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ABSTRACT 

Uganda has made notable progress in reducing micronutrient deficiencies in recent years, but the 
prevalence of vitamin A deficiency (VAD) and anemia among children under 5 remain unacceptably 
high. According to World Health Organization criteria, VAD remains a public health problem in Uganda, 
and anemia is a severe problem. In this paper we explore the potential contribution to reducing both of 
these deficiencies using a genetically modified, high–provitamin A and high-iron banana (HPVAHIB) 
that is currently being developed. We present an ex ante analysis of the costs and nutritional benefits of 
HPVAHIB. 

Using the Ugandan National Household Survey of 2005/06, we analyzed the production and 
consumption patterns of highland cooking banana (nakinyika) and sweet banana (sukalindizi). Informed 
by the empirical findings, we developed geographically differentiated adoption, production, consumption, 
and diffusion patterns for several types of HPVAHIB. Based on households’ reported quantities of each 
type of banana currently consumed, we estimated the number of people consuming each banana and the 
quantities they consume, and then simulated the additional intakes of vitamin A and iron and estimated 
the number of disability-adjusted life years (DALYs) saved attributable to each. 

Combining the health impacts with the estimated costs of the project, three impact measures of 
the HPVAHIB are developed: the cost per DALY saved, the benefit–cost ratio, and the internal rate of 
return. Eighteen scenarios are estimated. The base scenario, which includes only the biofortification of 
cooking banana with provitamin A at a level equal to 400 percent its intrinsic provitamin A content, 
estimates that the net present cost per DALY saved of HPVAHIB is US$62, its benefit–cost ratio is 16, 
and its internal rate of return is 31 percent. According to criteria established by the World Health 
Organization and the World Bank, the HPVAHIB project is a “very cost-effective” health intervention. 

Keywords:  nutrition, biofortification, cost-benefit analysis, vitamin A, banana, Uganda 
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1.  INTRODUCTION 

More than two billion people suffer from micronutrient deficiencies (Allen et al. 2006). The distribution 
of this enormous global burden is highly skewed by age and region. Children under age 5 account for 
disproportionately large shares of both the mortality and the total disease burden: for the mortality burden, 
children in this age group account for 93 percent attributable to vitamin A deficiency (VAD), 68 percent 
attributable to iron-deficiency anemia, and 100 percent attributable to zinc deficiency. Of the total disease 
burden (mortality and morbidity) attributable to these deficiencies, this age group accounts for 94 percent, 
57 percent, and 100 percent, respectively, of the total global burden (Ezzati et al. 2006). Although the 
global burden of micronutrient deficiencies fell between 1990 and 2010 by more than half, in many 
countries—and particularly in Africa south of the Sahara—micronutrient deficiencies remain major 
public health problems and still rank among the top causes of death and disability (Wong et al. 2012, Lim 
2012). 

In Uganda, VAD prevalence rates for children under age 5 and women ages 15–49 were 28 
percent and 52 percent in 2001, respectively. In 2006, conversely, 20 percent of children under age 5 and 
19 percent of women ages 15–49 suffered from VAD (UDHS 2006). The prevalence and trends in iron 
deficiency and anemia are more definitive and alarming. Between 2001 and 2006, anemia increased from 
70.8 to 72.6 percent among children under age 5 and from 37.1 to 49.0 percent among women ages 15–49 
(UDHS 2006). Both the magnitude of these prevalence rates and their trends are unsettling. 

The prevalence rates of vitamin A and iron deficiencies, however, are likely to have fallen 
somewhat since 2006, due to the various interventions in place, including introduction of fortified 
vegetable oil in 2004 (Ribaya-Mercado et al. 2007; Tang 2010) and the government’s routine biannual 
campaign—known as Child Days Plus (CDP)—that distributes a package of child health services, such as 
providing high-dose vitamin A capsules to children under age 5, deworming children ages 1–15, and 
promoting other key family healthcare practices. A review of the impact of CDP conducted in 2007 
concluded that CDP had increased the coverage of vitamin A supplementation (Doherty et al. 2010; 
Oliphant et al. 2010). Moreover, a UDHS (2011) study shows that between 2006 and 2011, the prevalence 
of anemia in children 6–59 months fell 33 percent and that among women fell 53 percent. The gains, 
however, have been uneven. The problem of anemia has become increasingly concentrated among 
children 6–23 months of age. If the country is going to continue to improve the iron status of its people, it 
will need to focus on this group. 

Even with these propitious developments in Ugandan nutrition policy, however, it is likely that 
vitamin A and anemia are still public health problems. A biofortified banana that is rich in high–
provitamin A and iron and that is acceptable to banana farmers and consumers could be a powerful tool in 
the fight against micronutrient deficiencies in Uganda. 

Bananas and plantains have the potential to serve as a highly effective vehicle for combating 
vitamin A and iron deficiencies, especially in East Africa, which has, by far, the world’s highest rates of 
banana and plantain consumption, and where 10–30 percent of all arable land under cultivation is planted 
in banana. Bananas and plantains have long been the most important food source of calories available to 
Ugandans. In 2007, these accounted for 17 percent of total daily per capita caloric food availability, as a 
single most important source of calories among Ugandans. 

Banana-based diets, however, are deficient in vitamin A and iron. To address this problem, 
researchers at Queensland University of Technology (QUT) in Australia, in collaboration with the 
National Agricultural Research Organisation (NARO) in Uganda, have developed a long-term solution of 
generating consumer-acceptable banana varieties with increased levels of provitamin A and iron, using 
genetic modification methods. The Bill & Melinda Gates Foundation is supporting a consortium of 
organizations working on the development of a genetically modified, high–provitamin A and high-iron 
banana (HPVAHIB). The activities commenced in 2007 at QUT; and in late 2010, genetically modified 
sukalindizi (sweet banana) and genetically modified nakinyika (cooking banana) containing  provitamin A 
and iron genes were grown in confined field trials at the National Agricultural Research Laboratories 
Institute of NARO for environmental and food safety assessments. This biofortification research is 
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ongoing, and its next phase will focus on stacking (combining) provitamin and iron genes in one banana 
plant (known as a sucker) of biofortified sukalindizi and nakinyika bananas. 

The aim of this paper is to estimate the impact and cost-effectiveness of introducing HPVAHIB 
in Uganda. In particular we analyze the impact of additional vitamin A and iron content in the sweet 
banana (sukalindizi) and cooking banana (nakinyika) in the highland and lowland banana-growing regions 
of Uganda. We focus on this genetically modified banana as a nutrition intervention and compare it with 
other similar alternative health interventions. The next section describes the conceptual framework and 
gives an overview of the methodological approach and data sources used in this study. Section 3 provides 
and discusses the results; and conclusions, limitations, and future suggestions are drawn and discussed in 
the final section. 
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2.  CONCEPTUAL FRAMEWORK, METHODOLOGICAL APPROACH, AND 
DATA SOURCES 

A Conceptual Framework for Analyzing the Impact of HPVAHIB 
Figure 2.1 presents a simplified conceptual overview of the key components (Phases I to IV) and 
activities (below the years axis) of the high–provitamin A, high-iron banana (HPVAHIB) project. The 
project is more complex than this figure suggests because these phases and activities are often 
overlapping. 

Figure 2.1―Costs and benefits along the technology impact pathway of the HPVAHIB 

 
Source:  Adapted from Qaim and von Braun (1998). 

Phase I consists of basic research, applied research, and technology development. Phase II will 
continue and complete the applied research and technology development phase in most countries and 
begin the regulatory approval process in Uganda. In Phase III, the remaining HPVAHIB varieties will be 
released and promotion campaigns will be undertaken, and in Phase IV, long-term government regulatory 
supervision and monitoring and maintenance-breeding activities will begin. 

Costs are incurred from the inception of the project and will continue to be incurred throughout 
the foreseeable future, when they can be expected to become considerably less. The project will not 
produce any benefits, however, until HPVAHIB varieties are released and adopted by farmers and the 
farmers’ output is eaten, starting in year 14 of the project (calendar year 2019).1 

The impact analysis to be conducted will depend on (1) when the benefit stream starts, (2) the 
magnitude of benefits, (3) when (or if) the expected benefit stream exceeds the expected cost stream, and 
(4) the rate at which future benefits and costs are discounted. The analytic period to be used will be 32 
years, given the 3 percent discount rate commonly used for discounting social projects, and the balancing of 
the three above-mentioned considerations. Sensitivity analysis will be used to investigate the effect of 

1 It is acknowledged that  the research and regulatory capacity that are enhanced by the project are also benefits of the 
project, , but they are not quantified in this study. 

 

      
<---------------------------------- Phase I----------------------->           

  <-------------------------Phase II----------------------->         
    <------------------------- Phase III----------------------->    
        <----Phase IV-----> 
              

A. B. C. D. E. F.    
Basic Applied Technology Regulatory Technology Technology 

Diffusion 
   

Research Research Development Approval Release    
 
 
 

        

0 5 10 12–15 15 15–30 YEARS 
          

Identification Gene transfer Breeding and Public supervision Release, Agricultural    
and isolation and plant development of the development, social production,    
of a desired regeneration of a new crop transfer, handling, and marketing, ongoing public    

gene  variety use of Genetically 
Modified Organism 

extension monitoring and 
maintenance 

   

         
   

 
 

        

  C o s t   S t r e a m        
     

 
 

     

     B e n e f i t   S t r e a m     

 

3 

                                                      



 

changing the analysis period. This will enable examination of the potential impact of the introduction of a 
new technology that would render the HPVAHIB product obsolete, inducing farmers to disadopt the 
HPVAHIB before the end of the 32-year period, or delays in regulatory approval and release of a new 
variety. 

The Disability-Adjusted Life-Years and Cost-Effective Measures 
The health benefits of the HPVAHIB are measured using disability-adjusted life years (DALYs) saved. 
DALYs have been used for nearly two decades as a health policy decision making tool and were first used 
to analyze biofortification by Zimmerman and Qaim in 2004. DALYs are a particularly useful and 
powerful tool for assessing policy alternatives, because they enable combining diverse health intervention 
impacts—including temporary and permanent morbidity and mortality—into a single metric, thereby 
enabling direct comparison of the effectiveness of virtually all types of health interventions. When 
DALYs are combined with information on health intervention costs, they provide a measure of cost-
effectiveness and can constitute a powerful criterion for prioritizing health interventions. The World Bank 
and World Health Organization (WHO) have suggested benchmarks for interpreting costs per DALY. For 
the World Bank, a public health intervention with a cost per DALY of less than US$2602 is “very cost-
effective” (World Bank 1993)3; for the WHO, a health intervention should be considered “cost-effective” 
if its cost per DALY saved is one to three times the per capita income and “very cost-effective” if its cost 
per DALY saved is less than the per capita income (WHO 2003). According to WHO criteria, if the cost 
per DALY saved is less than $1,380, high–provitamin A banana can be considered a cost-effective 
intervention, and if it is less than $460 it can be considered “very cost-effective” (World Bank 2012; 
WHO 2003). 

In this study, DALYs will be defined and operationalized following earlier HarvestPlus work (see 
Stein et al. 2005). The HarvestPlus methodology uses a counterfactual approach, estimating impact as the 
difference in the number of DALYs attributable to micronutrient deficiencies before and after the 
introduction of the HPVAHIB. This approach assumes no age weighting; a 3-percent discount rate; and 
the identification of universal values for several variables, including the age of onset of disease, disability 
weightings, and the duration of morbidity. Table 2.1 summarizes the Uganda micronutrient-specific 
DALY baseline estimates. Vitamin A deficiency is the larger of these two nutrition problems in Uganda, 
accounting for nearly two-thirds of the combined total DALYs. 

Table 2.1—Disability-adjusted life years lost in Uganda due to iron-deficiency anemia and 
vitamin A deficiency 
Deficiency  Number of deaths Discounted YLLs* Discounted YLDs** DALYs 
Iron-deficiency anemia 518 11,831 82,444 94,276 
Vitamin A 4,857 127,011 39,060 166,070 

Total  5,375 138,842 121,504 260,346 
 Percent 
Iron-deficiency anemia  10 9 68 36 
Vitamin A 90 91 32 64 

Total  100 100 100 100 

Source: Authors’ calculations based on the HarvestPlus methodology (Stein et al. 2005). 
Note:  *YLLs denotes Years of Life Lost. ** YLDs signifies Years of Living with Disability. 

2 All dollar amounts are expressed in US dollars. 
3 This is the authors’ adjusted original World Development Report 1993 figure, which was expressed in 1990 dollars. It has 

been adjusted to the average value of the dollar in 2011 as of the end of  November (USBLS 2012). 
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Figure 2.2 presents the key methodological components of the study and its data sources for 
measuring the project’s enhanced vitamin A–derived health impact. The same approach is used for 
assessing the impacts of enhanced banana iron content. 

Figure 2.2—Estimating the nutritional benefits of biofortification: The case of vitamin A 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source:  Adapted from Stein et al. (2008). 
Notes:  VA, vitamin A; DALYS, Disability Adjusted Life-Years; EAR, estimated average requirements. 

Health statistics (Figure 2.2, first row) are used to characterize the baseline by measuring the 
current burden of micronutrient deficiencies. The next analytic step (second row) consists of using food 
consumption data to estimate the current usual intake of vitamin A. The third row shows the HPVAHIB’s 
expected additional vitamin A estimates, together with expert opinion about the various processing losses 
that are likely to occur as the vitamin A–enhanced food goes from the field to final ingestion. The food 
consumption and micronutrient losses data are used to estimate the usual intake of vitamin A at endline.  
More specifically, they are used to calculate new numbers and percentages of people who are vitamin A 
deficient and new incidence rates of vitamin A deficiency (VAD)-related health outcomes. These new 
incidence rates of VAD-related health outcomes are used to estimate the number of DALYs lost after the 
introduction of HPVAHIB (termed the endline). The last step (the gray box in Figure 2.2) is derived by 
subtracting the endline number of DALYs from the baseline. The difference is the estimated annual health 
benefit of the HPVAHIB(that is, the number of DALYs averted by people eating HPVAHIB in one year). 

The total health benefits produced each year by the HPVAHIB depend on the number of 
HPVAHIB adopters, area cultivated, amount produced, number of HPVAHIB consumers, amount 
consumed, amount of vitamin A lost during processing, other foods consumed with HPVAHIB, and 
consumers’ health status, among others. The total HPVAHIB health benefits are the sum of the total 
annual health benefits over its life span, referred to as net present value of total HPVAHIB health benefits. 
Given that benefits in the future are worth less than those at present, the future stream of benefits is 
discounted, using the customary 3 percent rate of social projects. This figure constitutes a summary 
measure of the impact of the HPVAHIB. Two other impact measures—the benefit–cost ratio and internal 
rate of return—are also estimated. The net present value of HPVAHIB benefits divided by the net present 
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value of total HPVAHIB annual costs yields the benefit–cost ratio.4 The more the benefits exceed costs, 
the larger the ratio and the more attractive the investment. The internal rate of return (IRR) is also closely 
related to the net present value. The IRR is the interest rate that corresponds to a net present value of zero. 
The higher the internal rate of return, the more attractive the investment. 

Although HPVAHIB economic benefits will not be quantified in this study, it is noteworthy that 
its economic benefits will nonetheless play a role in determining the magnitude of the HPVAHIB health 
impact, affecting the rate at which farmers are likely to adopt the HPVAHIB. The more attractive the 
HPVAHIB economic benefits are, the more likely it is that farmers will adopt and extensively cultivate 
HPVAHIB. Second, the research and development and regulatory approval costs incurred before the 
release of HPVAHIB are likely to affect the outcome. The composition of trait packages has not been 
driven exclusively by potential nutritional impact considerations, but rather by a weighing of the pros and 
cons of alternative trait combinations as well as alternative genetic and technological characteristics. 
Uncertainty is considerable about the numbers and types of additional safety and regulatory tests that will 
be required of stacked-trait packages vis-à-vis single traits. These costs may be incurred because of the 
perceived need to improve the attractiveness of the HPVAHIB to farmers, thereby reducing the nutrition-
only benefit–cost ratio. The arithmetic that leads a willingness to incur these additional costs for the 
HPVAHIB is whether or not the added costs will be offset by increased farmer uptake, which, in turn, 
results in more of these varieties being produced and more nutritional benefits being realized. The 
agronomic and nutritional characteristics of the trait package, and their respective benefit streams, 
therefore, are inextricably interwoven. 

Data Sources 
The data used for this study come from a Uganda National Household Survey (UNHS) of 2005/06 
conducted by the Uganda Bureau of Statistics (UBOS 2006). The UNHS contains information about 
several household behavioral patterns that are at the heart of this study, thereby providing a more 
integrated, comprehensive, and realistic basis for modeling Ugandan households’ banana-related 
behaviors. More specifically, the UNHS supports analyzing both the banana production and banana 
consumption behaviors of households, as well as the food acquisition and consumption data of the same 
households based on a seven-day recall period, thereby enabling analyzing their food and nutrient intake. 
Other sources of information included a structured interview survey we conducted with a small sample of 
key Ugandan stakeholders knowledgeable about the banana sector and factors affecting farmers’ choice 
of banana varieties, and FAO Food Balance Sheet data. 

4It posits a fixed value per DALY, usually $1,000. 
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3.  RESULTS AND DISCUSSION 

Estimated Costs 
We estimated the costs likely to be incurred in developing and commercializing the high–provitamin A, 
high-iron banana (HPVAHIB) using a combination of estimates provided by key informants and ones 
developed from the literature. The base year for these costs is 2012. A number of assumptions were made: 
(1) all costs incurred in the development work to date were sunk; (2) an active project-like phase would 
begin in 2012 and go through 2021; (3) release would occur in 2019 and promotion and dissemination 
efforts would continue through 2021. Finally, (4) maintenance costs would continue for 25 years, from 
2019 through 2044. Thus, the cost analysis covers from 2012 through 2044, a period of 33 years. 

During the project-like phase, five major activities will take place. First, the research and 
development breeding costs, including costs associated with the use of the gene (that is, patents, licenses, 
and legal fees) and on-station costs, will be incurred. Second, on-farm trials and acceptance tests will be 
conducted. Four on-farm trials will be tested per district, covering the 22 banana-growing districts in the 
lowland and highland areas. At each site, one acre of genetically modified (GM) banana will be planted. 
The National Agricultural Research Organization (NARO) will select the site, provide the planting 
materials, and mobilize and sensitize the communities. NARO and the local communities will manage 
sites. At the first harvest, acceptance studies will be conducted in all participating communities. 
Thereafter, consumer acceptance studies will be conducted, and NARO will compile all the data for 
release. The study is estimated for a period of two years.  

The third activity will be the marketing and distribution of the HPVAHIB to farmers. The 
dissemination is assumed to be conducted by local extension and other development nongovernment 
organizations. In so doing, 22 districts will be targeted, and in each district, three subcounties will be 
selected. Dissemination will entail creating awareness among all participating communities, training 
participating farmers and leaders, establishing demonstration farms, and running promotional campaigns.  

The fourth major activity is regulatory related, which includes the additional costs incurred by 
HPVAHIB farmers (such as coexistence, regulatory, and monitoring costs) and the costs of various tests 
and demonstrations required to ensure the biosafety of the HPVAHIB. We assume that spillover benefits 
from this research will be achieved at a relatively much lower cost  At the same time, however, it should 
be noted that there is no GM banana variety precedent, suggesting that costs may be relatively high, 
because there is little earlier research to draw upon.5 

We adopt a simple average of a low-cost estimate coming from the oft-cited Bio-Safety Resource 
Network (BRN) analysis of Bt potato in South Africa (Brink and Quemada 2006) and a Virus Resistant 
Cassava for Africa (VIRCA) project-supported regulatory plan prepared by Shore Biotech in October 
2009 for introducing a GM cassava in Nigeria. The BRN estimate is for a single trait (resistance to potato 
tuber moth). Shore Biotech has two distinct estimates: one for a single trait, vitamin A; and the second for 
two, stacked traits, vitamin A and iron. For a single trait, the estimates vary from BRN’s $701,000 to 
Shore Biotech’s $2,025,000. We use the average of the two, $1,363,000, as our estimate of the cost of 
bioregulatory-related costs of the single vitamin A trait. Shore Biotech’s estimate of the two-trait costs is 
$2,475,000, which is 22 percent higher than its one-trait estimate. We assume that this 22 percent is 
applicable to the BRN estimate also, and therefore we adjust BRN’s single-trait estimate by this amount 
and then average the result with Shore Biotech’s two-trait estimate to arrive at our two-trait estimate for 
HPVAHIB in Uganda: $1,666,000. These are the base scenarios.  

Given that the project involves (1) different combinations of three traits (iron, vitamin A, 
Fusarium wilt resistance), (2) the genetic modification of two banana varieties, (3) different release dates 

5Falck-Zepeda et al. (2012, 2–3) provides a detailed explanation on biosafety requirements and costs; the authors highlight 
the sources of variations and uncertainties in biosafety assessments. We recognize, therefore, that estimates of these costs may 
vary substantially in Uganda, and, accordingly, we investigate the impact of marked variations in regulatory-related costs. To 
avoid a “black box” approach (that is, the presentation of a single cost estimate devoid of any insight into what might account for 
the variations), we start with two detailed studies that we adjust to make more specific to what we anticipate the HPVAHIB is 
likely to encounter in Uganda. 
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for different bananas and different trait packages, and (4) separate analyses of two distinct banana-
growing regions in Uganda, depending on how they are defined, potentially dozens of permutations might 
be analyzed. This paper focuses on three HPVAHIB packages: 

1. HPVAHIB Package 1: A high–provitamin A cooking banana (nakinyika and M9 varieties) 
to be released in the highlands and lowlands in 2019. 

2. HPVAHIB Package 2: A high–provitamin A cooking banana (nakinyika and M9 varieties) 
to be released in the highlands and lowlands in 2019. Subsequently, high iron is added to this 
package and this second-generation package is released in 2022. 

3. HPVAHIB Package 3: A high–provitamin A cooking banana (nakinyika and M9 varieties) 
to be released in the highlands and lowlands in 2019, and a sweet banana (sukalindizi) with 
Fusarium wilt resistance will be released in the highlands and lowlands in 2019. 
Subsequently, both cooking banana and sweet banana varieties will have high iron added to 
their trait packages and will be released in 2022. 
The fifth activity will be the educational and promotional campaigns to sensitize farmers who 

might be reluctant to adopt the technology due to concerns they might have about transgenic products. 
The activity will also target the final consumers and environmentalists to mitigate opposition that may 
arise and might otherwise undermine successful release of the product and/or slow its adoption. It is 
assumed that the government of Uganda and private nongovernment organizations will play a lead role. 
The sixth and final activity is maintenance and monitoring, commencing in 2020. It is assumed to have 
constant costs and is conducted annually until the end of the analysis period in 2044. 

Table 3.1 presents estimated costs for HPVAHIB Package 2.6 First, the table presents both the 
annual costs of the program from 2012 through 2024 and the cumulative cost percentages accounted for 
by each activity during the 2012–2024 period and the 2012–2044 entire analysis period. The breeding 
development costs (48 percent) are the most important cost, followed by maintenance costs (20 percent).  

For a given HPVAHIB package, three costs (77 percent of total costs) are fixed. Given this cost 
structure, it makes little sense to focus the project on only the lowlands or only the highlands. If 
HPVAHIB activities were focused exclusively on individual region, most of the costs would still be 
incurred, but a large share of the benefits will not be realized, resulting in a reduction in the cost–benefit 
ratio and the cost-effectiveness of the project. Consequently, from this point forward in this study, only 
the option that includes both regions will be considered.  

 

6 Estimated annual costs for HPVAHIB Packages 1 and 3 are not presented in this paper to save space, but can be provided 
upon request. 
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Table 3.1―Estimated costs of development, release, and promotion for HPVAHIB Package 2 (vitamin A and iron costs, cooking banana only) in both 
highlands and lowlands regions 
        Release  Release  Total costs 

Calendar year 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2012–24 2012–44 Percent 
Project year 7 8 9 10 11 12 13 14 15 16 17 18 19    

1. Development costs: breeding 1.625 1.625 1.625 1.400 1.000 0.900 0.900 0.900 0.500 0.500 0.000 0.000 0.000 10.975 10.975 48.2 
2. Development costs: on-farm 

trials and promotion 
0 0 0 0.100 0.300 0.300 0.300 0.250 0.200 0.200 0 0 0 1.650 1.650 7.3 

3. Dissemination costs 0 0 0 0 0 0 0 0.500 0.250 0.200 0.700 0.350 0.300 2.300 2.300 10.1 
4. Bio-regulatory-related costs 0 0 0.278 0.278 0.278 0.278 0.150 0.150 0.150 0.150 0 0 0 2.116 2.116 9.2 
5. Education and promotion 

campaign 
0 0 0 0 0 0 0.200 0.200 0.100 0.200 0.200 0.100 0.100 1.100 1.100 5.0 

6. Maintenance and monitoring 0 0 0 0 0 0 0 0 0 0 0.200 0.200 0.200 0.600 4.600 20.2 

Total 1.625 1.625 1.903 1.778 1.578 1.478 1.955 2.00 1.200 1.250 1.100 0.650 0.600 18.741 22.741 100.0 

Source:  Authors’ calculations.  
Notes:  Post-2024 costs: US$0.2 million per year for monitoring. Total costs cover the 20-year period of 2025–2044. In 2019 is the release of cooking banana only (nakinyika and M9) 

with high–provitamin A. In 2022 is the release of cooking banana only (nakinyika and M9) with high–provitamin A and high Iron. 
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Quantifying the Factors Required to Estimate Nutritional Benefits of Biofortification 
This section discusses the conditioning factors and the role they are expected to play in the phasing in and 
scaling up of the coverage and impact of HPVAHIB varieties. 

Banana Production and Consumption in Uganda 
Ugandan banana production is more concentrated in the lowlands and highlands regions (Table 3.2). In 
2005/06, these two regions accounted for 39 percent of Uganda’s total districts but were home to 64 
percent of banana-growing households; they produced 82 percent and consumed 75 percent of the total 
banana grown in the country. 

Table 3.2—Banana-growing households, sources of acquisition, and percent of production and area 
cultivated, by region 

 
Banana growing 

households   
Sources of Acquisition  

(percent)   

Region  Number 
Percent of 

households  Purchased 

Home 
production 
consumed Gifted Total 

Percent of 
production  

Percent of 
area 

cultivated  
Lowlands  658,102 32  63 27 41 39 22 34 
Highlands  658,989 32  14 47 32 36 60 37 
Lowlands and 

highlands  
1,317,091 64  77 74 74 75 82 71 

Other areas 731,371 36  23 26 26 25 18 29 
Uganda 2,048,462 100  100 100 100 100 100 100 

Source:  Authors. 
Note:  This includes all banana types and is calculated based on the UNHS 2005/06. 

The two regions produced 36 times more cooking banana (1,457,277 MT) than sweet banana 
(41,178 MT), with approximately 662,553 hectares planted under cooking banana compared with 150,580 
hectares for sweet banana. Cooking bananas yield 4.8 times greater than sweet bananas in the lowlands, 
and in the highlands, the differential is even greater, 12.2. 

The number of Ugandans living in households apparently consuming cooking and sweet banana 
in the previous seven days varies substantially by region (Table 3.3). While the percent of households 
consuming cooking banana throughout Uganda is 50 percent, that percentage varies from 27 percent in 
the rest of Uganda to 92 percent in the highlands. The consumption of sweet banana is distinct from 
cooking banana (16 percent), with lowland households consuming sweet banana more than highland 
households. Moreover, the amount of banana consumed by households varies even more dramatically by 
region, suggesting important implications for using these foods as vehicles for improving nutrition status.  

Among those who consume some of these two banana types, the potential impact of a biofortified 
cooking banana is also much greater than that of a biofortified sweet banana. The conditional average per 
capita consumptions—meaning the average per capita consumption for banana only—were 0.483 kg/day 
for cooking banana and 0.146 kg/day for sweet banana. The unconditional averages—that is, the average 
per capita consumption for both consumers and nonconsumers of banana—were 0.240 kg/day for cooking 
banana and 0.023 kg/day for sweet banana. These consumption averages are not as high as may have been 
expected, given that banana is the single most important source of calories for Ugandans. In part, this is 
due to the relatively diverse diet for many Ugandans. 
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Table 3.3—Households acquiring/consuming cooking and sweet banana and the apparent consumption in kilograms per day, by region 

Region 

Population  Cooking banana consumption   Sweet banana consumption   
Total banana 
consumption 

Number 
of people Percent  

Number of 
consumers 

Percent of 
population 

Amount 
in kg/day 

Percent of 
cooking 
banana  

Number of 
consumers 

Percent of 
population 

Amount 
in 

kg/day 

Percent 
of sweet 
banana  Total Percent 

Lowland 7,429,301 30  4,951,842 40 1,975,038 16  1,474,385 37 197,435 5  7,429,301 30 
Highland 4,384,974 17  4,023,200 92 2,760,635 63  1,403,628 32 222,660 5  4,384,974 17 
Lowland and 

highland combined 11,814,275 47  8,975,042 76 4,735,673 40  2,878,013 24 420,095 4  11,814,275 47 
The rest of  

Uganda 13,347,140 53  3,545,745 27 1,311,862 10  1,109,137 8 162,151 1  13,347,140 53 
Nationwide 25,161,415 100  12,520,787 50 6,047,535 24  3,987,150 16 582,246 2  25,161,415 100 

Source:  Authors’ calculations. 
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Regarding production of bananas, 77 percent of all cooking banana consumed is home produced, 
compared with 31 percent of all sweet banana. The amount of cooking banana consumed from home 
production is 25 times greater than that of sweet banana, accounting for 96 percent of the total cooking 
and sweet banana consumed from home production. Additionally, there are substantial regional variations 
in household sources of bananas. In the highlands, bananas are produced mainly for home consumption, 
while in the lowlands   greater proportions of banana, especially  cooking banana, produced are sold. In 
the highlands 86 percent of cooking banana produced is consumed at home, compared with 62 percent in 
the lowlands. To maximize the impact of biofortified cooking banana, it is clear that attention will need to 
be focused foremost on penetrating the noncommercial market—the production of cooking bananas for 
the producer’s own consumption. 

Sweet banana consumption from home production is also higher in the highlands, 39 percent, 
compared with 26 percent for the lowlands. Commonly, sweet banana is purchased in all areas, 
suggesting that sweet banana is grown more for income-generating purposes. Regardless of this, however, 
a comparison of the number of kilograms(kg) per day consumed in the past seven days reveals that 
purchased cooking banana is consumed three times more than purchased sweet banana—1,204,717 and 
370,224, respectively. The much larger number of households producing and consuming cooking 
bananas, and the much larger quantities of cooking banana that households produce, make cooking 
banana a much more attractive vehicle for efforts to improve nutrition status.  

Adoption Parameters, Including Potential Numbers of Farmers, Area Planted, and Output 
A survey was conducted among some key Ugandan stakeholders knowledgeable about banana 
horticulture and factors affecting farmers’ choice of banana varieties.7 From those interviews we learned 
the importance of differentiating adoption functions by banana type and agroecological zone. The 
highlands have a very low level of turnover of planting materials for banana, owing to low disease 
pressure to encourage the adoption of new cultivars. Consequently, some farmers in the highlands have 
been using the same planting materials for about 100 years. In contrast, the lowland areas have 
considerable disease pressure due to black Sigatoka and Fusarium wilt. As a result, the lowlands have a 
much higher turnover of planting materials and can be expected to have higher HPVAHIB adoption rates. 

Based on the interview data, together with secondary data from the Uganda National Household 
Survey (UNHS 2005/06) and data on area and yield from FAO, we estimated separate adoption functions 
for (1) cooking banana in the highlands, (2) sweet banana in the highlands, (3) cooking banana in the 
lowlands, and (4) sweet banana in the lowlands. We developed adoption function parameters from our 
stakeholder interview findings. In the lowland areas, the adoption curves were assumed to have a ceiling 
rate of 50 percent and 33 percent and annual adoption rate of 0.97 and 0.92 for cooking banana and sweet 
banana, respectively. In the highlands, the adoption curves were assumed to have lower maximum 
adoption ceilings for both banana types: 30 percent and 13.3 percent, at an average annual speed of 0.86 
and 0.98 for cooking banana and sweet banana, respectively. The average number of years to reach 
maximum adoption was about 19 for cooking banana in both regions, and for sweet banana, 15 in the 
lowlands and 13 in the highlands. Figure 3.1 shows the production levels of both cooking banana and 
sweet banana in each of the regions by year for the next 20 years.  

7 Details about the stakeholder survey are not reported in this paper but can be provided upon request.  
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Figure 3.1—Expected production of high–provitamin A cooking and sweet bananas, by region 

 
Source:  Authors. 

We then translated these adoption function parameters into numbers of adopting HPVAHIB 
farmers, acreage, and output. First, we estimated the current production of cooking bananas and sweet 
bananas in the highlands and lowlands using UNHS 2005/06 data (baseline), with 346,166 hectares (ha) 
in the highlands and 316,384 ha in the lowlands planted in cooking banana, and 101,233 ha in the 
highlands and 48,272 ha in the lowlands planted in sweet banana.  

We then estimated the logistic adoption functions and calculated the annual expected area under 
genetically modified (GM) cooking and sweet bananas in the two regions from the year of release to year 
20 after release.8 At complete adoption, the expected land area on which high–provitamin A cooking 
banana is produced is approximately 158,200 ha in the lowlands and 104,000 ha in the highlands, while 
sweet banana acreage is expected to be about 16,000 ha in the lowlands and 13,400 ha in the highlands. 

It is assumed that current yields will remain constant, with cooking banana, on average, 
producing 2.95 MT/ha in the lowlands and 7.02 MT/ha in the highlands, and sweet banana producing an 
average of 0.62 MT/ha in the lowlands and 0.57 MT/ha in the highlands. These are the key tools for 
modeling the production side of the HPVAHIB project.  

Measuring Vitamin A Intake and Vitamin A Status 
The UNHS included a 159 food-item list that asked households about the specific types and quantities of 
food they consumed in the past seven days from (1) purchases, (2) own production, and (3) food received 
as a gift. Based on these data, we quantified vitamin A and iron intakes to develop proxy measures of 
vitamin A and iron status and simulate the impact of introducing the HPVAHIB varieties. First, we 
combined these data with information from the HarvestPlus Uganda Food Composition Tables to estimate 
the households’ total vitamin A and iron intakes, assuming that all food was distributed within the 
household in direct proportion to each member’s share of the household’s total adult consumption 
equivalent (FAO 2001).  

8 It is important to note that year after release relates to different calendar years for the different types of bananas and trait 
packages. 
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Next, we quantified each individual’s “usual daily intakes” of vitamin A and iron from the 
household’s total nutrient intake over the recall period by summing the individual’s vitamin A and iron 
intakes from each of the 159 food items, assuming that one-seventh of each food was consumed each day 
of the seven-day recall period. Then we compared the individual micronutrient intake levels with their 
age- and sex-specific estimated average requirement (EAR) levels (see Table 3.4) and characterized the 
individual’s vitamin A and iron intake levels as adequate (for levels greater than or equal to the EAR) or 
inadequate (for levels less than the EAR).  

Table 3.4—Age- and sex-specific estimated average requirements for vitamin A and iron 

Age (years) 
Vitamin A (µg RAE/day)  Iron (mg/day) 
Males Females  Males Females 

7–12 months 500* 500*  6.9 6.9 
1–3 210 210  3.0 3.0 
4–8 275 275  4.1 4.1 
9–13 445 420  5.9 5.7 
14–18 630 485  7.7 7.9 
19–50 625 500  6.0 8.1 
51 and older 625 500  6.0 5.0 
Source:  Otten, Pitzi-Hellwig, and Meyers (2006). 
Notes:  * denotes adequate intake. There are no vitamin A estimated average requirements (EARs) for infants, and there are no 

iron EARs for children 0–6 months old. These age groups are therefore dropped from the analysis. The vitamin A levels 
reported in the table for children ages 7–12 months are not EARs but adequate intakes.  

The Intrinsic Vitamin A and Iron Content of Bananas 
The conversion rate of provitamin A to retinol varies by a food’s matrix, food preparation method, dietary 
fat, and genotype (Hess, Thurnham, and Hurrell 2005; Tang 2010). Specifically, there is still much to be 
learned regarding cooking banana. For instance, Namanya and Tushemereirwe (2011) reported that the 
vitamin A content of green cooking banana harvested three months after flowering was about 28.4 retinol 
activity equivalent (RAE) µg/100 g of fresh weight on the day of harvest; and if the banana was not eaten 
immediately, its vitamin A content actually increased over the subsequent 14 days (Table 3.5). Assuming 
a conversion rate of beta-carotene equivalent to RAE of 12:1, on day 7 after harvesting, it reached 41.8 
RAE, and on day 14 after harvesting, its vitamin A content was 60.4 RAE. The researchers are now trying 
to better understand this phenomenon, and also trying to identify the number of postharvest days when the 
RAE content reaches its maximum.  

Table 3.5—Carotenoid content of nakinyika banana at harvest and at 7 and 14 days postharvest per 
gram of dry weight harvested at 2.5 and 3.0 months and during storage 

Date harvested (DAY) 
BCE (µg/g DW)  BCE (µg/100g FW)  RAE (µg/100g FW) 
1 7 14  1 7 14  1 7 14 

(A) At 2.5 months after flowering* 7.94 10.62 20.15  198.5 265.5 503.8  16.5 22.1 42.0 
Percent increase from day 1  134 254         
(B) At 3.0 months after flowering* 13.62 20.05 29  340.5 501.3 725.0  28.4 41.8 60.4 
Percent increase from day 1  147 213         
Percent increase at 3 months 72 89 44         
Source:  Namanya and Tushemereirwe (2011). 
Notes:  * denotes at 2.5 months the banana is early green mature, and at 3 months it is full green mature. Analysis of the 

HarvestPlus food consumption survey of three districts in Uganda (Kamuli, Bukedea, and Mukono, which are not high-
banana-consuming districts) found 80.5 percent of highland banana was consumed green (personal communication, 
Mourad Moursi, HarvestPlus nutritionist). Banana is fully ripe 7 days after harvest. DW and FW denote dry weight and 
fresh weight, respectively. BCE denotes beta-carotene equivalent, and RAE is retinol activity equivalent.  
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A second consideration relates to how banana is prepared and eaten. Cooking banana is 
commonly processed in two different ways in Uganda: steaming and boiling. Steaming results in only 1 
percent vitamin A loss compared with 20 percent loss for boiling. In the highlands, boiling is much more 
common, whereas in the lowlands, steaming is more common. This suggests that the vitamin A content of 
cooking banana varies across these two regions. Green, fresh, boiled cooking banana contains 26.6 µg 
RAE/100 g of edible material; green, fresh, steamed cooking banana contains 32.7 µg RAE/100 g of 
edible material. Due to absent empirical data on the mix of these practices, it was assumed that people 
living in the highlands boil 75 percent and steam 25 percent of the cooking banana they eat, while people 
living in the lowlands were assumed to boil 25 percent and steam 75 percent of theirs. The weighted 
average vitamin A content of cooking banana consumed in the highlands then is 28.08 µg RAE/100 g of 
edible material, and in the lowlands, it is 31.15. Table 3.6 shows the proportion of the EAR that the 
intrinsic provitamin-A content of these bananas can be expected to provide per 100 g of banana. Cooking 
banana’s intrinsic vitamin A is 10 times greater than sweet banana’s, suggesting that its potential impact 
on inadequate vitamin A intake (IVAI) is likely to be far greater. 

Table 3.6—Percentage of the estimated average requirement for vitamin A and iron provided by 
boiled and steamed cooking and sweet banana per 100 g of banana 
 Boiled cooking banana   Steamed cooking banana   Sweet banana  
Age (years) Males Females  Males Females  Males Females 
 (percent) 
Vitamin A         

1–3 13 13  16 16  1 1 
4–8 10 10  12 12  1 1 
9–13 6 6  7 8  1 1 
14–18 4 5  5 7  0 1 
19–50 4 5  5 7  0 1 

Iron          
7–12 months 8 8  10 10  4 4 
1–3 19 19  22 22  9 9 
4–8 14 14  16 16  6 6 
9–13 10 10  11 12  4 5 
14–18 8 7  9 8  3 3 
19–50 10 7  11 8  4 3 
51 and older 10 12  11 13  4 5 

Source:  Authors. 
Notes:  Assume that a bunch of cooking banana is eaten five to seven days after harvesting and has, on average, 32.9 µg 

RAE/100 g; boiled cooking banana has 26.6 µg RAE/100 g and its iron content is 0.58 mg/100 g; steamed cooking 
banana has 32.7 µg RAE/100 g and its iron content is 0.66 mg/100 g; and sweet banana has 3.0 µg RAE/100 g and its 
iron content is 0.26 mg/100 g. 

The iron content of green banana also varies by preparation method, but by less: boiled contains 
0.58 mg/100 g and steamed, 0.66. Using the same estimated combinations of boiling and steaming, it is 
estimated that, on average, in the highlands cooking banana contains 0.60 mg of iron and in the lowlands 
it contains 0.64. As with vitamin A, the cooking banana’s iron content is relatively greater. With iron, 
however, the difference (while large) is not as great, with sweet banana having 43 percent of the content 
of cooking banana, suggesting that sweet banana is not as likely to be as effective in reducing iron intake 
inadequacies. 

Tables 3.7 and 3.8 show the conditional and unconditional average levels of consumption of 
cooking banana and sweet banana in these two regions, together with the expected vitamin A and iron 
intake levels they can provide. These are the baseline vitamin A and iron intake levels from eating 
cooking and sweet bananas.  
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Table 3.7—Vitamin A intake and percentage vitamin A estimated average requirement provided by cooking and sweet bananas at 
average baseline consumption levels in banana-growing regions of Uganda (intrinsic vitamin A content at pre-biofortification) 
 Cooking banana  Sweet banana 

 
Intrinsic vitamin A content  

(µg RAE/person/day) 
 

Percent of EAR  
Intrinsic vitamin A content 

(µg RAE/person/day) 
 

Percent of EAR 
 Highlands Lowlands Other  Highlands Lowlands Other  Highlands Lowlands Other  Highlands Lowlands Other 
Unconditional averages                 

Mean 119.4 81.9 29.1  26 18 7  14.3 8.3 0.4  3 2 0 

Median 0.0 51.0 0.0  0 11 0  0.0 0.0 0.0  0 0 0 

Conditional averages                 

Mean 192.7 124.2 109.5  43 27 24  44.5 41.7 4.4  10 9 1 

Median 158.5 93.7 72.4  35 21 16  16.1 20.5 2.7  4 5 1 

Source:  Authors. 
Notes. Assumes: Highland cooking banana is 75 percent boiled, 25 percent steamed. Lowland cooking banana is 25 percent boiled, 75 percent steamed. Cooking banana is 

harvested three months after flowering. Unconditional averages are based on the entire population and include people who did not acquire or consume any banana. 
Conditional averages are based on only those people living in households that acquired or consumed some banana. Percent of estimated average requirement (EAR) 
calculations are age- and sex-weighted calculations at the conditional mean and median and unconditional mean and median consumption levels. 

Table 3.8—Iron intake and percentage iron estimated average requirement provided by cooking and sweet bananas at average baseline 
consumption levels in banana-growing regions of Uganda (intrinsic iron content at pre-biofortification) 
 Cooking banana  Sweet banana 

 
Intrinsic iron content  

(mg/person/day) 
 

Percent of EAR  
Intrinsic iron content 

(mg/person/day) 
 

Percent of EAR 
 Highlands Lowlands Other  Highlands Lowlands Other  Highlands Lowlands Other  Highlands Lowlands Other 
Unconditional averages                

Mean 2.9 1.2 0.5  14 6 3  0.3 0.1 0.0  1 1 0 

Median 2.4 0.8 0.0  12 4 0  0.0 0.0 0.0  0 0 0 

Conditional averages                

Mean 4.1 2.6 1.0  20 12 5  1.0 0.9 0.4  5 4 2 

Median 3.4 1.9 1.5  16 9 7  0.1 0.2 0.2  1 1 1 

Source:  Authors. 
Notes: We assumed that cooking banana is 75 percent boiled in the highlands, while in the lowlands cooking banana is 25 percent boiled and 75 percent steamed. Iron content in 

the highlands is 0.60 mg/100 g and in the lowlands, 0.64 mg/100 g+A2. Unconditional averages are based on the entire population and include people who did not acquire 
or consume any banana. Conditional averages are based on only those people living in households that acquired or consumed some banana. Percent of estimated average 
requirement (EAR) calculations are age- and sex-weighted calculations at the conditional mean and median and unconditional mean and median consumption levels. 
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Identifying the Likely Consumers of HPVAHI Bananas  
The effectiveness of the HPVAHIB is calculated by comparing the pre- and post-introduction of 
HPVAHIB vitamin A intake levels among HPVAHIB consumers. The total impact of the introduction of 
the HPVAHIB is the sum of the impacts on the individual HPVAHIB consumers. There are several 
different possible approaches to simulating the impact. Which is “best” depends on what we think are the 
key determinants of adoption, production, and consumption of the HPVAHIB, together with how well we 
understand, measure, and simulate them. How the availability of the HPVAHIB will have an impact on 
nutrition status will be a function of (among others) how much of it is cultivated and how much of the 
harvested HPVAHIB is consumed at home, how much is sold, and where the HPVAHIB final consumers 
live.  

Unfortunately, we did not have any data about which Ugandan farmers would be the most likely 
to adopt a GM banana. We structured the study in ways consistent with UNHS empirical data that we 
believe affect Ugandans’ banana consumption and production decisions. Preliminary analysis of the 
UNHS 2005/06 revealed the distributions of banana production and consumption to be highly 
concentrated.9 As a result, we undertook more detailed analyses of the sources of the bananas consumed 
by households to better understand Uganda’s banana markets.  

As noted earlier, 73 percent of the cooking banana produced is consumed by the producing 
households. In the highlands, where nearly half of the cooking banana is produced, this share climbs to 86 
percent. At the country level, only 20 percent of cooking banana consumed is purchased. The comparable 
figure for sweet banana was nearly three times greater, 64 percent. The sweet banana market is different 
from the cooking banana market in that only about one-third of sweet banana is consumed by the 
producing households. Although sweet banana is much more commercial than cooking banana, both of 
these banana types appear to have largely autonomous, regional markets. Table 3.9 shows a UNHS-based 
estimate of the annual production and consumption of cooking and sweet banana (combined) by region. 
Each of the three regions produces more than it consumes. No doubt, there is some “importing” and 
“exporting” of each of these banana types between the regions, but the quantities involved are likely to be 
relatively small, given what Smale and Tushemereirwe refer to as “socioeconomic constraints,” including 
banana’s temporally limited markets, especially at peak harvest time, “the high cost of marketing fresh 
bananas due to their bulkiness, perishability and long haulage distances to markets and the inability of 
most farmers to access markets and exploit opportunities” (2007, 28). 

Table 3.9—Regional banana food balance sheet (cooking and sweet bananas, MT/year) 
  Production–consumption Percent of 

production 
Percent of total 

“excess” Region Production Consumption MT 
Lowlands 863,294 792,953 70,341 8 5 
Highlands 2,257,501 1,088,903 1,168,598 52 87 
Other 648,234 538,015 110,219 17 8 
Uganda 3,769,028 2,419,870 1,349,158 36 100 

Source:  Authors. 
Note:  Production figures are agriculture module-based estimates of the Uganda National Household Survey (UNHS). 

Consumption figures are socioeconomic module-based estimates of the UNHS.  

9 That study, Food Production and Consumption Data Sources for Uganda (Fiedler and Kikulwe 2012), is not presented in 
this paper. 
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Based on this analysis, to assess the likely impact of the HPVAHIB, we assumed that the 
HPVAHIB would be consumed in the same region in which it is produced. At maximum adoption rates, a 
fixed quantity of the HPVAHIB will be produced and consumed entirely within the region in which it is 
produced, resulting in a relatively larger impact than when estimated at national level. The estimates of 
impacts presented in this study, therefore, are based exclusively on the highland and lowland regions. 

Estimates of Vitamin A Intake, Inadequate Intake Prevalence, and Impact 

Baseline Vitamin A and Iron Intake 
To quantify vitamin A and iron intake inadequacy, we compared our estimated average daily intake from 
the age- and sex-specific estimated average requirements (EARs) of the U.S. Institute of Medicine (IOM). 
We used the cut-point method to calculate inadequate vitamin A intake and the probability method to 
calculate inadequate iron intake (Otten, Pitzi-Hellwig, and Meyers 2006).  

Table 3.10 presents summary measures of the baseline vitamin A intake levels of Ugandans, 
nationwide and by banana-growing region. Both inadequate vitamin A and inadequate iron intakes are 
highly prevalent, and their inadequacy gaps are large and relatively uniform throughout the country, with 
57 percent having inadequate vitamin A intake levels and 78 percent having inadequate iron intakes. 
These estimates are higher than the Uganda Demographic and Health Survey’s biological marker-based 
estimates. A comparison of a subset of these data with the combined HarvestPlus and A2Z/GAIN 24HR 
survey (in three regions of the country) found estimates based on UNHS-reported vitamin A densities to 
be slightly higher, but found no differences in estimated iron densities (Rambeloson et al. 2012). We refer 
to our measure explicitly as inadequate intake as distinct from deficient to help the reader bear in mind 
that these are different measures. 

The mean vitamin A intake level is 526 µg/day: the average Ugandan’s usual daily intake 
provides 120 percent of his or her age- and sex-adjusted EAR. The vitamin A intake status of a Ugandan 
who lives in the non-banana-growing regions of the country is even lower: 61 percent have inadequate 
intake. In contrast, Ugandans living in the banana-growing regions are relatively better off—although 
they are not anywhere near well off. Those living in the highlands are the best off, where “only” 42 
percent of the population suffers inadequate vitamin A intake. The highlands region has a mean vitamin A 
intake level that is 17 percent greater than the national average. The lowlands have a mean intake level 
that is nearly equal the national level, while the non-banana-growing regions have a mean intake level 
that is 6 percent below the national average. These findings suggest that while the HPVAHIB will not be 
targeted geographically toward the most vitamin A–deficient Ugandans, it will be targeted to those who 
are in great need. 

The inadequate intake of iron is also fairly uniform across the country. The highlands region, 
again, which has the highest intake levels, exceeds the national average by 18 percent. The relative 
positions of the lowlands and other regions are essentially flip-flopped from what they were with 
vitamin A, with the lowlands in this case having the most inadequate iron intake levels in the country, 86 
percent.  
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Table 3.10—Baseline measures of vitamin A and iron intake, by region 
 

Number of 
people 

Total vitamin A intake 
Intake 

deficient 

Percent of EAR 
(severity 
indicator) 

 Total iron intake 
Iron intake 
deficient  

Percent of EAR 
(severity 
indicator) Region µg/day National level 

 
mg/day National level  

   (percent) (percent) (percent)   (percent) (percent) (percent) 
 Without fortification of vegetable oil 

All Ugandans 25,161,414          
Mean  526 100 57 120  13.9 100 78.4 72.7 
Median  359 100 100 85  12.3 100 93.0 64.8 

Lowlands  7,429,301          
Mean  529 101 57 120  11.9 86 86.1 61.3 
Median  366 102 100 87  10.6 86 96.0 55.0 

Highlands  4,384,974          
Mean  613 117 42 137  16.4 118 71.4 83.3 
Median  499 139 0 116  15.3 124 85.0 76.5 

All other districts 13,347,140          
Mean  495 94 61 114  14.3 103 76.4 75.7 
Median  308 86 100 74  12.5 102 93.0 67.5 

 With vitamin A fortification of vegetable oil 
All Ugandans  25,161,414          

Mean  900 100 19.0 323  13.9 100 78.4 72.7 
Median  646 100 100 251  12.3 100 93.0 64.8 

Lowlands  7,429,301          
Mean  1,025 114 13.9 363  11.9 86 86.1 61.3 
Median  781 121 100 300  10.6 86 96.0 55.0 

Highlands  4,384,974          
Mean  683 76 13.8 265  16.4 118 71.4 83.3 
Median  553 86 100 230  15.3 124 85.0 76.5 

All other districts 13,347,140          
Mean  901 100 24.2 320  14.3 103 76.4 75.7 
Median  617 96 100 235  12.5 102 93.0 67.5 

Source:  Authors. 
Notes:  We assumed the national market share of fortified vegetable oil to be 80 percent, and that 30 percent of the vitamin A content of the fortified oil is lost before the oil is 

ingested. 
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Endline Vitamin A and Iron Intakes 
The changes in an individual’s vitamin A or iron intake adequacy are a function of several factors: 
(1) whether or not the person eats bananas; (2) whether or not the person eats the HPVAHIB; (3) how the 
HPVAHIB is prepared (whether it is steamed or boiled); (4) how much HPVAHIB the person eats; (5) 
whether or not the person is vitamin A deficient (VAD) before eating HPVAHIB; and (6) the severity of 
the person’s VAD before eating HPVAHIB. 

The Impact of HPVAHIB on Vitamin A Status 

Impact of HPVAHIB without Fortification of Vegetable Oil 
Tables 3.11 and 3.12 present the vitamin A impact results for six different scenarios. The six scenarios 
consist of biofortifying three different combinations of bananas at two different levels of 
biofortification—increases equal to 400 and 600 percent of the intrinsic level of provitamin A in the 
respective banana type. 

The banana combinations consist of only cooking banana, only sweet banana, and both cooking 
and sweet banana at maximum adoption rates in the respective regions.  

Several different disaggregations of the population in the two regions are presented in Tables 3.11 
and 3.12. This disaggregation provides a better understanding of the differential levels of the impact 
biofortified banana may have in this population, given the highly concentrated distributions of both 
production and consumption. Table 3.11 shows data on characteristics at baseline and the additional 
vitamin A intake due to biofortification and the endline prevalence of inadequate vitamin A intake 
(IVAI), and Table 3.12 presents the percentage that IVAI is reduced by and the number of people who 
overcome IVAI due to each of the biofortification scenarios. 

The bottom line of Table 3.11 contains the totals for all people in the two regions. It shows that 
among the 11.8 million Ugandans living in these two regions, the prevalence of IVAI would be reduced 
from 51.6 percent at baseline to 33.7 percent at endline if cooking banana’s intrinsic vitamin A content 
increased by 400 percent, resulting in a 17.9 percent reduction in prevalence rate and eliminating IVAI in 
approximately 2.1 million people (Table 3.12). Besides, biofortification at 600 percent would reduce 
IVAI prevalence to 29.1 percent—a 22.5 percent reduction in the prevalence rate, eliminating the 
inadequacy of 2.7 million people.  

In contrast, the impact of biofortifying sweet banana with vitamin A is indiscernible. The IVAI 
prevalence rate falls by just 0.1 percentage points at a biofortification level of 400 percent, and only 0.2 
percentage points at 600 percent. Thus, sweet banana holds very little promise for affecting inadequate 
vitamin A intake in Uganda at these levels of biofortification.  

Despite the fact that at baseline the highlands already has less IVAI compared with the lowlands, 
the impact of biofortification on the prevalence of IVAI will be larger in the highlands than in the 
lowlands. The reduction in the prevalence of IVAI with a 600 percent increase in the vitamin A content of 
cooking banana would be a drop of 24.9 percent in the highlands compared with 21.1 in the lowlands. 
This reflects a combination of the highlands’ relatively higher cooking banana consumption levels and its 
smaller average IVAI intake gap.  

As measured by the number of people affected, however, the largest impact is in the much more 
highly populated lowlands. The lowlands population is 70 percent greater than the highlands. 
Biofortifying cooking banana vitamin A at 600 percent would result in 1.6 million people overcoming 
their IVAI in the lowlands compared with 1.1 million in the highlands.  
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Table 3.11—The impact of biofortified banana on the prevalence of inadequate vitamin A intake scenarios: Variations in the type of banana and level of 
additional vitamin A content at ceiling adoption rate 

   Baseline 
 Additional vitamin A intake due to 

biofortification 
 

Endline prevalence of IVAI 

Region 

Growing 
banana 
status 

Number of 
people 

Vitamin A 
intake (µg 
RAE/day 

Percent 
of EAR 

Prevalence 
of 

IVAI(percen
t) 

Number 
of people 
with IVAI 

 Percent increase  Percent increase 
 Cooking 

banana 
 Sweet 

banana 
 

Both types 
 Cooking 

banana 
 Sweet 

banana 
 

Both types 
 +400 +600  +400 +600  +400 +600  +400 +600  +400 +600  +400 +600 

A. Cooking banana grower                       

Lowlands Non-grower 3,923,713 428 95 67 2,620,127  553 616  429 430  554 617  51 46  67 67  51 46 
Grower 3,505,588 642 148 47 1,646,261  848 952  643 643  849 953  29 25  47 47  29 25 

Highlands Non-grower 852,928 569 130 51 433,755  705 773  570 571  706 774  33 30  51 51  33 29 
Grower 3,532,045 623 139 39 1,394,285  854 969  624 624  854 970  20 14  39 39  20 14 

B. Sweet banana grower                       

Lowlands Non-grower 6,749,836 519 118 59 3,957,936  675 753  520 521  676 754  42 38  58 58  42 38 
Grower 679,465 625 142 45 308,452  867 989  626 626  868 990  26 23  45 45  26 23 

Highlands Non-grower 3,361,221 590 133 44 1,469,785  788 887  590 591  789 888  24 19  44 44  24 19 
Grower 1,023,753 687 152 35 358,255  945 1,074  688 689  946 1,075  17 10  35 35  16 10 

C. All people                        

Lowlands  7,429,301 529 120 57.4 4,266,388  692 774  530 530  693 776  40.4 36.4  57.3 57.2  40.3 36.2 
Highlands  4,384,974 613 137 41.7 1,828,040  825 931  613 614  825 932  22.4 16.7  41.6 41.5  22.3 16.6 

D .Both regions 11,814,275 559 127 51.6 6,094,428  742 782  561 561  742 834  33.7 29.1  51.5 51.4  33.6 28.9 

Source:  Authors. 
Notes:  EAR = estimated average requirement; IVAI = inadequate vitamin A intake. 
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Table 3.12—The impact of high–provitamin A biofortified banana changes in the prevalence of inadequate vitamin A intake (IVAI) due to 6 different 
biofortification scenarios at ceiling adoption rates 

Region 

Growing 
banana 
status 

Number of 
people 

Number of percentage points prevalence is 
reduced (percent) 

 
Number of people who overcome IVAI 

Cooking banana  Sweet banana  Both types  Cooking banana  Sweet banana  Both types 
+400 +600  +400 +600  +400 +600  +400 +600  +400 +600  +400 +600 

Cooking banana grower                  
Lowlands Non-grower 3,923,713 16.1 20.6  0.1 0.2  16.2 20.7  630,133 807,668  5,742 9,297  635,005 812,532 

Grower 3,505,588 18.1 21.6  0.2 0.3  18.1 21.8  633,191 757,661  5,701 9,725  634,465 764,067 
Highlands Non-grower 852,928 17.5 21.3  0.0 0.2  17.6 21.4  149,248 181,773  279 1,458  150,369 182,611 

Grower 3,532,045 19.7 25.8  0.1 0.1  19.9 25.9  697,112 912,063  3,938 5,047  701,848 915,406 
Sweet banana grower                  

Lowlands Non-grower 6,749,836 16.8 20.9  0.2 0.3  16.8 21.1  1,131,024 1,412,745  10,850 17,795  1,136,564 1,424,015 
Grower 679,465 19.5 22.5  0.1 0.2  19.6 22.5  132,299 152,584  593 1,227  132,906 152,584 

Highlands Non-grower 3,361,221 19.6 25.0  0.1 0.2  19.6 25.1  657,979 841,224  4,217 5,397  660,296 843,259 
Grower 1,023,753 18.4 24.7  0.0 0.1  18.7 24.9  188,381 252,612  — 1,109  191,921 254,758 

All people                    
Lowlands  7,429,301 17.0 21.1  0.2 0.3  17.1 21.2  1,263,323 1,565,329  11,443 19,022  1,269,471 1,576,599 
Highlands  4,384,974 19.3 24.9  0.1 0.1  19.4 25.0  846,360 1,093,836  4,217 6,506  852,217 1,098,017 

2 Regions  11,814,275 17.9 22.5  0.1 0.2  18.0 22.6  2,109,683 2,659,166  15,660 25,528  2,121,688 2,674,616 
 As a percent of cooking banana +600 percent impact:  79 100  1 1  80 101 

Source:  Authors. 
Note:  We assume no vitamin A fortification of vegetable oil. 
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Impact of HPVAHIB with Vitamin A Fortification of Vegetable Oil 
This study considers vitamin A intake attributable to fortification of vegetable in its baseline calculation 
estimates. The fortification estimates assume that the Ugandan Bureau of Standards fortification 
regulations are upheld and that each kilogram of vegetable oil is fortified with 25 mg of vitamin A.10 

We assumed that the two dominant oil companies that are the sole fortifying vegetable oil 
producers in the country together account for 60 percent of total purchased vegetable oil in Uganda and 
that 60 percent of the vitamin A content of the oil is lost before the oil is ingested. The impact of oil 
fortification is a reduction in the baseline estimate of the prevalence of IVAI intake from 57 percent to 41 
percent nationwide, or from 52 percent to 36 percent in the two banana-growing regions. This does not, 
however, reduce the impact of the biofortified high–provitamin A banana (HPVAB) on IVAI. Whereas 
without taking into account the impact of oil fortification on vitamin A intake levels, the impact of the 
HPVAB was to reduce the prevalence of IVAI by 17.9 percent (see Table 3.11). With oil fortification’s 
addition to vitamin A intake considered, biofortifying cooking banana at 400 percent results in a reduction 
of 20 percent in IVAI and the number of people overcoming their IVAI from 2.1 to 2.4 million.11 

This seemingly paradoxical situation is attributed to oil fortification reducing the vitamin A 
adequacy gap, and the subsequent addition of the HPVAB further boosting vitamin A intakes, allowing 
more people to cross the threshold EAR level into adequate vitamin A intake status than was possible 
before the oil fortification program narrowed the IVAI gap. The effects of the two interventions are larger 
than the sum of their parts; that is, the two interventions are synergistic, although this synergy stems from 
the simple, dichotomous nature of our measure of adequacy (which does not take into account the 
magnitude of the gap of inadequacy). Given this crude measure of adequacy, it can be said that the two 
interventions are complementary. 

In a sensitivity analysis, we assumed that the two fortifying oil companies’ market share is 80 
percent and that 30 percent of the vitamin A content of the oil is lost before ingestion. This results in an 
effectively higher level of fortification and additional vitamin A intake, resulting in the baseline IVAI 
prevalence to fall further by 5 percentage points (for the two regions). The addition of this larger 
incremental impact in vitamin A–fortified oil reduces the impact of the HPVAB on IVAI; it falls from the 
17.9 percent reduction without fortified oil (Table 3.11) to 3.12 percent for biofortified cooking banana at 
400 percent. The higher vitamin A–fortified vegetable oil level reduces the number of people whose IVAI 
levels are overcome.  

The Impact of HPVAHIB on Iron Status 
We estimated the impact of iron biofortification in a way similar to that of vitamin A. However, the iron 
analysis comprises eight scenarios: cooking banana at 300 and 400 percent; sweet banana at 300, 400, and 
500 percent; and both types at 300 percent, at 400 percent, and at 400 percent cooking with 500 percent 
sweet bananas. Likewise, it is assumed that the maximum adoption rates have been achieved as explained 
before.  

Results reveal that 80.7 percent (approximately 9.5 million people) of the denizens of these two 
regions have inadequate iron intake. Biofortifying the intrinsic iron content of cooking banana at 300 
percent would reduce prevalence by 8.0 percentage points, and 950,921 people would overcome their 
inadequate intake levels. Increasing the biofortification level to 400 percent would reduce this prevalence 
another 2.7 points, eliminating the inadequate iron intakes of about 1.27 million people. 

The estimated impact of a biofortified sweet banana is far less than cooking banana. At the 300 
percent level, biofortification would reduce the prevalence rate of inadequate iron intake by 0.4 points; 
enabling 16,846 people to overcome their inadequacies. At 500 percent, it would reduce the prevalence 
rate by only 0.6 points, with 27,482 people overcoming their inadequate iron intake levels. This enormous 
difference is due to the two bananas’ different consumption levels and to the differences in their intrinsic 
iron levels.  

10 For a background on Ugandan vegetable oil fortification, see Fiedler and Afidra (2010). 
11 A detailed analysis of fortification can be provided upon request.  
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DALYS Averted Attributable to the HPVAHIB 
The DALYs averted were estimated as the difference in the number of DALYs attributable to vitamin A 
and iron deficiency before and after the introduction of the biofortified HPVAHIB. The baseline level of 
DALYs were estimated from the current burden of vitamin A deficiency (proxied here by inadequate 
vitamin intake), using comparative risk assessment–based estimates. The endline estimates of inadequate 
vitamin A intake were used to develop new estimates of the number and percent of people who are 
vitamin A and iron deficient and new incidence rates of vitamin A– and iron-related health outcomes. 
These new incidence rates were used to estimate the number of DALYs lost after the introduction of the 
biofortified HPVAHIB. The difference between the baseline and endline estimates is the number of 
DALYs saved (or averted) by the introduction of the HPVAHIB in one year.  

The baseline and endline DALY estimates in the lowlands, the highlands, and both regions are 
presented in Appendix Tables A.1 and A.2. The larger absolute and relative impacts that were found in 
the lowlands and the relatively larger impacts on the two target populations that the DALYs are based on 
(children under age 5 and pregnant or lactating women) are reflected in the much larger percent of all 
DALYs—nearly 80 percent—that are averted in the lowlands by the introduction of the HPVAHIB. 

The Cost-Effectiveness of the HPVAHIB 
This section brings together the cost and the DALYs saved analyses to estimate the cost-effectiveness of 
the HPVAHIB using the cost per DALY saved, cost-benefit ratio, and internal rate of return. Three 
HPVAHIB packages are assumed. Appendix Table A.3 presents a detailed year-by-year analysis of 
HPVAHIB Package 1, showing a pessimistic version.12HPVAHIB Packages 2 and 3 are the alternative 
scenarios for sensitivity analysis. 

Under HPVAHIB Package 1, we assumed the following: (1) the package is introduced in both 
the lowlands and highlands regions and is focused exclusively on enhancing cooking banana’s vitamin A 
content; (2) the HPVAHIB increases cooking banana’s intrinsic vitamin A content by 400 percent in the 
pessimistic scenario and by 600 percent in the optimistic scenario; (3) ceiling adoption rates will be 
achieved after 19 years for cooking banana both in the lowlands and highlands; (4) ceiling adoption levels 
for cooking banana are 50 percent in the lowlands and 30 percent in the highlands; (5) DALYs are 
generated annually in direct proportion to the quantity of the HPVAHIB produced and consumed in both 
regions; (6) the annual discount rate is 3 percent; (7) the release date is 2019 and the HPVAHIB’s active 
project phase ends in 2021; and (8) maintenance-breeding activities continue until 2044, making the 
entire period of analysis 33 years. 

To examine variations in other important determinants of the cost-effectiveness of the HPVAHIB 
for sensitivity analysis, two alternative scenarios were defined: HPVAHIB Packages 2 and 3. The chief 
characteristics of the HPVAHIB Package 2 are those of Package 1 with the following changes: (1) the 
HPVAHIB is assumed to increase the cooking banana’s intrinsic iron content by 300 percent in the 
pessimistic scenario and by 400 percent in the optimistic scenario; (2) the release date for the vitamin A-
only package remains 2019, and the enhanced-trait package with both vitamin A and iron is released in 
2022; (3) the HPVAHIB’s active project phase ends in 2024; and (4) maintenance-breeding activities 
continue until 2044, making the entire period of analysis 33 years. 

The chief characteristics of the HPVAHIB Package 3 are those of Package 2 with the following 
changes: (1) sweet banana is added to the package—that is, (a) sweet banana with fusarium resistance is 
released in 2019, (b) sweet banana’s enhanced iron content trait package will be released in 2022, and 
(c) sweet banana’s intrinsic iron content is increased by 300 percent in the pessimistic scenario and by 
400 percent in the optimistic scenario. (2) Ceiling adoption rates for sweet banana will be achieved after 
15 years in the lowlands and 13 years in the highlands. (3) Ceiling adoption levels for sweet banana will 
be 33 percent in the lowlands and 13 percent in the highlands. (4) The HPVAHIB’s active project phase 

12 The baseline for the counterfactual used in quantifying the number of DALYs averted by the HPVAHIB Project is the 
level of inadequate vitamin A intake calculated without the vitamin A oil fortification. 
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ends in 2024. (5) Maintenance-breeding activities continue until 2044, making the entire period of 
analysis 33 years. Table 3.13 presents a summary of the six scenarios. 

Table 3.13—Comparative analysis of alternative HPVAHIB packages and scenarios comparing 
cost-effectiveness, benefit–cost, and internal rate of returns 

# 
Package/ 
banana type 

Percent 
increase in 

content 

Net 
present 
cost per 

DALY 
saved ($) 

Benefit–
cost ratio 
(present 
value) 

Internal 
rate of 
return 

(percent) 

Total cost 
(undis- 

counted ×106) 

Total 
cost 

(present 
value×10

6) 

Total 
DALYs 
saved 

(present 
value ×106) 

Vitamin 
A Iron  

1 A.#1: cooking 
banana only 

400 0 62 16.2 30.8 17.1 13.3 215,638 

2 A. #1: Cooking 
banana only  

600 0 50 20.1 33.6 17.1 13.3 267,309 

3 B.#2: cooking 
banana only 

400 300 70 14.4 30.0 22.7 17.7 254,919 

4 B. #2: Cooking 
banana only  

600 400 55 18.1 32.9 22.7 17.7 320,433 

5 C.#3: Cooking and 
sweet banana  

400 300 77 13.0 29.2 25.3 19.7 256,897 

6 C. #3: Cooking and 
sweet banana 

600 400 61 16.4 32.2 25.3 19.7 323,267 

Source:  Authors’ computations. 
Notes:  Present values refer to the project base year 2012.  

In scenario 1, the HPVAHIB generates a total savings of about 403,000 DALYs, which have a 
present value of approximately 216,000 and a cost of $62 per DALY saved. It has a benefit–cost ratio of 
16 and a rate of return of 30.8 percent. In scenario 1 using the World Health Organization (WHO) 
criterion, the HPVAHIB would qualify as a very cost-effective intervention. If the HPVAHIB were able 
to produce a level of vitamin A content that is sixfold higher than at present—scenario 2—the HPVAHIB 
would substantially improve its performance on all three of these measures. This is the most optimistic 
and the most cost-effective of the six scenarios analyzed. 

In Package 2, the introduction of iron increases the number of DALYs saved by 18 percent and 
20 percent in pessimistic and optimistic scenarios, respectively, but increases costs by 33 percent, 
resulting in an increased cost per DALY saved and a reduction of the benefit–cost ratio. Package 2 is also 
a very cost-effective intervention, but it is less cost-effective than Package 1. 

In Package 3, the addition of sweet banana produces slightly more DALYs than the increases of 
Package 2, but adds relatively more to costs. The Package 3 pessimistic and optimistic scenarios add 19 
percent and 21 percent to the number of DALYs saved in the Package 1 counterpart scenarios, but costs 
are 48 percent more for both scenarios. While Package 3 is the least cost-effective of the three packages, 
it still rates as a very cost-effective intervention by the WHO criterion. 

Additional analyses are conducted to investigate the extent to which other uncertainties affect the 
project’s impact, cost-effectiveness, and cost–benefit ratio. Results of these analyses are reported in 
Appendix Table A.4. Scenarios 7–18 present three additional sets of variations on the first four scenarios 
(Packages 1 and 2, optimistic and pessimistic versions).13 First, scenarios 7–10 slow the rate of adoption, 
but make no change in the maximum assumed adoption rate. The slower rate results in the amount of land 
assumed to be under high–provitamin A banana production every year to be less, resulting in less 
HPVAB produced and consumed and thus fewer DALYs saved per year during this period. The different 
rates and maximum adoption rates for the lowlands region are shown in Figure 3.2. The vertical distance 
between the two adoption curves is the difference in the amount of land being used in each scenario. In 

13 The very minor additional impact of adding sweet banana to the cooking banana scenarios prompted our dropping sweet 
banana from any further analyses. 
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each of the four scenarios, the slower adoption rate results in an increase in the cost per DALY saved of 
one-third, suggesting the importance of having a sound strategy for rapidly scaling up the HPVAHIB. 

The second set of alternative scenarios, scenarios 11–14, maintains the slower adoption rate and 
also changes the maximum adoption levels. Whereas in scenarios 1–4 the assumed ceilings were 30 percent 
for the highlands and 50 percent for the lowlands, scenarios 11–14 assume a uniform 30 percent. The result 
is to roughly double the size of the cost per DALY saved. The final set of alternative scenarios, 15–18, 
assumes the ceiling adoption level is a uniform 20 percent. Results reveal that even the most pessimistic of 
these scenarios is highly cost-effective, implying that the HPVAHIB project is a good investment.  

Figure 3.2—The impact of slowing down adoption, while maintaining the same maximum rate 

 
 
 
Source:  Authors’ computations.  
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4.  CONCLUSIONS AND STUDY LIMITATIONS 

Using data from the Uganda National Household Survey (UNHS) 2005/06, this study analyzed the health 
impact and cost-effectiveness of a genetically modified, high–provitamin A, high-iron banana 
(HPVAHIB) in Uganda. Two micronutrients, provitamin A and iron, and two banana-growing regions, 
the highlands and the lowlands, were considered for this study. To estimate the impacts and the cost-
effectiveness of the HPVAHIB, we employed the disability-adjust life years (DALYs) saved, benefit–cost 
ratio, and internal rate of return approaches.  

The results show that the HPVAHIB generates a total savings of more than 400,000 DALYs, 
with a present value of approximately 210,000 and a cost of $62 per DALY saved. It has a benefit–cost 
ratio of 16 and a rate of return of approximately 31 percent. Based on World Health Organization (WHO) 
and World Bank criteria, the HPVAHIB would be considered a very cost-effective intervention. At a 
higher increase of vitamin A, the HPVAHIB would substantially improve its performance on all three of 
these measures. In sensitivity analyses, given different adoption rates, our findings are consistent. This 
implies that biofortifying bananas, especially cooking banana, results in huge health benefits and has 
positive impacts on household well-being in both the highlands and lowlands regions of Uganda. 
Breeders and policymakers, therefore, may enhance further development and adoption of the HPVAHIB, 
as a very cost-effective intervention.  

The study, however, has several limitations and additional considerations. First, the UNHS´s 
database used in the analysis may be underestimating the apparent consumption of food, especially 
consumed away from home. As a result, our analysis may be underestimating nutrient intake and 
overestimating the prevalence and severity of inadequate vitamin A and iron intake and thus 
overestimating impact and overstating the cost-effectiveness of the HPVAHIB. Second, all HPVAHIB 
costs are being weighed against the estimated benefits to be produced only in two regions of Uganda. It is 
important to note, however, that this technology is likely to become a public good with much wider 
applicability than to only Uganda. Prorating HPVAHIB costs and assigning only a portion of them to 
Uganda will result in the already impressively high cost-effectiveness rating and benefit–cost ratio 
estimated here to further increase. This further underscores the main finding of this study. Third, the 
DALYs measure used has serious limitations. For some interventions, DALYs provide only a partial 
accounting of an intervention’s health impacts, such as for children under age 5 and pregnant or lactating 
women. For an intervention that is not targeted to these two populations but instead covers a large share 
of a more diverse population, the number of DALYs averted is likely to be a poorer indicator of the full 
impact and social value of the intervention than is the case for interventions that are more targeted to, and 
more exclusively reach, only these populations. With this limitation in mind, that it might be prudent to 
review the impact measures presented for vitamin A and iron.  

Cost-effectiveness is a useful criterion for assessing investment decisions. However, other criteria 
may be relevant to consider as well. In Uganda, additional consideration should be given to whether there 
are any other means by which the iron deficiency in particular could feasibly be addressed and, if so, if 
those alternatives would be as efficient and cost-effective as HPVAHIB’s Package 3 intervention. To 
achieve the objective of improving iron deficiency in Uganda (which is a different, more limited objective 
than the more general objective of this study), it might make sense to pursue Package 3 rather than 
Package 1, even though Package 3 is (overall) less cost-effective. 

The recent study of Namanya and Tushemereirwe (2011) reveals that if cooking banana is not 
eaten on the day of harvest, its provitamin A increases over at least the next 14 days, suggesting that if 
Ugandans are encouraged to wait a few days or even a few weeks before eating their harvested cooking 
banana as part of the HPVAHIB strategy, the impacts estimated here could increase further. This 
observation begs other questions: How cost-effective would it be to simply target changing Ugandans’ 
eating patterns of cooking bananas? How much inadequate vitamin A intake would there be in Uganda if 
cooking banana were eaten 5 or 10 days after being harvested, rather than, on average, on day 3, which is 
the current practice? Is this finding applicable only to cooking banana, or is it characteristic of other 
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banana varieties as well? This calls for further analysis of the type undertaken by Namanya and 
Tushemereirwe. 

Finally, the analysis here does not consider the agricultural or economic benefits of the 
HPVAHIB. Stakeholders and policymakers, who may be concerned about criteria other than DALYs 
(accounting for the health, agricultural, or productivity benefits), are warranted in assessing the outcomes 
presented here with whatever other criteria they may regard as pertinent. In short, neither DALYs nor, 
more generally, cost-effectiveness analysis provides definitive, unambiguous guidance in whether or not 
to continue supporting the HPVAHIB project. While recognizing these shortcomings, we conclude that 
PRVAHIB is a suitable vehicle for reducing vitamin A deficiency in Uganda. 
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APPENDIX:  SUPPLEMENTARY TABLES 

Table A.1—Disability-adjusted life years (DALYs) lost due to inadequate vitamin A intake, DALYs 
saved due to biofortification, and impact of lives and DALYs saved, by region 

Region 
Number of 

deaths 
Discounted 

YLLsa 
Discounted 

YLDsb DALYs 
Baseline     

Lowlands 1,461 38,206 11,434 49,640 
Highlands 835 21,838 6,467 28,305 
Both regions 2,292 60,044 17,895 77,939 

Endline: 400% increase in vitamin A content 
(Pessimistic scenario) 

    

Lowlands 1,226 32,067 8,075 40,142 
Highlands 623 16,291 3,722 20,013 
Both regions 1,857 48,555 11,921 60,476 

Endline: 600% increase in vitamin A content 
(Optimistic scenario) 

    

Lowlands 1,175 30,717 7,325 38,043 
Highlands 573 14,995 2,806 17,802 
Both regions 1,757 45,953 10,338 56,291 

Biofortification impact (Baseline–endline)     
Endline: 400% increase in vitamin A content     

Lowlands 235 6,138 3,359 9,497 
Highlands 212 5,547 2,745 8,292 
Both regions 439 11,488 5,975 5,975 

Endline: 600% increase in vitamin A content     
Lowlands 286 7,488 4,109 11,597 
Highlands 262 6,843 3,661 10,503 
Both regions 539 14,090 7,557 21,648 

Source:  Author´s calculations based on the HarvestPlus methodology (Stein et al. 2005). 
Notes:  a Denotes years of life lost. 

b Denotes years of living with disability.  

Table A.2—Disability-adjusted life years (DALYs) lost due to inadequate iron intake, DALYs saved 
due to biofortification, and impact of lives and DALYs saved, by region 
Region Number of deaths Discounted YLLs Discounted YLDs DALYs 
IDA-Baseline-Countrywide 518 11,831 82,444 94,276 
IDA-Baseline-Both regions 249 5,680 38,156 43,836 
Alternative endlines     

IDA with CB 300 233 5,312 34,693 40,005 
IDA with CB 400 227 5,182 33,473 38,655 
IDA with SB 300 248 5,663 37,986 43,649 
IDA with SB 400 248 5,667 37,911 43,568 
IDA with SB 500 247 5,652 37,870 43,522 

DALYs saved     
IDA with CB 300 16 368 3,463 3,831 
IDA with CB 400 22 498 4,683 5,181 
IDA with SB 300 1 17 170 187 
IDA with SB 400 1 23 245 267 
IDA with SB 500 1 28 286 314 

Source:  Author´s calculations based on the HarvestPlus methodology (Stein et al. 2005). 
Notes: YLL denotes years of life lost. YLD denotes years of living with disability. IDA; Iron deficiency anemia. 
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Table A.3—Biofortified cooking banana 
Pessimistic Base Package #1: 400% Increase in Vitamin A Content 

Lowlands & Highlands Banana-Growing Regions of Uganda 

Years 

Type of 
 cost/project 

 phase 
Annual cost 

(US $000) 

Valuation of 
benefit: $1,000 

per DALY 
Net benefits 

(US $000) DALYs saved 
2012 R&D, Adaptive $1,625 $0 –1,625 0 
2013 R&D, Adaptive $1,625 $0 –1,625 0 
2014 R&D, Adaptive $1,852 $0 –1,852 0 
2015 R&D, Adaptive $1,227 $0 –1,227 0 
2016 R&D, Adaptive $1,027 $0 –1,027 0 
2017 Adaptive $1,027 $0 –1,027 0 
2018 Adaptive $1,454 $0 –1,454 0 
2019 HPVAB Release $1,450 $1,847,403 397 1,847 
2020 Dissem. & 

Maintenance 
$648 $4,018,432 3,371 4,018 

2021 Dissem. &Maintenance $548 $7,500,274 6,952 7,500 
2022 Maintenance $200 $11,402,111 11,202 11,402 
2023 Maintenance $200 $14,378,683 14,179 14,379 
2024 Maintenance $200 $16,065,522 15,866 16,066 
2025 Maintenance $200 $16,866,684 16,667 16,867 
2026 Maintenance $200 $17,215,240 17,015 17,215 
2027 Maintenance $200 $17,361,143 17,161 17,361 
2028 Maintenance $200 $17,421,296 17,221 17,421 
2029 Maintenance $200 $17,445,978 17,246 17,446 
2030 Maintenance $200 $17,456,101 17,256 17,456 
2031 Maintenance $200 $17,460,259 17,260 17,460 
2032 Maintenance $200 $17,461,971 17,262 17,462 
2033 Maintenance $200 $17,462,677 17,263 17,463 
2034 Maintenance $200 $17,462,969 17,263 17,463 
2035 Maintenance $200 $17,463,090 17,263 17,463 
2036 Maintenance $200 $17,463,140 17,263 17,463 
2037 Maintenance $200 $17,463,161 17,263 17,463 
2038 Maintenance $200 $17,463,161 17,263 17,463 
2039 Maintenance $200 $17,463,161 17,263 17,463 
2040 Maintenance $200 $17,463,161 17,263 17,463 
2041 Maintenance $200 $17,463,161 17,263 17,463 
2042 Maintenance $200 $17,463,161 17,263 17,463 
2043 Maintenance $200 $17,463,161 17,263 17,463 
2044 Maintenance $200 $17,463,161 17,263 17,463 

Undiscounted total values $17,083 $403,458,262 $386,375 403,458 
Present values (in base year) $13,319 $215,638,236 $202,319 215,638 
Discount rate 3.00%     
Net present cost per DALY saved $0.062    
Benefit-cost ratio (present values)  16,190   
Internal rate of return   30.8%  
Avg. annual cost-Undiscounted: $517.67    

Source:  Author´s calculations. 
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Table A.4—Sensitivity analysis for alternative HPVAHIB packages and scenarios comparing cost-
effectiveness, benefit-cost, and internal rate of returns 

# 
Package/ 
banana type 

Percent 
increase in 

content 

Net 
present 
cost per 

DALY 
saved ($) 

Benefit–
cost 
ratio 

(present 
value) 

Internal 
rate of 
return 

(percent) 

Total cost 
(undiscounted 

×106) 

Total 
cost 

(present 
value 
×106) 

Total 
DALYs 
saved 

(present 
value ×106) 

Vitamin 
A Iron 

7 A.1. #1: Cooking 
banana only, 
slower adoption 

400 0 83 12.0 21.4 17.1 13.3 159,698 

8 A.2. #1: Cooking 
banana only, 
slower adoption  

600 0 67 14.9 23.3 17.1 13.3 197,965 

9 B.1. #2: Cooking 
banana only, 
slower adoption 

400 300 92 10.9 21.0 22.7 17.7 192,766 

10 B.2. #2: Cooking 
banana only, 
slower adoption  

600 400 73 13.7 23.1 22.7 17.7 242,686 

11 A.3.#1: Cooking 
banana only, 
lower and slower 
adoption (30%) 

400 0 147 6.8 16.0 17.1 13.3 90,665 

12 A.4.#1: Cooking 
banana only, 
lower and slower 
adoption (30%) 

600 0 109 9.1 19.1 17.1 13.3 121,709 

13 B.3.#2: Cooking 
banana only, 
lower and slower 
adoption (30%) 

400 300 129 7.7 19.5 22.7 17.7 137,137 

14 B.4.#2: Cooking 
banana only, 
slower adoption 
(30%) 

600 400 103 9.7 21.6 22.7 17.7 172,596 

15 A.5.#1: Cooking 
banana only, 
lower and slower 
adoption (20%) 

400 0 235 4.3 12.2 17.1 13.3 56,725 

16 A.6.#1: Cooking 
banana only, 
lower and slower 
adoption (20%) 

600 0 164 6.1 15.8 17.1 13.3 81,139 

17 B.5. #2: Cooking 
banana only, 
lower and slower 
adoption (20%) 

400 300 166 6.0 18.3 22.7 17.7 107,097 

18 B.6.#2: Cooking 
banana only, 
lower and slower 
adoption (20%) 

600 400 132 7.6 20.6 22.7 17.7 134,750 

Source:  Author´s calculations. 

31 



 

REFERENCES 

Allen, L., B. de Benoist, O. Dary, and R. Hurrell, editors. 2006. Guidelines on Food Fortification with 
Micronutrients. Geneva: World Health Organization/Food and Agriculture Organization of the United 
Nations. 

Brink, J., and H. Quemada. 2006. “Food Safety in the Public Sector: Commercialization of Potato Tuber Moth 
(PTM) Resistant Potatoes in South Africa.” Paper prepared for presentation at HarvestPlus Workshop, 
Washington, DC, April 7. 

Caulfield, L. E., S. A. Richard, J. A. Rivera, P. Musgrove, and R. E. Black. 2006. “Stunting, Wasting, and 
Micronutrient Deficiency Disorders.” In Disease Control Priorities in Developing Countries, edited by D. 
T. Jamison, J. G. Breman, A. R. Measham, G. Alleyne, M. Claeson, D. B. Evans, P. Jha et al., pages 551-
567. Washington, DC: Oxford University Press for the World Bank. 

Doherty, T., M. Chopra, M. Tomlinson, N. Oliphant, D. Nsibande, and J. Mason. 2010. “Moving from Vertical to 
Integrated Child Health Programmes: Experiences from a Multi-Country Assessment of the Child Health 
Days Approach in Africa.” Tropical Medicine and International Health 15 (3): 296–305. 

Ezzati, J., S. Vander Hoorn, A. D. Lopez, G. Danaei, A. Rodgers, C. D. Mathers, and C. J. L. Murray. 2006. 
“Comparative Quantification of Mortality and Burden of Disease Attributable to Selected Risk Factors.” In 
Global Burden of Disease and Risk Factors, edited by A. D. Lopez, C. D. Mathers, J. Ezzati, and C. J. L. 
Murray, pages 241-279. Washington, DC: Oxford University Press for the World Bank.  

Falk-Zepeda, J., J. Yorobe Jr., B. A. Husin, A. Manalo, E. Lokollo, G. Ramon, P. Zambrano, et al. 2012. “Estimates 
and Implications of the Costs of Compliance with Biosafety Regulations in Developing Countries.” GM 
Crops and Food: Biotechnology in Agriculture 3 (1): 52–59.  

FAO (Food and Agriculture Organization of the United Nations). 2001. Human Energy Requirements. Report of a 
Joint FAO/WHO/UNU Expert Consultation, October 17–24. Food and Nutrition Technical Report Series 1. 
Rome. 

Fiedler, J. L., and R. Afidra. 2010. “Vitamin A Fortification in Uganda: Comparing the Feasibility, Coverage, Costs, 
and Cost-Effectiveness of Fortifying Vegetable Oil and Sugar.” Food and Nutrition Bulletin 31 (2): 193–
205. 

Fiedler, J. L., and E. Kikulwe. 2012. Food Production and Consumption Data Sources for Uganda. HarvestPlus 
consultancy report submitted to the Bill and Melinda Gates Foundation. Washington, DC, and Cali: 
International Food Policy Research Institute and Centro Internacional de Agricultura Tropical. 

Hess, S. J., D. I. Thurnham, and R. F. Hurrell. 2005. Influence of Provitamin A Carotenoids on Iron, Zinc, and 
Vitamin A Status. HarvestPlus Technical Monograph Series 6. Washington, DC and Cali: International 
Food Policy Research Institute; Centro Internacional de Agricultura Tropical. 

Lim, SS. Et al.  2012. A comparative risk assessment of burden of disese and injury attributable to 67 risk factors 
and risk factor clusters in 21 regions, 1990-2010: a systematic analysis for the global burden of disease 
study 2010. The Lancet 380:2224-2260. 

Namanya, P., and W. Tushemereirwe. 2011. “Retention of Provitamin A Carotenoids and Iron in Banana Following 
Different Processing, Cooking Methods and Storage Periods.” Report prepared by the Uganda National 
Agricultural Research Organization, Kampala. HarvestPlus, Washington, DC. 

Oliphant, N. P., J. B. Mason, T. Doherty, M. Chopra, P. Mann, M. Tomlinson, D. Nsibande et al. 2010. “The 
Contribution of Child Health Days to Improving Coverage of Periodic Interventions in Six African 
Countries.” Food and Nutrition Bulletin 31 (3): S248–S263. 

Otten, J. J., J. Pitzi-Hellwig, and L. D. Meyers. 2006. “Dietary Reference Intakes: The Essential Guide to Nutrient 
Requirements.” Report prepared for the Institute of Medicine. National Academy Press, Washington, DC. 

Qaim, M., and J. von Braun. 1998. Crop Biotechnology in Developing Countries: A Conceptual Framework for Ex 
Ante Economic Analyses. ZEF Discussion Papers on Development Policy No. 3. Bonn: Zentrum fur 
Entwicklungsforschung (ZEF), Universitat Bonn. 

32 



 

Rambeloson, Z., D. Dary, N. Franklin, and J. Fiedler. 2012. “Assessing Nutrient Density Using a Household 
Consumption and Expenditure Survey (HCES) among Women of Reproductive Age and Children 24–59 
Months in Uganda.” Food and Nutrition Bulletin 33 (3): S199–S2007. 

Ribaya-Mercado, J. D., C. C. Maramag, L. W. Tengco, G. G. Dolnikowski, J. B. Blumberg, and F. S. Solon. 2007. 
“Carotene-Rich Plant Foods Ingested with Minimal Dietary Fat Enhance the Total-Body Vitamin Pool Size 
in Filipino Schoolchildren as Assessed by Stable-Isotope-Dilution Methodology.” American Journal of 
Clinical Nutrition 85 (4): 1041–1049. 

Smale, M., and W. K. Tushemereirwe, editors. 2007. An Economic Assessment of Banana Genetic Improvement and 
Innovation in the Lake Victoria Region of Uganda and Tanzania. IFPRI Research Report 155. Washington, 
DC: International Food Policy Research Institute. 

Stein, A. J., J. V. Meenakshi, M. Qaim, P. Nestel, H. P. S. Sachdev, and Z. A. Bhutta. 2005. Analyzing the Health 
Benefits of Biofortified Staple Crops by Means of the DALY Approach. HarvestPlus Technical Monograph 
No. 4. Washington, DC, and Cali: International Food Policy Research Institute and Centro Internacional de 
Agricultura Tropical. Accessed January 28, 2012. www.harvestplus.org/content/ analyzing-health-benefits-
biofortified-staple-crops-means-disability-adjusted-life-years-app.  

———. 2008. "Potential Impacts of Iron Biofortification in India.” Social Science & Medicine (Elsevier) 66 (8): 
1797–1808. 

Tang, G. 2010. “Bioconversion of Dietary Provitamin A Carotenoids to Vitamin A in Humans.” American Journal 
of Clinical Nutrition 91 (5): 1468S–1473S. 

UBOS (Uganda Bureau of Statistics). 2006. “Uganda National Household Survey 2005/06.” Accessed December 23, 
2011.www.ubos.org/nada3/index.php/catalog.  

UDHS (Uganda Demographic and Health Survey). 2006. “Demographic and Health Survey.” Kampala, Uganda, 
and Calverton, MD, US: Uganda Bureau of Statistics and Macro International, Inc. 

________. 2011. “Measure Demographic and Health Survey.” Kampala, Uganda, and Washington, DC: Uganda 
Bureau of Statistics and ICF International. 

WHO (World Health Organization) 2003. Making Choices in Health: WHO Guide to Cost-Effectiveness Analysis. 
Geneva. 

———. 2009. Global Health Risks: Mortality and Burden of Disease Attributable to Selected Major Risks. Geneva. 
Accessed February 18, 2012. www.who.int/healthinfo/global burden 
disease/GlobalHealthRisks_report_full.pdf.  

Wong, H. et al.  2012. Age-specific and Sex-specific Mortality in 187 Countries, 1970-2010: A Systematic Analysis 
for the Global Burden of Disease Study 2010. The Lancet 380:2071-2094. 

World Bank. 1993. World Development Report 1993: Investing in Health. Washington, DC: Oxford University 
Press for the World Bank. 

________. 2012. “Uganda at a Glance.” Accessed January 4, 2012. http://devdata.worldbank.org/AAG/uga_aag.pdf.  

Zimmerman, R., and M. Qaim. 2004. “Potential Health Benefits of Golden Rice: A Philippines Case Study.” Food 
Policy 29 (2):147-168. 

 

33 

http://www.harvestplus.org/content/%20analyzing-health-benefits-biofortified-staple-crops-means-disability-adjusted-life-years-app
http://www.harvestplus.org/content/%20analyzing-health-benefits-biofortified-staple-crops-means-disability-adjusted-life-years-app
http://ideas.repec.org/a/eee/socmed/v66y2008i8p1797-1808.html
http://ideas.repec.org/s/eee/socmed.html
http://www.ubos.org/nada3/index.php/catalog
http://www.who.int/healthinfo/global%20%20burden%20disease/GlobalHealthRisks_report_full.pdf
http://www.who.int/healthinfo/global%20%20burden%20disease/GlobalHealthRisks_report_full.pdf
http://devdata.worldbank.org/AAG/uga_aag.pdf


 



 



 



RECENT IFPRI DISCUSSION PAPERS 

For earlier discussion papers, please go to www.ifpri.org/pubs/pubs.htm#dp. 
All discussion papers can be downloaded free of charge. 

1276. Local warming and violent conflict in north and south Sudan. Margherita Calderone, Jean-Francois Maystadt, and 
Liangzhi You, 2013. 

1275. Comprehensive food security and vulnerability analysis: Nigeria. Oluyemisi Kuku-Shittu, Astrid Mathiassen, Amit 
Wadhwa, Lucy Myles, and Akeem Ajibola, 2013. 

1274. Targeting technology to reduce poverty and conserve resources: Experimental delivery of laser land leveling to farmers 
in Uttar Pradesh, India. Travis J. Lybbert, Nicholas Magnan, David J. Spielman, Anil Bhargava, and Kajal Gulati, 2013. 

1273. The logic of adaptive sequential experimentation in policy design. Haipeng Xing and Xiaobo Zhang, 2013. 

1272. Dynamics of transformation: insights from an exploratory review of rice farming in the Kpong Irrigation Project. 
Hiroyuki Takeshima, Kipo Jimah, Shashidhara Kolavalli, Xinshen Diao, and Rebecca Lee Funk, 2013. 

1271. Population density, migration, and the returns to human capital and land: insights from Indonesia. Yanyan Liu and 
Futoshi Yamauchi, 2013. 

1270. Reverse-share-tenancy and Marshallian inefficiency: Landowners’ bargaining power and sharecroppers’ productivity. 
Hosaena Ghebru Hagos and Stein T. Holden, 2013. 

1269. The child health implications of privatizing Africa’s urban water supply. Katrina Kosec, 2013. 

1268. Group lending with heterogeneous types. Li Gan, Manuel A. Hernandez, and Yanyan Liu, 2013. 

1267. Typology of farm households and irrigation systems: Some evidence from Nigeria. Hiroyuki Takeshima and Hyacinth 
Edeh, 2013. 

1266. Understanding the role of research in the evolution of fertilizer policies in Malawi. Michael Johnson and Regina Birner, 
2013. 

1265. The policy landscape of agricultural water management in Pakistan. Noora-Lisa Aberman, Benjamin Wielgosz, Fatima 
Zaidi, Claudia Ringler, Agha Ali Akram, Andrew Bell, and MaikelIssermann, 2013. 

1264. Who talks to whom in African agricultural research information networks?: The Malawi case. Klaus Droppelmann, 
Mariam A. T. J. Mapila, John Mazunda, Paul Thangata, and Jason Yauney, 2013. 

1263. Measuring food policy research capacity: Indicators and typologies. Suresh Chandra Babu and Paul Dorosh, 2013. 

1262. Does freer trade really lead to productivity growth?: Evidence from Africa. Lauren Bresnahan, Ian Coxhead, Jeremy 
Foltz, and Tewodaj Mogues, 2013. 

1261. Data needs for gender analysis in agriculture. Cheryl Doss, 2013. 

1260. Spillover effects of targeted subsidies: An assessment of fertilizer and improved seed use in Nigeria. Lenis Saweda 
Liverpool-Tasie and Sheu Salau, 2013 

1259. The impact of irrigation on nutrition, health, and gender: A review paper with insights for Africa south of the Sahara. 
Laia Domenech and Claudia Ringler, 2013. 

1258. Assessing the effectiveness of multistakeholder platforms: Agricultural and rural management councils in the  
Democratic Republic of the Congo. Thaddée Badibanga, Catherine Ragasa, and John Ulimwengu, 2013. 

1257. The impact of Oportunidades on human capital and income distribution: A top-down/bottom-up approach. Dario 
Debowicz and Jennifer Golan, 2013. 

1256. Filling the learning gap in program implementation using participatory monitoring and evaluation: Lessons from farmer 
field schools in Zanzibar. Elias Zerfu and Sindu W. Kebede, 2013. 

1255. Agricultural mechanization in Ghana: Is specialization in agricultural mechanization a viable business model?: Nazaire 
Houssou, Xinshen Diao, Frances Cossar, Shashidhara Kolavalli, Kipo Jimah, and Patrick Aboagye, 2013. 

1254. A partial equilibrium model of the Malawi maize commodity market. Mariam A. T. J. Mapila, Johann F. Kirsten, 
Ferdinand Meyer, and Henry Kankwamba, 2013. 

1253. Exchange rate policy and devaluation in Malawi. Karl Pauw, Paul Dorosh, and John Mazunda, 2013. 

 



INTERNATIONAL FOOD POLICY  
RESEARCH INSTITUTE 

www.ifpri.org  

IFPRI HEADQUARTERS 
2033 K Street, NW 
Washington, DC 20006-1002 USA  
Tel.: +1-202-862-5600 
Fax: +1-202-467-4439 
Email: ifpri@cgiar.org 

 

mailto:ifpri@cgiar.org

	Abstract
	1.  Introduction
	2.  conceptual framework, methodological approach, and data sources
	A Conceptual Framework for Analyzing the Impact of HPVAHIB
	The Disability-Adjusted Life-Years and Cost-Effective Measures
	Data Sources

	3.  results and discussion
	Estimated Costs
	Quantifying the Factors Required to Estimate Nutritional Benefits of Biofortification
	Banana Production and Consumption in Uganda
	Adoption Parameters, Including Potential Numbers of Farmers, Area Planted, and Output
	Measuring Vitamin A Intake and Vitamin A Status
	The Intrinsic Vitamin A and Iron Content of Bananas
	Identifying the Likely Consumers of HPVAHI Bananas

	Estimates of Vitamin A Intake, Inadequate Intake Prevalence, and Impact
	Baseline Vitamin A and Iron Intake
	Endline Vitamin A and Iron Intakes
	The Impact of HPVAHIB on Vitamin A Status
	Impact of HPVAHIB without Fortification of Vegetable Oil
	Impact of HPVAHIB with Vitamin A Fortification of Vegetable Oil

	The Impact of HPVAHIB on Iron Status
	DALYS Averted Attributable to the HPVAHIB
	The Cost-Effectiveness of the HPVAHIB


	4.  conclusions and study limitations
	appendix:  supplementary tables
	REFERENCES
	RECENT IFPRI DISCUSSION PAPERS

