standard errors clustered on country in parentheses. Significance codes:
�p<0.1; ��p<0.05; ���p<0.01.

26 Using actual production instead of suitability does not change our substantive
conclusions, as shown in Tables A12 and A13.
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eight models show that both colonial infrastructure and contempo-
rary agricultural productivity are positively and significantly associ-
ated with contemporary roads, urbanization, luminosity, and
household wealth. More importantly, the inclusion of colonial
investment proxies reduces the effect of suitability on contemporary
development by 46–68%, whereas controlling for agricultural output
value leads to 26–40% smaller coefficients. These results suggest that
path dependence due to colonial infrastructure investments clearly
appears as the more important channel accounting for the long-
run developmental effects of the cash crop revolution.27

Growth or Reorganization? In the final part of our analysis, we
move beyond purely local effects of colonial cash crop production.
Thus far, our estimates show large effects on patterns of subna-
tional development: ‘treated’ cells continue to be significantly bet-
ter off than comparable cells within the same country. The broader
implications of these findings depend on whether and how colonial
resource extraction affected development outcomes beyond the
immediate neighborhood. The key question is whether historical
cash crop production significantly boosted economic growth or
merely reshuffled labor, capital, and economic activity in space

(Redding & Turner, 2015). Local-level analyses like those above risk
mistaking the spatial reorganization of economic activity for devel-
opmental effects.

To gauge the effects of colonial resource extraction beyond the
local level, we run models including variables for proximity to
colonial cash crop and mineral production. More specifically, we
construct distance band dummy variables coding, for each grid cell,
whether it falls within 0–25, 25–50. . .225–250 km of a colonial
resource point. We then re-estimate our baseline models replacing
cell-level resource indicators with 20 distance band dummies cap-
turing proximity to both cash crop and mineral extraction.

timesYic ¼ ac þ
X225�250

j¼0�25

bjDist:Crops
j
ic þ

X225�250

j¼0�25

cjDist:Mineralsjic

þ kXic þ �ic

The vectors bj and cj contain the coefficient estimates for all dis-
tance band dummies to cash crops and minerals. The key assump-
tion is that any potential reshuffling or spillover effects are
contained within these distance bins and that, as a result, cells
beyond 250 km of a resource point serve as valid (i.e. entirely unaf-
fected) baseline category (Redding & Turner, 2015).

Fig. 6 presents coefficients for distance to cash crops. Across all
outcomes, we find positive spillovers up to 50 km. For per capita
luminosity and urbanization, we find negative and mostly signifi-
cant spillovers between 75 and 250 km from colonial cash crop
sites. These results suggest that concentrated investments in colo-
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Fig. 5. Effect Size: Cash Crop Suitability vs. Other Variables. Compares the effects of a one-standard deviation increase in different geographic variables on contemporary
outcomes. Based on Table 2. Dashed red lines indicate the absolute size of the cash crop coefficient, facilitating effect size comparisons..

27 We present additional mediation models in the appendix. Table A9 shows effect
size reductions when accounting for path dependence and serial correlation
simultaneously. Tables A10 and A11 present findings from mediation models that
allow for the inclusion of intermediate confounders, i.e. post-treatment variables that
may be related to both the mediating and the outcome variables (Acharya et al.,
2016). Results remain practically indistinguishable from what we report in Table 3
above.
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nial cash crop enclaves reshuffled population and economic poten-
tial from other areas, which appear worse off today than predicted
by geographic conditions and precolonial factors. The effects on
household wealth are neutral beyond 50 km, while the effects on
road infrastructure remain positive and borderline significant up
to the second-to-last distance bin. The sum of coefficients across
all 10 distance to cash crop bins is positive and significant for road
density, negative and significant for urban population, negative but
insignificant for per capita nightlights, and positive but insignifi-
cant for household wealth. These findings provide suggestive evi-
dence that the cash crop revolution came with broad-based
improvements in transportation infrastructure, and, if anything, a
positive impact on household wealth. At the same time, it funda-
mentally reorganized broader patterns of economic agglomeration
leading to the concentration of cities and economic activity in rel-

atively narrow production enclaves with unclear net effects on the
country’s economic development.28

Heterogeneous Effects? Thus far we have largely specified the
aggregate effects of all cash crops on the main development out-
comes across all countries in the sample. In the Appendix, we test
whether our estimated effects vary across different institutional or
economic conditions during and after the colonial era. Overall the
effect sizes are fairly consistent across the major five cash crops,
with the exception of household wealth, in which perennial tree
crops (coffee, cocoa and oil palm) outperform cotton and ground-
nuts. (See Fig. A3). One potential explanation for this difference

Table 3
Mechanisms: Path Dependence vs. Serial Correlation.

Outcome

Roads Cities Lights Wealth

(1) (2) (3) (4) (5) (6) (7) (8)

Cash Crop Suitability 0.136** 0.188** 0.078* 0.126** 0.057 0.106* 0.027 0.046*
(0.062) (0.075) (0.044) (0.055) (0.070) (0.061) (0.022) (0.024)

Road Dens. 1960 (log) 0.578*** 0.404*** 0.516*** 0.110***
(0.028) (0.038) (0.037) (0.010)

Rail Dens. 1960 (log) 0.250*** 0.340*** 0.423*** 0.045***
(0.063) (0.048) (0.078) (0.013)

Power Plant 1972 (Y/N) 0.434*** 0.610*** 0.797*** 0.179***
(0.069) (0.077) (0.128) (0.032)

Crop Value 2000 (log) 0.126*** 0.088*** 0.135*** 0.034***
(0.015) (0.009) (0.021) (0.009)

Country FE U U U U U U U U

Geographic Controls U U U U U U U U

History Controls X X X X X X X X
Mediated Share 46.3 % 25.8 % 54.6 % 26.6 % 67.7 % 40 % 56.1 % 25.5 %
Observations 28,166 28,166 28,166 28,166 28,166 28,166 6,775 6,775
Adjusted R2 0.303 0.216 0.284 0.200 0.348 0.297 0.296 0.209

Notes: OLS regressions with 0.25 degree lat/lon grid cells as units of analysis. The dependent variables in Columns 1–6 are defined as the natural logarithm of 1 plus (i,ii)
paved or improved road length in km per 1000 sqkm land area in 1998, (iii,iv) the urban population per sqkm land area in 2015, (v,vi) total night lights per 100’000 capita in
2015. The dependent variable in Columns 7 and 8 is the asset-based household wealth score as reported in the DHS surveys averaged across all households and survey rounds
per cell. Cells without any geocoded DHS surveys are dropped. The main independent variable is the cell mean of agro-climatic suitability scores for nine cash crops from the
FAO GAEZ database. Mediators are (a) the logged paved or improved road length in km per 1000 sqkm land area around 1960, (b) rails built for other than military or mining-
related purposes in km per 1000 sqkm land area in 1960, (c) a cell-level dummy for power stations in 1972, and (d) a FAO estimate of total crop production value in 1’000 USD
per sqkm as of 2000. Geographic control variables include caloric suitability, TseTse fly suitability, malaria suitability, ruggedness, elevation, logged minimum distances to
navigable rivers and the coast, as well as absolute longitude, latitude, and their squares. Standard errors clustered on country in parentheses. Significance codes: �p<0.1;
��p<0.05; ���p<0.01
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Spillover Analysis

Fig. 6. Spillover effects of Colonial Cash Crop Production.

28 Interestingly, the distance to mining coefficients exhibits positive spillovers over
a somewhat broader range and only turn negative and borderline significant in the
road density model (see Fig. A7).
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is labor bottlenecks that Tosh (1980) describes cultivators in the
savanna faced given the labor-intensive nature of cotton and
groundnuts and the direct conflict between their farming seasons
and that of grain crops. Country-by-country regressions reported
in Fig. A4 show that results hold for most countries and are not dri-
ven by outliers; they also generally persist across different imperial
powers but tend to be highest in former British colonies (see
Fig. A5). Finally, we consider whether path dependent effects have
been disrupted by different post-colonial trajectories; results are
generally stable across different levels of democracy, conflict-
affectedness, and agricultural export dependence as well as among
landlocked and coastal countries (See Fig. A6).

Beyond Africa. One open question is whether our results of pos-
itive but highly localized long-term effects are specific to colonial-
era Africa or could also be expected for other historical transitions
to commercial export agriculture. A recent empirical literature
investigates the short- and long-term effects of cash crop produc-
tion on economic agglomeration and living standards in Indonesia
(Dell & Olken, 2020; Edwards, 2019; Edwards, 2019), Costa Rica
(Méndez-Chacon & Patten, 2019), and China (Marden, 2016) and
consistently finds positive local effects. These studies clearly high-
light local processing, infrastructure investments, and economic
linkages as important levers of structural change and historical
persistence.

As noted above, African colonial governments rarely invested in
and, at times, actively prevented local processing of cash crops. At
the same time, European colonialism in Africa occurred late, did

not last very long, and was characterized by notoriously low levels
of investment as European metropoles required fiscal self-
sufficiency (Herbst, 2000; van de Walle, 2009). Based on these fea-
tures, we expect colonial African cash crop production to produce
smaller and more localized effects than cash crop economies
entailing higher levels of investment over longer time periods.29

We find some evidence for this in an analysis of cash crop suit-
ability and nightlights in a sample of Sub-Saharan African, Latin
American, as well as East, South, and Southeast Asian grid cells.
More specifically, we regress logged nightlights per land area on
standardized mean cash crop suitability and a host of geographic
control variables and interact all predictors with an indicator for
Sub-Saharan African countries (see Column 1 of Table A14 and
Rows 1–2 of Fig. 7). We find that the local suitability effect is
weaker in Africa than in other world regions with historical cash
crop production. To explore broader regional effects on economic
agglomeration, we further add maximum cash crop suitability in
neighboring cells (using varying distance cutoffs). Proximity to
highly suitable cells predicts significantly higher luminosity out-
side of Africa (see Rows 5, 9, 13, and 17 in Fig. 7). Within Sub-
Saharan African countries, these spatial suitability spillovers
remain essentially zero and are significantly smaller than in the
non-African sample (see Rows 6, 10, 14, and 18 in Fig. 7).

Cash Crop Suit. (non−Afr.)

Cash Crop Suit. (Afr.)

Cash Crop Suit. (non−Afr.)

Cash Crop Suit. (Afr.)

Max. Suit. NB1 (non−Afr.)

Max. Suit. NB1 (Afr.)

Cash Crop Suit. (non−Afr.)

Cash Crop Suit. (Afr.)

Max. Suit. NB2 (non−Afr.)

Max. Suit. NB2 (Afr.)

Cash Crop Suit. (non−Afr.)

Cash Crop Suit. (Afr.)

Max. Suit. NB3 (non−Afr.)

Max. Suit. NB3 (Afr.)

Cash Crop Suit. (non−Afr.)

Cash Crop Suit. (Afr.)

Max. Suit. NB4 (non−Afr.)

Max. Suit. NB4 (Afr.)

0.0 0.4 0.8
Marginal Effect and 95% Confidence Interval

Su
ita

bi
lit

y 
& 

Sp
at

ia
l L

ag

Sub−Saharan Africa vs. Latin America and Asia (SEA, EA, SA)
Beyond Africa: Suitability & Spatial Spillovers

Based on interaction models from Table A12

Fig. 7. Beyond Africa? Suitability, Nightlights, and Spatial Spillovers. Marginal effects from the five interaction models reported in Table A14. The spatial lags of cash crop
suitability included in Models 2–5 (‘‘Max. Suit. NB”) take on the maximum value of suitability within neighboring cells based on distance cutoffs ranging from one (Model 2)
to four (Model 5) degree lon/lat (about 111 to 444 km at the equator).

29 As Dell and Olken (2020) demonstrate, even highly extractive colonialism
sometimes involves large investments in local processing and infrastructure.
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Without global or continental data on cash crop production,
processing facilities, and infrastructure investments, these results
remain suggestive. That said, they are at least consistent with the
notion that Sub-Saharan Africa has not fully realized the economic
potential of its cash crop revolution resulting in more spatially con-
centrated impacts on long-term development than in other world
regions.

4. Discussion

We argue Africa’s contemporary economic geography was
shaped by the cash crop revolution that swept the continent from
the late 1700s onward. The end of the slave trades and high glo-
bal demand for agricultural commodities increased the geograph-
ical advantages of areas suitable for cash crop cultivation—leading
to the emergence of new spatial equilibria centering around
highly-suitable regions. However, the takeoff of the cash crop
trade with industrializing Europe also contributed to the diffusion
of economic imperialism beyond coastal Africa. While external
capital fueled the construction of new transportation infrastruc-
ture that further intensified the region’s agricultural revolution,
the vertical integration of cash crop zones with overseas markets
combined with protective trade policies (e.g., restricting imports
to bulk, raw commodities) dislocated forward production to Eur-
ope, limiting domestic economic differentiation and positive spil-
lovers to broader sectors of African economies. The consequence,
as we have shown empirically, is a legacy of highly localized
agglomerating effects with weak, or even negative, effects on
nearby areas.

Despite the heterogeneity of the continent, colonial experi-
ences, and post-colonial trajectories, the path dependent effects
of early commercial agriculture are fairly consistent. This points
to the significance of this economic transition in shaping modern
Africa. Whether recent economic changes (such as, the increase
in Chinese development finance, advent of digital financial sys-
tems, and emergence of new export markets) are transforming or
reinforcing prevailing economic geographies represents an impor-
tant line of future inquiry.

Another fruitful avenue for research would be to scale up to a
global sample to leverage greater variation in the distribution of
colonial institutions and commercial export agriculture. Our pre-
liminary analysis suggests the path-dependent effects of cash crop
agriculture may be even stronger outside of Africa. Surprisingly,
despite cash crop agriculture’s importance to the emergence of
early modern globalization from the 16th century onward, its
impact on spatial patterns of development around the world has
largely been understudied.30 If Africa is any indication, this repre-
sents a significant omission in our study of the subnational wealth
of nations.
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