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Abstract
Healthy diets are not affordable in Africa due to a combination of high
food prices and low incomes. Without comprehensive demand modeling
using recent data, however, one cannot predict how African consumers
might change demand patterns if prices or incomes were to change. Using
nationally representative household panel survey data from five sub-
Saharan African countries, we model consumer preferences and examine
how nutrient intake responds to changing food prices, total expenditures,
and other demand determinants. We find a stronger positive relation-
ship between growth in poor consumers’ total expenditures and their
nutrient intake adequacy than has been previously documented. We find
that poor consumers’ intake adequacy is especially sensitive to food sta-
ple prices in countries where one food staple dominates poor consumers’
diets. In countries with multiple food staples, no single staple’s price
is a strong determinant of poor consumers’ dietary intake adequacy.
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2 Nutrient adequacy in Africa

Historically, progress in improving global food security has come from both

lowering food prices and raising poor consumers’ incomes. One of the most

important drivers of dietary improvement, the Green Revolution, raised per

capita incomes in developing countries by 50%, lowered the real prices of

food staples by 35%–66%, increased caloric intake in developing countries5

by 13.3%–14.4%, and decreased child under-nourishment by 6.1%–7.9%.[1, 2]

While progress in sub-Saharan African has lagged, with only 25% of food crop

area planted to modern varieties and average cereal yields of 1.3 t/ha even in

the late 1990s, adoption increased rapidly to 43% and yields to 1.6 t/ha by

2010.[3, 4]10

Compared to the rest of the world, improvements in nutrition have also

lagged in sub-Saharan Africa, which has the lowest share of its population

meeting internationally comparable diet quality standards (e.g., the minimum

dietary diversity standard for women).[5] African diets are limited in intake

of not just dietary energy and protein but also important micro-nutrients like15

iron, zinc, vitamin A, and folate.[6] Anemia afflicts 39% of African women of

reproductive age.[6] Altogether, the disease burden associated with nutrition

deficiencies is higher in sub-Saharan Africa than anywhere else in the world,

with 56 disability-adjusted life-years (DALYs) lost per 1,000 people in 2010

to protein and energy deficiencies and an additional 30 DALYs lost to micro-20

nutrient intake deficiencies.[7] The urgency of addressing nutrition deficiencies

is underscored by the fact that children under the age of 5, 31% of whom are

stunted,[6] bear over half of Africa’s hunger-related disease burden.[8] Young

children experience irreversible, life-long health and economic productivity

consequences as a result of undernutrition.[9]25

Efforts to understand and address the challenge of undernutrition in sub-

Saharan Africa have highlighted the importance of raising consumer incomes
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by demonstrating that nutritious diets are out of reach for most poor con-

sumers. The EAT-Lancet diet, a well-recognized global benchmark diet, costs

over 70% of the mean sub-Saharan African’s household income, and the least

expensive nutritionally adequate diet is similarly unaffordable, costing 50%

of mean household income.[10] High per calorie prices of nutrient-rich foods 5

relative to starchy staples offer one explanation for the low affordability of

good quality diets.[10–13] Many have emphasized the need to lower the prices

of nutrient-rich foods, especially in Africa.[14–17] While there is widespread

recognition that the cost of a healthy diet is quite large compared to poor

households’ purchasing power, very little recent evidence from Africa quanti- 10

fies, in a comprehensive way, how consumers alter their overall diets in response

to changes in food prices.[18]

Consumer demand system modeling, exemplified by the work of Deaton

and Muelbauer,[19] flourished in the 1970s as an important empirical appli-

cation in consumer economics, allowing researchers to formally understand 15

consumers’ preferences, test theoretical predictions about consumption behav-

ior, and predict the impacts of policies that affect key demand determinants.

A key advantage of the demand system approach is that it allows researchers

to understand consumer behaviors, such as substitutions, that are consistent

with consumer utility theory. All demand models assume that the preferences 20

of everyone in the sample can be described by the same set of parameters,

with differences in demand explained by differences in total expenditures,

prices, and covariates. Demand modeling studies done in the 1980s and 1990s

gave us much of our conventional knowledge about income and price elastic-

ities in low-income countries.[20–25] Early demand modeling research mostly 25

ignored Africa, where few household survey datasets were suitable for esti-

mating demand models. Those early studies are not fully relevant for today’s
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nutritional landscape, which is characterized by the Westernization of diets,

widespread fortification of food staples, and a rapid rise in consumption of

packaged and processed foods.[26] Since the 1970s and 1980s, demand model-

ing tools have improved considerably, with more flexibility and features.[27–29]

However, very few studies in Africa have incorporated these new modeling5

features, and none of them offer evidence from more than one African country.

Building on consumer demand theory and careful implementation of new

modeling techniques, we use a structural approach to model consumer demand

using nationally representative panel data from five sub-Saharan African coun-

tries, the full set of countries for which comparable data are available (as10

explained with our Methods). To date, our approach is the most comprehen-

sive study to draw on evidence from multiple countries, use a flexible functional

form with respect to total expenditures and prices, allow consumers to sub-

stitute freely between food and non-food expenditures by modeling demand

conditional on total expenditures rather than total food expenditures, address15

price endogeneity, and control for unobserved heterogeneity in consumer prefer-

ences. Using modeled consumer preferences, we quantify diet quality sensitivity

to changing income and prices of specific foods, exploring how the dietary pat-

terns of poor consumers differ from those of wealthy consumers. Using these

demand system parameters, we then link macro- and micro-nutrient adequacy20

to total household expenditures and prices in ways that are directly relevant for

major policies and programs (i.e. those seeking to raise consumers’ incomes or

lower the prices consumers face in the marketplace). We use the model to eval-

uate how consumers’ diets change with very simple policy interventions that

mimic the key drivers of food demand—a cash transfer designed to raise house-25

holds’ total expenditures and price vouchers, which would lower households’

purchase prices of specific foods.
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Modeling consumer demand

Much of what we know about the expenditure elasticity of food demand in

Africa comes from estimating demand models, with more analyses focusing on

Africa as data become available.[30, 31] According to a meta-analysis of of 66

studies that modeled expenditure elasticities of demand for foods and nutrients 5

across 48 African countries, African consumer demand generally follows pat-

terns observed in other regions, with income-inelastic demand for basic staples

and more elastic demand for more aspirational foods.[32] Income elasticities

for the same food groups vary widely across countries, though, which begs

the question of whether these differences are driven by differences in model- 10

ing methodologies, consumer attributes, or consumer preferences themselves.

The vast majority (95%) of African food expenditure elasticities were esti-

mated using cross-sectional data.[32] Our study extends the panel approach

of McCullough et al. to a total of five countries,[33] holding methodological

decisions constant across them, which allows us to isolate differences in either 15

demand determinants (i.e., prices, expenditures and covariates) or preferences

(model parameters) as the reason for differences in demand patterns. The only

other recent study to carefully estimate food expenditure elasticities in multiple

African countries relies on cross-sectional data, assumes that food demand is

fully separable from non-food demand, limits the relationship between demand 20

and total expenditures to a second-order polynomial, and does not report price

elasticities of demand.[13]

In recent decades, experimental methods to measure consumer prefer-

ences have supplanted demand modeling. These methods, which include choice

experiments or randomized controlled trials, experimentally induce variation 25

in key demand determinants and then measure the demand response. Evi-

dence from both randomized controlled trials and quasi-experiments confirms
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that poor consumers raise their intake of dietary energy and their dietary

diversity in response to rising incomes.[34–36] Experimental assessments of

demand responses often differ from those predicted using demand models,

with a demand model under-predicting food expenditure elasticities following

conditional cash transfer in Colombia and over-predicting food expenditure5

elasticities following an unconditional cash transfer in Kenya.[34, 36] In both

cases, the authors compare experimentally derived elasticities that use pre-

and post-intervention data with a cross-sectional prediction based only on

pre-intervention data. Differences in observed and predicted elasticities could

also arise due to mis-specification of demand models, bias in demand model10

estimation due to to endogeneity of consumption or prices, or program imple-

mentation resulting in a change in household preferences (e.g., by targeting

women).

The classic demand modeling literature, mostly from Asia, finds conflict-

ing relationships between changing food prices and nutrient intake, even after15

compensating for income effects, which highlights the important substitu-

tion patterns that consumers make when prices change.[37] Studies show that

poor consumers often react very differently to price changes than wealthy

consumers,[37] suggesting that demand models should allow the price response

to vary across the expenditure distribution. Recent evidence from Africa about20

consumers’ price elasticities of demand is much more scant than evidence about

consumers’ expenditure elasticities of demand. McCullough et al. provide the

only panel evidence of price elasticities of demand, and the only evidence that

allows price elasticities to vary with total household expenditures.[33] Several

prior studies report price elasticities measured using cross-sectional data from25

Malawi and Tanzania.[30, 38] These studies find that dietary energy, protein,

and iron intake are more sensitive to maize prices than to any other prices,
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with rural consumers’ dietary energy intake decreasing by 0.62% following a

1% increase in maize prices in Malawi.[30] Demand for most food groups in

Tanzania is less price-elastic when estimated using panel data than when using

cross-sectional data.[33] Given the scarcity of food price elasticity evidence

from Africa, especially in countries with different types of diets, additional 5

price elasticity modeling is warranted.

There is less evidence available that either models ex ante or evaluates ex

post the impacts of consumer price subsidies or vouchers on food demand. The

literature on taxing unhealthy foods or subsidizing healthy foods is restricted

to middle- and high- income countries.[13] In China, a randomly allocated food 10

staple voucher did not improve recipients’ dietary intake of energy or nutrients,

though the evidence suggests that consumers altered their demand to enhance

non-nutritive aspects of their diets (e.g., grain quality).[39] When India began

subsidizing pulses by incorporating them into the public distribution system,

it was found to have a positive but very small effect on demand for pulses.[40] 15

Both 10% and 25% price discounts on healthy foods in South Africa were

found to increase intake of fresh fruits and whole grains but also to increase

consumption of meat and foods that were fried or high in salt, fat, and added

sugar.[41]

Results 20

Diet quality and total household expenditures

We explore the relationship between total household expenditures and diet

quality in two ways. First, we use the parameters of large food demand sys-

tems estimated in five sub-Saharan African countries (Malawi, Niger, Uganda,

Tanzania, and Nigeria) to describe intake sensitivity of dietary energy (DE), 25

macro-nutrients, and micro-nutrients (hereafter dietary intake) to changes
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in total expenditures. We summarize these results according to expenditure

groups (for ease of notation referred to as quartiles), which use the same cutoffs

in all countries. Second, we simulate a cash transfer (CT) and then examine

its impact on dietary intake and on two additional per-calorie measures of diet

quality: macro-nutrient balance and the Nutrient-Rich Food Index (a measure5

of a diet’s nutrient density).

Food demand is more expenditure-elastic than previous studies show

Fig. SMB.1 and Tables SMC.1–SMC.20 depict the expenditure elasticities of

demand calculated for each food group and expenditures quartile using esti-

mated model parameters. Like Colen et al., we find that demand is most10

expenditure elastic for animal source foods and beverages, and less so for fruits,

vegetables, nuts, fats, cereals, and tubers.[32] For most food groups (staple

grains, starchy staples, pulses & nuts, and animal source foods), our average

expenditure elasticity is 80–140% larger than the average elasticity reported

by Colen et al.. For fats & oils, our expenditure elasticities are very close,15

while for fruits & vegetables, our expenditure elasticities are 16% lower and for

beverages they are 10% lower. Our elasticities are also higher, by 28–58% on

average per country, than those estimated by Muhammad et al. using Inter-

national Comparison Program data.[42] For three additional countries where

cross-sectional demand models have been carefully estimated (Malawi, Uganda20

and Tanzania), our expenditure elasticities are very close in Tanzania and are

larger by 24% in Malawi and by 21% in Uganda.[13, 30] Our larger expen-

diture elasticities suggest both a greater opportunity for economic growth to

increase food intake and a greater risk for income shocks to result in nutrient

poverty traps.25
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Macro- and micro-nutrient intake increases with expenditure growth

Using estimated expenditure elasticities of food demand, we then calculate

expenditure elasticities of intake for each macro- and micro-nutrient, which

represent the extent to which intake would increase if household expenditures

increase by 1%. Fig. SMB.2 shows these intake elasticities, separated by total 5

expenditures quartile, for each country. Tables SMC.21–SMC.40 report these

same nutrient demand elasticities by country and expenditures quartile.

Demand for DE is expenditure inelastic (i.e., intake increases by less than

1% when total expenditures increase by 1%) for most consumers, except for

poor consumers (Q1) in Niger, Uganda and Tanzania. Demand for carbohy- 10

drates is similar to demand for DE. Consumers show more expenditure-elastic

demand for fat and for protein than for DE, with a few exceptions (demand

for fat is less elastic than demand for DE in Uganda (Q3–Q4) and Nigeria

(Q1–Q4). As consumers become wealthier, they generally shift food expen-

ditures toward fat and/or protein at the expense of carbohydrates, which is 15

consistent with improving diet quality.

Micro-nutrient expenditure elasticity patterns vary from country to coun-

try. Poor consumers have expenditure-elastic demand for iron in Nigeria only.

They have expenditure-elastic demand for zinc everywhere except Malawi.

They have expenditure-elastic demand for vitamin A in Niger, Uganda and 20

Tanzania but not Malawi or Nigeria. Poor (Q1) consumers have expenditure-

elastic demand for folate everywhere except for Nigeria. in Niger, Tanzania,

For all five countries and for all macro- and micro-nutrients (with the

exception of vitamin A in Malawi and Niger and folate in Malawi), wealthier

consumers have smaller expenditure intake elasticities than do poorer con- 25

sumers. Therefore, income growth results in a larger increase in macro- and
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micro-nutrient intake for poorer consumers (Q1 and Q2) than for wealthier

consumers.

Dietary energy sufficiency rises with expenditure growth

Fig. 1 shows the relationship between total per capita expenditures and

the probability that a household’s DE intake is sufficient (i.e., meets the5

household’s estimated average requirement (EAR)).1 This probability of suf-

ficient intake increases rapidly with a rise in total household expenditures.

The increase in DE sufficiency with expenditure growth is especially strong,

increasing by 35 percentage points (pp) or more, in Malawi, Niger and Nigeria.

In all countries, the average Q3 and Q4 household’s intake of DE meets10

the EAR for DE (Fig. SMB.3). This is not the case for Q1 households any-

where except Malawi or for Q2 households in Uganda or Tanzania who do

not, on average, consume sufficient DE to meet household requirements. Many

households that consume sufficient DE to meet the household’s total require-

ments do not consume sufficient micronutrients to meet the household’s total15

requirements.

Cash transfers close intake gaps for poor consumers

A cash transfer (CT) simulation results in a large increase in the probability

that extremely poor (Q1) households consume sufficient DE in all countries.

Fig. 2 depicts the share of Q1 households with sufficient dietary intake pre-20

and post-CT for each country and Fig. SMB.4 shows the same for Q2-Q4

households. A CT targeting Q1 consumers would increase the share of Q1

households whose intake of DE meets the household’s estimated requirement

(from 75% to 82% in Malawi, 59% to 76% in Niger, 34% to 42% in Uganda,

19% to 37% in Tanzania, and 50% to 61% in Nigeria). The effect of the CT in25

1As discussed in the Methods / Household Data section, we observe household consumption
rather than individual intake. We assess whether the household’s total 7-day consumption exceeds
the sum of the average requirements for all members of the household.
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pushing households above the DE intake requirement is largest for the poorest

households and decreases in total expenditures (Fig. 1).

A CT would raise the share of consumers with sufficient intake of key

macro- and micro-nutrients in addition to DE. Following the CT, the share

of Q1 households with sufficient protein intake increases from 45% to 61% in 5

Tanzania, the country with the largest increase. The increase is also large in

Malawi (7pp), Niger (11pp), Uganda (9pp), and Nigeria (9pp). The CT is also

effective in increasing the share of poor households that have sufficient intake

of iron, zinc, and total folate. The only exception is iron in Niger and vitamin A

in Nigeria, where pre-CT intake is already sufficient for most poor households. 10

Cash transfers improve dietary nutrient density for poor consumers

CTs also improve the Nutrient-Rich Food Index, our measure of overall density

of nutrients per unit of dietary energy consumed by the household. As discussed

in the Methods section, NRFI is comprised of twelve dietary components,

of which nine are positively associated with improved diet quality and three 15

are negatively associated.[43] Because consumers’ diets evolve in many ways

as their expenditures increase, the CT sometimes improves and sometimes

worsens nutrient density (Fig. SMB.5). The CT improves NRFI for all but

the poorest consumers in Malawi and Niger. It improves NRFI for all but

the wealthiest consumers in Tanzania. It decreases NRFI for all consumers in 20

Nigeria and all but the wealthiest consumers in Uganda.

Cash transfers do not exacerbate dietary imbalance

Many Q1 consumers in all five countries consume protein in a smaller share of

total DE than is recommended by the World Health Organization (WHO), a

sign of dietary imbalance. Many Q1 consumers in Malawi and Tanzania also 25

consume a larger share of carbohydrates in total DE than recommended. Fat
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is often under-consumed by poor consumers in Malawi, Niger and Tanzania.

In Malawi, Uganda and Nigeria, dietary imbalance is common even for Q4

consumers.

As shown in Fig. 3, the CT improves problems of DE under-consumption

for Q1 consumers in that it lowers the share of consumers who consume an5

excess share of carbohydrates (exceeding 75% of DE) in Malawi and Tanzania,

though it slightly increases the share of Q1 households with carbohydrate-

heavy diets in Nigeria. It does not have a large impact on the share of Q1

households who under-consume fat or protein.

Few Q1 households in any country exceed the upper bound of recommended10

fat or protein intake as a share of DE, though prevalence of fat- and protein-

heavy diets by Q1 households is reduced by the CT in Niger. For Q2–Q4

households, the CT does not increase the share of households with fat- or

protein-heavy diets in any country (Figs. SMB.6–SMB.8).

Diet quality and food prices15

When the price of one food becomes more expensive, consumers adjust demand

not only for that food but also for other foods, thus affecting all three of our diet

quality measures. By allowing for a flexible price response over total expendi-

tures, our demand model does not impose by assumption that price effects are

the same for wealthy and poor consumers. After we explore consumers’ price20

substitution patterns and their implications for determining dietary intake of

macro- and micro-nutrients, we simulate consumers’ responses to price vouch-

ers (PVs), targeting five food categories: staple grains, starchy staples, pulses

& nuts, fresh fruits & vegetables, and animal-source foods.

Tables SMC.1–SMC.20 and Figures SMB.9–SMB.13 present median price25

elasticities of demand by quartile and country. There is almost no comparable
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cross-price elasticity evidence available for us to compare our findings, and

limited own-price elasticity evidence. While differences vary across food groups

and countries, our model results suggest consumers are slightly less responsive

to own-price changes than previous comparable studies.[13, 30]

Food staple prices drive macro- and micro-nutrient intake in 5

single-staple countries

Figs. SMB.14–SMB.18 depict the elasticity of each nutrient’s intake with

respect to each food group’s price by country and expenditure quartile.

We see two distinct patterns in the relationship between food prices and

dietary intake depending on whether any single food staple dominates a coun- 10

try’s diet. Single-staple sensitivity is pronounced in Malawi with maize, Niger

with millet, and Tanzania with maize, which account for 34%, 31%, and 21%

of Q1 households’ total expenditures, respectively (Tables SMC.41 –SMC.45).

In these countries, sensitivity of dietary intake by poor (Q1–Q2 consumers)

to the dominant staple’s price can be seen in a prominent vertical red band 15

in the matrix that depicts intake elasticity with respect to food group prices

(Figs SMB.14, SMB.15 and SMB.17). A large negative intake elasticity with

respect to the dominant staple’s price cuts across all (or almost all) dietary

components, even those that are not concentrated in the food staple. Maize’s

price dominates intake even for Q4 consumers in Niger. Micro-nutrient intake 20

sensitivity to a staple food’s price has previously been documented with maize

in Malawi and rice in Bangladesh.[20, 30]

In countries with multiple staple foods, where no single food dominates

households’ expenditures, intake is not highly sensitive to any single food’s

price. In these countries, dietary intake responds to collective increases in staple 25

food prices, but also comparably to the prices of pulses and nuts & seeds and

other foods. No single food group strongly determines intake in these settings.
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We observe this pattern in Uganda and Nigeria, where the largest food group’s

budget share is 12% of poor households’ total expenditures.

Cross-price effects are important intake determinants

Cross-price effects help to explain why food staple prices are such strong deter-

minants of macro- and micro-nutrient intake, even for nutrients that are not5

themselves highly concentrated in food staples. For example, in Fig. SMB.19

we decompose protein intake elasticities with respect to staple food prices into

an own-price effect (i.e., the change in protein intake arising from a change in

the price of the food staple resulting from changing intake of that same food

staple) and a cross-price effect (i.e., the change in protein intake arising from10

changing intake of all other foods apart from that food staple). Decreased con-

sumption of complementary foods accounts for about half of the decrease in

protein intake that occurs after a millet price increase in Niger or one third of

the decrease in protein intake after a maize price increase in Malawi. Cross-

price patterns explain a large share of the reduction of protein intake following15

a rice price increase in Niger, a rice price increase in Uganda, a rice or root &

tuber price increase in Tanzania, or a cassava price increase in Nigeria.

Due to cross-price effects, intake of a specific macro- or micro-nutrient often

is more sensitive to the prices of foods with low concentrations of that nutrient

than it is to the prices of foods with high concentrations of that nutrient (Figs.20

SMB.20 and SMB.21, respectively).

Because of complex patterns of substitutions and complementarities, lower-

ing a single food’s price can result in opposing overall diet impacts in different

contexts (Fig. SMB.22). For example, when pulses become more expensive,

NRFI worsens in Malawi, Uganda, and Tanzania but improves in Nigeria.25

When maize becomes more expensive, NRFI improves in Uganda and Tan-

zania, but the response varies over income quartiles in Malawi and Nigeria.
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Similar opposing effects are seen with the prices of cassava, vegetables, fruit,

and eggs. As a result, NRFI is often quite sensitive to the prices of food

groups that do not have high NRFI scores. The most nutrient-dense foods

are fruits & vegetables, but NRFI is not just as responsive to the prices of

less nutrient-dense foods (e.g., pulses & nuts in Nigeria and Tanzania) (Fig. 5

SMB.23).

Price vouchers targeting poor consumers close dietary intake gaps

Except in a few cases, price vouchers targeting any of the five categories we

modeled (staple grains (SG), starchy staples (SS), pulses & nuts (PN), fresh

fruits & vegetables (FFV), and animal-source foods (ASF)) would increase the 10

share of Q1 households with sufficient dietary energy. The exceptions include

price vouchers targeting SS in Niger and ASF in Nigeria, which reduce DE

intake for Q1 households. For poor consumers, no single voucher impacts DE

intake as much as the cash transfer (Fig. 2), but SG price vouchers come

close to the cash transfer in Niger and Malawi. To increase the share of poor 15

households with sufficient protein, vouchers targeting SG and PN in Malawi,

Niger and Tanzania are effective, as are vouchers targeting PN in Niger and

Uganda and ASF in Malawi, Tanzania and Nigeria.

No single food category offers a consistent vehicle for improving poor con-

sumers’ intake of all micro-nutrients in all countries. SG vouchers do not worsen 20

intake of any nutrient in any country (except for vitamin A intake in Niger

and Uganda). SS vouchers do not reduce intake except for zinc and folate in

Niger. PN vouchers achieve at least small improvements in intake except for

vitamin A in Uganda. FFV vouchers also achieve at least small improvements

in intake with the exception of vitamin A in Uganda. ASF vouchers do not 25

achieve large intake increases, but they decrease iron intake in Uganda and

vitamin A and folate intake in Uganda and Tanzania.
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Wealthier households are more likely than poor households to consume ade-

quate macro- and micro-nutrients at baseline; in most cases, price vouchers do

not have a major impact on their sufficiency. The exceptions include vouchers

targeting PN in Uganda, which considerably improve Q3 and Q4 households’

sufficiency for all dietary components. Wealthier Tanzanian consumers are also5

responsive to SG, SS and FFV vouchers. In a few cases (e.g., SG vouchers in

Niger and PN vouchers in Uganda), price vouchers can increase wealthier con-

sumers’ dietary intake more than the cash transfer (Fig. 2). In Tanzania, the

PN vouchers considerably reduces the share of Q4 consumers with sufficient

intake of folate.10

Price vouchers can exacerbate dietary imbalance

Because almost all price vouchers targeting Q1 households increase DE intake

(Fig. 2), one might be concerned that PVs could exacerbate over-consumption.

At baseline, we find little evidence of over-consumption in the form of excess

shares of fat or protein in DE intake, except for in Uganda and Nigeria, where15

fat comprises an excess share of DE intake for about 40% and 30% of house-

holds, respectively (Fig. 3). Under-consumption is the larger problem, with

carbohydrates comprising an excess share of DE intake for the majority of poor

households in Malawi and Tanzania. Similarly, protein comprises too small a

share of DE intake for the majority of poor households all countries, as does20

fat in Malawi, Niger, and Tanzania.

No single price voucher universally improves or worsens macro-nutrient

balance across countries. The SG voucher is problematic in that it exacerbates

the share of households for which carbohydrates comprise too large a share

of DE everywhere except for Malawi (where carbohydrate-heavy imbalance is25

already above 80% before the PV). The PN and ASF vouchers reduce the

share of carbohydrate-heavy households in Malawi. For wealthy consumers,
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over-consumption of fat is high in Uganda and made worse by the PN and ASF

vouchers. In Niger, dietary imbalance of even Q4 consumers is exacerbated by

the SG voucher, which increases over-consumption of carbohydrates and under-

consumption of fats. The SS voucher achieves the opposite, balance-improving

effect for Q4 consumers in Niger. 5

Price vouchers targeting poor consumers have mixed effects on

overall diet quality

Many price vouchers improve NRFI, while some lower it. No single voucher

would raise NRFI for consumers in all expenditure quartiles in all countries

(Fig. SMB.24). The SG voucher would improve only wealthy households’ NRFI 10

only in Niger, Uganda and Tanzania. The SS voucher would improve NRFI

for all households in Malawi and Niger and for poor households in Tanzania.

The PN voucher would improve NRFI in all countries across the expenditure

distribution, with very small negative effects for wealthy households only in

Uganda. The FFV voucher would improve NRFI in most cases except for in 15

Niger and for wealthy households in Malawi. The ASF voucher would decrease

NRFI for all households in Niger and Nigeria and for wealthy households in

Tanzania.

Costs of price vouchers vary considerably across food categories,

countries, and expenditures 20

The redeemed value of a PV, which by assumption would reduce the con-

sumer’s purchase price of targeted food items by 25%, varies according to how

much the household would demand of the subsidized food items. We report the

mean household-level value of each PV, which is based on predicted post-PV

demand, in Table 1. 25
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Ignoring implementation costs, we assume that the cost to the government

of granting a price voucher equals its redeemed value to beneficiary households.

PVs that target poor households are almost always less costly than those tar-

geting non-poor households, as poor households consume less food and also

lower quality foods within each category than do wealthier households. The5

only exception is PN vouchers for poor households, which cost less for Q3

households in Malawi, Tanzania and Nigeria. These regressive features of a PV

could be addressed by designing a program that excludes higher quality items

or places a cap on the quantity subsidized. Because our focus is on a PV’s

impact on poor consumers’ food demand, we did not incorporate such design10

features into these simulations.

Across all food categories, Q1 price vouchers are always lower cost per

household than the cash transfer, which ranges in cost from $US 30 per house-

hold per month in Uganda to $US 47 in Nigeria. The SG voucher is by far the

most expensive, costing up to $US 24 per household per month for Q1 house-15

holds in Niger and $US 58 for Q4 households. Only in Uganda, where starchy

bananas are a key staple, is a different food category voucher (SS) more expen-

sive than the SG voucher. PN vouchers are reasonably cost effective, with a

median cost of $US 4 per month per poor (Q1) household in Uganda (the high-

est of the countries). The PN voucher is not excessively expensive for wealthy20

consumers either, suggesting that the cost of program leakage in the case of

imperfect targeting would not be overly burdensome. The FFV voucher is also

relatively low cost per Q1 household (the most expensive country average is

$US 3.98 per household per month in Malawi). The ASF voucher is small

for Q1 consumers (the highest country is Nigeria at 4.83 per household per25

month) but quite expensive for wealthy consumers, (topping off at $US 24.86

per month per Q4 household in Malawi.
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When assessing the dietary impacts of cash transfers and price vouch-

ers (Fig. SMB.24) alongside the predicted costs, PN and FFV PVs are more

promising than SG or ASF vouchers with regards to impacts on NRFI.

Discussion

With new, comprehensive evidence, our findings support the widespread belief 5

that poverty reduction is central to improving diet quality. Compared to other

studies, we find a stronger link between growth in total expenditures and

improvements in multiple dimensions of diet quality, and this link is espe-

cially strong for poor consumers with expenditures below the international

$US 1.90/day purchasing power parity (PPP) extreme poverty line. Poor con- 10

sumers associate increased expenditures very closely with increased intake of

macro- and micro-nutrients.

We assess the diet quality impacts of poverty reduction by simulating a styl-

ized cash transfer (CT) that would raise consumers’ total expenditures without

changing prices. We find that a CT would lead to more households consum- 15

ing sufficient levels of macro- and micro-nutrients almost without exception. A

CT would not close all intake gaps between recommended and actual intake,

nor would it noticeably improve macro-nutrient imbalance. The simulated CT

would broadly improve diets without exacerbating problems associated with

over-consumption (e.g., excessive intake of fat as a share of DE). 20

We also find evidence that food prices are important determinants of nutri-

ent intake and diet quality. Intake is highly sensitive to the main staple food’s

price in countries that rely on one major staple food (e.g., Malawi, Niger, and

Tanzania). In multi-staple countries (e.g., Uganda and Nigeria), intake is sen-

sitive to the prices of many different foods, including staple grains, starchy 25

staples, and pulses & nuts.
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Our results highlight the importance of understanding consumers’ com-

plex cross-price adjustments in response to food price changes, which vary

from country to country and within a country between wealthy and poor con-

sumers. Due to these adjustments, it is difficult to predict the overall diet

quality response of any food price change. There is no single food category5

subsidy that would improve diet quality along all dimensions for all consumers

in all countries. Lowering staple grain prices with vouchers could improve diet

quality along many dimensions, though it also quite costly to provide poor

consumers with these vouchers. Lowering the prices of nutrient-dense foods

like fruits & vegetables and animal-source foods can help to improve diet qual-10

ity along many dimensions, though the effects are much smaller and require

trade-offs along other dimensions of diet quality. The pulse & nut voucher is

promising in that it results in meaningful improvements in poor consumers’

intake of macro- and micro- nutrients without tradeoffs, and these subsidies

are not as costly to implement as other subsidies.15

Our findings are consistent with the idea that healthy diets are costly

relative to the purchasing power of poor consumers.[10] While many studies

emphasize the high relative prices of food items that are rich in nutrients as a

key barrier to diet quality,[11, 44] we find that lowering the prices of healthy

foods alone is unlikely to close dietary intake gaps. Rather, consumers show20

a strong overall propensity to improve diet quality as staple food prices are

decreased and as poverty is reduced.

Due to data availability, our analysis has limitations. First, we do not

observe, and thus cannot model, consumption of individuals within house-

holds. Instead, we model household intake and compare it with the household’s25

dietary requirements. While sufficient household intake is necessary for ensur-

ing sufficient intake for individuals within a household, it cannot guarantee
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sufficient individual intake when intra-household distribution is inequitable.

Second, due to survey design, we observe 7-day estimates of food consump-

tion, which is measured with error.[45] Measurement error in the dependent

variable generally does not cause bias in coefficient estimates.[46] Third, we do

not have enough information about the content of food consumed away from 5

home to model its contribution to dietary intake, which could be meaningful

in some contexts but is unlikely to be shared by entire households so is less

relevant for our assessment of household level intake adequacy. Fourth, we do

not observe processing steps like milling or fortification, which determine the

nutritive values of foods. 10

Our simulations are designed to trace out diet quality sensitivity to the

key demand drivers of total expenditures and food prices. We make important

simplifying assumptions, and the simulations should not be interpreted as ex

ante predictions of any program’s full impact. We do not have a way to model

what portion of a cash transfer households may use to raise total expenditures 15

(as opposed to accumulating assets or investing in a household enterprise).

In our CT simulations, we assume that consumers use a fixed proportion of

the cash transfer to raise their total household expenditures and that there

is no change in their total incomes arising from investments made with the

remaining portion of the CT. These are conservative assumptions, as CTs 20

could generate additional returns beyond what we model. CT impacts on diet

quality are positive even when we ignore these additional channels through

which CTs could raise total household expenditures. Fourth, we assume that

any CT or PV will not result in a change in producer prices, wage rates,

or consumer prices (apart from the PV being simulated). Equilibrium price 25

increases induced by a CT or PV could dampen or undermine impacts, but
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these price effects could be minimized if CTs and PVs are well targeted and

implemented in open markets.

For policy makers and development practitioners seeking to improve diet

quality in developing countries, we offer analysis of the role consumer prefer-

ences play in shaping consumers’ responses to changing price signals. Because5

of consumers’ complex patterns of substitutions and complementarities, our

findings are counter-intuitive in that lowering the relative prices of healthy

foods does not necessarily offer the best intervention to raise intake of healthy

foods. Staple food prices are key important determinants of overall diet qual-

ity especially in single-staple settings. Our modeling approach can assist the10

agricultural research and development community in prioritizing crops whose

productivity gains are likely to result in the most substantial benefits for poor

consumers.

Methods

We include more details about the methods used in this study, from data to15

estimation to policy simulation, in Appendix SMA.

Household Data

We model food demand systems using Living Standards Measurement Study

– Integrated Surveys on Agricultural (LSMS-ISA) nationally representa-

tive panel data from five countries: Malawi, Niger, Uganda, Tanzania, and20

Nigeria.[47] These countries represent the full set of countries from sub-Saharan

Africa for which fully nationally representative, household level, panel datasets

are available.2 Table 2 reports details about each country’s survey years and

sample. All samples include urban and rural households.

2A LSMS-ISA panel dataset is also available from Ethiopia, but the food item list is quite
limited in two of the three survey waves, and the first wave excludes urban households.



Springer Nature 2021 LATEX template

Nutrient adequacy in Africa 23

Households report at-home food consumption by food item and source (pur-

chased, self-provisioned, or gift/transfer) over the 7-day period preceding the

household interview. We impute the value per standard unit (hereafter, unit

value) of each non-purchased item using acquisition costs. We aggregate nutri-

tionally similar food items into 18–19 food groups, depending on the country. 5

Tables SMC.46–SMC.50 list the food items included in each country’s survey

and shows how they are placed into food groups. Consumption by food group

is summarized in Tables SMC.41–SMC.45.

We match food items to their nutritional content using food composition

tables as described in Appendix SMA. Tables SMC.52–SMC.56 summarize DE 10

intake from each food group in each country. We do not directly observe daily

intake per household member, but we infer it based on reported household

total consumption and the household composition.

We construct a 7-day total expenditures aggregate for each household which

includes total expenditures on food consumed at home as well as other expen- 15

ditures, such as food consumed away from the home, alcoholic beverages and

tobacco, education and health expenses, and expenditures on non-food goods

and services. Food away from home consumption is included as numéraire

good (i.e., non-food) consumption because we do not have enough information

about the items consumed to know their nutrient content or to compute unit 20

values. Consumption of food away from home is largest in Nigeria, where it

comprises under 10% of total household expenditures.[48]

For the purpose of describing results, we use the total expenditures aggre-

gate to partition each country’s sample into four comparable total expenditure

“quartiles” based on expenditures per day per adult equivalent.3 The poor- 25

est group (Q1) has expenditures below the international extreme poverty line

3Children and elderly members are counted as less than one full adult equivalent, reflecting
lower average levels of economic consumption.



Springer Nature 2021 LATEX template

24 Nutrient adequacy in Africa

($US 1.90 per capita per day in constant 2017 international $US, adjusted for

2011 purchasing power parity (PPP) and the country’s consumer price index).

Daily per capita expenditures are between $US 1.90 and $US 3.20 (the inter-

national poverty line) for Q2 households, between $US 3.20 and $US 5.50 for

Q3 households, and above $US 5.50 for Q4 households. Table 2 reports the5

share of each country’s population in each quartile.

Prices

For each food item, we use the values per unit from purchasing households

to impute unit values for non-purchasing households, as market prices are not

observed for food items not purchased by households even when the items are10

consumed. Imputed unit values reflect the opportunity cost that a household

faces when determining whether to consume an item (versus, e.g., selling it

or storing it for later consumption) even if the household did not purchase it

from a market.

Statistical Analyses15

Demand Model

We characterize household demand for food and a composite numéraire good

(incorporating all non-food consumption goods and services) using the Exact

Affine Stone Index (EASI) demand model.[27] The EASI model is an incom-

plete demand system, omitting demand for leisure. (Consumers’ preferences20

for leisure relative to consumption goods dictate the trade-off between work-

ing more to consume more goods and working less to increase leisure.) Because

we include a numéraire good encompassing non-food consumption, we avoid

the common (yet problematic) assumption that food consumption is separable

from non-food consumption.25
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The EASI model is much more flexible than alternatives that are more com-

monly used, such as the Almost Ideal Demand (AID) system or the Quadratic

AID system. This flexibility allows for more curvature in the Engel curves that

describe the relationship between expenditures and food demand and in the

Slutsky matrix that describes the relationship between prices and demand.[27] 5

We estimate the specification used by McCullough et al.[33] The depen-

dent variable is a vector of budget shares for each food group (and 1 for

the numéraire good). The independent variables include a vector of log price

indices, the log of real total expenditures (total expenditures deflated by the

Stone price index), and a polynomial of real total expenditures to the high- 10

est degree as selected during the estimation procedure. We also include a

vector of price-expenditure interactions and demand shifters to control for

observed household characteristics. Finally, we include community-level corre-

lated random effects to control for time-invariant unobserved heterogeneity in

preferences. 15

Estimation

To account for censoring (non-consumption of a food group during the 7-day

recall period), we estimate latent demand using a Tobit model.[28, 49, 50] We

impose cross-equation restrictions on the latent demand system parameters

consistent with the widely acknowledged properties of a well-behaved demand 20

system: homogeneity, symmetry, and adding-up. We address two sources of

endogeneity in estimation. The first source arises from the fact that each house-

hold’s own budget shares (the dependent variables in demand system) are

contained within its Stone price index, which is part of the household’s real

total expenditures variable (a regressor in the demand system). We instru- 25

ment each household’s Stone price index with a modified index that deflates

expenditures by the sample average budget share for each food group.[27]
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The second source of endogeneity arises from unobserved quality hetero-

geneity and price search behavior.[51, 52] Quality could vary systematically

with total expenditures, for example, if wealthier households seek out higher

quality items within a food group (e.g., beef rather than goat meat within the

red meat food group). Price search behavior could occur, for example, if con-5

sumers who prefer an item more try harder to find better prices for that item.

We address quality heterogeneity within food groups by constructing a Fisher

Ideal price index at the food group level. We address bias caused by price

search behavior by constructing price instruments for each household using

neighbor households.10

Food Demand Elasticities

We use estimated parameters to predict budget shares, expenditure elasticities,

and price elasticities, evaluating each price and expenditure elasticity at each

household-year observation. We simulate standard errors for each elasticity by

drawing parameters from a multivariate normal distribution with means equal15

to the parameter vector and variance equal to its covariance matrix.[53]

Tables SMC.1–SMC.20 report the sample-wide median price and expen-

diture elasticities and their standard errors by expenditure quartile for each

country. Figs. SMB.9–SMB.13 show the own- and cross-price elasticities in

matrix form for all four expenditure groups in each country.20

Nutrient Demand Elasticities

We derive nutrient demand elasticities using the price and expenditure elas-

ticities described above and each food’s nutrient composition. We report the

median nutrient demand elasticity of each macro- and micro-nutrient with

respect to total expenditures and each food group’s price by country and25

expenditure quartile in Tables SMC.21–SMC.40.
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Diet Quality Assessment

We assess diet quality using three measures. First, intake sufficiency refers

to the sufficiency of each household’s consumption of a nutrient relative to

the household’s total requirement for that nutrient. To examine the intake

sufficiency of each dietary component (dietary energy, carbohydrates, protein, 5

fat, iron, zinc, vitamin A, and total folate, hereafter "nutrient"), we assess

whether a household’s consumption of that nutrient exceeds the household-

level estimated average requirement (EAR) for that nutrient, which we describe

in detail in Appendix SMA.4

Our next two diet quality measures are normalized per unit of energy 10

intake and thus are not sensitive to misreporting of quantities consumed,

assuming quantities are similarly misreported for all food items. The dietary

balance measure is based on the share of carbohydrates, fat, and protein in

total DE intake. The WHO specifies a range of recommended intake for each

macro-nutrient (10%–15% for protein, 15%–30% for fat, and 55%–75% for car- 15

bohydrates), and consumption in ratios outside these ranges indicates dietary

imbalance that is predictive of chronic disease.[54] Consuming macro-nutrients

within the recommended ranges does not guarantee low disease risk. Other

diet-related indicators, such as including high consumption of sodium, low con-

sumption of fruit, and low consumption of whole grains and vegetables.such 20

as inadequate fruit intake, can also predict chronic disease.[55]

The Nutrient-Rich Foods Index (NRFI) is a single diet quality measure that

favors higher concentration of nine healthy components (density of protein,

fiber, vitamin A, vitamin C, vitamin E, calcium, iron, magnesium, and potas-

sium) and penalizes higher concentration of three moderation components 25

(density of saturated fat, added sugar, and sodium).[43, 56]

4Energy requirements are typically referred to as estimated energy requirements (EER), but
when we discuss DE requirements alongside macro- and micro- nutrients we use the term EAR
for simplicity.
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Policy Simulations

We use policy simulations to assess the sensitivity of diet quality to changes in

total expenditures and food prices. We simulate two policies: a cash transfer

(CT) of fixed size, and a price voucher (PV) that offers a 25% price discount

on various categories of foods. Both the size of the CT and the PV discount5

level are selected using real-world policy precedents. For each country, we select

a CT size that corresponds with 20% of the median household expenditure

levels of Q1 households, as depicted in Table 1. We do not adjust CT based

on household size or composition. We provide more details about the CT

simulation and its underlying assumptions in Appendix SMA.10

The price voucher (PV) policy simulation mimics policies intended to lower

the costs of healthy foods thereby encouraging their consumption,[57] or to

subsidize food staple prices as a safety net intervention (e.g., India’s Public

Distribution System).[58] The PV simulation could mimic the effect of raising

productivity and supply of specific crops by investing in agricultural research.15

We separately apply a 25% PV to five food categories (staple grains (SG),

starchy staples (SS), pulses & nuts (PN), fruits & vegetables (FFV), and

animal-source foods (ASF)), which we map to their corresponding food groups

in Table SMC.51. We discuss relevant PV policy precedents, our PV estimation

procedures, and underlying assumptions in Appendix SMA.20

Simulation Cost Calculations

While CT costs are constant for all households in a country, the cost of each

PV depends on the discount provided and the post-subsidy demand for each

subsidized food. We use predicted post-PV demand, which is based on pre-PV

demand and each household’s price elasticity estimates, to calculate each PV’s25

implementation cost, ignoring costs of program administration.
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Tables

Table 1: Costs of implementing a cash transfer (CT) program and five different price voucher (PV)
programs, by country and targeted population quartile.

Malawi Niger Uganda Tanzania Nigeria

Median marginal propensity to con-
sume cash transfer on food (% of CT)

Q1 0.42 0.58 0.48 0.54 0.46
Q2 0.50 0.52 0.40 0.54 0.43
Q3 0.56 0.50 0.31 0.48 0.35
Q4 0.43 0.47 0.17 0.38 0.17

Average monthly transfer size per
household (2011 $US, PPP) Q1-4 35.65 43.53 29.65 32.80 47.33

Median monthly cost of PV program
per household (2011 $US, PPP)

Staple
grains

Q1 13.15 24.09 2.97 8.64 11.30
Q2 22.58 40.03 5.68 15.89 14.52
Q3 31.83 50.97 7.32 20.69 14.69
Q4 40.54 58.42 8.84 20.72 12.42

Starchy
staples

Q1 1.03 0 6.69 1.47 3.33
Q2 3.22 0 12.01 3.19 7.98
Q3 4.46 0 14.46 4.17 11.04
Q4 5.91 1.10 14.89 4.31 11.65

Pulses &
nuts

Q1 2.12 0 4.01 2.10 2.29
Q2 4.30 1.49 7.03 3.04 3.59
Q3 5.16 2.49 8.24 3.08 4.03
Q4 5.90 2.50 8.77 2.05 5.58

Fruits &
vegetables

Q1 3.98 0.77 2.34 3.27 3.90
Q2 6.03 1.78 3.95 5.18 6.03
Q3 7.92 3.31 5.64 7.36 7.21
Q4 8.29 6.02 7.76 10.31 8.30

Animal-
source
foods

Q1 0 0 0.98 1.14 4.83
Q2 4.71 0.99 7.21 6.53 11.83
Q3 15.99 3.18 13.55 13.53 18.72
Q4 24.35 8.28 18.93 21.91 24.86

Note: The average monthly transfer size depicts the absolute size of cash transfer that we simulated for each household. The
median marginal propensity to consume food in total is based on the share of the modeled CT that is used to increase total
food expenditures (as opposed to numéraire good expenditures). The median monthly cost of each PV program is based on
the post-PV quantities consumed of the food groups contained in each category, which varies by total expenditure quartile.
Table SMC.51 lists the food groups included in each PV category.

Table 2: Sample characteristics of nationally representative datasets used to model demand systems
Malawi Niger Uganda Tanzania Nigeria

Survey rounds 2010–11, 2012–13,
2016–17

2011, 2014
2005–06, 2019–10,
2011–12, 2013–14,
2015–16, 2018–19

2008–09, 2010–11,
2012–13

2010–11, 2012–13,
2015–16a

Unique households 3,104 3,973 3,279 3,165 4,407
Household-year observationsb 8,089 13,086 14,420 9,196 25,977
Food items reported (number) 58 73 47 50 74
Food groups modeled (number) 18 19 19 19 19
Share of households in Q1 (round 1) 34.16 20.99 36.93 16.40 25.72
Share of households in Q2 (round 1) 28.31 30.74 27.27 29.01 30.82
Share of households in Q3 (round 1) 21.46 30.18 21.42 31.23 28.01
Share of households in Q4 (round 1) 16.07 18.09 14.38 23.36 15.46

Note: Quartiles (denoted Q1–Q4) divide the observations by the household’s total expenditures within each round, with Q1 representing the poorest
households, which consume less than the international extreme poverty line ($1.90 per capita per day, PPP). Q2 households represent the international
poverty line (above the extreme poverty line < $3.20 per capita per day, PPP). Q3 households are characterized by consuming above the international
poverty line but < $5.50 per capita per day, PPP, and Q4 households consume > $5.50 per capita per day, PPP.
a In Nigeria, consumption data were collected twice within each survey rounds, so we effectively have six rounds of panel data.
b Household year observations reflect the size of the pooled sample that includes all cross-sectional waves, with households observed multiple times over
the survey.
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Figures

Fig. 1: Predicted probability of dietary energy (DE) sufficiency conditional on total household
expenditures, before and after a simulated cash transfer (CT). The horizontal axis depicts the
log of total household expenditures per adult equivalent (in $US, PPP). The vertical axis depicts
the share of households with sufficient intake of DE (i.e., DE intake exceeds the household’s
estimated energy requirement (EER)). The shaded area depicts the predicted increase in the share
of households with sufficient DE intake following the simulated CT. Each country’s shaded area is
bounded below by the pre-transfer share of households with sufficient DE intake and above by the
post-transfer share of households with sufficient DE intake. The dashed vertical lines represent
the upper expenditure cutoff for each expenditure quartile, as labeled.
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Fig. 2: Predicted share of Q1 households with sufficient intake (exceeding the estimated average
requirement (EAR)) of each macro- and micro-nutrient before (solid line) and after the cash
transfer (CT) and each of the five price vouchers (PVs), which are denoted by SG (staple grains,
which include crops like rice, maize, wheat & other cereals, millet, and teff; SS (starchy staples,
which include cassava, roots, tubers, & other starches); PN (pulses, nuts, & seeds); FFV (fresh
fruits & vegetables); and ASF (animal-source foods, which include red meat, poultry, eggs, dairy,
fish, & seafood). Food group mapping into PV categories is listed, country by country, in Table
SMC.51. Each country is depicted by one color, and each symbol depicts one CT or PV simulation
as represented in the legend.
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Fig. 3: Dietary balance before (solid line) and after cash transfer (CT) and each of the five
price voucher (PV) simulations for Q1 households. Each country is depicted by one color, and each
symbol depicts one CT or PV simulation as represented in the legend. The PV simulations are
denoted by SG (staple grains) SS (starchy staples), PN (pulses, nuts, & seeds); FFV (fresh fruits &
vegetables); and ASF (animal-source foods) as described in Table SMC.51. The left column above
the label depicts the share of the country’s population whose intake of carbohydrates exceeds the
WHO recommended 75% limit, while the left column below the label depicts the share of the
country’s population whose intake of carbohydrates is less than the recommended 55% lower limit.
The solid line depicts the share of households at baseline that consume above (below) the upper
(lower) recommended limit. The second column depicts the same dietary balance analysis for fat,
while the right-most column for protein.
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SMA Methods Supplementary Text

Consumption

Households report food items consumed at home over the 7 full days preceding

the interview, according to the item list in Tables SMC.46–SMC.50. Food

items are grouped into 18–19 food categories in each country as depicted in

the tables. We use the interquartile method to clean outliers of consumption 5

per adult equivalent at the household-item level.5 We assign nutrient values

to food items using available food composition tables from Africa,[59–64, 64]

and from the USDA.[65] We assume r ates of fortification of staple foods based

on data in the Global Fortification Data Exchange.[66] We adjust for edible

portions using information and nutrient losses in cooking from USDA.[67, 68] 10

Prices

To construct unit values for households that do not purchase any given food

item, we follow several steps. First, we convert consumption of each food

item to the most commonly reported unit for that item. Second, we use

total expenditures and the total quantity purchased to create a unit value 15

for each purchased item. Third, we clean unit value outliers by top- (bottom-

) coding them at the item level to the 99th (1st) percentiles. Fourth, we

impute item-level unit values for households that do not consume any market-

purchased portion of an item during the 7-day recall period preceding the

interview.[49] We impute these unit values for each food item and unit at the 20

most dis-aggregated geographic level for which we have at least three unit

value observations, in order to reduce the influence of unit value outliers. We

start with the most dis-aggregated geographic level (the enumeration area)

5In Tanzania, we retain the 1st and 99th percentile outlier cleaning approach used by
McCullough et al..[33]
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and then continue with the ward, district, region (interacted with urban), and

then national level (interacted with urban).

Demand Model

Our two-way Exact Affine Stone Index (EASI) demand model consists of the

following system of equations:5

w∗hit = µi +

J∑
j=1

αijphjt +

L∑
r=1

βiry
r
ht +

J∑
j=1

αijy(yht × phjt) +
K∑
k=1

γikzhkt + uhit,

(h = 1, ...,H; i = 1, ..., J − 1; t = 1, ..., T ).

(SMA.1)

In Equation SMA.1, w∗hit represents household h’s latent budget share for

food group i at time t. The household’s observed budget share during the 7-

day recall period, whit, is the latent budget share that is censored at zero. The

log price index for household h and food group j at time t is denoted by phjt.

The variable yht represents the log of household h’s real total expenditures in10

period t. We construct yht as the log of total household expenditures deflated

by the Stone price index: log xht −
∑J

j=1 whjtphjt, where xht is nominal total

household expenditures on food and non-food items [27]. J represents the total

number of goods in our demand system (the number of food groups in Table

2 plus the numéraire good). H represents the total number of households in15

each dataset. L represents the highest degree of total expenditure polynomial

included in the specification and is selected during the estimation procedure.

The vector zhkt in Equation SMA.1 represents K demand shifters used

to control for observed household characteristics that explain consumption.

This vector includes the household head’s age, household size adjusted for20
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adult equivalence,6 household dependency ratio, indicators for the household

head’s marital status and gender, indicators for each survey wave, geographic

controls for each region and for urban (vs rural) areas, and an intercept.7 We

control for time-invariant unobserved heterogeneity in tastes and preferences

at the community level by including a vector of correlated random effects 5

in zhkt.[33] These effects include enumeration area (EA) level means across

survey waves of both the price vector (phjtc) and the interaction between the

price vector and real total household expenditures (yht × phjt
c) into zhkt. Each

household is linked with its corresponding EA in the first survey wave. We

associate households that move away from their communities with the tastes 10

and preferences from their originating communities.[71, 72]

By including a numéraire good in our demand model, which encompasses

all non-food consumption, we avoid a common and problematic assumption

that it is appropriate to model demand for food groups conditional on total

food expenditures (as opposed to total household expenditures).[73, 74] 15

Estimation

With the cross-equation restrictions that we impose on homogeneity, symmetry

and adding up, we ensure that modeled households view their incomes in

real terms, respond to cross price changes symmetrically once compensated to

maintain a fixed standard of living, and do not spend more than what they 20

have. The predictive performance of a demand model is improved when these

these theoretical constraints are imposed on a demand system’s parameters.[75,

76]

6Following the literature, we adjust for adult equivalence using 1 as a weight for household
members who are above age 17, 0.5 for members who are 13–17, 0.3 for members who are 7–12,
0.2 for members who are under 7.[69, 70]

7The demand shifters of Uganda’s model do not include the indicator for the household head’s
gender and household dependency ratio. Continuous demand shifters are logged and demeaned in
the models for consumers in Tanzania, Malawi, and Nigeria. The choice of the demand shifters
and whether to log or demean the continuous variables is guided by the performance of the model
based upon a series of tests to evaluate the model.
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We estimate this censored demand system with cross-equation restrictions

using the extended Amemiya’s generalized least squares (AGLS) estimator,

which was adapted to a very similar application by Zhen et al.[29] Using the

adding up restriction, we recover the parameters of the budget share equation

for the numéraire good.5

We create a Fisher Ideal price index at the food group level in order to

reduce the influence of unit value bias caused by substitution between food

items within a food group (e.g., between types of red meat). For the numéraire

good, we use each country’s consumer price index (CPI) less food, alcoholic

beverages, tobacco, and narcotics, as the price index. We reduce the influ-10

ence of household-level price search behavior and within-item substitutions by

constructing three instruments for each price index; the first uses donor house-

holds from the same survey wave and EA, the second uses donor households

from the same survey wave and region, and the third uses donor households

from the same geographic zone and survey month and year. For the numéraire15

good, the instrument is based on CPI lagged by 2 months.

Food Demand Elasticities

In order to calculate total expenditure elasticity of demand for each food group,

we take the partial derivative of a matrix formation of Eq. SMA.1 with respect

to total expenditures, log x. We must account for the fact that the budget share20

wi appears on both sides of the demand equation. This gives the following

J × 1 semi-expenditure elasticity vector, se:

se = (IJ + TP ′)
−1
P, (SMA.2)

where IJ is an identify matrix with dimension J , T is a J × 1 vector whose

ith element equals
∑L

r=1 rβiry
r−1, and P is the J × 1 vector of log prices. J
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represents the number of food groups in the demand system plus 1 for the

numéraire good. Because the total expenditure elasticity, ηi, is a function of the

semi-elasticity (ηi = sei
wi

+1), we calculate the J×1 vector of total expenditure

elasticities as:

η = (diag(W ))
−1[

(IJ + TP ′)
−1
T
]
+ 1J , (SMA.3)

where W is the J×1 vector of observed budget shares and 1J is a J×1 vector 5

of ones.

We calculate predicted budget shares (i.e., conditional means of observed

budget shares) and replace the observed budget shares with the predicted in

the above equations to obtain expected demand elasticities.

Following Lewbel et al.,[27] and as discussed in more detail in McCullough 10

et al.,[33] we calculate price elasticities from the partial derivatives of the

demand system equation with respect to log pj . This gives the Hicksian budget

share semi-elasticity of ∂wi
∂ log pj

= αij + αijyy. Because wi = qi
Hpi/x

H where

the superscript H emphasizes variables are compensated, we can express the

Hicksian semi-elasticity as a function of the conventional Hicksian price elas- 15

ticity, so that ∂wi
∂ log pj

= ∂(qi
Hpi/x

H)
∂ log pj

, which becomes ∂ log qi
H

∂ log pj
wi + 1ijwi −wiwj

with some rearrangement, where 1ij = 1 when i = j and 0 otherwise [33]. The

Hicksian price elasticity matrix is then hij =
αij+αijyy

wi
− 1ij + wj .

Nutrient Demand Elasticities

We derive nutrient demand elasticities following Huang.[77, 78] First, we start 20

with the total quantity ϕ consumed of each macro- and micro-nutrient arising

from each food group i (ϕγi). Hereafter we use “nutrient” as shorthand for DE

and each macro- and micro-nutrient. The total intake of each nutrient is then
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the sum across all food groups of nutrient intake for that food group, so that

ϕγ =
∑

i ϕγi, for i 6= J , i.e., excluding the numéraire good good.

Each nutrient γ’s content in food group i is given by:

ϕγi = αγiqi(p1, ..., pJ , y), (SMA.4)

where αγi represents the nutrient γ content of food group i, and qi represents

the quantity demanded of food group i.5

We derive nutrient demand elasticities by totally differentiating Eq. SMA.4

with respect to prices and total expenditures, which results in

dϕγ
ϕγ

=
∑
i

aγi dqi
1

ϕγ
. (SMA.5)

Given qi is a function of prices (including for the numéraire good) and

total expenditure y, we totally differentiate qi with respect to prices and total

expenditure to get the following formula:10

dqi
qi

=
∑
j

eij
dpj
pj

+ ηi
dy

y

dqi =
[∑

j

eij
dpj
pj

+ ηi
dy

y

]
qi,

(SMA.6)

where eij indicates own- or cross-price elasticities and ηi represents total

expenditure elasticities.

Substituting the expression dqi from Eq. SMA.6 into Eq. SMA.5, we have

the following equation:

dϕγ
ϕγ

=
∑
i

aγi
[∑

j

eij
dpj
pj

+ ηi
dy

y

] qi
ϕγ

=
∑
j

πγj
dpj
pj

+ ργ
dy

y
,

(SMA.7)
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where πγj =
∑

i aγiqi
eij
ϕγ

is the elasticity of demand for nutrient γ with respect

to price of the j th food and ργ =
∑

i aγiqi
ηi
ϕγ

is the total expenditure elasticity

of demand for nutrient γ.

Diet Quality Assessment

We construct household-level estimated average requirements (EARs) follow- 5

ing McCullough et al.[33] These requirements are based on the age and gender

composition of the household, assuming adults are of average weight and mod-

erate activity levels. We take individual DE and protein requirements from

FAO/WHO/UNU,[79] adjusting protein for low quality (by a factor of 75% of

dietary protein) due to African diets’ low reliance on animal-source protein. 10

EARs for vitamin A, total folate and iron are from Otten et al.,[80] for zinc

from International Zinc Nutrition Consultative Groupet al.,[81] and for iron

from Institute of Medicine (US) Panel on Micronutrients.[82] We assume low

bioavailability of zinc because diets rely heavily on unrefined cereals and of

iron because diets are high in phytate and low in animal-source foods.[83] 15

FAO and WHO requirements for DE and nutrients are based on literature

that is widely used despite other sources of energy requirements. We acknowl-

edge other recent papers have used different methods of assessing nutrient

intakes for households,[84] as well as for individuals within households.[85]

In addition to our binary sufficiency variable which equals 1 if intake 20

exceeds the household’s EAR and 0 if intake is less than EAR, we also present a

nutrient intake gap in some cases. This is the ratio between a household’s nutri-

ent intake and the household’s requirement (EAR). When the gap is greater

than one, the household’s intake exceeds the EAR. When the gap is less than

1, the household’s intake is that fraction of the EAR. 25
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Policy Simulations

Social protection programs such as cash transfers are seen as an important

vehicle for improving nutrition because they raise incomes for poor con-

sumers, which is strongly associated with poverty reduction and improved

food security.[86] Delivery mechanisms used in social protection programs can5

also affect behaviors that determine household food security, for example by

empowering women, imposing conditions that reinforce desired behaviors such

as school enrollment for girls, or by delivering specific food products in kind.[87]

We select a CT size following a meta-analysis of 57 evaluations conducted

on 24 different social safety net programs across Africa.[88] We benchmark the10

CT at 20% of the median household expenditure levels of households whose

per capita expenditures fall below the $1.90/day international poverty line

equivalent. We present the CT size for each country in Table 1. No adjustments

are made based on household size or composition. In discussing program costs,

we assume there are no overhead administration or targeting costs.15

Following the same meta-analysis social safety net programs Africa,[88] we

assume that recipient households use 75% of the CT to increase total household

expenditures (rather than, e.g., saving it or investing it in a farm or non-farm

enterprise). Additional CT simulation details are presented in the Methods

SM. For the sake of comparing the distributional effects of CTs, we simulate20

CTs not just for Q1 (poor) consumers but for all consumers. Social protection

programs often include non-poor households,[89] so CT simulations for non-

poor households are also policy relevant.

When implementing the CT, we assume it does not result in any equilib-

rium impacts on relative prices that consumers face (for each food group and25

the numéraire good). There is evidence that CTs can increase prices of per-

ishable foods in remote markets if CT program saturation rates are large.[90]
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We also assume that CTs would not change consumers’ incomes apart from

the transfer itself, either by changing the household’s labor supply or wage

rates, or if the household uses CT proceeds to invest in a household man-

aged enterprise (e.g., a farm). CTs could enable investments or allocations that

result in increased earnings,[91, 92] thus enhancing total impacts on household 5

expenditures.

Next, we design a price voucher (PV) policy simulation. High nutrient den-

sity foods are generally costlier per calorie than low nutrient-density foods

worldwide and especially in sub-Saharan Africa, which deters poor consumers

from consuming high nutrient density foods.[11] Nutritious diets are expensive 10

relative to poor consumers’ purchasing power, with the EAT Lancet diet cost-

ing about 75% of the daily mean per capita income of a sub-Saharan African

household.[10] PVs have been used to lower the costs of, and thereby encourage

consumption of, healthy foods.[57] PVs are also used to subsidize the prices

of food staples for poor consumers as a safety net intervention, such as the 15

Targeted Public Distribution System in India.[58]

We select a PV size of 25% to align with consumer subsidy interventions

that have been used to influence diet quality. Consumer price subsidies between

the range of 10% and 50% have been used to encourage consumption of healthy

foods like fresh fruits & vegetables, though discounts that exceed 30% are 20

uncommon.[57] Much PV evidence comes from developed countries, where

fresh fruits & vegetables are often targeted. A piloted FFV subsidy of 30% tar-

geting SNAP beneficiaries increased FFV intake by about 26% in the USA.[93]

In Sweden, a 50% subsidy of whole grain bread and breakfast cereals led to a

38% increase in fiber intake.[94] In South Africa, the HealthyFood program, 25

which offered a 25% price discount on selected fresh fruits and vegetables and

whole grains to 260,000 households increased consumption of healthy items
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while lowering consumption of unhealthy foods.[41] In China, staple grain PVs

ranging from 8% to 25% have altered food consumption patterns.[39]

We identify the food groups in each country that fall into each PV category

(staple grains, starchy staples, pulses & nuts, fruits & vegetables (FFV), and

animal-source foods (ASF)), as depicted in Table SMC.51. In order to predict5

post-PV consumption, we multiply pre-PV intake of each food group by the

25% PV and the vector of own- and cross-price elasticities with respect to all of

the category’s subsidized food groups, thus accounting for the own-price rand

cross-price effects. We then compare households’ diet quality indicators with

and without each PV. As with CTs, we assume that the PV does not result in10

any equilibrium price effects (e.g., by driving up demand for specific foods or

altering production of specific foods) or income effects (which could occur if

smallholder farming households were to face different output or input prices).

Simulation Cost Calculations

In order to calculate the cost of a giving a household a price voucher that15

targets food groups within category a with a discount of PV , we multiply

the post-voucher total household expenditures on food by the size of the price

discount. The value to a recipient household of a voucher discounting food

groups in category a by 25% (PVa = 25%) follows. Ignoring administrative

costs, this value to the beneficiary is the same as the cost of the voucher to20

the government:

VPVa =
∑
i∈a

(
1 +

∑
j∈a

(−PVa · εij)

)
· qipi · PVa

=
∑
i∈a

(
1 +

∑
j∈a

(−PVa · εij)

)
· wiy · PVa
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We also calculate the marginal propensity to consume food in the aggregate

for a household, as depicted in rows 9–12 of Table 1. The marginal propensity to

consume food (MPC) represents the share of the cash transfer that is used to

increase food consumption. VCT represents the change in food expenditure that

is induced by the cash transfer as a proportion of baseline food expenditure. 5

We assume that a fixed percentage (e.g., 75%) of the cash transfer (CT ) is

used to raise total consumption expenditures (EI).

MPCF = VCT

∑
j 6=20 wj · y
CT

,

where VCT =
∂ln(

∑
j 6=20 wjy)

∂lny
· EI
y

=
1∑

j 6=20 wjy
·
∂(
∑

j 6=20 wjy)

∂lny
· EI
y

=
1∑

j 6=20 wjy
·
∂(
∑

j 6=20
pjqj
y y)

∂lny
· EI
y

=
1∑

j 6=20 wjy
· EI
y
·
∂(
∑

j 6=20
pjqj
y y)

∂lny

=
1∑

j 6=20 wjy
· EI
y
·
∑
j 6=20

∂qj
∂lny

pjqj
qj

=
1∑

j 6=20 wjy
· EI
y
·
∑
j 6=20

ηjpjqj

=
EI∑

j 6=20 wjy
·
∑
j 6=20

ηjwj ,

where CT is the size of the cash transfer in level $US PPP, EI is the increase

in total consumption expenditures due to the cash transfer, y is total pre-

transfer household expenditures (in level $US PPP) for a poor household (i.e.,

median across Q1 and Q2), wj is budget share for food group j (with j = 20
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representing the the non-food “other” expenditures), and ηj represents the

total expenditure elasticity of demand for food group j.
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SMB Supplemental Figures
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(a) Malawi (b) Niger

(c) Uganda (d) Tanzania

(e) Nigeria

Fig. SMB.1: Expenditure elasticities of food demand, separated by total
expenditure quartile, in (a) Malawi, (b) Niger, (c) Uganda, (d) Tanzania,
and (e) Nigeria. Each cell’s color depicts the median expenditure elasticity of
demand for the corresponding food group (row) and total expenditure quartile
(column).
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(a) Malawi (b) Niger

(c) Uganda (d) Tanzania

(e) Nigeria

Fig. SMB.2: Expenditure elasticities of demand for each macro- and micro-nutrient, by total
expenditure quartile, in Malawi (a), Niger (b), Uganda (c), Tanzania (d), and Nigeria (e). Each
cell’s color depicts the median expenditure elasticity of demand for the corresponding nutrient
(row) and total expenditure quartile (column).
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(a) Malawi (b) Niger

(c) Uganda (d) Tanzania

(e) Nigeria

Fig. SMB.3: Dietary energy expansion path. The horizontal axis depicts the
log of total household expenditures per adult equivalent. The vertical dashed
lines mark the upper bound of each consumer total expenditure quartile. The
vertical axis depicts the log of dietary energy intake as a share of the house-
hold’s total dietary energy requirement (which is specific to each household’s
composition).
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(a) Q2 (b) Q3

(c) Q4

Fig. SMB.4: Predicted share of Q2 - Q4 households with sufficient intake (exceeding the
estimated average requirement (EAR)) of each macro- and micro-nutrient before (solid line) and
after the cash transfer (CT) and each of the five price vouchers (PVs), which are denoted by
SG (staple grains, which include crops like rice, maize, wheat & other cereals, millet, and teff;
SS (starchy staples, which include cassava, roots, tubers, & other starches); PN (pulses, nuts, &
seeds); FFV (fresh fruits & vegetables); and ASF (animal-source foods, which include red meat,
poultry, eggs, dairy, fish, & seafood). Food group mapping into PV categories is listed, country
by country, in Table SMC.51. Each panel depicts households from one total expenditures quartile.
Each country is depicted by one color, and each symbol depicts one CT or PV simulation as
represented in the legend.
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Fig. SMB.5: NRFI response to a simulated cash transfer. The horizontal
axis depicts the log of total household expenditures per adult equivalent. The
vertical dashed lines mark the upper bound of each consumer total expenditure
quartile. The vertical axis depicts the predicted change in NRFI after a CT.
NRFI is standardized within each country, so an increase of NRFI by 0.05
corresponds with a one-twentieth of a standard deviation increase in NRFI.
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Fig. SMB.6: Dietary balance before (solid line) and after cash transfer (CT) and each of the
five price voucher (PV) simulations for Q2 households. Each country is depicted by one color, and
each symbol depicts one CT or PV simulation as represented in the legend. The PV simulations are
denoted by SG (staple grains) SS (starchy staples), PN (pulses, nuts, & seeds); FFV (fresh fruits &
vegetables); and ASF (animal-source foods) as described in Table SMC.51. The left column above
the label depicts the share of the country’s population whose intake of carbohydrates exceeds the
WHO recommended 75% limit, while the left column below the label depicts the share of the
country’s population whose intake of carbohydrates is less than the recommended 55% lower limit.
The solid line depicts the share of households at baseline that consume above (below) the upper
(lower) recommended limit. The second column depicts the same dietary balance analysis for fat,
while the right-most column for protein.
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Fig. SMB.7: Dietary balance before (solid line) and after cash transfer (CT) and each of the
five price voucher (PV) simulations for Q3 households. Each country is depicted by one color, and
each symbol depicts one CT or PV simulation as represented in the legend. The PV simulations are
denoted by SG (staple grains) SS (starchy staples), PN (pulses, nuts, & seeds); FFV (fresh fruits &
vegetables); and ASF (animal-source foods) as described in Table SMC.51. The left column above
the label depicts the share of the country’s population whose intake of carbohydrates exceeds the
WHO recommended 75% limit, while the left column below the label depicts the share of the
country’s population whose intake of carbohydrates is less than the recommended 55% lower limit.
The solid line depicts the share of households at baseline that consume above (below) the upper
(lower) recommended limit. The second column depicts the same dietary balance analysis for fat,
while the right-most column for protein.
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Fig. SMB.8: Dietary balance before (solid line) and after cash transfer (CT) and each of the
five price voucher (PV) simulations for Q4 households. Each country is depicted by one color, and
each symbol depicts one CT or PV simulation as represented in the legend. The PV simulations are
denoted by SG (staple grains) SS (starchy staples), PN (pulses, nuts, & seeds); FFV (fresh fruits &
vegetables); and ASF (animal-source foods) as described in Table SMC.51. The left column above
the label depicts the share of the country’s population whose intake of carbohydrates exceeds the
WHO recommended 75% limit, while the left column below the label depicts the share of the
country’s population whose intake of carbohydrates is less than the recommended 55% lower limit.
The solid line depicts the share of households at baseline that consume above (below) the upper
(lower) recommended limit. The second column depicts the same dietary balance analysis for fat,
while the right-most column for protein.
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(a) Q1 (b) Q2

(c) Q3 (d) Q4

Fig. SMB.9: Malawi: median elasticities of demand for each food group with
respect to each food group’s price separated by consumer total expenditure
quartile: (a) Q1, (b) Q2, (c) Q3, and (d) Q4. Each cell’s color depicts the
median elasticity of demand for its corresponding row’s food group with respect
to a price change in the corresponding column’s food group.
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(a) Q1 (b) Q2

(c) Q3 (d) Q4

Fig. SMB.10: Niger: median elasticities of demand for each food group with
respect to each food group’s price separated by consumer total expenditure
quartile: (a) Q1, (b) Q2, (c) Q3, and (d) Q4. Each cell’s color depicts the
median elasticity of demand for its corresponding row’s food group with respect
to a price change in the corresponding column’s food group.
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(a) Q1 (b) Q2

(c) Q3 (d) Q4

Fig. SMB.11: Uganda: median elasticities of demand for each food group with
respect to each food group’s price separated by consumer total expenditure
quartile: (a) Q1, (b) Q2, (c) Q3, and (d) Q4. Each cell’s color depicts the
median elasticity of demand for its corresponding row’s food group with respect
to a price change in the corresponding column’s food group.
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(a) Q1 (b) Q2

(c) Q3 (d) Q4

Fig. SMB.12: Tanzania: median elasticities of demand for each food group
with respect to each food group’s price separated by consumer total expen-
diture quartile: (a) Q1, (b) Q2, (c) Q3, and (d) Q4. Each cell’s color depicts
the median elasticity of demand for its corresponding row’s food group with
respect to a price change in the corresponding column’s food group.
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(a) Q1 (b) Q2

(c) Q3 (d) Q4

Fig. SMB.13: Nigeria: median elasticities of demand for each food group with
respect to each food group’s price separated by consumer total expenditure
quartile: (a) Q1, (b) Q2, (c) Q3, and (d) Q4. Each cell’s color depicts the
median elasticity of demand for its corresponding row’s food group with respect
to a price change in the corresponding column’s food group.
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(a) Q1 (b) Q2

(c) Q3 (d) Q4

Fig. SMB.14: Malawi: elasticities of demand for each macro- and micro-
nutrient (including DE) with respect to each food group’s price, for consumers
in each expenditure quartile: (a) Q1, (b) Q2, (c) Q3, and (d) Q4. Each cell’s
color depicts the median elasticity of demand for the corresponding nutrient
(row) with respect to the price of the good depicted in each column.



Springer Nature 2021 LATEX template

Nutrient adequacy in Africa 29

(a) Q1 (b) Q2

(c) Q3 (d) Q4

Fig. SMB.15: Niger: elasticities of demand for each macro- and micro-
nutrient (including DE) with respect to each food group’s price, for consumers
in each expenditure quartile: (a) Q1, (b) Q2, (c) Q3, and (d) Q4. Each cell’s
color depicts the median elasticity of demand for the corresponding nutrient
(row) with respect to the price of the good depicted in each column.
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(a) Q1 (b) Q2

(c) Q3 (d) Q4

Fig. SMB.16: Uganda: elasticities of demand for each macro- and micro-
nutrient (including DE) with respect to each food group’s price, for consumers
in each expenditure quartile: (a) Q1, (b) Q2, (c) Q3, and (d) Q4. Each cell’s
color depicts the median elasticity of demand for the corresponding nutrient
(row) with respect to the price of the good depicted in each column.
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(a) Q1 (b) Q2

(c) Q3 (d) Q4

Fig. SMB.17: Tanzania: elasticities of demand for each macro- and micro-
nutrient (including DE) with respect to each food group’s price, for consumers
in each expenditure quartile: (a) Q1, (b) Q2, (c) Q3, and (d) Q4. Each cell’s
color depicts the median elasticity of demand for the corresponding nutrient
(row) with respect to the price of the good depicted in each column.
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(a) Q1 (b) Q2

(c) Q3 (d) Q4

Fig. SMB.18: Nigeria: elasticities of demand for each macro- and micro-
nutrient (including DE) with respect to each food group’s price, for consumers
in each expenditure quartile: (a) Q1, (b) Q2, (c) Q3, and (d) Q4. Each cell’s
color depicts the median elasticity of demand for the corresponding nutrient
(row) with respect to the price of the good depicted in each column.
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Fig. SMB.19: Decomposition of the total elasticity of protein intake with respect to the price
of each food staple (blue bar labeled “total”) into two effects: an own effect (green bar labeled
“own,” which reflects a change in protein intake arising from a change in intake of that same food
staple) and a cross-effect (red bar labeled “cross,” which reflects a change in protein intake arising
from a change in intake of all other foods). The food group "wheat and other cereals" is represented
by the label "wheat," and the food group "roots, tubers & other starches" is represented by the
label "roots." Cassava is excluded from this group as it is represented by its own food group.
Items contained in each food group are listed by country in Tables SMC.46–SMC.50.
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(a) Dietary energy (b) Protein

(c) Fat (d) Carbohydrates

Fig. SMB.20: Visualization of the importance of each food’s price in determining dietary
intake versus that foods’ dietary composition. Each panel depicts a scatter plot between elasticity
of the macro-nutrient intake with respect to each food group’s concentration of that nutrient
(quantity per kg). We categorize food groups into five categories: staple grains, starchy staples,
pulses & nuts, fruits & vegetables, and animal-source foods, with food groups from each category
represented by one common symbol.
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(a) Iron (b) Zinc

(c) Vitamin A (d) Folate

Fig. SMB.21: Visualization of the importance of each food’s price in determining dietary
intake versus that foods’ dietary composition. Each panel depicts a scatter plot between elasticity
of the micro-nutrient intake with respect to each food group’s concentration of that nutrient
(quantity per kg). We categorize food groups into five categories: staple grains, starchy staples,
pulses & nuts, fruits & vegetables, and animal-source foods, with food groups from each category
represented by one common symbol.
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(a) Malawi (b) Niger

(c) Uganda (d) Tanzania

(e) Nigeria

Fig. SMB.22: Elasticity of Nutrient-Rich Food Index (NRFI) with respect to each food
group’s price and with respect to total expenditures (bottom row of each matrix), reported by
total expenditures quartile.
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Fig. SMB.23: Scatter plot between the sample-wide median elasticity of overall dietary NRFI
with respect to each food’s price and each food’s own NRFI score (per 2000 kCal). Each country
is represented by one color. We categorize food groups into five categories: staple grains (SG),
starchy staples (SS), pulses & nuts (PN), fruits & vegetables (FFV), and animal-sources food
(ASF), with food groups from each category represented by one common symbol.



Springer Nature 2021 LATEX template

38 Nutrient adequacy in Africa

(a) Q1 (b) Q2

(c) Q3 (d) Q4

Fig. SMB.24: Nutrient-Rich Food Index (NRFI) response to the cash transfer
simulation (labeled “CT") and to each of the five price voucher (PV) simu-
lations (each labeled by the targeted food category "grain" (staple grains),
"starchy" (starchy staples), "pulse" (pulses & nuts), "fruit" (fruits & vegeta-
bles), and "animal" (animal-source foods)). The NRFI measure is standardized
in each country by the sample-wide standard deviation. Panel 24(a) depicts the
NRFI response for Q1 consumers relative to the NRFI level at baseline. The
dot corresponding to each country depicts NRFI following the CT. Dots above
the horizontal line indicate an improved NRFI score compared to baseline,
while dots below the horizontal line represent a lower NRFI score compared to
baseline and dots on the line indicate no change in NRFI compared to baseline.
Response of Q2, Q3, and Q4 consumers to the same simulations are depicted
in Panels 24(b), 24(c) and 24(d) respectively.
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Table SMC.41: Average share in total expenditures and unit value, by food
group and consumer total expenditure quartile (Malawi)

Average Share in Total Expenditures Average Unit Value (MWK/kg)

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Rice 0.011 0.021 0.026 0.022 306.507 339.088 372.693 419.358
Maize 0.338 0.256 0.184 0.088 107.728 124.724 139.369 156.795
Wheat 0.018 0.024 0.032 0.033 408.212 444.919 481.809 534.398
Cassava 0.019 0.017 0.011 0.004 79.052 84.189 93.323 100.539
Roots 0.032 0.031 0.026 0.019 76.244 85.688 93.489 107.856
Sugar 0.031 0.042 0.039 0.023 232.329 261.079 283.394 312.479
Pulses 0.063 0.059 0.046 0.025 323.756 355.109 398.133 429.051
Nuts 0.009 0.008 0.007 0.004 852.901 931.380 973.583 1,053.580
Vegetables 0.089 0.068 0.055 0.034 150.961 173.234 195.940 229.132
Fruit 0.021 0.018 0.017 0.012 93.277 102.701 114.427 131.339
RedMeat 0.017 0.037 0.049 0.044 867.089 965.400 1,039.554 1,164.562
Poultry 0.011 0.029 0.043 0.036 887.616 962.782 1,088.685 1,241.915
Eggs 0.010 0.015 0.020 0.016 498.913 554.001 586.303 645.483
Dairy 0.001 0.005 0.013 0.018 887.178 964.654 1,009.831 1,166.918
Oils 0.026 0.032 0.031 0.023 696.881 768.567 831.379 961.203
Tea 0.002 0.004 0.005 0.002 1,830.433 1,959.544 2,016.131 2,218.155
SoftDrink 0.002 0.004 0.010 0.019 416.621 448.536 473.794 507.545
OtherFood 0.022 0.013 0.009 0.006 388.983 438.085 476.786 516.283
Food (total) 0.722 0.682 0.621 0.430 166.363 226.191 278.132 248.676
Non-food 0.278 0.318 0.379 0.570
N (total) 2763 2290 1736 1300
N (rural) 2563 1870 1125 434
N (urban) 200 420 611 866

Notes: This table shows the mean value of each food group’s share in total expenditures (and the non-food
numéraire good’s share) in columns 1-4 and each food group’s mean unit value (and the non-food numéraire
good’s median unit value) in columns 5-8. Both budget shares and unit values are summarized by per-capita total
expenditures quartile. Mean budget shares and unit values are weighted using survey weights. The unit value for
total food is also weighted by budget share. Food groups whose names have been shortened are marked with ∓;
The food items contained in each food group are listed in Table SMC.46.
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Table SMC.42: Average share in total expenditures and unit value, by food
group and consumer total expenditure quartile (Niger)

Average Share in Total Expenditures Average Unit Value (FCFA/kg)

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Rice 0.044 0.065 0.086 0.084 619.943 567.671 693.850 595.668
Millet 0.306 0.255 0.169 0.101 199.748 253.184 220.344 228.564
Wheat 0.102 0.114 0.115 0.096 502.132 650.978 668.956 774.936
Cassava 0.007 0.008 0.009 0.010 347.700 190.830 220.763 143.940
Roots 0.002 0.004 0.008 0.011 394.866 385.131 400.714 416.912
Sugar 0.012 0.013 0.014 0.015 705.521 528.160 577.127 637.779
Pulses 0.022 0.024 0.025 0.025 487.537 384.868 388.725 394.579
Nuts 0.005 0.005 0.005 0.011 547.933 514.073 589.454 449.734
Vegetables 0.029 0.030 0.032 0.036 285.186 318.864 367.737 370.978
Fruit 0.004 0.005 0.007 0.013 545.007 608.086 603.263 673.877
RedMeat 0.009 0.018 0.029 0.062 4,605.060 5,814.219 7,066.457 6,641.323
Poultry 0.005 0.011 0.019 0.022 1,565.126 1,463.999 2,323.772 1,657.256
Eggs 0.001 0.001 0.002 0.005 3,049.641 2,941.884 3,072.327 3,488.583
Fish 0.001 0.002 0.003 0.006 766.375 884.441 1,086.544 1,495.065
Dairy 0.018 0.023 0.031 0.035 1,241.928 1,319.857 2,060.866 1,512.296
Oils 0.028 0.030 0.032 0.035 983.426 1,034.690 1,023.291 1,012.482
Coffee 0.004 0.004 0.004 0.005 1,498.529 1,823.261 1,806.977 1,690.258
SoftDrink 0.001 0.001 0.002 0.007 967.218 1,101.485 1,135.306 1,158.958
OtherFood 0.049 0.035 0.031 0.035 260.541 329.089 355.092 327.054
Food (total) 0.646 0.648 0.626 0.614 287.342 392.486 620.845 1,076.875
Non-food 0.354 0.352 0.374 0.386
N (total) 2747 4023 3949 2367
N (rural) 2177 2700 2140 896
N (urban) 570 1323 1809 1471

Notes: This table shows the mean value of each food group’s share in total expenditures (and the non-food
numéraire good’s share) in columns 1-4 and each food group’s mean unit value (and the non-food numéraire
good’s median unit value) in columns 5-8. Both budget shares and unit values are summarized by per-capita total
expenditures quartile. Mean budget shares and unit values are weighted using survey weights. The unit value for
total food is also weighted by budget share. Food groups whose names have been shortened are marked with ∓;
The food items contained in each food group are listed in Table SMC.47.
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Table SMC.43: Average share in total expenditures and unit value, by food
group and consumer total expenditure quartile (Uganda)

Average Share in Total Expenditures Average Unit Value (Ush/kg)

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Rice 0.008 0.014 0.015 0.014 2,161.790 2,322.322 2,470.625 2,601.512
Maize 0.076 0.058 0.039 0.019 1,318.455 1,400.177 1,514.690 1,721.361
Wheat 0.040 0.023 0.016 0.009 1,577.497 1,709.052 1,861.234 2,235.266
Cassava 0.082 0.051 0.033 0.011 1,043.369 1,154.466 1,310.100 1,428.040
Roots 0.118 0.116 0.100 0.062 1,182.521 1,345.990 1,506.402 1,716.287
Sugar 0.024 0.026 0.023 0.016 2,725.869 2,819.504 2,891.002 2,973.619
Pulses 0.086 0.065 0.043 0.020 1,879.733 1,887.826 1,916.392 2,190.330
Nuts 0.030 0.028 0.024 0.016 2,284.041 2,457.112 2,634.997 2,948.494
Vegetables 0.056 0.036 0.028 0.017 1,085.187 1,220.480 1,308.991 1,677.607
Fruit 0.016 0.019 0.019 0.015 1,354.964 1,512.094 1,653.149 1,917.954
RedMeat 0.029 0.044 0.050 0.035 5,256.431 5,919.944 6,365.319 6,843.545
Poultry 0.008 0.011 0.012 0.012 5,287.055 6,493.422 7,451.735 8,205.345
Eggs 0.002 0.003 0.003 0.003 5,205.824 5,418.223 5,328.306 5,932.724
Fish 0.024 0.025 0.023 0.016 2,066.671 2,301.457 2,507.731 3,004.500
Dairy 0.016 0.019 0.020 0.017 875.645 942.555 1,003.263 1,165.514
Fats 0.015 0.014 0.012 0.009 3,934.033 4,785.747 5,447.792 7,336.529
Coffee 0.003 0.002 0.002 0.001 2,193.004 2,598.187 2,825.309 3,334.685
SoftDrink 0.001 0.003 0.004 0.006 1,995.697 2,082.537 2,098.779 2,216.920
OtherFood 0.009 0.005 0.003 0.001 747.881 784.755 797.189 841.352
Food (total) 0.643 0.562 0.468 0.300 1,097.135 1,198.445 1,170.235 919.933
Non-food 0.357 0.438 0.532 0.700
N (total) 5325 3933 3089 2073
N (rural) 4751 3175 2238 926
N (urban) 574 758 851 1147

Notes: This table shows the mean value of each food group’s share in total expenditures (and the non-food
numéraire good’s share) in columns 1-4 and each food group’s mean unit value (and the non-food numéraire
good’s median unit value) in columns 5-8. Both budget shares and unit values are summarized by per-capita total
expenditures quartile. Mean budget shares and unit values are weighted using survey weights. The unit value for
total food is also weighted by budget share. Food groups whose names have been shortened are marked with ∓;
The food items contained in each food group are listed in Table SMC.48.
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Table SMC.44: Average share in total expenditures and unit value, by food
group and consumer total expenditure quartile (Tanzania)

Average Share in Total Expenditures Average Unit Value (TSH/kg)

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Rice 0.031 0.055 0.069 0.064 1,228.467 1,274.172 1,323.853 1,371.846
Maize 0.208 0.171 0.123 0.064 595.312 702.856 773.873 866.564
Wheat 0.033 0.031 0.030 0.035 1,489.333 1,563.167 1,604.134 1,634.997
Cassava 0.066 0.040 0.022 0.009 398.402 467.742 521.574 606.245
Roots 0.047 0.048 0.049 0.039 551.436 605.850 666.766 766.607
Sugar 0.020 0.029 0.031 0.026 1,703.119 1,804.091 1,818.215 1,793.095
Pulses 0.066 0.052 0.040 0.025 1,244.628 1,298.853 1,348.238 1,456.047
Nuts 0.021 0.017 0.011 0.008 1,557.738 1,728.052 1,872.843 2,027.661
Vegetables 0.101 0.072 0.058 0.045 933.512 957.894 1,020.581 1,081.338
Fruit 0.019 0.027 0.030 0.031 740.767 774.080 833.018 938.750
RedMeat 0.017 0.038 0.055 0.063 3,679.092 3,925.640 4,203.616 4,627.812
Poultry 0.008 0.018 0.023 0.027 3,831.064 4,315.279 4,605.063 5,054.357
Eggs 0.002 0.003 0.004 0.007 2,579.020 2,768.887 2,699.234 2,676.343
Fish 0.032 0.035 0.033 0.030 2,703.553 2,840.958 3,062.765 3,470.994
Dairy 0.015 0.018 0.022 0.023 847.562 997.622 1,170.759 1,466.053
Fats 0.023 0.025 0.025 0.021 2,549.917 2,765.289 2,840.955 2,900.636
Coffee 0.003 0.004 0.005 0.005 8,918.182 9,480.105 9,581.581 9,812.320
SoftDrink 0.002 0.003 0.003 0.002 437.146 495.446 546.281 617.810
OtherFood 0.011 0.007 0.005 0.004 885.539 858.090 852.038 893.737
Food (total) 0.726 0.692 0.638 0.527 807.798 1,004.543 1,127.184 1,163.662
Non-food 0.274 0.308 0.362 0.473
N (total) 1508 2668 2872 2148
N (rural) 1357 2106 1841 831
N (urban) 151 562 1031 1317

Notes: This table shows the mean value of each food group’s share in total expenditures (and the non-food
numéraire good’s share) in columns 1-4 and each food group’s mean unit value (and the non-food numéraire
good’s median unit value) in columns 5-8. Both budget shares and unit values are summarized by per-capita total
expenditures quartile. Mean budget shares and unit values are weighted using survey weights. The unit value for
total food is also weighted by budget share. Food groups whose names have been shortened are marked with ∓;
The food items contained in each food group are listed in Table SMC.49.
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Table SMC.45: Average share in total expenditures and unit value, by food
group and consumer total expenditure quartile (Nigeria)

Average Share in Total Expenditures Average Unit Value (NGN/kg)

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Rice 0.094 0.088 0.067 0.042 210.598 212.907 214.709 212.501
Maize 0.039 0.028 0.017 0.007 103.846 104.615 105.026 103.606
Wheat 0.122 0.082 0.057 0.036 180.092 186.772 192.078 196.121
Cassava 0.048 0.043 0.034 0.022 114.608 115.193 116.868 117.363
Roots 0.059 0.067 0.064 0.051 104.139 106.523 109.195 115.988
Sugar 0.013 0.011 0.008 0.007 314.046 341.394 359.314 371.265
Pulses 0.049 0.044 0.034 0.023 219.619 227.799 233.515 240.490
Nuts 0.007 0.007 0.006 0.004 441.020 439.037 444.962 445.710
Vegetables 0.072 0.062 0.049 0.037 171.646 172.398 178.463 189.735
Fruit 0.007 0.009 0.012 0.013 113.931 111.529 110.931 112.420
RedMeat 0.041 0.057 0.062 0.049 757.448 769.787 782.080 787.084
Poultry 0.004 0.006 0.012 0.016 793.046 793.691 785.326 782.514
Eggs 0.001 0.002 0.004 0.005 452.005 457.629 464.624 479.729
Fish 0.064 0.066 0.061 0.053 596.452 640.633 674.682 702.611
Dairy 0.009 0.010 0.012 0.016 1,032.546 1,034.263 1,026.712 1,028.114
Oils 0.070 0.053 0.038 0.026 279.591 282.327 284.206 279.287
Coffee 0.002 0.005 0.008 0.010 1,791.513 1,752.238 1,726.166 1,739.829
SoftDrink 0.004 0.007 0.011 0.014 93.587 92.915 92.773 97.915
OtherFood 0.011 0.008 0.005 0.003 278.228 290.249 291.843 284.736
Food (total) 0.716 0.656 0.562 0.435 206.033 218.772 213.702 193.448
Non-food 0.284 0.344 0.438 0.565
N (total) 6680 8005 7275 4017
N (rural) 5810 6037 4392 1795
N (urban) 870 1968 2883 2222

Notes: This table shows the mean value of each food group’s share in total expenditures (and the non-food
numéraire good’s share) in columns 1-4 and each food group’s mean unit value (and the non-food numéraire
good’s median unit value) in columns 5-8. Both budget shares and unit values are summarized by per-capita total
expenditures quartile. Mean budget shares and unit values are weighted using survey weights. The unit value for
total food is also weighted by budget share. Food groups whose names have been shortened are marked with ∓;
The food items contained in each food group are listed in Table SMC.50.
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Table SMC.46: Malawi: Food items contained in each food group
Food Group Name Food Items Included
Rice Rice
Maize Maize ufa mgaiwa (normal flour); maize ufa refined (fine flour); maize ufa madeya (bran flour); maize grain

(not as ufa); green maize
Wheat Sorghum (mapira); bread; buns and scones; biscuits; spaghetti, macaroni, and pasta
Cassava Cassava tubers; cassava flour
Roots White sweet potato; orange sweet potato; Irish potato; plantain and cooking banana
Sugar Sugar; sugar cane
Pulses White bean; brown bean; pigeon pea (nandolo); soybean flour; ground bean (nzama); cowpea (khobwe)
Nuts Groundnut flour
Vegetables Onion; cabbage; nkhwani; Chinese cabbage; gathered wild green leaves; tomato; cucumber; pumpkin;

okra/therere
Fruit Mango; banana; papaya; guava; avocado; wild fruit (masau, malambe, etc.)
Red Meat Beef; goat; pork
Poultry Chicken
Eggs Eggs
Dairy Fresh milk; powdered milk; margarine (Blue Band)
Fats Cooking oil
Tea Tea
Soft Drink Squash (sobo drink concentrate); fruit juice; freezes (flavored ice); soft drinks (coca-cola, Fanta, Sprite, etc.)
Other Food Salt; spices; yeast, baking powder and bicarbonate of soda

Note: This table shows how individual food items listed in the Malawi survey are mapped onto food groups. Food items are separated by
semicolons.
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Table SMC.47: Niger: Food items contained in each food group
Food Group Name Food Items Included
Rice Rice
Millet Millet
Wheat Wheat flour; sorghum; fonio; other grains; cornstarch; pasta; bread; biscuit; corn fritters; cakes; other pastries

(cakes, pastries)
Cassava Cassava flour (attiéké, gari, tapioca, etc.); cassava tuber
Roots Yam tuber; potato; taro and cocoyam; sweet potato; other tubers
Sugar Sugar; honey; confectionery
Pulses Bean fritters; beans; dry pea; other pulses; peanut butter
Nuts Bambara groundnut; peanuts in shell; shelled peanuts; groundnut cake; cola nut
Vegetables Salad (lettuce); fresh onion; fresh okra; fresh tomato; fresh pepper; eggplant; carrot; green bean; cucumber;

pea; squash, zucchini; other vegetable; dried tomato; dried okra; tomato paste; baobab leaves; other leafy
vegetables

Fruit Mango; pineapple; orange; other citrus (mandarin, lemon, grapefruit); sweet banana; watermelon; dates;
sugar cane; melon; palmyra/doumier (African fan palm fruit); other fruits

Red Meat Beef; camel meat; mutton; goat meat; game; other meats
Poultry Poultry; giblets
Eggs Eggs
Fish Fresh fish; smoked fish; stockfish; canned fish; other canned fish products
Dairy Fresh milk; curd; powdered milk; cheese; yogurt; other dairy products
Oils Palm oil; peanut oil; cottonseed oil; corn oil; other oils (soy, sheabutter); butter
Coffee Cocoa/chocolate; coffee in cans; tea bag; other teas
Soft Drink Fruit juice; juice powder; soft drinks
Other Food Maggi cube; soumbala (of sorrel); yodo; malahya; salt; pimento; other spices (ginger, garlic, etc.)

Note: This table shows how individual food items listed in the Niger survey are mapped onto food groups. Food items are separated by semicolons.
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Table SMC.48: Uganda: Food items contained in each food group
Food Group Name Food Items Included
Rice Rice
Maize Maize (grains); maize (cobs); maize (flour)
Wheat Bread; millet (flour); sorghum (flour); wheat (flour); chapati; loaf; bun
Cassava Cassava (dry); cassava (flour)
Roots Plantains (matooke), bunch; plantains (matooke), cluster; plantains (matooke), heap; plantains (matooke),

other units; sweet potatoes (fresh); sweet potatoes (dry); cassava (fresh); cassava (dry/flour); Irish potatoes;
sweet potato flour

Sugar Sugar
Pulses Beans (fresh); beans (dry)
Nuts Ground nuts (in shell); ground nut seeds (unshelled); ground nuts (pounded); peas (fresh); simsim; peas

(dry); ground nut paste
Vegetables Onions; tomatoes; cabbages; dodo; other vegetables; green pepper; pumpkins; carrots; eggplant
Fruit Passion fruits; sweet bananas; mangoes; oranges; other fruits; avocado; pineapple; pawpaw; apples;

watermelon
Red Meat Beef; pork; goat meat; other meat
Poultry Chicken (local)
Eggs Eggs
Fish Fresh fish; dry/smoked fish
Dairy Fresh milk; infant formula food
Fats Cooking oil; ghee margarine, butter, etc
Coffee Coffee; tea
Soft Drink Soda; other drinks
Other Food Salt

Note: This table shows how individual food items listed in the Uganda survey are mapped onto food groups. Food items are separated by
semicolons.
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Table SMC.49: Tanzania: Food items contained in each food group
Food Group Name Food Items Included
Rice Rice (paddy); rice (husked)
Maize Maize (grain); maize (flour)
Wheat Millet and sorghum (grain); millet and sorghum (flour); wheat, barley grain and other cereals; bread; buns,

cakes and biscuits; macaroni and spaghetti; other cereal products
Cassava Cassava fresh; cassava dry / flour
Roots Sweet potatoes; yams / cocoyams; Irish potatoes; cooking bananas, plantains; other starches
Sugar Sugar; sweets; honey, syrups, jams, marmalade, jellies
Pulses Peas, beans, lentils and other pulses
Nuts Ground-nuts in shell / shelled; Cashew, almond and other nuts
Vegetables Onions, tomatoes, carrots and green pepper; spinach, cabbage and other green vegetable; canned, dried and

wild vegetables
Fruit Coconuts (mature / immature); ripe bananas; citrus fruits; mangoes, avocados and other fruits
Red Meat Goat meat; beef including minced sausage; pork including sausages and bacon
Poultry Chicken and other poultry
Eggs Eggs
Fish Fresh fish and seafood (including dagaa); Dried / salted / canned fish and seafood (incl. dagaa)
Dairy Fresh milk; Milk products (like cream, cheese, yoghurt, etc); Canned milk / milk powder
Oils Cooking oil; Butter, margarine, ghee and other fat products
Coffee Tea dry; Coffee and cocoa
Soft Drink Sugar-cane; Other raw materials for drinks
Other Food Salt; other spices

Note: This table shows how individual food items listed in the Tanzania survey are mapped onto food groups. Food items are separated by
semicolons.
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Table SMC.50: Nigeria: Food items contained in each food group
Food Group Name Food Items Included
Rice Rice, local; rice, imported
Maize Maize; maize flour
Wheat Guinea corn/sorghum; millet; bread; yam flour; wheat flour; other grains and flour
Cassava Cassava flour; cassava (roots); gari (white); gari (yellow)
Roots Yam (roots); cocoyam; plantains; sweet potatoes; potatoes
Sugar Sugar; honey
Pulses Soya beans; brown beans; white beans
Nuts Groundnuts; other nuts/seeds/pulses
Vegetables Tomatoes; tomato puree (canned); onions; garden eggplant; okra (fresh); okra (dried); pepper; leaves

(cocoyam, spinach, etc.); other vegetables
Fruit Bananas; orange/tangerine; mangoes; avocado; pear; pineapple; other fruits
Red Meat Beef; mutton; pork; goat; wild game meat; other meat (excl. poultry)
Poultry Chicken
Eggs Agricultural eggs; local eggs
Fish Fish (fresh); fish (frozen); fish (smoked); fish (dried); snails; seafood (lobster, crab, prawns)
Dairy Fresh milk; milk powder; baby milk powder; tinned milk (unsweetened); other milk products
Oils Palm oil; butter/margarine; groundnuts oil; other oil and fat
Coffee Coffee; chocolate drinks (including Milo); tea
Soft Drink Malt drinks; soft drinks (coca cola, spirit, etc); fruit juice canned/pack
Other Food Condiments (salt, spices, pepper)

Note: This table shows how individual food items listed in the Nigeria survey are mapped onto food groups. Food items are separated by
semicolons.
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Table SMC.52: Summary statistics of baseline per capita kcal daily intake
for Malawi households

Obs. Mean Median Std. dev. Min Max
Rice 7922 119.2274 0.0000 197.3364 0 1023
Maize 7922 2129.9597 1988.2274 1145.6306 0 8620
Wheat 7922 113.8472 0.0000 188.1407 0 2242
Cassava 7922 99.3202 0.0000 287.3284 0 4357
Roots 7922 129.7197 86.9400 153.5088 0 1361
Sugar 7922 146.2463 143.9032 120.6446 0 622
Pulses 7922 182.9135 129.3436 198.5998 0 1559
Nuts 7922 18.0835 0.0000 30.3504 0 190
Vegetables 7922 37.1558 22.3493 45.5764 0 386
Fruit 7922 49.5606 19.0341 106.3784 0 1208
Red meat 7922 45.8366 0.0000 81.6096 0 899
Poultry 7922 25.0889 0.0000 48.4482 0 240
Eggs 7922 59.0461 0.0000 139.0362 0 821
Dairy 7922 19.6915 0.0000 52.4833 0 531
Oils 7922 125.4994 96.7551 132.7077 0 657
Tea 7922 0.0000 0.0000 0.0000 0 0
Soft drink 7922 16.6784 0.0000 48.5118 0 557
Other food 7922 0.7978 0.0000 2.9870 0 37
Observations 7922

Table SMC.53: Summary statistics of baseline per capita kcal daily intake
for Niger households

Obs. Mean Median Std. dev. Min Max
Rice 13026 1278.5298 409.5238 29091.6724 0 2064000
Millet 13026 2796.7293 1577.5862 30366.5488 0 3267857
Wheat 13026 1656.3955 704.0816 12085.6825 0 639286
Cassava 13026 186.7228 0.0000 4618.3873 0 496503
Roots 13026 45.5800 0.0000 235.1935 0 11211
Sugar 13026 822.1403 50.7947 70805.5195 0 8067227
Pulses 13026 424.0799 0.0000 7478.2148 0 376979
Nuts 13026 127.7862 0.0000 4690.8573 0 488699
Vegetables 13026 146.8196 28.3956 2358.5554 0 193954
Fruit 13026 61.7323 0.0000 2129.8883 0 187435
Red meat 13026 285.5265 0.0000 7939.9702 0 543182
Poultry 13026 22.9634 0.0000 118.4931 0 7741
Eggs 13026 2.5453 0.0000 15.5948 0 618
Fish 13026 17.7168 0.0000 513.9434 0 49500
Dairy 13026 242.4877 0.0000 6162.6152 0 586905
Oils 13026 812.1010 235.9664 13239.2085 0 786555
Coffee 13026 3.9377 0.0000 78.2401 0 8132
Soft drink 13026 16.9258 0.0000 1209.7699 0 135714
Other food 13026 213.0883 109.4282 1651.0915 0 109615
Observations 13026
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Table SMC.54: Summary statistics of baseline per capita kcal daily intake
for Uganda households

Obs. Mean Median Std. dev. Min Max
Rice 14420 76.0405 0.0000 194.5289 0 8571
Maize 14420 450.6351 173.9286 862.9230 0 29615
Wheat 14420 260.3953 0.0000 648.1499 0 10378
Cassava 14420 355.9780 67.6571 1644.9322 0 128821
Roots 14420 362.4900 133.4775 770.6267 0 45768
Sugar 14420 124.6477 79.1414 277.8456 0 20226
Pulses 14420 345.4692 193.2775 479.9681 0 8952
Nuts 14420 415.6451 108.3133 930.9314 0 29160
Vegetables 14420 37.6286 14.8294 59.3462 0 1154
Fruit 14420 57.7958 0.0000 207.1454 0 9806
Red meat 14420 57.5228 0.0000 230.9994 0 25233
Poultry 14420 15.1816 0.0000 60.7547 0 1807
Eggs 14420 28.5533 0.0000 142.1939 0 5091
Fish 14420 127.3542 0.0000 307.1592 0 6584
Dairy 14420 63.3725 0.0000 148.1272 0 3120
Fats 14420 987.9540 273.6190 1952.5758 0 52535
Coffee 14420 0.0806 0.0000 2.2560 0 260
Soft drink 14420 6.2807 0.0000 34.9848 0 1410
Other food 14420 0.0000 0.0000 0.0000 0 0
Observations 14420

Table SMC.55: Summary statistics of baseline per capita kcal daily intake
for Tanzania households

Obs. Mean Median Std. dev. Min Max
Rice 9014 503.0078 340.9524 593.0574 0 7755
Maize 9014 1152.9552 898.7918 1105.0960 0 9309
Wheat 9014 257.7145 82.9838 449.6229 0 7109
Cassava 9014 264.2915 0.0000 623.6213 0 5566
Roots 9014 137.9607 45.7433 242.7711 0 2914
Sugar 9014 152.9688 125.6494 164.9425 0 3046
Pulses 9014 208.1630 136.5714 243.3896 0 1711
Nuts 9014 70.2944 0.0000 190.0052 0 2526
Vegetables 9014 40.9177 33.5641 31.2824 0 234
Fruit 9014 124.6927 38.8094 183.6224 0 1714
Red meat 9014 92.3150 0.0000 170.8937 0 2210
Poultry 9014 24.4277 0.0000 67.4324 0 728
Eggs 9014 27.1022 0.0000 131.5184 0 2904
Fish 9014 61.7844 33.0833 84.8937 0 806
Dairy 9014 57.8227 0.0000 177.9941 0 4239
Fats 9014 171.6015 135.4571 170.4976 0 1506
Coffee 9014 0.3334 0.0093 3.8445 0 192
Soft drink 9014 3.2273 0.0000 14.0783 0 268
Other food 9014 5.5737 0.0000 23.6332 0 430
Observations 9014
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Table SMC.56: Summary statistics of baseline per capita kcal daily intake
for Nigeria households

Obs. Mean Median Std. dev. Min Max
Rice 25455 409.1372 344.9495 348.1067 0 3794
Maize 25455 271.2280 0.0000 523.3536 0 4712
Wheat 25455 683.8091 196.2561 1005.9331 0 8079
Cassava 25455 210.9082 95.1146 388.5984 0 4943
Roots 25455 244.6058 148.3044 301.6948 0 2129
Sugar 25455 39.5120 2.8155 67.4650 0 953
Pulses 25455 199.2072 159.5168 209.8822 0 2524
Nuts 25455 28.5793 0.0000 89.4264 0 1604
Vegetables 25455 35.8859 29.1850 30.3195 0 334
Fruit 25455 20.2215 0.0000 44.7210 0 615
Red meat 25455 54.0248 34.1429 67.3298 0 669
Poultry 25455 9.2419 0.0000 35.2929 0 327
Eggs 25455 3.0692 0.0000 9.5261 0 137
Fish 25455 37.6061 23.1460 50.1577 0 570
Dairy 25455 17.1094 0.0000 41.4201 0 632
Oils 25455 379.5125 329.8528 266.4261 0 2124
Coffee 25455 0.7936 0.0000 2.5317 0 37
Soft drink 25455 9.7629 0.0000 29.1550 0 523
Other food 25455 19.0285 12.1992 24.4302 0 225
Observations 25455
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