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Abstract

The socioeconomic fallout of the COVID-19 pandemic has been felt globally and across
many sectors and population groups. While the long-term impact of the pandemic on eco-
nomic growth is yet to be observed and assessed, history may provide some evidence on how
public health emergencies have negatively affected socioeconomic development pathways well
beyond the crisis duration. Here we examine the impact of malaria on the contribution of
potato to the Old World’s development during the 18" and 19" centuries. We exploit
local variations in land suitability for potato cultivation and malaria transmission to esti-
mate and compare the impact of growing potato on urbanization and population growth
in highly endemic and non-endemic areas. We show that local weather conditions ideal for
malaria transmission counteracted the potential benefits of introducing the potato in the
Old World. Robustness checks from geographic variations in malaria stability, suitability
for potato cultivation, and placebo treatments reinforce the positive effects of eradicating
malaria on urbanization and population growth in potato-suitable areas after 1900. Our
results highlight the interplay between technological change, public health, and development

outcomes.
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1 Introduction

Global public health crises such as the COVID-19 pandemic take a toll on human lives and
well-being and have a lasting impact on economic growth and productivity [28, 20, 19]. This
is particularly the case in labor-intensive sectors like agriculture, where lower labor productiv-
ity due to farmers’ poor health conditions may counteract the positive productivity gains from
technological innovations [7, 24]. This calls for a systematic assessment of the interaction of
these two opposite forces (i.e., improving productivity due to technological innovation and dete-
riorating development outcomes due to health crises). Here we take a first step in this direction
by providing empirical evidence on the interaction of the improved socioeconomic conditions
brought by the introduction of the potato to the Old World between 1700 and 1900 [30] and
the adverse outcomes of the malaria outbreak [25, 34] as schematically depicted in Figure 1.
We analyze the socioeconomic impact of the potato in areas suitable for the cultivation of the
crop and with climatic conditions ideal for the diffusion of malaria and associated vector-borne
diseases. We compare the urbanization and population growth in these areas with those not
affected by malaria. Our analysis thus builds on previous studies linking rural development and

migration (to urban areas) with malaria outbreaks [1, 23, 18].
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Figure 1: Historical trends in the introduction of the potato in the Old World from pre-1700
to post-1900 in two areas with high suitability for potato cultivation: (a) without the risk of

malaria transmission, and (b) with a high risk of malaria transmission.

Throughout human history, the introduction of new crops (e.g., maize [5] or potato [30])
or agricultural innovations (e.g., tractors [31] or fertilizers [10]) has been the leading force be-

hind the boost in agricultural productivity and the socioeconomic development that follows it



[4]. Potatoes, in particular, have contributed to one-quarter of the growth in the Old World’s
population and urbanization between 1700 and 1900 [30, 6]. This has been achieved mainly
through two channels. The first channel is nutrition effect where the introduction of a new, and
more nutrient crop, has resulted in a healthier and more productive population. The second
channel is productivity effect where increased agricultural productivity has allowed more workers
to migrate to the cities and work in industry [13]. Hence, countries with larger areas suitable
for growing potatoes have experienced higher population and urbanization growth between 1700
and 1900 as depicted in Figure 1la.

In contrast to the positive impacts of new crops and technological innovations on population
growth and development, deteriorating health conditions due to infectious disease outbreaks
such as malaria infection have negatively affected economic productivity [14, 8, 3]. Therefore, as
panel b in Figure 1 demonstrates, any potential gain from introducing new crops can be offset by
the emergence of infectious disease threats that undermine the health and availability of farmers
and their productivity [15, 32]. On the contrary, public health interventions can improve the
well-being of the farmers and make a positive impact on their productivity [37]. In the case of
malaria, widespread eradication programs in the early 1900s in the United States contributed to
approximately one-fifth of the agricultural productivity growth at the county level [26]. A more
detailed discussion of the positive impacts of agricultural innovations and the adverse effects of
malaria outbreaks on socioeconomic development is presented in Appendix A in the SI.

Based on this evidence, we hypothesize that from 1700 to 1900, the positive impact of
the potato on the Old World’s development was hampered by poor initial health conditions.
To evaluate this hypothesis, we assemble a novel grid-cell dataset of climate, population, and
urbanization data, covering 31,108 grid cells of the Old World (at a 0.5 x 0.5 degree of resolution)
from 1100 to 1900. We use two indexes to measure the suitability of any given area for potato
cultivation and malaria transmission. The potato suitability index (PSI) represents the soil
conditions required for sustained growth of potato-based on regional weather and land conditions
[11]. Higher values of this index indicate that the soil is more suitable for potato cultivation.
Similarly, the malaria stability index (MSI) captures the interaction of climatic conditions and
malaria prevalence by providing a global indicator of malaria transmission based on regionally
dominant vector mosquitoes, temperature, and precipitation data set [21]. We also use additional
suitability indexes for other crops [11] and additional geographical factors [29] as control variables
in our econometric model. Figure 2 plots the spatial heterogeneity of PSI and MSI. Appendix B

in the SI contains detailed description and summary statistics of the data used in our analysis.
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Figure 2: Maps of the spatial distribution of (A) urbanisation rate change (1700-1900) and (B)
the MSI and PSI intersected with country borders.



We match PSI and MSI with a public long-run grid-cell panel dataset of population and
urbanization data [22] (see Methods and Appendix B in the SI). This dataset collects population
and urbanization data at the most local level available in existing archives. This allows us to
compare the socioeconomic benefits of potato cultivation in areas with high potato suitability
and low malaria prevalence with areas equally suitable for cultivating potato but with higher

malaria prevalence.

2 Data and Methods

Time invariant grid-cell level data on rain-fed potato suitability (PSI) are retrieved from the Food
and Agriculture Organization (FAO)’s Global Agro-Ecological Zones (GAEZ) 2011 database [11].
Malaria Ecology Index [21], indicates weather conditions more or less ideal for the reproduction
of mosquito larvae. Both the PSI and the MSI are available at a spatial resolution of 0.5°
latitude by 0.5° longitude, which is approximately fifty-six kilometers by fifty-six kilometers
(measured at the equator). The PSI ranges from 0 to 1, with one being totally suitable for
potato cultivation. In comparison, MSI ranges from 0 to 39, with 39 being extremely suitable
for a stable malaria transmission throughout the year. To control for additional time and grid-
specific characteristics, which might bias our results, we also consider the grid suitability for
growing other crops (i.e., maize, cassava, barley, wheat, rice, and white potato) and additional
country-specific characteristics, such as terrain ruggedness, elevation, the presence of a tropical
climate, the distance to the equator and the nearest coast [30]. Crop suitability gridded data are
retrieved from the Global Agro-Ecological Zones (GAEZ) 2011 database of the FAO [11], while
additional country-specific control variables are from the original paper [30]. Finally, to avoid
measurement error from changes over time in irrigation intensity and technologies, we have used
rain-fed crop suitability measures from (GAEZ).

Grid-cell level data on historical population and urbanization rates are retrieved from the
History Database of the Global Environment (HYDE) [22]. This is a very disaggregated dataset
with a spatial resolution of 5 arc minute pixels (about 10 kilometers at the equator) covering
the whole world from 10,000 BC to 2017 AD. We use century data on population and urban-
ization from 1100 until 1900. We use GIS software to first convert the spatial resolution of
the HYDE database to the same of Potato Suitability Index and Malaria Ecology Index, and
second to match the spatial data (Appendix B). To control for additional variables that might
have affected the evolution of population and urbanization at grid-level and correlated to land
suitability of growing potatoes, we consider crop suitability for other crops (namely cassava,
wheat, maize, barley, and sweet potatoes). We intersect the final dataset with historical country
boundaries using the GADM (Global Administrative Unit Layer) [16] to include country by time

fixed effects and continent dummies. We also control for country-specific characteristics, such



as the proportion of cropland or total country area, the ratio of tropical area, the distance from

the equator, and the nearest coast [30].

Defining Potato Suitable Areas.
The FAO provides a discrete version of the database that reports the proportion of each grid’s
land classified under five mutually exclusive categories describing how suitable the environment
is for growing each crop. The categories are based on the calculated percentage of the maximum
yield that can be attained in each grid cell. The five categories and their corresponding yields
are: (i) very suitable land (0.8 — 1), (ii) suitable land (0.6 — 0.8), (iii) moderately suitable land
(0.4 —0.6), (iv) marginally suitable land(0.2 — 0.4), and (v) unsuitable land (0 — 0.4). Following
the definition of land suitability for growing potato of the FAO, we define a land to be suitable
for cultivation if it is classified in the database as being either very suitable, suitable, or mod-
erately suitable (i.e., with PSI > 0.4) [30]. In addition to the categorical version of the index,

we also use the continuous version of the PSI (Appendix D in the SI).

Classification of Malaria Endemicity Classes.
We consider different classes of malaria endemicity according to the scientific literature [21].
Specifically: i) non malaria areas are defined as those showing a MSI < 0.06; ii) areas with
low malaria endemicity (0.06 < MSI < 1); iii) mild endemic areas (1 < M ST < 5); iv) highly
endemic areas (5 < MSI < 10); vi) very highly endemic areas (MSI > 10). We use the
aforementioned classification to assess the impact of potato cultivation on population and ur-
banization in areas with different malarious conditions. In addition to the categorical version of

the index, we also use the continuous version (Appendix D).

Evaluating the Impact of Potato Diffusion on Endemic Areas.
We use a difference-in-difference strategy where the control group is composed of grids not
suitable for the cultivation of the potato (i.e., PSI < 0.4). We consider two treatment groups.
The first treatment group comprises grids suitable for growing potatoes and non-malarious (i.e.,
PSI > 0.4 and MSI < 1). The second treatment group is instead composed of grids suitable
for growing potatoes and malarious (i.e., PSI > 0.4 and M SI > 1).

To compute the effects of the introduction of the potato we first estimate the following

equation:

Vietr = @+ B(PotMal); x (Post), + X; +wi + 0 + 02 ctrend + Eict (1)

where index i represents each Old World grid in country ¢ and t indexes time periods con-
sidered in the analysis (i.e., 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1750, 1800, 1850,



and 1900). The dependent variable is represented as y; . which is either the natural log of
population or city population share for each grid ¢ in country c at time ¢t. (PotMal), is an
indicator variable which takes value zero if the grid is not suitable for the cultivation of the
potato (i.e., PSI < 0.4) and value of one if the grid is suitable for the cultivation of the potato
(i.e., PST > 0.4). Variable (PotMal), is interacted with a post indicator variable which takes
value of zero for years from 1000 to 1600, which are part of the pre-potato introduction period
[30]; and value of one for the post-intervention period ranging from 1700 until 1900. Estimates
of equation 1 using alternative cutoff values for potato and malaria suitability thresholds are
reported in Appendix F in the SI.

The equation also includes grid and year-fixed effects w; and J; along with country-specific
linear trends +032 cirend- Moreover, to ensure that the effect of introducing the potato in the
Old World is not confounded by other changes in the suitability of crops over the same time
period, we include the grid-specific agricultural suitability index [12]. We also include the land
suitability for Old World crops such as maize, barley, cassava, and white potato. Furthermore,
since potatoes can be successfully cultivated on rugged terrain at high altitudes and are less
suitable to be cultivated in tropic areas [30, 29], we control for the natural log of a country’s
average elevation, the natural log of its ruggedness, and the natural log of a country’s land that
is defined as being tropical. Standard errors are clustered at the grid-cell level.

The coefficient of interest in equation 1 is £, which is the estimated impact of potato suit-
ability on either population or urbanization. [ measures the additional growth in population
or urbanization experienced by grid-cells that are suitable for potatoes and not malarious (rel-
ative to those that are not) after potatoes were introduced in 1700 (relative to before). A
positive coefficient indicates that countries with a geographic environment more suitable for
growing potatoes and not malarious witnessed a more significant increase in population after
1700 relative to before 1700.

Table 1 reports the results of equation 1. We find that the diffusion of potato contributed
to urbanization and population growth when considering non-malarious grid-cells only. These
results further confirm conclusions drawn in recent literature [30]. However, when restricting
the sample to only malarious grids (i.e., M ST > 1), we find no effects of the diffusion of potato

on urbanization and population.

Robustness of the Estimates.
To ensure the validity of our estimates, we employ a series of sensitivity checks. First, equation
1 builds on the assumption of the linearity of the effects of the diffusion of the potato on
urbanization and population with the level of endemicity of malaria. We further relax this
assumption by employing a lag model that allows us to compute the effects of introducing the

potato in different malaria endemicity classes.



The inclusion of fixed effects allows isolating the effects of introducing the potato in the
Old World from all other time-invariant factors or common time-varying factors that could be
correlated with both suitability for potato cultivation, endemicity of malaria, and economic

growth. Specifically, we estimate the following regression:

Yiet = o+ Z Bb(PSI)Z X (POSt)t + Z 61) X (PSI)Z +7 X; + 515 + 02 ctrend + €ict (2)
b b
for b€ {0 —0.06,0.06 — 1,1 — 5,5 — 39} .
Results of equation 2 reported in Figure 5 confirm that the potato effects on urbanization
and population are found only after 1700 in non-malarious areas, sharply declining in more
endemic ones. For locations with a M ST > 1, we see few effects on urbanization and no effects

on the population, with the estimates approaching zero for higher endemicity levels.

Flexible Estimates.
Another crucial assumption of the empirical strategy in equation 1 is that the cutoff date used
for the introduction of potato cultivation in the Old World (i.e., 1700) is correct. The historical
evidence suggests that the adoption of the potato began in the late seventeenth century and
spread significantly by the early eighteenth century [30, 35, 27]. However, before taking this
cutoff date as given, we estimate a fully flexible estimating equation that takes the following

form:

1900
Yi,c,t = o+ Z /Bj (POtMal)i X Ii + Y X; + w; + 515 + 02 ctrend + €ic,t (3)
7=1100

where all variables are defined as in equation 1. Here we interact PotMal; with each of
the time-period fixed effects rather than a single post-adoption indicator. To be valid, the 3;
coefficients must be close to zero for the years before the adoption of potato (i.e., before 1700)
and positive for the years after its adoption. Moreover, we expect the coefficients of interest to
be positive in magnitude only for non-malarious areas, while no or little effects should be found
in more malarious areas. Estimates of equation (3) are reported in Figure 4.

In addition, we consider the continuous version of the Potato Suitability Index (Appendix
D in the SI). In Appendix F, we present the results of the analysis considering different cutoff
values for the definition of potato suitable areas. Finally, we evaluate the effects of the introduc-

tion of the potato in more or less malaria-endemic countries. Results are shown in Appendix G.



3 Results

First, we perform statistical analysis at the grid-cell level to confirm the positive demographic
impact of the adoption of potato after its diffusion in the Old World. We estimate the coefficient
of the potato suitability interaction term, PSI x Post (first row in Table 1). According to the
estimates in column (1), grid-cells that were suitable for potato cultivation (i.e., those with
PST > 0.4; see SI Appendix for sensitivity analysis over different thresholds) experienced a 1.8
percentage point increase in urban population compared to non-suitable grid-cells. In addition,
the estimated coefficient of the total population in column (4) suggests that the population in
areas suitable for potato cultivation increased by 9.5 percentage points relative to areas not
suitable for growing potatoes. The Methods section and Appendix C in the SI provide details
of the underlying empirical framework. Areas more suitable for potato cultivation provide rural
communities with a boost in calorie intake [9] and an increase in agricultural productivity [30,
27]. As a result, these regions have experienced a relatively higher population and urbanization
growth compared to areas not suitable for the cultivation of the potato as shown in Figure 3.

However, not all people living in potato-suitable areas could benefit from the positive effects
of potato. Infectious diseases such as malaria and associated vector-borne diseases threaten
farmers’ health and productivity [17, 2]. Malaria is generally more prevalent in rural areas than
in urban ones, with farmers being the most affected [33, 36].

We therefore proceed by analysing the mediating role of malaria suitability for the impact of
the cultivation of potato on the urbanization rate and population growth. As shown in Figure
3, the agricultural boost brought by the diffusion of the potato led to different socioeconomic
development trajectories in potato-suitable areas with higher or lower suitability for malaria
transmission. A detailed description of the empirical framework is found in the Methods section
and Appendix D in the SI.

Table 1: The impact of potato suitability on urbanization and population: Old World, Pre
Malaria Eradication, Gridded Analysis

Dependent Variable

Urbanization Share Log Population
(1) (2) 3) (4) (5) (6)
PSI x Post 0.018*** 0.095%**
(0.002) (0.010)
PSI x No Mal. x Post 0.030%** 0.157***
(0.004) (0.021)
PSI x Mal. x Post 0.003 -0.044***
(0.003) (0.016)
Baseline Controls Yes Yes Yes Yes Yes Yes
Observations 522197 301909 113190 522197 301909 113190
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Figure 3: Historical urbanization (left) and population (right) growth rates in potato suitable

areas under different malaria endemicity areas. Gray areas show the 95% confidence intervals.

The heterogeneous impact of potato cultivation on areas with different initial health condi-
tions can be further evaluated in Figure 4 where the historical association between potato and
urbanization rate and population growth has been established for areas with different levels of
malaria endemicity. First, we exclude the existence of a preexisting relationship between our
outcome variables and potato suitability before the diffusion of the potatoes (i.e., the left-hand
side of the vertical red line in all panels). Second, only after 1700 the urbanization and popula-
tion of potato-suitable locations started to increase relative to locations that were not suitable
for growing potato. However, this was only the case for potato-suitable locations with no or low
malaria endemicity (i.e., M ST < 1). In contrast, the diffusion of the newly discovered staple

crop had no impact on equally potato-suitable but highly endemic locations.
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Figure 4: Flexible estimates of the relationship between potato-suitable areas and urbanization
(left) and population (right). Blue vertical lines show the 95% confidence intervals and the
vertical red lines indicate the year 1700 when potato was introduced to the Old World.

These results are confirmed in Table 1. Columns (2) and (5) show that only non-malarious
(MSI < 1) areas have benefited from the positive impacts of the diffusion of the potato. Ac-
cording to estimates in columns (2) and (5), potato-suitable areas increased their urbanization
share by three percentage points and total population by 0.157 percentage points relative to
non-suitable locations. On the other hand, the suitability for cultivating potato had no statisti-
cally significant impact on malarious areas (M SI > 1) as estimated coefficients in columns (3)
and (6) suggest.

These results become even more robust when evaluating the non-linear effects of potato
suitability in areas with different malaria endemicity levels. Figure 5 shows that the diffusion of
the potato increased urbanization and population only in the potato-suitable grid-cells with no

or low endemicity of malaria.
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Figure 5: Effects of the introduction of potato in the Old World on urbanization (left) and on

population (right) for each category of malaria endemicity. 95% confidence intervals.

To validate our findings, we perform several sensitivity and robustness checks. First, we
adopt different definitions of potato suitability (in line with previous studies on the impact of
potato on urbanization and population [30]). Results of the estimation of equation (1) with
different definitions of potato-suitable locations are shown in Appendix F in the SI. Second,
and as it is shown in Appendix G in the SI, we run the grid-cell analysis at the country level.
Finally, and seen in Appendix H in the SI, we ensure that no residual statistically significant
effect is detected after eradicating malaria and associated vector-borne diseases. The outcome

of all these assessments further confirms the results of our baseline analysis.

4 Conclusions

While the positive impact of introducing new crops and improvements in agricultural practices
have been well established in literature, less attention has been paid to differential impact of
emerging public health crises on development pathways in agricultural communities.
Introducing new crops and innovative technologies can boost agricultural productivity and
improve food security and other development outcomes. However, it is not clear to what extent
public health emergencies (such as the COVID-19 pandemic) may harm this trend by negatively
impacting farmer’s health and well-being. In this paper we use historical evidence from 1700
to 1900 in the Old World to examine the impact of potato cultivation, a new staple food crop
of that time, on urbanization and population growth, conditioned on the prevalence of malaria.
Our results indicate that malaria outbreaks had reduced, and in some cases offset, the positive
socioeconomic changes caused by the introduction of the potato, underlying an essential link

between public health and development.
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Focusing on the historical evidence of urbanization and population growth in the areas
most suitable for growing potatoes, we have shown how locations that shared the same potato-
suitability index had different development trajectories depending on their vulnerability to the
endemicity of malaria. While the findings confirm the overall positive role of the potato in
urbanization and population growth, they indicate the negative impact of malaria on farmers’
health and productivity. This highlights the interplay between health and technological progress,
especially in labor-intensive sectors like agriculture, where there is high exposure to the effects
of infectious disease outbreaks and other health emergencies.

Our results provide a new foundation for assessing the global and local impacts of emerging
health threats on the potential benefits of technological innovations. Our estimates also highlight
the dangers from the emergence of infectious diseases due to climate change or other anthro-
pogenic interventions, not only to public health and well-being but also to the socio-economic

gains from technological innovations and productivity improvements in the past few decades.
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A. Technological Innovation, Public Health, and Development

A.1. Agricultural Innovation and Economic Development

A broad stream of literature argued that increases in agricultural productivity are an essen-
tial condition for economic development. In particular, the experience of England during the
industrial revolution has been the object of the first studies [22, 21, 23].

More recent papers analyze the mechanisms underlying the productivity growth in agricul-
ture and the consequent socio-economic growth. [15] investigated the role of fertilizer in boosting

yields and GDP per capita as a result. [4]



Finally, [3] use the introduction of genetically engineered soy in Brazil as an agricultural
productivity shock to provide empirical evidence on the structural transformation effects of
agrarian technical change. They show that when the agricultural innovation is strongly labor-

saving, as in the case of genetically engineered soy, it can foster industrialization.

A.2 Diffusion of Potatoes in the Old World

Particular emphasis is given to the role of crop diffusion in the Old World. [20] have investigated
the impact of the diffusion of potatoes from the New World, where they were first discovered
and cultivated in the Old World. Finally, [10] focuses on the effects of the introduction of sweet
potatoes on peasant uprisings in China. He finds that its diffusion significantly lowered the
number of peasants uprisings due to periods of droughts. In fact, if before the introduction
of sweet potatoes in China there was a significant negative relationship between precipitations
(which represent a positive income shock for peasants) and peasant uprisings, after the diffusion
of the sweet potato, which was more resistant to droughts, the uprisings significantly declined
in areas more suitable to the cultivation of the newly introduced staple crop.

[8] and [19] focused on other New World crops, which were also introduced along with
potatoes to the Old World after the discovery of the Americas. These include maize, cassava,
tomatoes, chili and bell peppers, cacao, sunflowers, and sweet potato. Of these, the two crops
that became high-caloric staples in the Old World were maize and cassava. Maize is unable to
rival potatoes in terms of both nutrients and calories. It produces significantly fewer calories
per acre of land. In comparison, cassava has an essential deficiency in terms of protein intake.
Therefore, making the latter less nutritional than potatoes for human beings. It is necessary to
highlight that for sweet potatoes, which show similar nutritional properties than those of the
potato, there is historical evidence of their introduction, and consequently, their diffusion in the
Old World already in 1000 [20].

A.3 Epidemic Diseases and Economic Development: The example of Malaria

Macroeconomic effects of health conditions have been investigated in the literature [1]. This
study is the first to consider an exogenous measure of life expectancy. Using an IV strategy, the
authors proxy life expectancy with mortality rates from the most common and deadly diseases
during the 1940-1980 period. They conclude that although the reduction in mortality rates has
increased the population levels, the same does not hold for income per capita. In particular,
the increase of health conditions does have a positive impact on the population levels in the
short run. However, since the land is fixed in the short run, the effects on income per capita are
slightly adverse.

Malaria has been one of the primary infectious diseases throughout the 16-20th century. It



0" century when technological advancements and the discovery of new drugs

was not until the 2
and modern chemical components made it possible to prevent malaria transmission effectively.
An example of the effectiveness of early control policies was the construction of the Panama
Canal in the 1910s. Malaria was a major cause of death and illness among workers in the area.
According to the Center for Disease Control Prevention (CDC), in 1906, over 26,000 employees
were working on the Canal. Of these, over 21,000 (i.e., more than 80%) were hospitalized for
malaria at some time during their work. By 1912, there were more than 50,000 workers, and

the number of hospitalized workers had decreased to approximately 5,600 (i.e., 11%).

B. Data and Summary Statistics

The primary data sources used in the empirical framework are summarised in Table 1.

B.1 Potato Suitability Index and Malaria Stability Index

The MSI captures the potential stability of malaria transmission based on regionally dominant
vector mosquitoes, temperature, and precipitation data set [11].

The PSI captures the potential suitability for cultivating potatoes based on regional weather
and land conditions. [5]. Additional sources include suitability indexes for other crops, used as
control variables and estimated with the same methodology of the PSI, and a measure of terrain
ruggedness [18]. Specifically, the construction of the FAO’s GAEZ database occurred in two
stages. The FAO first collected information on the characteristics of 154 different crops. These
data were used to determine what environmental conditions are required for the cultivation
of each crop. The FAO then compiled data on the physical environment of 2.2 million grid
cells, spanning the entire globe. Each cell is 0.5 degrees by 0.5 degrees, approximately fifty-six
kilometers by fifty-six kilometers (measured at the equator). The primary characteristics used
are climatic and are taken from a global climatic database that has been compiled by the Climate
Research Unit at the University of East Anglia. In total, nine variables from the global climatic
database are used by the FAQO: precipitation, frequency of wet days, mean temperature, diurnal
(i.e., daily) temperature range, vapor pressure, cloud cover, sunshine, ground-frost frequency,
and wind speed. The second set of characteristics are land characteristics and are taken from
the FAQO’s Digital Soil Map of the World. The last characteristic is the slope of soils from
the GTOPO30 Database, developed at the U.S. Geological Survey (USGS) EROS Data Center.
Combining the information on the constraints for the cultivation of each crop with the data on
the physical environment of each grid cell, the FAO calculated an estimate of the potential yield
of each crop in each grid cell, given an assumed level of crop management and input use.

The FAO also constructed a discrete version of the database that reports the proportion of

each grid’s land classified under five mutually exclusive categories describing how suitable the



environment is for growing each crop. The categories are based on the calculated percentage
of the maximum yield that can be attained in each grid cell. The five categories and their
corresponding yields are: (i) very suitable land (0.8 - 1), (ii) suitable land (0.6 - 0.8), (iii)
moderately suitable land (0.4 - 0.6),(iv) marginally suitable land(0.2 - 0.4),and (v) unsuitable
land (0 - 0.3). To approximate historical conditions as closely as possible, we use variables
constructed under the assumption that cultivation occurs under rain-fed conditions and medium
input intensity.

Figure 2 plot the spatial heterogeneity in the two main variables of interest, namely the
potato suitability index (PSI) and the malaria stability index (MSI), respectively. We show a
slight correlation between suitability for potato cultivation and endemicity of malaria (i.e., in the
order of 0.48). In particular, some areas extremely suitable for potato! shares high endemicity
of malaria as well.

Non-gridded control variables, such as the country-level extent of cropland and tropical
area, the elevation, the distance from the equator, and the nearest coast, are drawn from [20]
’s original replication data. For the country-level regressions, zonal statistics for the mean of
spatially-explicit datasets, i.e., malaria Stability index and potato suitability, as well as for the
suitability of an array of control crops, namely cassava, wheat, maize, and barley (again, with

medium-input, rainfed, historical average parameters), are produced for each grid cell.

B.2 Grid-level Data on Population and Urbanization

Grid-level data on population and urbanization rates for the years between 1100 and 1980 are
retrieved from the HYDE database?. HYDE is an internally consistent combination of updated
historical population (gridded) estimates and land use for the past 12,000 years. Categories
include cropland, with a new distinction into irrigated and rain-fed crops (other than rice) and
irrigated and rain-fed rice. Also, grazing lands are provided, divided into more intensively used
pasture, converted rangeland, and non-converted natural (less intensively used) rangeland. The
total population is represented by maps of the urban, rural population, population density,
and built-up area. HYDE was developed by the PBL Netherlands Environmental Assessment
Agency and is used by the World Climate Research Program Coupled Model Intercomparison
Project (CMIP6). The process of estimating population and urbanization at very disaggregated
units is explained in the documentation of the research project [12] and involves a series of
steps outlined as follows: First, estimated population totals at the state or province-level by
using a variety of historical sources. The basis for the state-level population data is the United
Nations World Populations Prospects (2008 Revision) for the 1950-2017 period. The pre-1950

! Areas highly suitable for potato cultivation have a potato suitability index > 0.8 as defined by the FAO
2Population and Urbanization data are available at time steps of 100 years until 1700, 50 years from 1700 to
1900, and 10 years from 1900 to 1980



historical estimates were largely taken from the first Atlas of World Population History [16],
[13], and [14]. [12] supplemented these sources with the sub-national population numbers of
Populstat (Lahmeyer, personal communication, 2004) and many other country-specific sources.
The country-specific sources of population estimates are outlined in the supplementary infor-
mation of their methodology. Second, they use interpolation techniques to fill in gaps between
population sources.

We use version 3.2 of the HYDE database. This is a combination of gridded historical
population and land use estimates. [12] used historical records to model population at the
province level and land use areas at the national level through time; then used algorithms to
spatially distribute the total population and land use areas to 5 arc minute pixels (about 10
kilometers at the equator). We extract data on population and urbanization from the HYDE
dataset into a global regular grid shapefile with a resolution of 0.5° latitude and 0.5° longitude,
using GIS software. A spatial join is performed between the regular grid and the GADM shapefile
to create a country attribute in the regular grid shapefile matching the underlying country name.

A possible relevant issue arising with the use of grid-level estimated historical population
data from HYDE is the measurement error of the latter. For instance, estimated historical
population and urbanization data for country A might be very highly inaccurate, thus having
adverse effects on the performance of the indicators [17, 6]. We address this concern by including
country-specific time trends in the grid-level empirical strategy. This allows for a comparison
of each grid within the same country. Second, both the potato suitability and malaria ecology
indexes are void of this problem, being them time-invariant and computed using weather and

soil variables.

C. The Impact of Potato Cultivation on Socio-Economic Out-

comes in Potato-Suitable Areas

First, we evaluate the impact of potato suitability on the Old World at a grid level. The empirical

model that we use is similar to that of [20] expect that we use more disaggregated spatial data.

Yi,c,t =o+ 51 (POSt)t X (POtatO)i + 7 X; + 5t + 02 ctrend + €icit (1)

Equation 1 controls for the same fixed effects used in [20]. Moreover, we add grid-specific
agricultural characteristics (i.e. the suitability for cultivating other types of crop). Table 2

shows the results of this model.



D. The Impact of Potato Cultivation on Socio-Economic Out-

comes, Differentiated by Malaria Endemicity

Using equation 2, we compare population and urbanization levels between grids measuring 0.5°
altitude by 0.5° longitude. This specification not only allows for more robust results but also
for understanding if the cultivation of potato after its diffusion in the Old World had a local
impact on population and urbanization levels as well, and if the presence of weather conditions

suitable for the transmission of malaria counteracted the positive effects of potato.

1900 1900
Yict = 5 PSIZ X MSIZ . ItPOSt + Z QX/icht + Z 5It + Z’Yplf + €ic,t (2)
t=1000 t=1000 p

The variable PSI; x MSI; is the combination of the time invariant suitability index for potato
cultivation (PSI) and its degree of stability of malaria (MSI) for each grid i. Our variable of
interest PSI; x MSI; shows the impact on population and urbanization levels of the suitability
of potato in non malaria-endemic grids versus malaria-endemic grids. If malaria effectively
counteracted the positive effects of potato on the development of Old World countries, we would
expect to find a positive effect of the PSI in non-malaria-endemic grids while disappearing in
grids with high MSI.

Again, the variable I/°%! is a post-adoption dummy variable which takes value 1 for years
after the exogenous spreading of potato in the Old World (i.e., 1700, 1750, 1800, 1850, and 1900)
while value 0 for years ex-ante the exogenous introduction of the potato in the Old World (i.e.,
1000, 1100, 1200, 1300, 1400, 1500 and 1600). Equation 2 also includes grid fixed effects Zp Wit
where p indicates the set of Old World grids; time period fixed effects ii(i%oo 01y and country-
specific fixed effects which allow for a comparison of each grid within the same country. As
before X s represents vectors of time-invariant grid-specific controls included in the regression.
As grid-level controls, we use a set of relevant geographical and historical characteristics which
might have affected population and urbanization: i.e., total cropland area per grid, ruggedness
level, and total areas of other crops, i.e., maize, silage, sweet potato, and cassava. Table 3 shows

the results of this model.

E. Flexible Estimates

Empirical Framework

The baseline equation (1) examines the average effect of the potato on population and urban-
ization after its introduction on more or less malaria-endemic areas. The primary assumption

of this strategy is that the cutoff date used for the introduction of potato cultivation in the



Old World is correct. The historical evidence presented in [20] suggests that the adoption of
the potato began in a few locations in the late seventeenth century and spread significantly by
the early eighteenth century. Given the evidence, reasonable cutoff dates range between 1700
and 1750, and therefore 1750 is the first postadoption time period. Before taking this cutoff as
given, we use several strategies to examine whether the patterns in the data are consistent with
this assumption. The first strategy is to estimate a fully flexible estimating equation that takes

the following form:

1900
Yi,c,t =a+ Z ﬁj (POtMal)i X Ig + Y X; + Wi + 5t + UQ,ctrend + €ict (3)
7=1100

where all variables are defined as in equation (1). The only difference from equation (1) is
that in equation( 3), rather than interacting PotMal; with a postadoption indicator variable, we
interact the suitability measure with each of the time-period fixed effects. With this procedure
we expect the coefficients to be close to zero in magnitude for the years before the adoption
of potato (i.e., before 1700), and positive for the years after the adoption. We also expect the
coefficients of interest to be positive in magnitude only for non-malarious areas while no or little

effects should be found in more malarious areas.

F. Different Definitions of Potato Suitability

The baseline equation (1) examines the average effect of the potato on population and urban-
ization after its introduction on more or less malaria-endemic areas. The main assumption of
this strategy is that we define as potato suitable those areas with a Potato Suitability Index
0.4 [20]. This section shows results obtained using the same specification of equation (1) with
different definitions of potato suitable areas.

Results are shown in Figures 3, 4, 5, 6 which show the effects of the estimation of equation
(1) using cutoff values of potato suitability levels of 0.5, 0.3, 0.2 and 0.1, respectively. Results
confirm the decreasing impact of the cultivation of the potato on urbanization and population of
potato-suitable locations relative to non-potato suitable ones after 1700 as the level of malaria

endemicity grows.

G. Country-Level Analysis

For country-level modeling, data is extracted with the following procedure. The potato suit-
ability index layer is downloaded from the FAO Global Agro-Ecological Zones database [5] with

medium-input, rainfed, historical average parameters. Also, the malaria stability index is re-



trieved. The two files are imported in Google Earth Engine [7], where the area of (i) zones with
potato suitability greater than 40% (as in [20]) and (ii) zones with potato suitability greater than
40% and a malaria Stability index lower than 1, 0.1, 0.06, 0.05, 0.01, and 0 is calculated. The
GADM (Global Administrative Unit Layer, [9]) is used as the reference shapefile for national

borders.

Estimation Strategy

Yit = B1 In Potato Area; - ItPOSt + B2 In Potato NoMal Area; - ItP"St-i-

1900 C190 130 4)
+ B3 In Potato Mal Area; - If“t + Z QX1 + Z oI + Z%If + €y
§=1000 §=1000 =1

where index i represents each Old World country. A total of 130 countries were considered in
the analysis, indexed with c¢. Index t represents time periods which are part of the analysis (i.e.
1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1750, 1800, 1850 and 1900). Years from 1000
to 1600 are part of the pre-potato introduction period as in [20]. Since potato became widely
diffused in the Old World soon after 1700, 1700 is considered the start of the post-intervention
period, which ranges from 1700 until 19003. The dependent variable is represented as Yists
which is the natural log of one of the two proxies of historical, socio-economic development, i.e.,
population and city population share for each Old World country ¢ at time t.

The variable In Potato Area; is the time-invariant area suitable for potato cultivation for
each country i. As in [20] 81 shows the estimated impact of potato-suitable areas on population
and city population share after its adoption in the Old World. A positive and statistically
significant value of 3 is interpreted as an additional increase in population and urbanization
of Old World countries with higher potato suitable land between 1700 and 1900 compared to
countries with less amount of potato suitable land.

Besides computing the impact of the amount of the area suitable for potato cultivation for each
country to population and urbanization, our procedure allows us to disentangle the impact of
the amount of the country area suitable for the cultivation of potato but not malaria endemic
with the country are suitable for potato and malaria endemic. To this regard, the variable
In Potato NoMal Area; is the time-invariant area suitable for potato cultivation but not malaria-
endemic for each country i. The coefficient of our interest is o, which is the estimated impact
of the adoption of potato in non-malaria-endemic and potato suitable land rather than on mere
potato suitable land. On the other hand, the variable In Potato Mal Area; is the time-invariant
area suitable for potato cultivation for each country i and at the same time also suitable for

stable transmission of malaria. We expect (B2 to be positive and greater in magnitude then

3In the original paper, [20] further test 1700 as the only valid cut off date by performing the empirical analysis
using alternative cut-offs.



respectively 51 and SB3. In particular we would expect that G, > 81 > B3. For concreteness, such
a situation would mean that the cultivation of the potato after its introduction in 1700 had a
greater impact on population and urbanization on countries that, besides having a geographic
environment more suitable for growing potatoes, were not malaria-endemic as well. Moreover,
a coefficient B3 being the smallest in magnitude would mean that the adoption of potatoes had
a small impact on those countries that had a large amount of potato-suitable land, which at the
same time was malaria-endemic.

Variable I is a post treatment dummy variable which takes value 1 for years after 1700
(i.e. 1700, 1750, 1800, 1850 and 1900) while value 0 for years before the exogenous introduction
of potato in the Old World (i.e. 1000, 1100, 1200, 1300, 1400, 1500 and 1600). This specification
also includes country fixed effects Ziiol vcIf, where ¢ indicates the set of Old World countries
constituted by a total of 130 countries and time period fixed effects g(i%oo 01y.

As argued in [20] European countries have, on average, experienced higher growth in popula-
tion and urbanization between 1700 and 1900 for reasons related to socio-economic and techno-
logical progress, which are beyond the cultivation of potato. However, European countries were
also naturally more suitable for growing potatoes. It would be, therefore, necessary to estimate
the effects of introducing the cultivation of potatoes within continent variation only*. Hence, to
allow for a comparison of each country within the same continent, we add to equation 4 continent
fixed effects interacted with time-period fixed effects. The introduction of Continent x Year FE
to equation 4 changes the interpretation of our coefficients of interest 51, 82 and (3, which are
now identified from within-continent variation only.

Z}i%oooo ;X! l-I;;j represents time-invariant country-specific characteristics interacted with time
period fixed effects to take into account other country-specific characteristics aside from the
cultivation of potato that might have affected population and urbanization growth between
1700 and 1900. As country-level controls, we use the set of relevant geographical and historical
country-specific characteristics which might have affected population and urbanization between
1000 and 1900 used in [20]: i.e., country elevation, total cropland area, ruggedness, tropical
area, distance from the equator and the nearest coast, an indicator variable taking value one
if a country is an exporter of potatoes along with total areas of other crops, i.e., maize, silage,

sweet potato, and cassava.

Results

Tables 4 and 5 show the estimates from our main estimating equation 4 respectively without the

inclusion of additional controls and with the inclusion of all country and geographical specific

“In other words we do not want to compare a European country such as Italy with an African country, but
comparing a European country with another European country makes the estimation strategy more robust and
allows to take into account all the other factors that may have caused European divergence



control variables. All columns include country and time-period fixed effects along with all control
variables used in the analysis, i.e., controls for land suitable for Old World staple crops interacted
with time-period fixed effects and controls for ruggedness, elevation, and tropics, each interacted
with the time-period fixed effects

Results are shown in Tables 4, and 5 confirm our prediction that suggested that overall
the introduction of potatoes increased total population and urbanization. However, weather
conditions particularly favorable to the transmission of malaria counteracted the positive benefits
of potatoes.

This is illustrated by the estimated coefficient of the potato suitability interaction term,

In Potato Area;- I}

, which displays the average increase in population and urbanization levels
respectively arising from the wide diffusion of potato in the Old World after 1700. According to
the estimates in columns (1) and (4), a 1 percent increase in the amount of land suitable for the
cultivation of the potato increased the population by 0.014 percent on average and the urban
population by 0.002 percentage points after 1700. This result is with no surprise very similar to
what shown in [20]°. However, the following two rows of tables S1 and S2 show that the positive
impact of the introduction of the potato in the Old World was clustered in non-malaria endemic
areas. In contrast, the diffusion of the potato did not have any positive effect on malaria-endemic
locations.

The results are shown in Tables S1 and S2 and emphasize the beneficial effects of the in-
troduction of potatoes on the increase of population and urbanization of countries with greater
land naturally suitable to growing potatoes. This first strategy we employ, however, does not
allow us to estimate the eventual impact of higher suitability for growing potatoes on popula-
tion and urbanization at a very disaggregated level. In the next section, we employ a second
econometric strategy that permits us to estimate not only the effects of higher suitability for
potato cultivation on population and urbanization after 1700 locally but also if the relative level

of stability of malaria transmission counteracted the positive effects of cultivating potatoes.

H. The Effects of Malaria after its Eradication (Post 1900)

Here we address the concern that malarious weather conditions might be correlated with other
unobservable factors. If this is the case, we will overestimate the negative impact of malaria in
the diffusion of potato cultivation in the Old World. One possible solution to mitigate such a
concern would be to consider the malaria eradication period as a cut-off date. In the early 1900s,
technological and medical advancements made it possible to eradicate malaria [2]. Therefore,

if malaria was the only factor absorbing the positive effects of the cultivation of the potato in

>The slight differences are due to the fact that [20] use a version of potato suitability index dated 2002 while
the version used to perform the following analysis is the most recent available, dated 2011.
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malarious areas, then the adverse effects in malarious grids should disappear after its eradication.

In other words, the positive impacts of potato diffusion in malarious and not malarious areas

should have no difference after eradicating malaria®.

1980 1980 1980
Yieg =B PSL x MSL - I/ + Y™ X L+ > 5It+zyp1p+ SN w4 €y
t=1000 t=1000 t=1000 ¢q

(5)

The specification expressed in equation 5 is identical to equation 2 except that in here time
periods, indexed with t, range from 1000 to 19807. Years from 1000 to 1900 are part of the
pre-malaria eradication period, while years from 1910 to 1980 are part of the post-malaria
eradication period. Therefore, in equation 5, variable ItP ost is a post-treatment dummy variable
which takes value 1 for years after 1900 (i.e. from 1910 to 1980) while value 0 for years before
the exogenous intervention against malaria (i.e. 1000, 1100, 1200, 1300, 1400, 1500 and 1600).
This specification also includes grid fixed effects Z YpIF, where p indicates the set of Old World
countries; time period fixed effects 29%00 6I; and country-specific fixed effects which allow for
a comparison of each grid within the same country. As before X; ; represents vectors of time-
invariant grid-specific controls included in the regression. As grid-level controls, we use a set
of relevant geographical and historical characteristics which might have affected population and
urbanization: i.e., total cropland area per grid, ruggedness level, and total areas of other crops,

i.e., maize, silage, sweet potato, and cassava.

Results

Tables 6, 7, and 8 the effects of potato diffusion in non-endemic and highly endemic areas after
1900. Results show that the cultivation of the staple crops resulted in positive effects on the
population and urbanization of potato-suitable locations. Moreover, there is no statistically
significant difference between more or less malaria-endemic areas. In other words, all potato-
suitable locations enjoyed higher population and urbanization growth levels regardless of their

climate suitability for the transmission of vector-borne diseases.

SWe also check that the difference in the positive effects of potato in more or less malarious areas decreases in
the early 1900s until disappearing at around 1950s

"Time periods are respectively 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1750, 1800, 1850, 1900, 1910,
1920, 1930, 1940, 1950, 1960, 1970 and 1980
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Figure 1: Historical urbanization (left) and population (right) growth rates in potato-suitable

location vs non potato-suitable ones from 1200 to 1900.
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Figure 2: Maps of the spatial distribution of the MSI and PSI intersected with country borders.
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Spatial Analysis: Urbanization
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Figure 3: Effects of the introduction of potato in the Old World on urbanization (left) and on

population (right) for each category of malaria endemicity. Potato suitable areas defined as

PST > 0.5. 95% confidence intervals.
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Spatial Analysis: Urbanization

Urbanization
Parameter Estimates

T

T T T T
No malaria Low Mild High Very high
Malaria Endemicity Class

@® No Malaria @ Low

® Mild ® High
® Very High

Log Population
Parameter Estimates

-2 0 2

4

Spatial Analysis: Log Population

T
No malaria

T T T T
Low Mild High Very high
Malaria Endemicity Class

® No Malaria @ Low

® Mild ® High
@ Very High

Figure 4: Effects of the introduction of potato in the Old World on urbanization (left) and on

population (right) for each category of malaria endemicity. Potato suitable areas defined as

PST > 0.3. 95% confidence intervals.
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Figure 5: Effects of the introduction of potato in the Old World on urbanization (left) and on

population (right) for each category of malaria endemicity. Potato suitable areas defined as
PST > 0.2. 95% confidence intervals
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Figure 6: Effects of the introduction of potato in the Old World on urbanization (left) and on

population (right) for each category of malaria endemicity. Potato suitable areas defined as

PST > 0.1. 95% confidence intervals.
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Tables

Table 1: Table of data inputs for the econometric identification

Dataset Source Time resolution Spatial resolution
Malaria stability index [11] Time-invariant 0.5°

Potato suitability index [5] Time-invariant 0.08°

Crop suitability indexes (5] Time-invariant 0.08°
Historical population and urbanisation level  [12] 100/50/10 years

Terrain ruggedness index (18]

Country shapefiles [9] - -
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Table 2: The impact of potato suitability on urbanization and population: Old World, Pre
Malaria Eradication, Gridded Analysis
Urb Urb Urb Pop Pop Pop
b/se b/se b/se b/se b/se b/se
Potato Suitable x Post  0.046***  0.034*** (.028%*%*  2.732%%* (.680*** (.118***
(0.007) (0.007) (0.002) (0.853) (0.249) (0.010)

Barley No Yes Yes No Yes Yes
Maize No Yes Yes No Yes Yes
Cassava No Yes Yes No Yes Yes
Wheat No Yes Yes No Yes Yes
Tropical No Yes Yes No Yes Yes
Ruggedness No Yes Yes No Yes Yes
Elevation No Yes Yes No Yes Yes
Dist. Coast No Yes Yes No Yes Yes
Observations 522197 522197 522197 457356 457356 457356
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Table 3: The impact of potato suitability: Increasing malarious conditions

Population Urbanization

b/se b/se
Potato Suitable x MSI Post ~ -0.012*** -0.001**
(0.002) (0.000)
Barley Yes Yes
Maize Yes Yes
Cassava, Yes Yes
Wheat Yes Yes
Tropical Yes Yes
Ruggedness Yes Yes
Elevation Yes Yes
Dist. Coast Yes Yes
Observations 40847 40847
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Table 4: The impact of non malarious potato suitable area on population and urbanization:

Continent FE estimates

Pop Pop Pop Urb Urb Urb
b/se b/se b/se b/se b/se b/se

In Potato Area x Post 0.014 0.002%**
(0.011) (0.001)
In Non Malarious Potato Area x Post 0.025* 0.002*
(0.015) (0.001)
In Malarious Potato Area x Post -0.008 0.001
(0.015) (0.001)
Old World Yes Yes Yes Yes Yes Yes
Elevation Yes Yes Yes Yes Yes Yes
Tropical Yes Yes Yes Yes Yes Yes
Rugged Yes Yes Yes Yes Yes Yes
Continent X Year Yes Yes Yes Yes Yes Yes
Observations 1528 1528 1528 1528 1528 1528
Adjusted R? 0.990 0.990 0.990 0.400 0.399 0.397
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Table 5: The impact of non malarious potato suitable area on population and urbanization:
Continent FE estimates with additional controls

Pop Pop Pop Urb Urb Urb
b/se b/se b/se b/se b/se b/se
In Potato Area x Post 0.010 0.004%**
(0.013) (0.001)
In Non Malarious Potato Area x Post 0.019 0.004***
(0.015) (0.001)
In Malarious Potato Area x Post -0.001 -0.000
(0.017) (0.001)
Old World Yes Yes Yes Yes Yes Yes
Elevation Yes Yes Yes Yes Yes Yes
Tropical Yes Yes Yes Yes Yes Yes
Rugged Yes Yes Yes Yes Yes Yes
Coast distance Yes Yes Yes Yes Yes Yes
Equator distance Yes Yes Yes Yes Yes Yes
Exporter Yes Yes Yes Yes Yes Yes
Continent X Year Yes Yes Yes Yes Yes Yes
Observations 1528 1528 1528 1528 1528 1528
Adjusted R? 0.991 0.991 0.991 0.456 0.456 0.447
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Table 6: The impact of potato suitability on urbanization and population: Old World, Post
Malaria Eradication, Gridded Analysis
Urb Urb Urb Pop Pop Pop
b/se b/se b/se b/se b/se b/se
Potato x Post 1900  0.048%***  (0.089***  0.042*%** 0.589***  2.590*** (.652%**
(0.007) (0.019) (0.011) (0.075) (0.489) (0.078)

Barley No Yes Yes No Yes Yes
Maize No Yes Yes No Yes Yes
Cassava No Yes Yes No Yes Yes
Wheat No Yes Yes No Yes Yes
Tropical No Yes Yes No Yes Yes
Ruggedness No Yes Yes No Yes Yes
Elevation No Yes Yes No Yes Yes
Dist. Coast No Yes Yes No Yes Yes
Observations 362490 362490 362490 362490 362490 362490
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Table 7: The impact of potato suitability on urbanization and population in increasing malarious
conditions

MSI=0 0<MSI<1l 1<MSI<b 5<MSI<10 MSI>10

b/se b/se b/se b/se b/se
Potato x Post 1900  0.081*** 0.027 0.090*** 0.039%* 0.045%**
(0.017) (0.017) (0.026) (0.016) (0.013)
Barley Yes Yes Yes Yes Yes
Maize Yes Yes Yes Yes Yes
Cassava, Yes Yes Yes Yes Yes
Wheat Yes Yes Yes Yes Yes
Tropical Yes Yes Yes Yes Yes
Ruggedness Yes Yes Yes Yes Yes
Elevation Yes Yes Yes Yes Yes
Dist. Coast Yes Yes Yes Yes Yes
Observations 143069 74109 26739 22988 95585
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Table 8: The impact of potato suitability on population: Increasing malarious conditions

MSI=0 0<MSI<1l 1<MSI<b5 5<MSI<10 MSI>10

b/se b/se b/se b/se b/se
Potato x Post 1900  1.173*** 0.214%** 0.271 0.298 0.543%**
(0.113) (0.069) (0.312) (0.234) (0.050)
Barley Yes Yes Yes Yes Yes
Maize Yes Yes Yes Yes Yes
Cassava, Yes Yes Yes Yes Yes
Wheat Yes Yes Yes Yes Yes
Tropical Yes Yes Yes Yes Yes
Ruggedness Yes Yes Yes Yes Yes
Elevation Yes Yes Yes Yes Yes
Dist. Coast Yes Yes Yes Yes Yes
Observations 143069 74109 26739 22988 95585
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