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Abstract
: Reaching the goal of eradicating malaria by 2040, ifBackground

achieved, would have a profound effect on farmers’ lives in sub-Saharan
Africa. Our objective is to examine how achieving that goal would affect
poverty rates of agricultural households.

: We analyzed the potential impact of eliminating malaria by 2040Methods
on poverty rates among agricultural households in malarious regions of
sub-Saharan Africa. Our model used ten scenarios to examine how the
impact of eliminating malaria by 2040 on households’ income would affect
the number of individuals living on less than $1.90 (2011 PPP) per day. 

: We analyzed ten scenarios for malaria’s impact on agriculturalResults
household income from 2018 to 2040 for the approximately 324 million
individuals in agricultural households in malarious regions of sub-Saharan
Africa in 2018. We found that approximately 53 million to 123 million
individuals would escape poverty by 2040 if malaria were eliminated by that
year. If the malaria burden in agricultural households remained at its current
level through 2040, only 40 million individuals would escape poverty by
2040, a decrease of only 24%. Therefore, the impact of eliminating malaria
by 2040, relative to the status quo scenario through 2040, is that
approximately 13 million to 84 million individuals in agricultural households
will escape poverty. 

: The modeling analysis presented here is meant to be aConclusions
starting point for additional research into the potential impact of eliminating
malaria on the incomes of agricultural households in sub-Saharan Africa.
This study could be strengthened with the application of new methods to
examine malaria’s impact on the welfare of agricultural households. We
recommend the collection and analysis of longitudinal data from agricultural
households in future studies of malaria’s impact on these households.

Keywords
malaria eradication, agricultural households, poverty, Africa, harvest value

1,2 2

1

2

   Reviewer Status

  Invited Reviewers

 version 1
published
12 Dec 2018

 1 2

report report

, University of Monastir,Ahmed Tabbabi

Monastir, Tunisia
1

, University of Ibadan,Oladimeji Oladepo

Ibadan, Nigeria
, Nigeria Institute of SocialAdeola Onasanya

and Economic Research, Ibadan, Nigeria

2

 12 Dec 2018,  :69 (First published: 2
)https://doi.org/10.12688/gatesopenres.12849.1

 12 Dec 2018,  :69 (Latest published: 2
)https://doi.org/10.12688/gatesopenres.12849.1

v1

Page 1 of 20

Gates Open Research 2018, 2:69 Last updated: 15 MAY 2019

https://gatesopenresearch.org/articles/2-69/v1
https://gatesopenresearch.org/articles/2-69/v1
https://orcid.org/0000-0002-5355-8492
https://gatesopenresearch.org/articles/2-69/v1
https://doi.org/10.12688/gatesopenres.12849.1
https://doi.org/10.12688/gatesopenres.12849.1
http://crossmark.crossref.org/dialog/?doi=10.12688/gatesopenres.12849.1&domain=pdf&date_stamp=2018-12-12


Gates Open Research

 

 Derek W. Willis ( )Corresponding author: derekwwillis@gmail.com
  : Conceptualization, Data Curation, Formal Analysis, Methodology, Validation, Writing – Original Draft Preparation; Author roles: Willis DW

: Conceptualization, Funding Acquisition, Supervision, Writing – Review & EditingHamon N
 No competing interests were disclosed.Competing interests:

 This work was supported by the Bill and Melinda Gates Foundation (OPP1148615 / IVCC)Grant information:
The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.

 © 2018 Willis DW and Hamon N. This is an open access article distributed under the terms of the Copyright: Creative Commons Attribution
, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.Licence

 Willis DW and Hamon N. How to cite this article: Impact of eliminating malaria by 2040 on poverty rates among agricultural households
 Gates Open Research 2018,  :69 (in Africa [version 1; peer review: 1 approved, 1 approved with reservations] 2

)https://doi.org/10.12688/gatesopenres.12849.1
 12 Dec 2018,  :69 ( ) First published: 2 https://doi.org/10.12688/gatesopenres.12849.1

Page 2 of 20

Gates Open Research 2018, 2:69 Last updated: 15 MAY 2019

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.12688/gatesopenres.12849.1
https://doi.org/10.12688/gatesopenres.12849.1


Introduction
International funding for anti-malaria initiatives has increased 
significantly since 2000 (World Health Organization, 2018) with  
a goal of eradicating malaria by 2040. Achieving and sustain-
ing the elimination of malaria will require sustained funding. 
The most common cause of past failures to achieve or maintain  
elimination was a lack of sufficient funding (Cohen et al., 2012). 
Sustaining funding for anti-malaria programs over the next two 
decades will depend, in part, on maintaining political support 
for malaria elimination efforts (Lover et al., 2017; Whittaker  
et al., 2014). One means of maintaining political support for  
malaria elimination initiatives would be to illustrate how  
suppressing malaria over the next two decades would affect  
poverty (Mills et al., 2008).

Concurrent to the global goal of eradicating malaria by 2040, 
the international community has established goals for reducing  
poverty over the next two decades. There are approximately 
783 million people living in poverty globally (UN-SDG). The  
United Nations’ Sustainable Development Goals (SDGs) have 
established a target of reducing, by at least 50 percent, the  
number of individuals living in poverty (UN-SDG). In 2015, the 
World Bank established $1.90 (2011 PPP) as the International 
Poverty Line, an increase from the previous global line of $1.25  
(World Bank). The $1.90 poverty line uses 2011 prices and 
is expressed in terms of purchasing power parity (PPP). PPP 
exchange rates enable identical quantities of goods and services 
to be priced across countries equivalently (World Bank). Com-
parisons of countries’ income and consumption data are facilitated 
through the use of PPP (World Bank).

An extensive literature has examined malaria’s impact on  
economic growth (Gallup & Sachs, 2001; McCarthy et al., 2000) 
as well as its economic burden on households (Asenso-Okyere 
& Dzator, 1997; Ettling et al., 1994; Guiguemde et al., 1994;  
Shepard et al., 1991; Sauerborn et al., 1991). However, no  
studies have attempted to estimate how suppressing malaria over 
the next two decades would affect poverty rates. The objective  
of this paper is to examine how eliminating malaria by 2040  
would affect poverty rates among agricultural households in sub- 
Saharan Africa.

Methods
Terminology and dataset
Our definition of an agricultural household for this study is 
the same as that used in our previous study (Willis & Hamon, 
2018) in which we used a definition provided by an agricultural  
census conducted in Ethiopia in 2010 for identifying the  
characteristics of an agricultural household:

�A household is considered an agricultural household when 
at least one member of the household is engaged in growing  
crops and/or raising livestock in private or in combination with 
others (Federal Democratic Republic, 2010/2011).

In a recent study (Willis & Hamon, 2018), we estimated that 
there are approximately 54 million agricultural households in  
malarious regions of sub-Saharan Africa farming less than 10 
hectares. This study will focus on these households. Therefore, 

throughout this paper, the term “agricultural households” refers 
to agricultural households farming less than 10 hectares. The 
35 countries in sub-Saharan Africa that are included in this  
analysis are: Angola, Benin, Botswana, Burkina Faso, Burundi, 
Cameroon, Central African Republic, Chad, Republic of Congo, 
Democratic Republic of Congo, Equatorial Guinea, Ethiopia, 
Gabon, Gambia, Ghana, Guinea, Guinea Bissau, Côte d’Ivoire, 
Kenya, Liberia, Madagascar, Malawi, Mali, Mozambique, Niger, 
Nigeria, Rwanda, Senegal, Sierra Leone, South Sudan, Tanzania, 
Togo, Uganda, Zambia and Zimbabwe.

Short summary of methodology
Our analysis has two components.

First, we developed a model to analyze the impact of elimi-
nating malaria by 2040 on the incomes of agricultural house-
holds in malarious regions of sub-Saharan Africa. Our analysis  
estimated malaria’s impact on the daily income of individuals 
in agricultural households from 2018 through 2040 by using a  
Malaria Elimination Path and a Status Quo Path. The Malaria 
Elimination Path corresponds to the average daily incomes of  
individuals in agricultural households if elimination were achieved 
by 2040. The Status Quo Path refers to the average daily incomes 
of individuals in agricultural households if the malaria bur-
den were to remain at its current levels through 2040. Using our 
model, we examined ten scenarios for the long-term impact of  
suppressing malaria from 2018 through 2040 on daily per capita  
incomes.

Second, we identified research topics that, if addressed by the 
research community, could facilitate more accurate estimates  
of the potential long-term impact of eliminating malaria on  
agricultural households’ incomes.

Detailed summary of data and model
In this section, we provide a more detailed description of our  
methodology for modeling the potential impact of eliminating 
malaria by 2040 on daily per capita incomes of individuals in  
agricultural households.

Three steps were involved in developing and applying our  
model. First, we developed estimates of the number of agricul-
tural households in each of our target countries and the average 
income per capita for these households. Next, we identified  
ten sets of parameter values for estimating malaria’s impact on the 
income of agricultural households. Finally, we used a model to  
link the agricultural household data for each country with the 
ten sets of parameter values in order to estimate the impact the  
elimination of malaria by 2040 would have on incomes and  
poverty levels. Our estimates of malaria’s impact on the incomes 
of agricultural households are the product of comparing the  
incomes of these households if the malaria burden were to 
remain at its current level through 2040 with incomes if malaria  
elimination were achieved by 2040.

Average daily income for individuals in agricultural house-
holds. The first step in developing our model was estimating the 
average per capita income for agricultural households in each of 
our target countries. Our estimates of the number of agricultural  
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households in each of the 35 countries included in our analysis 
came from a recently published dataset (Willis, 2018).

We were unable to identify comprehensive estimates of  
agricultural household income for all 35 countries. As a result, 
we developed estimates of daily per capita income using the  
World Bank’s PovcalNet data set, which includes data on the  
median of monthly household per capita income in 2011  
Purchasing Power Parity (World Bank n.d.). These data are 
available for each of our target countries except Equatorial  
Guinea.

A World Bank report estimated that Equatorial Guinea’s  
poverty rate in 2006 was 76.8 percent (Bassett et al., 2017). We 
assumed that this poverty rate reflects the poverty rate experi-
enced by agricultural households in 2018. Using our model, we 
estimated that a median daily income of $1.35 would result in  
approximately 75 percent of individuals in agricultural households 
having daily incomes less than $1.90 (2011 PPP). 

We assumed that these estimates provided in the PovcalNet 
data set for the median daily per capita income at the national 
level also reflect the daily per capita income of individuals in  
agricultural households. This is a conservative assumption given 
that poverty rates in rural areas are generally higher than in  
non-rural areas:

�Sub-Saharan Africa remains the last frontier in the fight to 
reduce poverty. Nearly half of the rural and one third of the  
urban population lived on less than $1.25 a day in 2008. For 
each poor person in an urban area, there were 2.4 as many 
in rural areas (World Bank & International Monetary Fund,  
2013)

Table 1 summarizes the number of agricultural households and  
their median per capita daily income for each of our 35 countries.

Malaria’s short-term impact on agricultural households’  
incomes. We defined malaria’s short-term impact on the income 
of agricultural households as the impact over one year if there 
were an unexpected decrease in the malaria burden during that 
year relative to previous years. For example, if an agricultural  
household expected to experience malaria infections in 2018 
but in fact did not, then the difference between the household’s  
projected income with and without malaria infections would  
represent malaria’s short-term impact on income.

Malaria could have a short-term impact on household income 
in two ways. The first would be the number of work days that  
would be lost by adults due to malaria morbidity or the pro-
vision of care for children within the household. The second  
would be the cost of seeking medical care.

The best evidence available to estimate the short-term impact 
of malaria on agricultural households’ harvest values is a study  
conducted in Zambia in 2009, which found that households with 
access to a vector control intervention experienced an increase in 
harvest values of US$76 (Fink & Masiye, 2015). This increase 
in harvest values corresponded to an increase in yields of  

approximately 15% (Fink & Masiye, 2015). The authors  
attributed the higher harvest values to an increase in the number 
of people within agricultural households who could work as  
well as an increase in the number of hours those individuals  
could work (Fink & Masiye, 2015).

Fink and Masiye described the households enrolled in their  
study as follows:

�Average plot size was 4.15 ha (median 3.1) in 2009, and aver-
age harvest value in 2009 was US$577 (median US$463).  
With an average household size of close to six members, 
this implies average per-capita resources of approximately  
US$0.26 per day, placing the majority of these households  
well below the international US$1.25 dollars per day  
poverty threshold (Fink & Masiye, 2015)

Although Fink and Masiye assume that the households included 
in their study are representative of the average agricultural  
household in Zambia, they may not be representative of the  
average agricultural household in other countries. This creates 
uncertainty as to how to use the results from Fink and Masiye’s 
study to inform the parameters in our model.

We therefore used a range of values in our model to address the 
uncertainty regarding malaria’s short-term impact on agricultural 
households in our target countries in sub-Saharan Africa. Fink 
and Masiye found that harvest values were approximately 15%  
higher due to access to vector control interventions. Most  
scenarios in our model used a more conservative approach as 
we assumed that malaria’s short-term impact on the income of  
agricultural households ranged from 3% to 21%.

Malaria’s long-term impact on agricultural households’  
incomes. We defined malaria’s long-term impact on the income 
of agricultural households as the impact over more than one year  
if the malaria burden would have remained suppressed. Malaria 
may affect the long-term income of agricultural households 
in many ways. For example, malaria may affect household 
decisions regarding which crops to plant and the amount of 
resources to devote to purchasing agricultural inputs. However, 
we lack longitudinal studies that examine malaria’s impact on  
the incomes of agricultural households over long periods of time.

For the Status Quo Path, we assumed that the incomes of  
agricultural households will grow by 1% from 2018 through  
2040. Our Elimination Path included ten scenarios for the annual 
growth in agricultural household income, with the growth rate 
ranging from 1.25% to 3.50%. Therefore, malaria’s impact on 
the annual growth in agricultural household income ranged  
from 0.25% (Scenario 1) to 2.50% (Scenario 10). Malaria’s 
long-term impact on agricultural households is the difference in  
household income from 2018 through 2040 between the Status  
Quo Path and the Elimination Path. Table 2 summarizes the  
parameter values used in our model for the Status Quo Path and  
for our ten Elimination Path scenarios.

We used Tanzania and Scenario 1 to provide a more 
detailed illustration of how our model was used to estimate  
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Table 1. Country data for Number, Population, Median Daily Income and Poverty Levels of Agricultural 
Households.

Table 1: Country Data for Number, Population, Median Daily Income and Poverty Levels of Agricultural 
Households

Country

Number of 
agricultural 

households (less 
than 10 hectares)

Population of 
agricultural 

households (less 
than 10 hectares)

Median per capita daily 
income for individuals 

in agricultural 
households (2011 PPP)

Population in 
agricultural households 
in poverty (daily income 
less than $1.90) in 2018

Angola 791,492 4,748,952 $2.90 1,329,706

Benin 302,601 1,815,604 $1.95 871,490

Botswana 89,231 535,386 $4.54 74,954

Burkina Faso 657,559 3,945,355 $2.09 1,735,956

Burundi 1,156,946 6,941,676 $1.35 5,206,257

Cameroon 686,673 4,120,040 $3.64 824,008

Central African 
Republic 225,383 1,352,296 $1.35 1,014,222

Chad 271,790 1,630,738 $2.44 587,065

Republic of Congo 106,228 637,366 $2.54 216,704

Democratic 
Republic of Congo 3,322,215 19,933,288 $1.10 18,936,624

Equatorial Guinea 22,289 133,735 $1.35 100,301

Ethiopia 10,937,173 65,623,036 $2.79 19,686,911

Gabon 52,711 316,265 $7.70 9,487

Gambia 51,276 307,659 $3.87 55,378

Ghana 1,856,309 11,137,856 $4.61 1,447,921

Guinea 623,308 3,739,845 $2.37 1,383,743

Guinea Bissau 62,461 374,766 $1.41 269,831

Ivory Coast 828,898 4,973,386 $2.83 3,580,838

Kenya 2,039,498 12,236,986 $2.44 4,405,315

Liberia 90,290 541,740 $2.27 195,026

Madagascar 1,801,047 10,806,284 $1.10 10,265,970

Malawi 1,976,868 11,861,210 $1.26 9,726,192

Mali 597,158 3,582,946 $1.94 1,719,814

Mozambique 2,272,891 13,637,344 $1.50 9,137,021

Niger 496,398 2,978,388 $2.07 1,310,491

Nigeria 11,667,985 70,007,910 $1.80 37,804,272

Rwanda 1,242,001 7,452,009 $1.76 4,098,605

Senegal 324,121 1,944,724 $2.38 719,548

Sierra Leone 165,580 993,483 $1.86 516,611

South Sudan 773,131 4,638,788 $2.32 1,762,740

Tanzania 3,635,359 21,812,155 $1.95 10,469,834

Togo 318,556 1,911,337 $1.95 917,442

Uganda 2,926,297 17,557,780 $2.23 7,023,112

Zambia 1,311,962 7,871,771 $1.58 4,959,216

Zimbabwe 324,530 1,947,180 $3.42 428,380

TOTAL: 54,008,214 324,049,282 - 162,790,985
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malaria’s impact on poverty levels. In 2015, the International  
Poverty Line was increased from $1.25 per day to $1.90 per day 
(2011 PPP). Our analysis of each country estimates the number 
of individuals who have an income greater than $1.90 per day in  
2018 as well as the number who achieve an income greater than 
$1.90 per day by 2040 for each scenario.

We estimated that there are approximately 22 million people  
living in agricultural households in Tanzania and that the  
median per capita income is $1.95 (2011 PPP) (Table 1). Given 
that this is a median value, half of the individuals will have daily 
incomes greater than $1.95 and half will have incomes less than 
$1.95. To account for these differences in daily incomes among the  
individuals in Tanzania’s agricultural households, we assumed a 
discrete uniform distribution with the lowest value being 20% of 
$1.95 and the largest value being 80% higher than $1.95.

We estimated that in 2018 there were approximately 11.3 million 
individuals in Tanzania’s agricultural households with per cap-
ita incomes greater than $1.90 and approximately 10.5 million  
individuals with per capita incomes less than $1.90  
(Table 1). For our Status Quo Path, we assumed that the 
annual growth rate in per capita income was 1%. Based on this  
assumption, our model estimated that in 2040 approximately  
2.6 million individuals who had incomes less than $1.90 in  
2018 would escape poverty.

For our Elimination Path Scenario 1, we assumed that the median 
income of individuals in Tanzania’s agricultural households in 
2018 was 3% higher (short-term impact) and that the annual  
growth rate of incomes through 2040 was 1.25% (0.25% higher 
than the Status Quo Path growth rate). These assumptions for  
Scenario 1 led to approximately 3.5 million individuals who 
had incomes less than $1.90 in 2018 escaping poverty (Table 4).  
The parameter values for Scenario 1, therefore, lead to an  
additional 872,486 individuals (3.5 million versus 2.7 million) 
escaping poverty relative to the Status Quo Path (Table 5).

Results
Modeling potential impact of suppressing malaria from 
2018 to 2040
Table 3, Table 4 and Table 5 display the results of our analy-
sis of the impact of eliminating malaria on poverty among  
individuals in agricultural households. Table 3 summarizes the 
impact of eliminating malaria on the number and percentage  
of individuals in poverty for all of the 35 countries included in  
our analysis.

Summary of poverty among agricultural households in 2018. 
Approximately 54 million agricultural households currently exist 
in malarious regions of sub-Saharan Africa. Using an estimate of 
6 individuals per household, this yields a total population in these 
households of approximately 324 million (Table 1).

Using the dataset we developed with the median daily income 
of agricultural households in each country, we found that  

approximately 151 million individuals in agricultural households 
live in countries in which the median daily per capita income is 
less than $1.90 (2011 PPP). This population represents 47%  
of the total population of individuals in agricultural households. 
Approximately 154 million individuals, 48% of the total popu-
lation, live in countries in which the median daily income of  
agricultural households is between $1.90 and $3.00 (2011 PPP). 
The remaining 5% of the population in agricultural households  
are in countries with a median daily per capita income greater  
than $4.00 (2011 PPP).

The total number of individuals in our study across all countries 
living in poverty in 2018 was approximately 163 million, which 
represented about 50% of the total population of all agricul-
tural households. This percentage is consistent with estimates in 
other studies that approximately half of the rural population in  
sub-Saharan Africa lives in poverty (World Bank & International 
Monetary Fund, 2013).

Status Quo Path. The next step in our analysis involved  
examining how poverty levels in agricultural households would 
change from 2018 through 2040 with our Status Quo Path. 
The Status Quo Path assumed that the malaria burden among  
agricultural households would remain at its 2018 level through 
2040 and that the annual real growth (growth in excess of  
inflation) in incomes among agricultural households would be  
1% during that same period.

Based on this assumed annual growth in incomes, we found  
that the number of individuals in poverty decreased from 
approximately 163 million in 2018 to 126 million in 2040, a 
decrease of approximately 40 million individuals (Table 3). This  
represents a decrease from 50% of the total population living  
in poverty in 2018 to approximately 39% in 2040, a 24% decrease 
(Table 3).

In 2018, 13 countries had poverty rates in excess of 50% for  
their agricultural households. Assuming the Status Quo Path, nine 
of these countries would continue to experience poverty rates 
greater than 50% in 2040. The poverty rate was in excess of 30% 
in 20 countries.

The Status Quo Path projects that only 7 countries (Angola,  
Botswana, Cameroon, Gabon, Gambia, Ghana and Zimbabwe) 
will have a poverty rate of less than 20% by 2040. The total 2018  
population of these 7 countries represents 7.1% of the popula-
tion of the 35 countries in our study (Table 4). The Status Quo  
Path projects that Gabon will be the only country to eliminate  
poverty among its agricultural households by 2040 (Table 4).

Elimination Path. We analyzed the impact of ten Elimination 
Path scenarios on poverty levels of agricultural households from  
2018 to 2040. Each Elimination Path scenario assumed that  
malaria would be eliminated by 2040; the differences between 
the scenarios were the impact that malaria elimination would  
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have on the incomes of agricultural households. Scenario 1 repre-
sents our most conservative estimate of the impact of suppressing 
malaria on the incomes of agricultural households while Scenario 
10 represents our least conservative estimate (Table 2).

Our analysis of the Elimination Path scenarios found that the 
number of individuals in poverty decreased from 2018 to 2040 by  
53 million (Scenario 1) to 123 million (Scenario 10). These 
decreases in poverty represented a 33% and 76% reduction,  
respectively, in poverty rates as compared to 2018 (Table 3). In  
contrast, only 40 million individuals escaped poverty by 2040  
with the Status Quo Path, a 24% reduction in poverty rates.

While the Status Quo Path resulted in 9 countries with poverty 
rates greater than 50% in 2040, Scenarios 5 through 10 for the  
Elimination Path led to no countries having poverty rates 
greater than 50%. Six countries had poverty rates of more than  
50% for Scenario 1 while the result was 3 countries for  
Scenario 2. Scenarios 3 and 4 each led to 2 countries having  
poverty rates of more than 50%.

The Status Quo Path led to twenty countries having poverty rates 
in excess of 30% in 2040. The number of countries with poverty  
rates of more than 30% for our Elimination Path scenarios varied 
from 18 for Scenario 1 to zero for Scenario 10.

Discussion
This study examined the potential impact of eliminating malaria  
by 2040 on poverty levels of agricultural households in  
sub-Saharan Africa from 2018 through 2040.

Summary of main findings from this study
Our analysis found that between 53 million and 123 million 
individuals in agricultural households would escape poverty by 
2040 if malaria were eliminated by that year. This decrease in 
poverty represents a 33% to 76% decrease in the percentage of  
individuals in poverty relative to 2018 levels. In contrast, if the 
malaria burden were to remain at its current level in sub-Saharan  
Africa through 2040, we expect that only 40 million individuals 
in agricultural households would escape poverty by 2040, a  
decrease of only 24%. The impact, therefore, of eliminating  
malaria by 2040 is that approximately 13 million to 83 million  
individuals in agricultural households will escape poverty.

Policy implications of this research
Our findings of malaria’s impact on the incomes of agricultural 
households should be interpreted as the difference between the 
incomes of these households if the malaria burden were to remain 
at its current level from 2018 through 2040 (the Status Quo Path) 
and incomes if malaria were suppressed over this same period 
of time (Elimination Path). Numerous factors could affect the 
incomes of agricultural households in sub-Saharan Africa over the  
next two decades, including macroeconomic risk, political risk 
and climate change. Progress towards eliminating malaria by  
2040 in sub-Saharan Africa does not guarantee that incomes 
among agricultural households will increase and poverty rates 
will decline. For example, even if Ethiopia achieves significant  

progress towards eliminating malaria by 2040, the incomes of 
agricultural households in Ethiopia may not increase if climate  
change decreases crop yields. Therefore, it would not be  
appropriate to use the findings from this study to make 
claims that “if we eliminate malaria by 2040 we would 
also decrease poverty rates.” It would be more appropri-
ate to use these findings to make more measured statements 
along the lines of the following “based on the best available  
evidence, suppressing malaria over the next two decades may  
facilitate a trend, assuming other conditions that affect agricul-
tural productivity remain favorable, in which the growth rate 
of agricultural households’ incomes increase and poverty rates  
decline.”

Impact estimates are conservative
Our estimates of the impact of eliminating malaria on poverty  
rates are conservative for two reasons.

First, our estimates of each country’s daily per capita income in 
2018 likely overestimate the actual daily income of individuals  
in agricultural households. Our methodology for developing  
estimates of the daily per capita income of individuals in  
agricultural households assumed that the median per capita income  
for all individuals in a country reflected the per capita income  
for individuals in agricultural households. This assumption  
likely leads to an overestimation of the actual daily per capita 
income of individuals in agricultural households.

For example, our methodology led to an estimate of US$1.58  
(2011 PPP) for the median per capita income of individuals in 
agricultural households in Zambia. In comparison, Fink and  
Masiye estimated a median per capita daily income for  
agricultural households in Zambia of US$0.26 based on 
median harvest values of US$463 per households and an 
average of six individuals per household (Fink & Masiye,  
2015).

Another study presented estimates of the mean annual per capita 
household income for Kenya, Ethiopia, Rwanda, Mozambique 
and Zambia based on surveys conducted in the 1990s and 2000s 
(Jayne et al., 2003). Based on the annual per capita estimate 
of US$57.70 for agricultural households in Zambia in 2000, the  
daily per capita income of these households would be US$0.19 
in 2018 if we assume growth in incomes of 1% per year. This  
estimate of US$0.19 for the daily per capita income of agri-
cultural households in Zambia is consistent with the estimate  
of US$0.26 provided by Fink and Masiye but well below our 
estimate of $1.58 (2011 PPP). Using a similar approach for  
converting household income estimates in Jayne et al. to 2018 
US dollars, we developed the following estimates for average 
daily per capita household income: Kenya (US$1.14), Ethiopia  
(US$0.25), Rwanda (US$0.28) and Mozambique (US$0.15). 
Our estimates for median daily per capita household income 
for the same four countries are five to ten times greater:  
Kenya (US$2.44), Ethiopia (US$2.79), Rwanda (US$1.76) and  
Mozambique (US$1.50).
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As a result of using higher estimates of per capita income in 
2018 for individuals in agricultural households, we are likely  
underestimating the number of these individuals who have  
incomes less than the poverty levels of $1.90 (2011 PPP). 
By underestimating the number of individuals in agricultural  
households who are in poverty in 2018, we are reducing the pool 
of individuals who can potentially escape poverty by 2040. We  
would, therefore, expect that our estimates of the number of  
individuals in agricultural households who escape poverty by  
2040 for each scenario are conservative.

The second reason why we would expect our impact  
estimates to be conservative is the parameter values we used 
for estimating malaria’s impact on incomes in 2018. Fink and  
Masiye found that access to subsidized bed nets led to a 
14.7% increase in the harvest value of agricultural households  
(Fink & Masiye, 2015). Fink and Masiye did not attempt to 
quantify the cost of households seeking treatment for malaria  
infections experienced by household members. Therefore, we 
would expect that the actual cost of malaria to the household 
was greater than malaria’s impact on harvest values. Most of the  
parameter values we used in our Elimination Path scenarios for 
estimating malaria’s impact on household income in 2018 were 
below the 14.7% finding from Fink and Masiye. Our parameter 
values for malaria’s impact in 2018 ranged from 3% to 21%. If 
the Fink and Masiye study had accounted for additional means 
by which malaria affects the incomes of agricultural households 
in the short term (e.g., household expenditures on treatment for  
malaria), the total impact of malaria on incomes could  
have been greater than 21%. We can therefore assume that our 
parameter estimates for malaria’s impact on 2018 household  
income are likely conservative.

Limitations of this research
As with any study that attempts to estimate the impact of a  
disease on a large population over several decades, predicting  
with certainty how the population will response to an improve-
ment in health is difficult.

For example, simply estimating the number of agricultural  
households annually in sub-Saharan Africa through 2040 is  
complex. We would expect that the population growth rate 
of rural areas of sub-Saharan Africa to gradually decrease 
from 2018 through 2040 due to the rapid urbanization that is  
projected for the region over that period. However, the suppres-
sion of malaria over that period and achieving malaria eradica-
tion in 2040 could make the quality of life in rural areas of Africa 
more attractive than if malaria remained at its current level.  
Increases in the expected quality of life in rural areas could,  
therefore, play a role in decreasing urbanization rates and 
increasing population growth in rural areas compared to malaria  
remaining at its current levels through 2040.

The objective in this study was to develop the most accurate  
projections possible of the potential long-term impact of elimi-
nating malaria on agricultural households’ incomes in Africa  

given the data available. It is our hope that researchers will 
use the knowledge gaps identified in this study to inform future  
research questions in order to develop better projections of  
how the elimination of malaria could affect the incomes of  
agricultural households.

Recommendations for new research agenda research of 
long-term impact of suppressing malaria on agricultural 
households’ income
This study highlighted the need for research into how suppress-
ing malaria over the next two decades would affect the incomes 
of agricultural households in sub-Saharan Africa. For our analy-
sis, we assumed that the annual growth rate in incomes of  
agricultural households would be 0.25% to 2.50% higher for 
our Elimination Path scenarios relative to our Status Quo Path.  
In order to develop more precise estimates of the impact of the 
Elimination Path on income growth rates, we recommend that  
researchers focus on five channels through which malaria may 
affect agricultural households. The first channel is the impact of 
suppressing malaria on work days, caregiving days and gender  
equality among adults in agricultural households. The sec-
ond channel is malaria’s impact on education levels attained by 
children in agricultural households. The long-term impact of  
suppressing malaria on agricultural households’ harvest values 
is the third channel. The fourth channel is the long-term impact  
of suppressing malaria on households’ decisions regarding the 
level of resources to devote to purchasing anti-malaria inter-
ventions to prevent and treat malaria cases. The final channel 
is the decisions of agricultural households concerning which  
crops to plant and how much to invest in agricultural inputs  
if households expect a decrease in risk of malaria infections.

We recommend the use of longitudinal data from agricultural 
households in sub-Saharan Africa to examine these five channels.  
There are two potential advantages of using longitudinal data to  
examine the long-term impact of suppressing malaria on agri-
cultural households’ incomes. First, using longitudinal data to 
examine all five channels in a community would enable research-
ers to understand the interactions between these channels. For  
example, a household’s decision to increase the level of resources 
devoted to purchasing agricultural inputs may depend, in part, 
on the household’s decision to devote less resources to purchas-
ing anti-malaria interventions to prevent malaria infections.  
Second, we would expect that there would be significant het-
erogeneities in the impact of suppressing malaria on agricultural 
households’ income across communities and over time. Using  
longitudinal data from a range of agro-ecological zones in sub-
Saharan Africa would enable researchers to examine how the  
five channels contribute to heterogeneities in growth rates of  
household income from the suppression of malaria.

Future research of the impact of suppressing malaria on long-
term growth rates in agricultural household income should pro-
ceed in two stages. First, we recommend an analysis of our level 
of knowledge about each of the five channels through which  
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suppressing malaria may affect long-term growth rates in income 
among agricultural households. There is more than 100 years  
of evidence from studies around the world of malaria’s impact 
on the welfare of agricultural households. An analysis of the evi-
dence related to the five channels we have identified will enable  
researchers to determine which channels should be prioritized 
for additional research using longitudinal data. The second stage  
of this research initiative should be to identify opportunities to 
collect data for these five channels using existing frameworks 
that are collecting longitudinal malaria data. Two examples of 
existing frameworks that are collecting longitudinal malaria data 
are the INDEPTH health and demographic surveillance systems  
and the International Centers of Excellence for Malaria  
Research progam.

Data availability
The dataset for this research has been deposited in CSV format  
with Harvard Dataverse.

Harvard Dataverse: Dataset 1 V2. Willis - dataset - malaria among 
agricultural households in 2018 in sub-Saharan Africa - July 2018. 
https://doi.org/10.7910/DVN/ZFJ3XT (Willis, 2018) 

This data is available under CC0 Public Domain Dedication.
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Introduction
Page 3:
“The most common cause of past failures to achieve or maintain elimination was a lack of sufficient
funding (Cohen et al., 2012)”.
 
Please restructure and add information on:
a. Past and current target for malaria elimination
b. Cause of failure in meting target
c. The importance of funding in meeting target
 
“The $1.90 poverty line uses 2011 prices and is expressed in terms of purchasing power parity (PPP).
PPP exchange rates enable identical quantities of goods and services to be priced across countries
equivalently (World Bank).”
 a. Please add figures on percentage of farmers living below the poverty line in each of the selected
countries.
 
“The 35 countries in sub-Saharan Africa that are included in this analysis are: Angola, Benin, Botswana,
Burkina Faso, Burundi, Cameroon, Central African Republic, Chad, Republic of Congo, Democratic
Republic of Congo, Equatorial Guinea, Ethiopia, Gabon, Gambia, Ghana, Guinea, Guinea Bissau, Côte
d’Ivoire, Kenya, Liberia, Madagascar, Malawi, Mali, Mozambique, Niger, Nigeria, Rwanda, Senegal,
Sierra Leone, South Sudan, Tanzania, Togo, Uganda, Zambia and Zimbabwe”
 a. How were the 35 countries in sub-Saharan Africa countries selected for this study? Purposively or by
randomisation? Give reasons for the option used.
 
Methods
Page 4:
 “A household is considered an agricultural household when at least one member of the household is
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Page 4:
 “A household is considered an agricultural household when at least one member of the household is
engaged in growing crops and/or raising livestock in private or in combination with others (Federal
Democratic Republic, 2010/2011). In a recent study (Willis & Hamon, 2018), we estimated that there are
approximately 54 million agricultural households in malicious regions of sub-Saharan Africa farming less
than 10 hectares. This study will focus on these households”
 
a. Were households raising livestock in private or in combination with others excluded in this study since
the issue of 10 hectares is not applicable to this group?
b. What is the rationale for defining Agricultural households as farming having less than 10 hectares in
light of your earlier definition of Agricultural households that was provided based on the definition of
Agricultural census in Ethiopia, 2010.
 
"World Bank report estimated that Equatorial Guinea’s poverty rate in 2006 was 76.8 percent (Bassett et
al., 2017). We assumed that this poverty rate reflects the poverty rate experienced by agricultural
households in 2018”

a. Why would Equatorial Guinea’s poverty rate in 2006 estimated at 76.8 percent be used   to compute for
the 324 million individuals in agricultural households in malarious regions of sub-Saharan Africa in 2018 in
this study? 
b. What percentage of people living in Equatorial Guinea are farmers? This will give a stronger support to
this premise.
c. Are local studies not available in most of these countries to provide proximate estimates?
 
Sub-Saharan Africa remains the last frontier in the fight to reduce poverty. Nearly half of the rural and one
third of the urban population lived on less than $1.25 a day in 2008. For each poor person in an urban
area, there were 2.4 as many in rural areas (World Bank & International Monetary Fund, 2013)
a. Please synthesize this statement into the body of your argument.
 
……hours those individuals could work (Fink & Masiye, 2015).
a. What of the cost of treating malaria on income? Please account for this extra cost. This should also
vary by country.
 
…..will grow by 1% from 2018 through 2040.
 a. What premise is this based on? Please look through trends of GDP over years in Sub-Saharan Africa
and its impact on purchasing power. Use this to formulate a figure for income growth.
 
Page 7:
………poverty in 2018 was approximately 163 million,
a. What is the impact of the population growth rate on this figure in 2040? You need to account for this in
your model.
 
Page 9:
There are two “Table 4”
The First Table 4:      
a. Suggested Title: "Country overview of agricultural households in poverty in 2040......."
 
The second table 4
a. Has no title: Please give table a title like previous tables
 

The authors should have identified comprehensive estimates of household malaria infections and
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The authors should have identified comprehensive estimates of household malaria infections and
estimated expenditures on malaria treatment in rural household expenditures in each country or
sub-regions in calculating short and long term impact of malaria rather than the guessed estimates used.
Such data is available.
All the countries are treated as similar yet they are very dissimilar.
 
Page 14
The several limitations in the study seem to suggest that the authors did not seek enough information from
the past study to guide methodological decisions.
 
 
Reviewer’s Conclusion:                   
Although the analysing the potential impact of eliminating malaria by 2040 on poverty rates among
agricultural households in malarious regions of sub-Saharan Africa is key to advocating for sustained
malaria control and increased funding, the paper is predicated on several guesswork. In-country data is
available but unused. Methodological flaw includes input data in the model failing to account
for inter-country differences in respect of population growth rate, malaria endemicity, treatment cost and
agricultural practices therefore jeopardizing result validity and diminishing added value of the paper.

Is the work clearly and accurately presented and does it cite the current literature?
Partly

Is the study design appropriate and is the work technically sound?
No

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
I cannot comment. A qualified statistician is required.

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Partly

 No competing interests were disclosed.Competing Interests:

Reviewer Expertise: Infectious disease epidemiology, public health policy

We have read this submission. We believe that we have an appropriate level of expertise to
confirm that it is of an acceptable scientific standard, however we have significant reservations,
as outlined above.
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 Ahmed Tabbabi
Laboratory of Genetics, Faculty of Medicine of Monastir, University of Monastir, Monastir, Tunisia

I have reviewed the paper "Impact of eliminating malaria by 2040 on poverty rates among agricultural
households in Africa" and have found the information given here interesting and could
be strengthened with the application of new methods to examine malaria’s impact on the welfare of
agricultural households. The objective and overall goal of the study reported in this manuscript is rather
noble and lofty. I am not sure that the authors can definitively determine the impact of eliminating malaria
by 2040 on household’s income on the number of individuals living on less than $1.90. But, the results are
quite interesting. I suggest that the authors should recognize that their results are rather limited (using
possible scenarios) and only imply the impact of eliminating malaria by 2040 on household’s income on
the number of individuals living on less than $1.90. Is there any analysis or comparison to determine
significance of these impacts? 

The references are sufficient, the results are clear, and the discussion is sufficient. However, more details
should be added in methodology section: I recommend adding a map of Africa and fixing the 35 studied
countries.  Authors should justify the choice of the 10 scenarios and the 35 countries. They should also
explain for the first time when using unusual words, for example PovcalNet, 2011 PPP. I would suggest
the authors to have the opinion of a modeling scientist in data analysis. Additionally, a couple of tables
(mainly table 2) should be changed to figures in order to make the manuscript more readable and
expressive.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Partly

Are sufficient details of methods and analysis provided to allow replication by others?
Partly

If applicable, is the statistical analysis and its interpretation appropriate?
I cannot comment. A qualified statistician is required.

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes
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