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a b s t r a c t 

A precarious food security situation implies that many countries in the Global South may not achieve the 

United Nations Sustainable Development Goal 2 (SDG2) of zero hunger by 2030. We focus on the case 

of Uganda and explore food demand and food security implications for 2030, where 33% (15 million) 

of the population of 44 million are poor. Matooke (cooking bananas) , cassava, and (sweet) potatoes are 

traditional foods in Uganda; however, the consumption of maize, wheat, and rice has been rising with 

increases in income and urbanization. Using the Living Standards Measurement Study (LSMS) datasets of 

Uganda, this study estimated the demand for matooke, cassava and potatoes, maize/coarse grains, wheat 

and rice, vegetables, and meat and fish in 2030. Our findings confirm that with increases in income 

and demographic changes, the demand for these food items will increase drastically. To attain SDG2 of 

zero hunger, as well as food and nutrition security, this study calls for further investments in Uganda’s 

agricultural sector to enhance domestic production capacity to meet the growing demand for food. 

© 2021 The Author(s). Published by Elsevier B.V. on behalf of Institution of Chemical Engineers. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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. Introduction 

To achieve the United Nations Sustainable Development Goal 

 (SDG2) of zero hunger by 2030, it is imperative to ensure ba- 

ic food security for millions of people in the Global South. Glob- 

lly, nearly 2 billion people are moderate to severely food inse- 

ure ( FAO et al., 2019 ), of which 135 million people are severely

ood insecure ( FSIN, 2020 ). Those who are food insecure are mostly 

oncentrated in Africa, Asia, and Latin America ( FAO et al., 2019 ). 

ince 2015, the absolute number of hungry people has increased, 

articularly in sub-Saharan Africa and South Asia ( FAO et al., 2017 ; 
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HO, 2018 ). It is thus becoming increasingly challenging for many 

f the countries in the Global South to eliminate hunger by 2030. 

oreover, the World Food Program (WFP) has cautioned that in 

he absence of swift and effective action, an additional 265 mil- 

ion people may become severely food insecure due to COVID-19- 

nduced economic turmoil ( WFP, 2020 ). How then to ensure basic 

ood security for people in the Global South by 2030? 

For a start, we need to understand the food choices of food- 

nsecure populations. Food consumption patterns are context- 

pecific, calling for grounded, country-level case studies to examine 

ood choices. In this study, we focus on Uganda - a rapidly devel- 

ping, landlocked country in sub-Saharan Africa, where one-third 

f the total population is classified as poor ( World Bank, 2016a ). 

Uganda is one of the fastest economically growing nations in 

ub-Saharan Africa and is in the midst of socio-economic tran- 

ition. From 20 0 0–2019, the gross domestic product (GDP) of 
emical Engineers. This is an open access article under the CC BY license 
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he country expanded on average by more than 6% per annum 

 World Bank, 2020a ). Consequently, the per capita GDP reached 

S$ 710 in 2019, up from US$ 632 in 2011 (at 2010 prices) 

 USDA, 2021 ). It is projected that from 2020 to 2031, the real GDP

at 2010 prices) of Uganda will further grow by an average of 5.6% 

er annum ( USDA, 2020 ), and thereby the real per capita GDP of

he country will reach US$ 984 by 2031 ( USDA, 2021 ). Population 

rowth and urbanization are also rapid in Uganda. In 2019, out of a 

otal population of 44.3 million, 24.4% were residing in urban areas 

 World Bank, 2020a ). By 2030, Uganda’s population is projected 

o be 58–61 million 

1 depending on the fertility rate assumptions 

 United Nations, 2019 ), of which more than 31% will reside in ur-

an areas ( World Bank, 2021 ). These economic and demographic 

hanges will have significant impacts on the agricultural sector 

 Alexandratos, 2005 ), generating the challenge of producing and 

upplying more and better food at affordable prices ( FAO, 2018 ). 

The objective of this study is to assess the future demand for 

ajor food items in Uganda by 2030. The study relies on informa- 

ion from 8,424 households, collected through three rounds (2010–

1, 2013–14, 2015–16) of Uganda’s Living Standards Measurement 

tudy-Integrated Surveys on Agriculture (LSMS-ISA). The major 

ood items of Uganda are matooke (cooking bananas), cassava and 

sweet) potatoes, and cereals such as maize, wheat, and rice. 

his study assessed the nation-wide demand in Uganda for ma- 

ooke, cassava, and (sweet) potatoes, maize/coarse grains (includ- 

ng sorghum and millet), wheat and rice, vegetables, and fish and 

eat in 2030. To achieve this, the study applied the endogeneity- 

orrected Quadratic Almost Ideal Demand System (QUAIDS) esti- 

ation approach separately for rural and urban households. From 

he QUAIDS model, we estimated the price and expenditure elas- 

icities for the sampled foods. We then estimated the aggregate 

emand in Uganda for the sampled food items considering pop- 

lation projections and GDP growth rates up to 2030. 

The study is important for two crucial reasons: Firstly, Uganda’s 

apid economic growth has resulted in a marked decline in 

overty — in 1993 68% of the population were living on less 

han US$ 1.90/day ( World Bank, 2016a ), down to 33% in 2020 

14.7 out of 44.3 million, ( World Bank, 2020b ). Nonetheless, 

AO et al. (2018) found that in Uganda in the period from 2015 to

017, 17.2 million (41.4%) people were undernourished, 0.3 million 

3.6%) children under five years of age were wasted, and 2.2 mil- 

ion (28.9%) children under five were stunted; and in 2016, 2.6 mil- 

ion (37.2%) women of reproductive age (15–49 years) were ane- 

ic. In the 2020 Global Hunger Index, Uganda is classified as a 

ountry under a serious threat of hunger ( Grebmer et al., 2020 ). 

nderstanding the future demand for major food items and invest- 

ng accordingly from now on can be instrumental in ensuring the 

ood and nutrition security of Uganda. 

Secondly, Uganda aims to become a middle-income country by 

040, with zero hunger, a major share of earnings coming from 

he non-farm sector, and the majority of citizens residing in ur- 

an areas ( Government of Uganda, 2015 , 2011 ; World Bank, 2016a ).

o achieve the status, Uganda has to secure more food with the 

ncrease in population and economic progress ( Fukase and Mar- 

in, 2017 ). As a developing nation, it is not desirable for Uganda 

o rely primarily on substantive imports to meet growing food 

emands. Supply failures can generate food price hikes and the 

Ricardo-Schultz” trap, in which increased food prices can generate 

nrest and reduce incentives to invest in industrial development, 

ampering economic progress. A number of African countries, in- 

luding Uganda, witnessed riots linked to food and fuel price hikes 

uring 2007–2011 ( Kron, 2011 ; Sneyd et al., 2013 ). To avoid fu-

ure food riots, ensuring food security for the urban poor is par- 
1 FAOSTAT, 2021c . 

p  

g

1141 
icularly crucial for Uganda ( Kamara and Renzaho, 2014 ), yet the 

OVID-19 pandemic is aggravating food insecurity in urban areas 

 FEWSN, 2021 ). It is thus imperative to produce more food to avoid

uture food-related riots and to achieve Uganda’s desire of becom- 

ng a middle-income country. 

This study is organized as follows: the next section explains 

he conceptual framework, including a brief literature review. 

ection 3 presents the data and methods used for estimating the 

xpenditure and price elasticities of the food groups and projects 

he aggregate demand for them by 2030. Section 4 presents the 

esults, including general findings, estimated elasticities, and pro- 

ected aggregate consumption of the sampled food items, consider- 

ng the projected GDP and population rates. Section 5 presents the 

onclusion and policy implications. 

. Conceptual framework 

It is widely acknowledged that a nation’s dietary intake 

volves with changes in demography, income, and urbanization 

 Béné et al., 2019 ; Cockx et al., 2018 ; Huang and Bouis, 2001 ;

uang and David, 1993 ; Kearney, 2010 ; Mason et al., 2015 ; 

ittal, 2007 ; Mottaleb et al., 2018a , 2018b; Pingali, 2006 ; Pinstrup- 

ndersen et al., 1999 ; Popkin, 20 08 ; Regmi, 20 01 ; Regmi and

yck, 2001 ; Wilde, 1989 ). A country in the early stages of its devel-

pment tends to consume a high proportion of energy-dense sta- 

le food items, such as cereals and roots and tubers, which are 

elatively cheap sources of dietary energy ( Gerbens-Leenes et al., 

010 ; Mottaleb et al., 2018b ). 

As development progresses, with increases in income and ur- 

anization, the lifestyle and dietary intake of households change. 

or example, with an increase in income and urbanization, house- 

olds tend to increase their consumption of diverse and ex- 

ensive foodstuffs, such as more plant- and animal-based food 

tems ( Mottaleb et al., 2018b ; Pingali, 2006 ; Reardon et al., 2019 ,

012 ). This dietary transition is popularly known as the “nu- 

rition transition” ( Drewnowski and Popkin, 2009 ; Jakicic and 

avis, 2011 ; Pingali, 2006 ; Pingali et al., 2019 ; Popkin, 2003 , 1999 ;

eardon et al., 2014 ; Semba et al., 2008 ). Population growth pro- 

ides a further driver, by affecting the aggregate food demand both 

irectly and indirectly through its interlinkages with urbanization 

nd income growth. We use these stylized changes affecting food 

emand as our overarching conceptual framework ( Fig. 1 ), with 

hese processes playing out differently in rural and urban settings 

nd affecting both the aggregate food demand and the composition 

f food demand in the Global South. 

The nutrition transition has led to calls for more diverse agri- 

ood systems but also concerns about the environmental foot- 

rint and affordability ( Hirvonen et al., 2020 ; Willett et al., 2019 ).

here are also concerns about the triple burden of undernutrition, 

icronutrient malnutrition, and overnutrition (overweight/obesity 

nd non-communicable diseases ( Poole et al., 2021 ). 

For most developing nations, continued population growth and 

he nutrition transition call for increased investment in domes- 

ic agri-food systems to enhance food security in all its dimen- 

ions: (food availability; food accessibility; utilization; stability; 

AO, 2006 ). This typically requires additional investments in both 

nergy-dense staple foods and nutrient-rich foods as complements, 

nd increased attention for the one should not thereby replace 

ttention for the other ( Poole et al., 2021 ). Ignoring the role of 

nergy-dense staple foods can have devastating impacts, particu- 

arly on the food security of economically emerging and developing 

ountries, where such staples are and remain the major sources of 

ietary energy. 

Currently, out of the 7.7 billion global population, 821 million 

eople (10.9%) go to bed hungry ( FAO et al., 2019 ). By 2050 the

lobal population is expected to increase to 8.9–10.6 billion, de- 
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Fig. 1. Conceptual framework of changing food demand in the Global South. 

Table 1 

Food items considered in this study for estimating elasticities. 

Food sub-group Items included Item codes in survey questionnaire 

Matooke Matooke (cooking bananas; brunch, cluster, heap, others) 101-104 

Cassava and (sweet) potatoes Sweet potatoes (fresh/dry/flour), cassava (fresh/dry/flour), Irish potatoes 105-109 

Maize/coarse grains Maize (grains, cobs, flour, bread), millet, sorghum 111-114, 115, 116 

Wheat and rice Rice, wheat (flour, chapati) 110, 172-173 

Vegetables Onions, tomatoes, cabbages, dodo ( Amaranthus spp.), other vegetables 135-139 

Meat and fish Beef, pork, goat meat, chicken, other meat, fish (fresh, dry/smoked) 117-123 

Sources: ( World Bank, 2019b , 2016b, 2014). 
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ending on the fertility rate assumptions ( United Nations, 2019 ). 

he concern is that under the business-as-usual scenario, the num- 

er of hungry people may increase to 2 billion by 2050. Thus, to 

nsure basic food security and to advance on eliminating hunger 

y 2030 as per SDG2, and to ensure basic food security of the bur- 

eoning population of the world by 2050, it is imperative to supply 

ore basic food items such as energy-dense staple foods at an af- 

ordable price. 

For Uganda, investing in cereals is particularly important. This is 

ecause, even though Uganda has been highly successful in fight- 

ng abject poverty by achieving rapid economic growth in recent 

ears, 41.4% of its population is still undernourished ( FAO et al., 

018 ). Also, it is projected that by 2030 the population of the 

ountry will be 58–61 million depending on the fertility rate 

ssumptions ( United Nations, 2019 ), from 43 million in 2018 

 World Bank, 2020a ), of which more than 44% will reside in urban

reas ( World Bank, 2021 ). 

In Uganda, matooke (cooking bananas), cassava and (sweet) 

otatoes, cereals such as maize, wheat, and rice, vegetables, and 

sh and meat are the major food items ( FAOSTAT, 2021a ). For 

he triennium ending in 2018 (TE2018), the daily per capita calo- 

ie intake in Uganda was 2,012 kcal, of which 1,057 kcal (53%) 

ame solely from matooke, cassava and (sweet) potatoes, maize, 

heat, and rice ( FAOSTAT, 2021c ). In TE2018, the yearly matooke 

onsumption was 80 kg per capita (pc), and the corresponding 

ggregate national consumption 3.3 million metric tons (MMT) 

 FAOSTAT, 2021a ). Consumption of cassava and potatoes was 114 kg 

c and the corresponding national consumption 4.7 MMT. Maize, 

illet, and sorghum consumption was nearly 48 kg/year/capita, 

nd the corresponding national consumption 1.97 MMT. Wheat 
1142 
nd rice consumption was 23 kg/year/capita and the corresponding 

ational consumption 939 thousand metric tons. Vegetable con- 

umption was 31.2 kg pc, and the corresponding national con- 

umption 1.3 MMT. Finally, fish and meat consumption was nearly 

3 kg pc and the national consumption 947.2 thousand metric 

ons ( FAOSTAT, 2021a ). As Uganda is rapidly developing econom- 

cally and demographically, it is important to examine the future 

f the food demand in Uganda considering the economic and de- 

ographic changes. 

Several studies have estimated the future demand for major 

taples at the global level in the context of demographic changes 

 Godfray et al., 2010 ; Ray et al., 2013 ; Tilman et al., 2011 ). Projec-

ions for global food demand show increases from 70% ( FAO, 2009 ) 

o 110% ( Tilman et al., 2011 ) by 2050. Ray et al. ( Ray et al., 2013 )

uggested that to meet the surge in demand, average yield growth 

ates for any agricultural commodity should be at least 2.4% per 

ear compared with rates in 2005. 

While existing studies provide broad, important insights into 

he future demand for agricultural commodities, conducting 

ommodity-specific studies at the country level is imperative given 

he heterogeneity of dietary intake, cropping patterns, urbaniza- 

ion, population, and economic dynamics across countries. This 

tudy assessed Uganda’s demand for major food groups: matooke; 

assava and (sweet) potatoes; maize and other coarse grains; 

heat and rice; vegetables; and fish and meat in 2030. 

There are only a few studies that assess Uganda’s demand 

or major food items. Boysen (2016) examined the price and in- 

ome elasticities of 14 food items in Uganda using data from 

he 2012-13 Ugandan National Household Survey comprised of 

,887 households. The study found that for rural households in 
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Table 2 

Background information of the sampled households by their rural-urban location and by the LSMS rounds. 

Household affiliation 

All 

Rural Urban 

Years 2010-11 2013-14 2015-16 2010-11 2013-14 2015-16 

No. of observations 8,424 1,880 2,228 2,250 535 796 735 

Total food expenditure (1000 UGX/week) 41.3 (38.4) 42.3 (45.2) 39.7 (28.9) 35.0 (22.8) 53.7 (46.1) 47.8 (63.2) 47.3 (36.0) 

Expenditure on the sampled foods (1000 UGX/week) 34.1 (53.7) 35.0 (65.5) 32.9 (27.7) 30.8 (69.3) 42.2 (47.0) 38.7 (49.2) 34.3 (26.4) 

No. of family members 5.7(3.2) 7.3 (3.5) 5.3 (2.8) 5.2 (2.9) 7.1 (3.8) 4.6 (2.7) 4.6 (2.8) 

% Male-headed households 68.0 70.3 67.9 68.0 65.2 68.0 64.2 

Age, household head 45.9(15.6) 47.4 (15.2) 46.3 (15.7) 46.3 (15.9) 45.0 (14.3) 43.1 (15.7) 43.0 (14.8) 

Age, spouse 24.3(20.9) 26.2 (20.6) 25.1 (20.8) 24.4 (21.5) 22.7 (20.7) 21.9 (20.1) 20.4 (20.6) 

% Household head educated up to primary level (7 years) 54.4 58.7 58.0 60.5 40.9 40.1 39.3 

% Household head educated up to secondary level 21.9 13.1 18.6 19.1 23.2 39.9 42.0 

% Household head educated beyond secondary level 3.4 2.9 1.8 0.07 8.6 9.3 7.3 

% Spouse educated up to primary level (7 years) 37.6 41.5 42.3 40.9 25.0 26.8 24.2 

% Spouse educated up to secondary level 11.3 6.3 8.6 8.6 15.3 26.8 22.9 

% Spouse educated beyond secondary level 1.2 1.1 0.06 0.02 3.6 24.7 2.9 

% Household head engaged in farming 46.5 50.5 55.0 58.1 9.7 3.0 19.7 

% Spouse engaged in farming 39.6 44.1 43.8 46.3 10.8 29.9 14.1 

% From central region and Kampala 29.1 24.7 22.4 21.2 50.3 40.8 47.3 

% From eastern region 24.1 27.0 28.3 26.4 15.3 49.7 14.1 

% From northern region 25.2 26.7 27.6 27.5 20.0 49.7 18.0 

% From western region 21.6 21.6 21.6 24.8 14.4 14.3 20.5 

Sources: Authors’ calculation based on ( World Bank, 2019b , 2016b, 2014) 

Note: Values in parentheses are standard deviations. All monetary values are computed in terms of real Ugandan Shillings (UGX) using the consumer price index 

2010 = 100. 
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2 The official exchange rate between UGX per US dollar was US$ 1 = UGX 

2523 in 2011; US$ 1 = UGX 2600 in 2014; and US$ 1 = UGX 3420 in 2016 

( World Bank, 2020a ). 
ganda, income-elastic food items included maize, potatoes, ma- 

ooke , fruit, meat, fish, milk, and sugar, whereas other cereals, 

assava, legumes, and fats were income-inelastic. In contrast, for 

rban households in Uganda, Boysen (2016) showed that only 

eat, fish, and milk were income-elastic food items, whereas all 

ther sampled food items were income-inelastic. However, Boy- 

en’s study did not assess Uganda’s future food demand. The nov- 

lty of our study is that, in addition to updating estimates of price 

nd expenditure elasticities, we examine Uganda’s future demand 

or the major food items by 2030, using the estimated expenditure 

lasticities and projected population and GDP growth rates. Also, 

nlike that of Mottaleb et al. (2018a) , the present study follows 

he approach of Deaton (1990) , McKelvey (2011) , and Gibson and 

im (2013) in dealing with issues related to zero consumption and 

rices of the sampled food items. 

The world’s GDP increased on average by 3.5% per annum dur- 

ng the period from 1961 to 2019, and consequently, the per capita 

ominal GDP increased from less than US$ 452 in 1961 to US$ 

1,428 in 2016 ( World Bank, 2020a ). Like Uganda, several countries 

n South Asia and sub-Saharan Africa have been rapidly developing 

conomically due to high GDP growth rates and rapid urbanization 

 USDA, 2021 ; World Bank, 2020a ). Nevertheless, out of the world’s 

otal population of 7.7 billion people, 821 million are extremely 

oor ( WHO, 2018 ) and live on less than US$ 1.90/day - 86% of these

eside in sub-Saharan Africa and South Asia ( World Bank, 2019a ). 

larmingly, an additional 420-580 million people may fall into 

overty due to the recent COVID-19 pandemic and associated eco- 

omic fallout ( Sumner et al., 2020 ). How to ensure the basic food

ecurity of the extremely poor people in economically emerging 

ations is a major policy issue. As in Uganda, the majority of the 

xtremely poor in developing countries rely mainly on staples for 

heir daily dietary energy. Thus, although this study is Uganda- 

pecific, the policy implications are broader and wide-ranging. 

. Material and methods 

.1. Data 

The study is based on information collected from 8,424 house- 

olds from Uganda. In collaboration with the Uganda Bureau 

f Statistics (UBOS), the World Bank collected data for the Liv- 
1143 
ng Standard Measurement Study-Integrated Survey on Agriculture 

LSMS-ISA). This study is based on LSMS-ISA datasets 2010–11, 

013–14, and 2015–16. The LSMS-ISA survey sampled data and 

he sampling process can be seen in ( World Bank, 2019b , 2016b ,

014 )). In the case of Uganda, a questionnaire with 19 sections was 

sed to collect household-level data on the demographic composi- 

ion, labor allocation, education, and food consumption. Excluding 

igarettes and alcoholic drinks, the datasets include information on 

eekly household-level consumption and expenditure for 66 food 

tems. In this study, we examined the consumption of six major 

ood items: matooke ; cassava and potatoes; maize/coarse grains; 

heat and rice; vegetables; and fish and meat ( Table 1 ). 

The original LSMS sample size of 2010-11 was 2,716 households, 

013-14’s was 3,119 and 2015-16’s was 3,305. Because of incom- 

lete information on consumption and expenditure, this study re- 

ained 8,424 households. For sample details see Table 1 A, Annexure 

. Of the total samples, 6,358 (75.5%) were from rural areas and 

,0 6 6 (24.5%) from urban areas ( Table 1 A, Annexure A). Among the

ouseholds in this study, 5,726 (68%) were headed by males, and 

he remaining 2,698 by females (32%). 

The background information of the sampled households is pre- 

ented in Table 2 . In this study, all monetary values are converted 

rom nominal to real terms using the Consumer Price Index (CPI) 

eported by the World Bank (2020a), setting CPI 2010 as the base 

 = 100). The weekly average household-level total expenditure on 

ood in real terms was UGX 41.3 thousand; however, there is a 

arge gap in food expenditure between rural and urban house- 

olds 2 . The weekly household expenditure on the sampled food 

tems considered in this study was UGX 34.1 thousand, which 

as nearly 83% of the weekly household total food expenditure 

 Table 2 ). Both rural and urban households spent at least 73% of 

heir weekly total food budget on the sampled food items, which 

hows some similarity in the eating behavior of rural and urban 

ouseholds in Uganda. Households consisted on average of nearly 

ix family members, household heads were older than 45 years, 

nd spouses were older than 24 years ( Table 2 ). Nearly 80% of the

ampled household heads were formally educated, and of these, 
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Table 3 

Consumption of sampled food items of the sampled households by their rural-urban location and sampled years. 

Sampled commodity consumed (kg/week) 

All 

Rural Urban 

Years 2010-11 2013-14 2015-16 2010-11 2013-14 2015-16 

Matooke 20.1 22.08 15.91 15.4 37.14 23.35 25.64 

Cassava and potatoes 20.2 14.46 20.44 27.97 11.44 18.83 17.78 

Maize/coarse grains 3.8 3.69 3.57 4.31 4.45 3.45 3.42 

Rice and wheat 0.82 0.50 0.82 0.62 0.94 1.21 1.78 

Vegetables 4.7 5.55 5.86 3.15 5.42 5.52 2.90 

Fish and meat 1.3 1.35 1.21 1.10 1.60 1.68 1.59 

Total consumption (kg) 50.9 47.6 47.8 52.6 61.0 54.0 53.1 

Expenditure (in UGX) on the sampled commodities (UGX/ capita/day) 

Matooke 213.1 (17.1%) 158.5 227.1 242.7 127.1 307.3 180.7 

Cassava and potatoes 232.9 (8.7%) 195.7 214.2 144.6 408.4 380.0 369.0 

Maize/coarse grains 169.4 (13.6%) 138.8 167.0 190.7 231.6 194.5 117.2 

Rice and wheat 57.0 (4.6%) 32.2 57.6 39.8 61.8 105.9 114.7 

Vegetables 308.5 (24.8%) 255.7 415.1 216.3 235.7 510.0 237.7 

Fish and meat 264.2 (21.2%) 198.4 272.3 211.8 233.7 491.1 344.3 

Total expenditure (UGX/capita/day) 1245.1 979.3 1353.3 1045.9 1298.3 1988.8 1363.6 

Sources: Authors’ calculation based on ( World Bank, 2019b , 2016b, 2014) 

Notes: All monetary values are computed in terms of real UGX using the consumer price index 2010 = 100. 

The official exchange between UGX per US dollar was US$ 1 = UGX 2523 in 2011; US$ 1 = UGX 2600 in 2014; and US$ 1 = UGX 3420 

in 2016 ( World Bank, 2020a ). 

n

(

s

c

o

c

a

o

a

w

h

h

h

L  

T

U

g

a

p

u

3

s

c

i

f

d

f

c

t

b

d

s

h

c

f

t

X

W

p

r  

σ

P

s

t

p

t

l

p

s

i  

I

s

r

3 Stone’s Price Index is calculated as 
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early 55% had completed at least a primary level of education 

7 years of schooling), nearly 22% had completed secondary-level 

chooling, and 3% had completed higher than secondary-level edu- 

ation ( Table 2 ). More than 50% of spouses were formally educated, 

f which nearly 38% had completed at least primary-level edu- 

ation, more than 11% had completed secondary-level education, 

nd a little over 1% had completed higher than a secondary level 

f education ( Table 2 ). The percentage share of household heads 

nd spouses who were educated up to secondary level and above 

as higher in urban areas than in rural areas. The share of house- 

old heads and spouses who were engaged in agriculture was also 

igher in rural areas ( Table 2 ). Furthermore, in general, the weekly 

ousehold-level total food expenditure was higher in any given 

SMS round for an urban household than for a rural one ( Table 2 ).

hese indicators indicate that poor and food-vulnerable people in 

ganda are mostly concentrated in rural areas and are mostly en- 

aged in agriculture. Considering these inequalities between rural 

nd urban households in Uganda, we estimated expenditure and 

rice elasticities of the sampled food items separately by rural and 

rban affiliation of the households. 

.2. Modeling of food demand 

In modeling demand for the sampled food items, we followed 

everal steps. We assumed a rational household head who allo- 

ated the daily per capita total food budget X UGX to different food 

tems in a way that maximized utility. The allocation of the daily 

ood budget (for the household as well as per capita) can be en- 

ogenously determined by several factors. Thus, X UGX can be a 

unction of a number of exogenous variables. This study, therefore, 

onsiders a two-stage budgeting procedure, in which it is assumed 

hat a household first decides on the per capita daily total food 

udget. In the next stage, a household decides how much of the 

aily per capita total food budget will be allocated to each of the 

ix food items. We assume that prices of the food items, house- 

old demographic structure, and the major source of livelihood 

an affect the daily per capita budget allocation to the sampled 

ood items. The specific functional form of the expenditure func- 

ion used in the two-stage budgeting process is given below: 

 

s 
UGXic = δ0 + δi ( P I ) i + ( H H demographics ) i σi + 

2 ∑ 

y =1 

θi ( Year ) i + ζi 

(1) 

c

1144 
here X s 
UGXic 

is the daily per capita expenditure on the six sam- 

led food items (c = 1—6), by household i, who resides in a ru- 

al (s = 1) or urban area (s = 0); ζi is the error term; and δ0 , δi ,

i and θt , are the parameters to be estimated. 

Among the independent variables in equation (1) , P I is Stone’s 

rice Index 3 calculated using six prices for six food items and the 

hare of expenditure on each food item. H H demographics is a vec- 

or of independent variables that include: 

- age of the household head and spouse; 

- a female household head dummy that assumes a value of 1 if 

the head is a female, and 0 otherwise; 

- two primary level education dummies that assume values of 1 

if the household head and, separately, spouse are educated up 

to primary level, or 0 otherwise; 

- two secondary-level education dummies that assume values of 

1 if the household head and, separately, spouse are educated 

up to secondary level, or 0 otherwise; 

- two higher than secondary-level education dummies that as- 

sume values of 1 if the household head and, separately, spouse 

are educated above the secondary level; 

- two higher than secondary level education dummies that as- 

sume values of 1 if the household head and, separately, spouse 

are educated above secondary level, or 0 otherwise; 

- two livelihood dummies that assume values of 1, if the house- 

hold head and, separately, spouse are engaged in agriculture, or 

0 otherwise; 

- two year dummies for the year 2013-14 and 2015-16, setting 

the year 2010-11 as the base ( = 0). 

It is important to mention here that the imputed sampled food 

rices are calculated as expenditures on a specific food divided by 

he quantity consumed, typically reported in kilograms. The prob- 

em is that the use of imputed prices in estimating income and 

rice elasticities can lead to bias estimates due to the presence of 

election bias and measurement errors and the problem of miss- 

ng values ( Deaton, 1990 ; Gibson and Kim, 2013 ; McKelvey, 2011 ).

n the sample data, consumption of vegetables was nearly univer- 

al in Uganda, but a significant share of the sampled households 

eported zero expenditure on five of the sampled food items (from 
=1 
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early a third not consuming maize/coarse grains or meat and fish 

o 62% not consuming wheat and rice). 

We elaborate on the procedure of how we dealt with the is- 

ues of imputed price and zero consumption in Annexure B. In 

rief, firstly we estimated a multivariate probit model, explain- 

ng the consumption choices of the sampled food items (did not 

onsume = 1, consumed = 0) by the households ( Eq. 2B , Table 2 B,

nnexure B). Secondly, after estimating a multivariate probit model 

did not consume = 1, consumed = 0), we calculated five general- 

zed inverse Mill’s ratios for the five sampled food items based 

n whether or not that food item was consumed, following Vella’s 

1998) procedure (Annexure B). To deal with the imputed price 

ssue, following Deaton (1990) , McKelvey (2011) , and Gibson and 

im (2013) , we estimated the prices of the six sampled commodi- 

ies ( Table 3 B, Annexure B). In the estimation process, we plugged 

n six inverse Mill’s ratios for six sampled food items calculated 

fter estimating the multivariate probit model (Annexure B). Af- 

er estimating price functions ( Table 3 B, Annexure B), we calcu- 

ated residuals for each commodity price and added them to the 

eported prices of each sampled food item. Finally, we took into 

ccount the sample years for each commodity price and the rural 

r urban status of the sampled households in averaging the com- 

odity prices. The Stone’s Price Index used in Eq. (1) was therefore 

stimated using the estimated prices following the procedure elab- 

rated in Annexure B. 

In estimating Eq. (1) , we applied the ordinary least square (OLS) 

stimation procedure, replicating the estimation process 100 times 

sing the bootstrap method to correct the issues related to dis- 

orted standard errors. The estimated daily per capita expenditure 

n the sampled foods for rural and urban households was used 

o formulate the demand system separately. This process allowed 

s to avoid the endogeneity problem (if any) in daily per capita 

ood budget allocation to the six foods. Finally, In modeling de- 

and for the food items, we followed Banks et al., (1997) and 

eaton and Muellbauer (1980) . Using the formula and methods in 

tata software developed by Poi (2021), we calculated the expen- 

iture, price, and cross-price elasticities. 

Considering that poverty is more widespread in rural areas 

nd that urban consumers may have more options and different 

references, we estimated the demand model separately for ru- 

al and urban households. After estimating the expenditure elas- 

icities following Poi’s (2021) specification, and using the GDP 

rowth rate projected by USDA (2020) and the population projec- 

ion by the United Nations (2019), we estimated the demand for 

he six foods in 2030. In projecting food demand in 2030, follow- 

ng Khanal et al., (2016) we applied the following formula: 

 yc = C TE 2017 x P y ( 1 + r y x ηc ) 
y −2010 (2) 

here C yc is the total consumption of commodity c in year y; 

 T E2017 is the daily per capita consumption of commodity c in 

E2017 in grams; P y is the projected population in year y; r y is the

nnual net GDP growth rate after deducting the national savings 

ate; and ηc is the income (expenditure) elasticity for commodity 

 . 

In projecting the consumption of the sampled food items using 

q. (2) , we used the population projected by the United Nations 

nder high, medium, and low fertility rates ( United Nations, 2019 ). 

or the GDP growth rate ( r y ), we used USDA’s ( USDA, 2015 ) projec-

ion. Fig. 2 presents the projected population and GDP growth rate 

%) of Nepal until 2030. Further, we deducted the GDP growth rate 

rom the national savings rate. The national savings rate was cal- 

ulated at 18.2%, which is the average national savings rate during 

010–2019 reported by the World Bank (2020a). 

It is assumed that the national savings rate will be constant 

t 18.2% of the GPD until 2030. We did not have disaggregated 

ata on GDP and population growth separated by rural and ur- 
1145 
an areas in Uganda. Therefore, in estimating demand for the sam- 

led foods, we projected the demand at the national level, taking 

he weighted averages of the estimated expenditure elasticities for 

ach commodity by the proportion of rural-urban samples in the 

SMS datasets. 

. Results and discussion 

.1. General findings 

The average diet of a Ugandan household is predominantly 

ased on matooke, cassava and (sweet) potatoes, maize/coarse 

rains, and vegetables ( Table 3 ). Matooke and cassava consump- 

ion have been declining in recent years ( Fig. 3 ), but they remain

he major sources of daily dietary energy. On average, a house- 

old consumes nearly 51 kg of the six sampled food groups in a 

eek (fresh weight, i.e., the marketed form, not dried to a com- 

on standard or dry matter, so including varying amounts of wa- 

er), including 20 kg of matooke, an equal amount of cassava and 

otatoes, nearly 4 kg of maize/coarse grains, less than 1 kg of rice 

nd wheat, nearly 5 kg of vegetables, and 1.3 kg of fish and meat 

 Table 3 ). The daily per capita expenditure on the six food groups 

as more than UGX 1,245 of which the highest expenditure was 

n vegetables (UGX 309 or 25% of the total) followed by meat and 

sh (UGX 264 or 21% of the total, Table 3 ). This shows that ru-

al households consumed lower quantities of food and spent less 

aily per capita on the sampled food items ( Table 3 ). Rural house- 

olds also spent less on fish and meat ( Table 3 ). However, ru- 

al households consumed more cassava and potatoes than urban 

ouseholds. This indicates the importance of roots and tubers in 

he food security of rural households in Uganda. 

The sampled households, on average, spent 17% of their daily 

er capita food budget on matooke, nearly 19% on cassava and 

otatoes, 25% on vegetables, and 21% on fish and meat ( Table 3 ).

nterestingly, an average of 4% of the daily per capita food bud- 

et of a rural household was spent on wheat and rice, whereas 

he share was 7.5% for an urban household ( Table 3 ). This indicates

 positive correlation between urbanization and the consumption 

f wheat and rice in Uganda. The average price of matooke in 

he sampled period was UGX 290/kg, UGX 367/kg for cassava and 

otatoes, UGX 1,530/kg for maize wheat and rice, UGX 2,114/kg for 

egetables, UGX 4,850/kg for fish and meat ( Table 4 ). 

.2. Econometric findings 

In projecting the 2030 demand for the sampled food items, 

e first estimated the daily budget ( X s 
UGXic 

) function specified in 

q. (1) allocated to the six sampled food groups at the per capita 

evel separately for rural and urban households. The estimated 

unctions explaining the daily per capita expenditure on the sam- 

led foods are presented in Table 5 . 

The estimated results show that the coefficient of Stone’s Price 

ndex is positive and significant in explaining the daily per capita 

xpenditure on the sampled foods ( Table 5 ). This indicates that the 

ampled commodity prices, as well as the expenditure share for 

he sampled food items, positively affect the daily per capita bud- 

et allocation to the foods. Interestingly, only the age of the house- 

old head affects positively the daily budget allocation to the sam- 

led food items of rural households ( Table 5 ). Estimated functions 

emonstrate that the age of the spouse negatively affects the daily 

udget allocation for both rural and urban households ( Table 5 ). 

he primary level education dummy of the spouse negatively af- 

ects the daily budget allocation to the sampled foods ( Table 5 ). 

ousehold heads engaged in agriculture negatively affect the daily 

er capita expenditure on the six food items for both rural and ur- 

an households. This indicates that poverty in rural areas, and par- 
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icularly among agricultural households, is widespread in Uganda. 

ur estimation shows that a household in rural and urban areas 

pends on average UGX 1,140 and UGX 1,593 respectively on the 

ampled foods on a daily per capita basis ( Table 5 ). 

.3. Expenditure and price elasticities 

Following Poi (2021), the calculated compensated (Hicksian) 

nd uncompensated (Marshallian) price and cross-price elasticities 
1146 
or all six food items are presented separately for rural and urban 

ouseholds in Table 6 . The original parameters from the QUAIDS 

stimation procedure can be seen for rural households in Table 4 C 

nd urban households in Table 5 C in Annexure C. 

Consistent with the demand theory, the own-price elasticities 

f all the food items are negative ( Table 6 ), which confirms that 

n increase in the price of the sampled food items will lead to a 

eduction in the demand and vice versa ( Deaton, 2018 ). The size 
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Table 4 

Sampled commodity prices and the expenditure share (%) on the sampled food items by the sampled households by 

rural-urban location of the sampled households. 

Reported prices (all rounds, UGX/kg) 

All 

Rural Urban 

Years 2010-11 2013-14 2015-16 2010-11 2013-14 2015-16 

Matooke 290 267 288 255 413 336 326 

Cassava and potatoes 367 346 358 330 378 511 397 

Maize/coarse grains 1530 1334 1283 2077 1629 1414 1159 

Rice and wheat 1530 1372 1632 1287 1974 1853 1696 

Vegetables 2114 1815 2083 2369 1676 2140 2477 

Fish and meat 4850 4411 5112 4741 4826 5136 5220.1 

Stone’s Price Index 7.0 6.9 7.0 7.0 7.0 7.1 7.1 

Sources: Authors’ calculation based on ( World Bank, 2019b , 2016b, 2014) 

Note: All monetary values are computed in terms of real UGX using the consumer price index 2010 = 100. 

The official exchange between UGX per US dollar was US$ 1 = UGX 2523 in 2011; US$ 1 = UGX 2600 in 2014; and US$ 

1 = UGX 3420 in 2016 ( World Bank, 2020a ). 

Table 5 

Estimated functions applying the Ordinary Least Square estimation procedure explaining the daily per capita expenditure (UGX) on 

the sampled food items by rural and urban households. 

Dependent variable Per capita daily expenditure (UGX) 

on the sampled food items 

Rural household Urban household 

Independent variables 

Stone’s Price Index 234.8 ∗∗∗(51.54) 246.8 ∗(132.12) 

Age, household head 3.58 ∗∗(1.81) -7.62(6.42) 

Age, spouse -15.5 ∗∗∗(1.59) -12.5 ∗∗∗(3.33) 

Male-headed household dummy (yes = 1) 405.5 ∗∗∗(81.84) 88.2(227.40) 

A dummy for head educated up to primary level (7 years) (yes = 1) 70.7(59.74) 71.0(171.89) 

A dummy for head educated up to secondary level (yes = 1) 147.0(104.09) 138.6(342.26) 

A dummy for head educated beyond secondary level (yes = 1) 282.0(185.01) 178.7(210.65) 

A dummy for spouse educated up to primary level (7 year) (yes = 1) -280.5 ∗∗∗(55.05) -699.1 ∗∗∗(120.37) 

A dummy for spouse educated up to secondary level (yes = 1) -44.4(191.76) -657.8 ∗∗∗(158.85) 

A dummy for spouse educated beyond secondary level (yes = 1) 196.4(193.11) -261.0(235.57) 

A dummy for the head engaged in agriculture (yes = 1) -109.5 ∗∗(48.17) -379.3 ∗∗(155.84) 

A dummy for the spouse engaged in agriculture (yes = 1) -70.4(52.15) -147.3(174.77) 

Year 2014 dummy (yes = 1) 337.0 ∗∗∗(67.18) 798.9 ∗∗∗(248.64) 

Year 2016 dummy (yes = 1) 50.8(64.68) 66.0(104.32) 

Constant -549.6(382.99) 407.1(1041.32) 

No. of observations 6400 2078 

F(14, 2122) 20.72 9.10 

Prob > F 0.00 0.00 

Estimated (expected) daily per capita expenditure (UGX) 1,140 1,593 

Source: Authors’ calculation. 

Note: Values in parentheses are standard errors calculated based on the bootstrap method by replicating 50 times. ∗Significant at the 

10% level. ∗∗Significant at the 5% level. ∗∗∗Significant at the 1% level. All monetary values are computed in terms of real UGX using 

the consumer price index 2010 = 100. 

Table 6 

Estimated price and cross-price elasticities for rural and urban households (expenditure endogeneity corrected QUAIDS model). 

Sampled food items by location Matooke Cassava and potatoes Maize/coarse grains Wheat and rice Vegetables Meat and fish 

Com Uncom Com Uncom Com Un-com Com Uncom Com Un-com Com Un-com 

Rural household ( εij 
H ) ( εij 

M ) ( εij 
H ) ( εij 

M ) ( εij 
H ) ( εij 

M ) ( εij 
H ) ( εij 

M ) ( εij 
H ) ( εij 

M ) ( εij 
H ) ( εij 

M ) 

Matooke -0.89 -0.97 0.45 0.39 0.10 0.05 0.01 -0.002 0.20 0.09 0.13 0.06 

Cassava and potatoes 0.62 0.53 -0.74 -0.80 0.06 0.003 0.03 0.01 0.05 -0.08 -0.02 -0.11 

Maize/coarse grains 0.14 -0.13 0.07 -0.13 -0.43 -0.61 -0.01 -0.07 0.20 -0.20 0.03 -0.24 

Wheat and rice 0.06 -0.16 0.10 -0.06 -0.05 -0.20 -0.24 -0.29 0.07 -0.27 0.05 -0.17 

Vegetables 0.13 -0.12 0.03 -0.16 0.09 -0.08 0.01 -0.04 -0.35 -0.74 0.09 -0.16 

Meat and fish 0.13 -0.11 -0.01 -0.20 0.02 -0.15 0.01 -0.04 0.14 -0.23 -0.29 -0.54 

Urban household 

Matooke -1.00 -1.15 0.58 0.38 0.10 -0.03 0.01 -0.06 0.12 -0.13 0.19 -0.03 

Cassava and potatoes 0.43 0.37 -0.81 -0.90 0.09 0.03 0.12 0.09 0.11 0.002 0.06 -0.04 

Maize/coarse grains 0.12 -0.04 0.13 -0.07 -0.40 -0.54 0.02 -0.06 0.11 -0.15 0.02 -0.20 

Wheat and rice 0.03 -0.14 0.32 0.10 0.04 -0.11 -0.54 -0.62 0.25 -0.02 -0.10 -0.34 

Vegetables 0.07 -0.11 0.09 -0.15 0.06 -0.10 0.08 -0.01 -0.39 -0.69 0.09 -0.17 

Meat and fish 0.13 -0.04 0.05 -0.17 0.01 -0.13 -0.03 -0.12 0.11 -0.17 -0.27 -0.52 

Source: Authors’ calculation. 

Note: Com ( εij 
H ) = Compensated (Hicksian), Uncom ( εij 

M ) = Uncompensated (Marshallian) 

1147 
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Table 7 

Estimated income (expenditure) elasticities ( η j ) for rural and urban households (expenditure endogeneity corrected QUAIDS model). 

All sample 

average 

Rural household Urban household 

Food items 2010-11 2013-14 2015-16 Rural average 2010-11 2013-14 2015-16 Urban average 

Matooke 0.69 0.28 0.35 0.46 0.36 1.01 1.07 0.94 1.01 

Cassava and potatoes 0.46 0.49 0.46 0.4 0.45 0.53 0.39 0.47 0.46 

Maize/coarse grains 1.22 1.33 1.43 1.37 1.38 1.03 1.03 1.1 1.05 

Wheat and rice 1.17 1.21 1.12 1.16 1.16 1.25 1.18 1.07 1.17 

Vegetables 1.27 1.3 1.29 1.33 1.31 1.21 1.19 1.28 1.23 

Fish and meat 1.21 1.28 1.23 1.3 1.27 1.18 1.11 1.17 1.15 

Source: Authors’ calculation. 
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f uncompensated own-price elasticities indicates the percentage 

hange demand due to a one percent change in price. For example, 

or rural households, a 1% increase in the price of matooke will 

educe the demand by 0.97%, and similarly by 0.80% for cassava 

nd potatoes, and 0.61% for maize/coarse grains ( Table 6 ). Simi- 

arly, for urban households, a 1% price increase reduces demand 

or matooke by 1.15%, for cassava and potatoes by 0.90%, and for 

aize/coarse grains by 0.54% ( Table 6 ). 

An analysis of cross-price elasticities demonstrates that there 

s a substitutability relationship among matooke and all the other 

ampled commodities, whereas wheat and rice have a complemen- 

arity relationship with maize/coarse grains. It suggests that un- 

er certain circumstances, a price-related shock on matooke can 

e mitigated by substituting other food items such as cassava and 

weet potatoes. We also calculated the uncompensated (Marshal- 

ian) price and cross-price elasticities for the poorest and richest 

ouseholds by their rural-urban status, reported in Table 6 C in An- 

exure C. 

Similar to our findings, Boysen (2016) reported the uncon- 

itional uncompensated own-price elasticities for maize/coarse 

rains, cassava, and matooke for rural households in Uganda at - 

.45, -0.57, and -0.95, respectively; and for urban Ugandan house- 

olds at -1.51, -0.60, and -1.07, respectively. 

The estimated expenditure elasticities ( η j ) are presented in 

able 7 . In addition to the overall average expenditure elastici- 

ies, we also reported expenditure elasticities by rural-urban ar- 

as and years sampled. The overall expenditure elasticities reveal 

hat matooke , cassava, and potatoes are normal and necessary food 

tems in rural Uganda ( Ƞ c < 1), meaning that consumption is sticky 

nd less affected by price, albeit, for urban households, matooke 

s a less necessary food item ( Ƞ matooke > 1). Maize/coarse grains, 

heat and rice, vegetables, and meat and fish are less necessary 

ood items in Uganda with expenditure elasticities greater than 

ne ( ηc > 1 ) . Similar to our findings, Boysen (2016) reported that 

aize is a less necessary food item for rural households, and that 

eat and fish are luxury food items for all households in Uganda. 

nterestingly, in rural areas, maize/coarse grains had the highest 

xpenditure elasticities of all the food groups. In general, these are 

ardly considered luxury goods but seem to be a preferred and 

ffordable way of diversifying Ugandan rural diets from their ma- 

ooke and roots and tubers base. 

.4. Food demand projections 

Using the estimated expenditure elasticities and combining the 

rojected GDP and population growth rates (see Table 8 for high, 

edium, and low fertility rates), this study projected the de- 

and in Uganda for the six food groups by 2030. The daily per 

apita baseline consumption of the food groups (TE2018; FAOSTAT, 

2021a); Table 8 ) was 221 grams of matooke, 312 grams of cassava 

nd (sweet) potatoes, 131 grams of maize/coarse grains, 63 grams 

f wheat and rice, 85 grams of vegetables, and 63 grams of meat 

nd fish ( Table 8 ). 
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In projecting the demand for the sampled food items in 2030, 

e used the weighted average expenditure elasticities in which the 

ural and urban sample sizes were used as weights ( Table 8 ). For

xample, the expenditure elasticity for matooke was 0.36 for ru- 

al households and 1.01 for urban households ( Table 7 ). Consid- 

ring that 75.5% of the sampled households were from rural ar- 

as and the remaining 24.5% were from urban areas, we calculated 

he weighted average expenditure elasticity for matooke at 0.52 

 Table 8 ). The weighted average expenditure elasticities of all the 

ther sampled foods are reported in Table 8 . 

In TE2018 the per capita matooke consumption was around 81 

g/yearly, cassava and (sweet) potatoes consumption was 114 kg/ 

early, consumption of maize and other grains was less than 48 kg 

yearly, wheat and rice consumption was less than 23 kg/ yearly, 

onsumption of vegetables was 31.2 kg /yearly and of fish and meat 

3 kg/yearly ( FAOSTAT, 2021a ). Our projection shows that in 2030, 

he yearly per capita matooke consumption will be 134 kg; cas- 

ava and (sweet) potato consumption will be 173 kg; maize/coarse 

rains consumption will be 156 kg; wheat and rice consumption 

ill be 66 kg; vegetable consumption will be 100 kg, and fish and 

eat consumption will be 71 kg. 

The national TE2018 aggregate consumption was 3.3 MMT of 

atooke, 4.7 MMT of cassava and (sweet) potatoes, 1.97 MMT of 

aize/coarse grains, 0.94 MMT of wheat and rice, 1.3 MMT of veg- 

tables, and 0.95 MMT of meat and fish ( Table 9 ). Our projection

hows that in 2030, depending on the population growth scenario, 

emand for matooke will be 7.8-8.1 MMT; for cassava and (sweet) 

otatoes, 10.0-10.5 MMT; for maize/coarse grains, 9.1-9.5 MMT; for 

heat and rice 3.9-4.0 MMT; for vegetables, 5.8-6.1 MMT; and for 

eat and fish, 4.1-4.3 MMT ( Table 9 ). 

In TE2019 Uganda produced 3.5 MMT matooke from 811 thou- 

and ha with a yield of 4.3 Mt/ha ( FAOSTAT, 2021b ). Our pro-

ections indicate that to meet matooke demand by 2030, Uganda 

ust either increase matooke yields to 9.6–10 Mt/ha (assuming no 

ncrease in land for matooke) or expand land for matooke to 1.8–

.9 million ha (assuming no change in matooke yield). Along the 

ame lines: 

- In TE2019 production of cassava, sweet potatoes, and pota- 

toes was 4.92 MMT from 1.71 million ha of land with a yield 

of 3.6 Mt/ha. To meet the growing demand for cassava and 

sweet potatoes by 2030, either yield must be increased to 5.9- 

6.1 Mt/ha assuming no increase in land for the crops, or land 

must be expanded to 2.8-2.91 million ha assuming no change 

in yield. 

- In TE2019 production of maize/coarse grains was 3.3 MMT (1.61 

million ha, 1.65 Mt/ha). Uganda is currently a net maize export- 

ing country, exporting 0.37 MMT (TE2019). To meet the domes- 

tic demand in 2030 domestically, yields must be enhanced to 

5.6-5.9 Mt/ha assuming no land expansion, or maize land must 

be expanded to 5.5-5.8 million ha assuming a constant yield. 

- The current production of rice and wheat is 258.1 thousand 

tons (100 thousand ha, 2.15 Mt/ha). Uganda is currently net 
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Table 8 

GPD and population growth dynamics of Uganda. 

Actual Projected 

Year 2019 2030 

GDP per capita (constant 2010 US$) 709.6 a 956.6 a 

Annual GDP growth rate (%) 5.9 b 5.8 b 

Total population (million) d 44.3 

Projected population (million) by fertility rate assumptions e 

High fertility 60.8 

Medium fertility 59.4 

Low fertility 58.1 

Urban population (%) f 22.6 31.2 

Daily per capita consumption (grams) TE2018 g 

Matooke 221.4 

Cassava and (sweet) potatoes 312.3 

Maize/coarse grains 131.2 

Wheat and rice 63.0 

Vegetables 84.9 

Meat and fish 63.0 

Sampled rural-urban weighted average expenditure elasticities h 

Matooke 0.52 

Cassava and (sweet) potatoes 0.45 

Maize/coarse grains 1.29 

Wheat and rice 1.16 

Vegetables 1.29 

Meat and fish 1.24 

a USDA ( USDA, 2021 ) 
b ( USDA, 2020 ) 
d World Bank (2020a) 
e United Nations (2019) 
f World Bank ( World Bank, 2021 ) 
g FAOSTAT (2021a) 
h Authors’ calculation based on Table 7 . 

Table 9 

Baseline and projected consumption scenarios of the sampled food items by 

consumption and demographic projections in 2030 in Uganda (million tons; 

including projected adjustments to per capita consumption). 

Base scenario (million tons), TE2018 a Projected consumption in 2030 b 

HF MF LF 

Matooke 3.3 8.1 7.96 7.8 

Cassava & (sweet) 

potatoes 

4.7 10.5 10.3 10.0 

Maize/coarse grains 1.97 9.5 9.3 9.1 

Wheat and rice 0.94 4.0 3.95 3.9 

Vegetables 1.3 6.1 5.9 5.8 

Fish and meat 0.95 4.3 4.2 4.1 

a FAOSTAT(2021a) 
b Authors’ calculation. Note: HF: High fertility; MF: Medium fertility; LF: 

Low fertility (demographic projections) 

a

F

e

a

fi

o

p

t
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t

M

g

s

fl

p

t

s

wheat- and rice-importing country, importing 576.5 thousand 

tons (TE2019). If the country continues to rely on imports to 
meet demand, 

Table 10 

Baseline and projected consumption of the sampled f

jected projections in 2030 in Uganda (million tons, as

Base scenario (million tons), triennium average endi

Matooke 3.3 

Cassava & (sweet) 

potatoes 

4.7 

Maize/coarse grains 1.97 

Rice and wheat 0.94 

Vegetables 1.3 

Fish and meat 0.95 

a FAOSTAT(2021a) 
b Authors’ calculation. Note: HF: High fertility; MF: M

projections) 

1149 
n additional 3-3.4 million tons will have to be imported in 2030. 

urthermore, our projections indicate that the demand for veg- 

tables and fish, and meat will also increase severalfold by 2030 

bove the current level of consumption ( Table 9 ). The demand for 

sh and meat will increase by 4.3-4.5 times by 2030. Our findings 

n fish and meat demand are similar to those of FAO (2018), which 

rojected that the consumption of beef will increase by 403%, mut- 

on and goat by 347%, poultry by 419%, and pork by 412% by 2050 

n Uganda compared to the 2012 consumption level. 

With the nutrition transition, one would expect the consump- 

ion of luxury goods such as vegetables, meat, and fish to increase. 

ore surprising perhaps is that the consumption of maize/coarse 

rains, and wheat and rice showed similar increases. These sub- 

tantive increases reflect the affordability and versatility of these 

exi foods. In contrast, basic foods such as cassava and sweet 

otatoes had relatively the lowest projected demand increases, al- 

hough achieving these increases for all food crops to ensure food 

ecurity remains daunting. 
ood items estimated only as a function of pro- 

suming constant per capita consumption). 

ng 2018 a Projected consumption in 2030 b 

HF MF LF 

4.9 4.8 4.7 

6.9 6.8 6.6 

2.98 2.91 2.8 

1.39 1.35 1.3 

1.90 1.85 1.8 

1.39 1.36 1.3 

edium fertility; LF: Low fertility (demographic 
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As an alternative scenario, we also project future demand for 

he sampled food items assuming constant levels of per capita con- 

umption and only considering population projections ( Table 10 ). 

his scenario shows that even if we ignore the influence of the 

DP growth rate and urbanization on food consumption and only 

onsider the projected population, it will be imperative for Uganda 

o supply 42-48% more matooke, 40-47% more cassava and sweet 

otatoes, 42-51% more maize/coarse grains, 38-48% more wheat 

nd rice, 38-46% more vegetables, and 37-46% more meat and fish 

y 2030 ( Table 10 ). 

To compare our elasticity estimation, we calculated the expen- 

iture elasticities of the sampled foods applying the left-censored 

obit estimation procedure separately for rural and urban house- 

olds ( Tables 7 D and 8 D, Annexure D). Similar to the expendi-

ure elasticities reported in Table 7 after the QUAIDS model es- 

imation, the expenditure elasticities calculated from the alterna- 

ive specification of the demand model also show that the sam- 

led foods are normal food items with positive income elasticities 

 Tables 7 D and 8 D, Annexure D). The expenditure elasticities re- 

orted in Tables 7 D and 8 D are larger in absolute size than the

xpenditure elasticities reported in Table 7 . This is probably be- 

ause the two-limit Tobit model is a single-equation model, which 

annot capture the complementarity and substitutability effects 

mong different items. Furthermore, we checked our projected per 

apita consumption, comparing it with the actual yearly per capita 

onsumption (in kg) of the six food items. 

The model validation graphs ( Figs. 1 E to 6E) are presented in 

nnexure F. Similar consumption trends during the period from 

010 to 2018 between projected and actual consumption of ma- 

ooke and cassava validate our demand projection. However, the 

emand projections for wheat and rice, vegetables, and fish and 

eat seem over-projected in the long term. The seemingly over- 

rojection of demand is a major limitation of demand forecasting 

sing elasticities calculated applying the QUAIDS model estimation 

rocedure. In addition, we have assumed that the estimated ex- 

enditure elasticities will be constant until 2030, which provides a 

inear projection of the sampled food times. In reality, expenditure 

lasticities can change due to different exogenous factors. There- 

ore, it is suggested that the future demand for major commodities 

t the country level should be examined regularly. 

. Conclusion and policy implications 

This study examined projected food demand and consumption 

atterns in Uganda in 2030. The consumption of the six main 

ood groups in Uganda will increase substantively in relation to in- 

reases in per capita GDP and population. To attain the SDG2 of 

ero hunger by 2030 it is imperative to invest more in agricultural 

roductivity, to ensure both an adequate food supply and an ade- 

uate income for agricultural households in Uganda while staying 

ithin planetary boundaries. 

Despite tremendous progress in poverty alleviation due to rapid 

conomic growth, Uganda is still classified as a country with a se- 

ious hunger threat ( Grebmer et al., 2020 ). Currently, 33% of the 

otal population of the country is classified as poor. As 72% of the 

otal employed labor force of the country is directly engaged in 

griculture, and as agriculture contributes nearly 24% to the GDP, 

nvestment in enhancing agricultural productivity can have a sig- 

ificant impact on the overall economic development of the coun- 

ry. 
1150 
Alarmingly, while it is imperative to produce more matooke, 

assava, and other agricultural commodities to ensure food secu- 

ity, agricultural productivity is severely challenged by land degra- 

ation, climate extremes, and rural outmigration ( Call et al., 2019 ; 

all and Gray, 2020 ; Mubiru et al., 2017 ; Nkonya et al., 2008 ).

n fact, the matooke and cassava yield growth rates have stag- 

ated (reduced to -0.90% per annum for matooke and -3.1% for 

assava between 1990 and 2019, compared to + 0.21% per an- 

um for matooke and + 5.4% for cassava between 1962 and1989 

 FAOSTAT, 2021b ). As the demand for all the sampled foods will in-

rease by 2030, and as the yield growth rate of some of the major 

ood items is stagnating, investment in the overall agricultural sec- 

or in Uganda is needed to enhance food security and to improve 

he livelihoods of resource-poor farmers. 

This study projected that Uganda’s demand for six main food 

tems, including cassava, maize/coarse grains, wheat, and rice, 

ould increase in line with its projected increase in income and 

opulation. Increasing the productivity of the associated crops will 

e key to enhancing food security, but additional investments are 

arranted to enhance the nutritional value of the projected di- 

ts. Promising in that respect are the introduction and scaling of 

itamin- and mineral-enriched biofortified staple foods, including 

assava, maize, wheat, rice, and beans. As an emerging landlocked 

conomy, increasingly relying on imports to meet growing food de- 

and is not a feasible policy option. It is important to invest in 

he agricultural sector to ensure food and nutrition security. In ad- 

ition, as more than 70% of Uganda’s employed labor force is di- 

ectly engaged in agriculture, revitalizing agricultural productivity 

nd raising incomes by investing in the sector can also substan- 

ially contribute to sustainable development. This study therefore 

trongly urges the international donor agencies and the govern- 

ent of Uganda to further invest in the agricultural sector, to un- 

eash the growth potential of the country, and to ensure its food 

nd nutrition security. 
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Table A1 

Information on sampling and the sampled households by the LSMS rounds and the rural-urban affiliation of the sampled households. 

LSMS 2010-11 LSMS 2013-14 LSMS 2015-16 Overall 

No. of observations 

Actual Used Actual Used Actual Used Actual Used 

No. of observations 2716 2415 3119 30 3305 2985 9,140 8,424 

Rural 2105 1,880 2,303 2,228 2470 2,250 6,878 6,358 

Urban 611 535 816 796 835 735 2,262 2,066 

Sources: ( World Bank, 2019b , 2016b, 2014). 
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nnexure B 

Calculating commodity prices and dealing with zero expen- 

iture on the sampled food items 

Based on the information on the weekly household consump- 

ion expenditure on the sampled food items (in UGX), and quantity 

onsumed in kilograms (kg), we first calculated the unit prices as 

ollows: 

p i c = 

xp i c 
q i c 

(1B) 

here p is the per kilogram unit price of food item c ( c = 1——–6)

hat a household h faced; xp is the expenditure on food item c, and

 is the quantity consumed in kilograms (kg). After calculating the 

nit price, we deflated the price using the consumer price index 

etting 2010 = 100. 

The problem is that a significant proportion of the sampled 

ouseholds did not consume the sampled food items (zero expen- 

iture). Table 1 B presents the information. 

Table B1 

Table B2 

Table B3 

This shows that almost all the sampled households consumed 

egetables, but nearly 47% of them did not consume matooke, 26% 

id not consume cassava or potatoes, nearly 32% did not consume 

aize, more than 61% did not consume wheat or rice, and 32% did 

ot consume meat or fish ( Table 1 B). At this stage, since a number

f households did not consume all food items, the missing prices 

 

xp i ct 

q i ct 

= 0) are replaced using the mean unit values of prices con- 

idering the year and the rural-urban affiliation of the households. 

hese prices are defined as imputed prices. 

The use of imputed prices in estimating income and price elas- 

icities can lead to biased estimates due to selection bias, mea- 

urement errors, and the problem of missing values ( Deaton, 1990 ; 

ibson and Kim, 2013 ; McKelvey, 2011 ). Moreover, as the imputed 

rices are the reported actual prices, these prices are the combi- 

ation of both prices and the economic status of the households 

evealed by the product quality. To handle the issue, we estimated 

he prices of the six sampled commodities. 

In the price estimation process, we first estimated a multivari- 

te probit model for not consuming the sampled food items (did 
Table B1 

Share of the sampled households that did not consume the foo

% of House

Food items All househo

Matooke 46.6 

Cassava and (sweet) potatoes 26.1 

Maize/coarse grains 31.7 

Wheat and rice 61.5 

Vegetables 0 

Meat and fish 32.2 

Source: Authors’ calculation based on ( World Bank, 2019b , 201

1151 
ot consume an item = 1, consumed = 0). Symbolically: 

 ic = α0 + 

4 ∑ 

xp=1 

φc (Exp) ic + ( H H demographics ) ic σic + 

2 ∑ 

y =1 

θc ( Year )

 

3 ∑ 

r=1 

υc ( Region ) ic + βc ( Rural dummy ) ic + ζc 

(2B) 

here C ic is a vector of dependent variables that assumes a value 

f 1 if the i th household did not consume a sampled food item c 

matooke, cassava, and potatoes, maize, wheat and rice, vegetables, 

eat, and fish) in any of the years sampled (2010, 2014, 2016), and 

 otherwise. Among the independent variables, Exp includes four 

ummies for five expenditure quintiles based on the weekly to- 

al food expenditure in UGX at the household level, in which the 

oorest quintile (Q1) is set as the base (Q1 = 0). H H demographics is

 vector of variables that includes the following: 

- the age in years of the household head and spouse; 

- a sex dummy of the household head that assumes a value of 1 

if the head is male, and 0 otherwise; 

- three education-level dummies of the head that assume a value 

of 1 if the head is educated up to primary level (7 years); if the

head is educated up to secondary level; if the head is educated 

beyond the secondary level; and 0 otherwise; 

- three education-level dummies of the spouse that assume a 

value of 1 if the spouse is educated up to primary level (7 

years); if the spouse is educated up to secondary level; if the 

spouse is educated beyond the secondary level; and 0 other- 

wise; 

- a livelihood dummy of the head that assumes a value of 1 if the 

head is employed in the agriculture sector, and 0 otherwise; 

- a livelihood dummy of the spouse that assumes a value of 1 if 

the spouse is employed in the agriculture sector, and 0 other- 

wise; 

Year includes two year dummies for 2014 (yes = 1) and 2016 

yes = 1) setting the year 2010 as the base ( = 0). 

The region includes three dummies for the eastern region 

yes = 1), northern region (yes = 1), and western region (yes = 1), 

etting the central and the capital Kampala region as the base ( = 

) 
d items. 

holds that did not consume the sampled food items 

lds Rural Urban 

49.9 36.7 

25.4 28.2 

33.4 26.5 

67.2 43.7 

0 0 

34.1 26.1 

6b, 2014). 
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Table B2 

Estimated functions applying the multivariate probit model estimation procedure explaining the consumption choice of the sampled food items by households in Uganda. 

Dependent variables: 1 = Did not consume the listed food item, 0 = otherwise 

Food items Matooke (1) Cassava and potatoes (2) Maize/coarse grains (3) Rice and wheat (4) Meat and fish (5) 

Independent variables 

Expenditure quintile dummies 

(base, Q1 = 0) 

Household located in the 

second expenditure quintile 

(Q2) 

-0.34 ∗∗∗(0.05) -0.19 ∗∗∗(0.05) -0.30 ∗∗∗(0.04) -0.46 ∗∗∗(0.05) -0.59 ∗∗∗(0.04) 

Household located in the third 

expenditure quintile (Q3) 

-0.52 ∗∗∗(0.05) -0.31 ∗∗∗(0.05) -0.43 ∗∗∗(0.05) -0.66 ∗∗∗(0.05) -0.91 ∗∗∗(0.05) 

Household located in the 

fourth expenditure quintile 

(Q4) 

-0.79 ∗∗∗(0.05) -0.40 ∗∗∗(0.05) -0.62 ∗∗∗(0.05) -0.96 ∗∗∗(0.05) -1.20 ∗∗∗(0.05) 

Household located in the fifth 

expenditure quintile (Q5) 

-1.05 ∗∗∗(0.05) -0.59 ∗∗∗(0.05) -0.73 ∗∗∗(0.05) -1.30 ∗∗∗(0.05) -1.55 ∗∗∗(0.05) 

Age, household head -0.00084(0.00) 0.0014(0.00) -0.0016(0.00) 0.0034 ∗∗∗(0.00) 0.00024(0.00) 

Age, spouse 0.0001(0.00) -0.001(0.00) 0.001(0.00) 0.003 ∗∗(0.00) 0.002(0.00) 

Male-headed household 

dummy (yes = 1) 

0.034(0.04) 0.061(0.04) 0.081 ∗∗(0.04) -0.00018(0.04) -0.036(0.04) 

Education dummies, no formal 

education is the base = 0 

A dummy for head educated 

up to primary level (7 years) 

(yes = 1) 

-0.040(0.04) -0.024(0.04) -0.058(0.04) -0.080 ∗(0.04) -0.0063(0.04) 

A dummy for head educated 

up to secondary level 

(yes = 1) 

-0.035(0.05) 0.0070(0.05) -0.011(0.05) -0.11 ∗∗(0.05) -0.100 ∗(0.05) 

A dummy for head educated 

above secondary level 

(yes = 1) 

-0.12(0.10) -0.11(0.10) 0.0056(0.09) -0.26 ∗∗∗(0.09) -0.21 ∗∗(0.10) 

A dummy for spouse educated 

up to primary level (7 years) 

(yes = 1) 

0.033(0.04) -0.041(0.04) -0.067(0.04) -0.029(0.04) -0.043(0.04) 

A dummy for spouse educated 

up to secondary level 

(yes = 1) 

-0.060(0.06) -0.036(0.06) -0.079(0.06) -0.16 ∗∗∗(0.06) -0.13 ∗∗(0.06) 

A dummy for spouse educated 

above secondary level 

(yes = 1) 

-0.053(0.16) -0.070(0.14) -0.20(0.16) -0.20(0.15) -0.086(0.15) 

Occupation dummies: base 

occupation, other than 

agriculture = 0 

Dummy for the household in 

agriculture (yes = 1) 

-0.039(0.03) -0.12 ∗∗∗(0.03) 0.0014(0.03) 0.13 ∗∗∗(0.03) 0.015(0.03) 

Dummy for the spouse in 

agriculture (yes = 1) 

0.015(0.03) -0.036(0.04) -0.022(0.03) 0.14 ∗∗∗(0.03) 0.021(0.03) 

Year dummies (base 2010 = 0) 

Year 2014 dummy (yes = 1) -0.026(0.04) -0.66 ∗∗∗(0.04) 0.070 ∗(0.04) -0.24 ∗∗∗(0.04) 0.087 ∗∗(0.04) 

Year 2016 dummy (yes = 1) 0.074 ∗(0.04) -0.64 ∗∗∗(0.04) 0.0060(0.04) -0.29 ∗∗∗(0.04) 0.14 ∗∗∗(0.04) 

Region dummies (central and 

Kampala regions are the 

base = 0) 

Eastern region dummy 

(yes = 1) 

0.80 ∗∗∗(0.04) 0.100 ∗∗(0.04) 0.11 ∗∗(0.04) 0.20 ∗∗∗(0.04) -0.26 ∗∗∗(0.05) 

Northern region dummy 

(yes = 1) 

1.29 ∗∗∗(0.04) 0.079 ∗(0.04) 0.56 ∗∗∗(0.04) 0.81 ∗∗∗(0.04) -0.30 ∗∗∗(0.04) 

Western region dummy 

(yes = 1) 

-0.20 ∗∗∗(0.05) 0.076 ∗(0.04) 0.42 ∗∗∗(0.04) 0.62 ∗∗∗(0.04) 0.33 ∗∗∗(0.04) 

Rural household dummy 

(yes = 1) 

0.069 ∗(0.04) -0.16 ∗∗∗(0.04) 0.064 ∗(0.04) 0.31 ∗∗∗(0.04) 0.093 ∗∗(0.04) 

Constant -0.046(0.09) 0.15 ∗(0.09) -0.34 ∗∗∗(0.09) 0.38 ∗∗∗(0.09) 0.26 ∗∗∗(0.09) 

atrho21 0.0057(0.02) atrho51 0.068 ∗∗∗(0.02) atrho32 -0.081 ∗∗∗(0.02) 

atrho31 0.12 ∗∗∗(0.02) atrho52 0.11 ∗∗∗(0.02) atrho53 0.00021(0.02) 

atrho41 0.12 ∗∗∗(0.02) atrho43 0.18 ∗∗∗(0.02) atrho54 0.23 ∗∗∗(0.02) 

atrho42 0.012(0.02) 

Observations 8,480 

Log pseudolikelihood -23120.02 

Wald chi2(105) 5819.28 

Prob > chi2 0.00 

Likelihood ratio test of 

rho21 = rho31 = rho41 = rho51 = rho32 = rho42 = rho52 = rho43 = rho53 = rho54 = 0: 

chi2(10) 

367.58 

Prob > chi2 0.00 

Source: Authors’ estimation. 

Note: Values in parentheses are standard errors calculated based on the robust standard errors. ∗Significant at the 10% level. ∗∗Significant at the 5% level. ∗∗∗Significant at 

the 1% level. 

1152 



K.A. Mottaleb, F.A. Fatah, G. Kruseman et al. Sustainable Production and Consumption 28 (2021) 1140–1162 

Table B3 

Estimated functions applying the Generalized Linear Model (GLM) estimation method explaining the prices of the sampled commodities. 

Dependent variables: price of the sampled food items (UGX/kg) 

Food items Matooke Cassava and potatoes Maize/coarse grains Rice and wheat Vegetables Meat and fish 

Independent variables 

Total real expenditure on all 

food at the household 

level/weekly (UGX) 

0.0011 ∗∗∗(0.00) 0.0010 ∗∗∗(0.00) 0.0030 ∗∗∗(0.00) 0.0032 ∗∗∗(0.00) 0.0027 ∗∗∗(0.00) 0.0052 ∗∗∗(0.00) 

Age, household head 0.0063(0.12) 0.33(0.41) -1.16(1.65) 2.22 ∗∗∗(0.78) -0.27(0.91) 1.12(1.04) 

Age, spouse 0.23 ∗∗(0.12) 0.29(0.29) -0.57(1.39) 0.0042(0.77) 0.46(0.85) 2.53 ∗∗(1.23) 

Male-headed household 

dummy (yes = 1) 

-2.30(4.66) -1.84(8.98) -1.92(49.65) 27.9(28.71) -52.9(34.47) -53.0(42.38) 

Education dummies, no formal 

education is the base = 0 

A dummy for head educated 

up to primary level (7 years) 

(yes = 1) 

-1.50(4.41) 19.0(13.62) 110.3 ∗∗(53.63) 15.4(30.60) 15.1(34.09) 83.3 ∗∗(37.63) 

A dummy for head educated 

up to secondary level 

(yes = 1) 

-1.75(5.78) 4.89(13.00) 115.4 ∗(65.06) 9.53(40.41) 32.6(42.82) 109.3 ∗∗(53.17) 

A dummy for head educated 

above secondary level 

(yes = 1) 

22.8(14.36) -4.16(21.04) 161.4 ∗∗(62.68) 16.9(59.33) 72.2(73.22) 18.3(75.18) 

A dummy for spouse educated 

up to primary level (7 years) 

(yes = 1) 

-7.55(4.82) 10.3(15.58) 84.9(67.42) -17.5(32.93) 34.1(36.17) -9.60(41.37) 

A dummy for spouse educated 

up to secondary level 

(yes = 1) 

1.97(7.22) -10.8(17.62) -24.4(59.34) 3.45(42.94) 53.5(47.54) 81.0(57.39) 

A dummy for spouse educated 

above secondary level 

(yes = 1) 

24.9(21.33) -23.4(25.55) 142.0(93.49) -58.7(56.83) -33.6(94.26) -25.6(104.50) 

Occupation dummies: base 

occupation, other than 

agriculture = 0 

Dummy for the household in 

agriculture (yes = 1) 

4.88(3.10) -19.5(13.89) 70.1(49.32) 48.2 ∗(26.05) -39.0(25.38) -7.29(26.94) 

Dummy for the spouse in 

agriculture (yes = 1) 

4.97(3.52) 1.20(15.66) -55.7(46.97) 11.0(28.69) 4.79(28.91) -54.6 ∗(28.24) 

Year dummies (base 2010 = 0) 

Year 2014 dummy (yes = 1) 19.6 ∗∗∗(4.30) -92.0 ∗∗∗(19.30) -25.2(21.41) 201.5 ∗∗∗(30.59) 284.3 ∗∗∗(33.03) 654.7 ∗∗∗(28.40) 

Year 2016 dummy (yes = 1) -9.79 ∗∗(4.10) -153.5 ∗∗∗(10.22) 282.1 ∗∗∗(63.47) -152.8 ∗∗∗(27.29) 837.2 ∗∗∗(29.65) 381.1 ∗∗∗(32.21) 

Region dummies (Central and 

Kampala regions are the 

base = 0) 

Eastern region dummy 

(yes = 1) 

-87.8 ∗∗∗(5.11) -68.0 ∗∗∗(10.09) -322.3 ∗∗∗(31.06) -540.3 ∗∗∗(27.73) 15.6(28.72) -696.1 ∗∗∗(42.19) 

Northern region dummy 

(yes = 1) 

-132.6 ∗∗∗(5.35) -159.3 ∗∗∗(10.61) 279.6 ∗∗∗(70.16) -631.2 ∗∗∗(35.26) 429.7 ∗∗∗(35.87) -1030.7 ∗∗∗(48.28) 

Western region dummy 

(yes = 1) 

2.66(5.15) 57.0 ∗(33.93) 9.30(39.16) -47.9 ∗∗(24.29) -78.3 ∗∗(33.54) -277.9 ∗∗∗(35.05) 

Rural household dummy 

(yes = 1) 

-22.5 ∗∗∗(4.78) -54.4(34.21) 103.2 ∗∗(41.23) -220.5 ∗∗∗(33.57) -40.2(31.28) -144.3 ∗∗∗(38.01) 

Generalized inverse mills ratio -73.6 ∗∗∗(1.89) -64.7 ∗∗∗(5.89) -328.9 ∗∗∗(28.35) -850.7 ∗∗∗(23.24) -1278.0 ∗∗∗(16.17) 

Constant 229.1 ∗∗∗(14.96) 361.3 ∗∗∗(28.59) 809.1 ∗∗∗(112.00) 1686.5 ∗∗∗(55.97) 1361.6 ∗∗∗(68.83) 4263.2 ∗∗∗(94.70) 

No. of observations 8480 8480 8480 8480 8480 8480 

Note: Values in parentheses are standard errors calculated based on the bootstrap method by replicating 100 times. ∗Significant at the 10% level. ∗∗Significant at the 5% 

level. ∗∗∗Significant at the 1% level. 

All monetary values are converted into real terms using the Consumer Price Index reported by the World Bank(2020a) setting 2010 = 100 
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Rural dummy is a dummy variable that assumes a value of 1 if 

 household is from a rural area, and 0 otherwise. 

Table 2 B presents the estimated functions applying the mul- 

ivariate probit model estimation procedure explaining household 

onsumption choices of the sampled food items. The likelihood 

atio test of the joint significance of the correlation of the error 

erms of all the consumption equations χ2 = 367.6, p = 0.00 in- 

icates the suitability of the application of the multivariate pro- 

it model estimation procedure to identify the factors that affect 

he decision to not consume a sampled food. The estimated func- 

ions demonstrate that economically affluent households are pro- 

ressively more likely to consume the sampled five commodity 

ood items in Uganda, as the dummies for the expenditure quin- 

iles (Q1—Q5) were highly significant and increased progressively 
1153 
ver the quintiles. In other words, relatively economically afflu- 

nt households are more likely to consume the sampled five food 

tems than the poorest households located in the first expenditure 

uintile (Q1). While the age of the household and spouse are not 

ignificant determinants in deciding consumption of the sampled 

ve food items, household heads and spouses with above a sec- 

ndary level of education are more likely to consume wheat and 

ice, and meat and fish ( Table 2 B). The regional heterogeneity in 

ood consumption is seen in Table 2 B. For example, compared to 

he households from the central and Kampala regions, households 

n the eastern, northern, and western regions are more likely not to 

onsume cassava and potatoes, maize, rice, and wheat ( Table 2 B). 

n the other hand, households in the eastern and northern regions 

re more likely to consume meat and fish than households in the 
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entral and Kampala regions. Finally, while rural households are 

ore likely to consume cassava and potatoes, they are less likely 

o consume other food items such as matooke, maize, wheat, rice, 

eat, and fish compared to urban households. This is probably be- 

ause poverty in Uganda is more widespread in rural areas than in 

rban ones. 

After estimating Eq. (2B) , we calculated five generalized inverse 

ill’s ratios for five food items, following the procedure suggested 

y Vella (1998) . Finally, we specified the price equations as follows: 

p ic = μ0 + σp (Weekly f ood expenditure ) ip + ( H H demographics ) ip Q p 

 

2 ∑ 

y =1 

θp ( Year ) ip + 

3 ∑ 

r=1 

v p ( Region ) ip + 

3 ∑ 

O =1 

ψ O ( Occupation ) i + 

2 ∑ 

B =1 

βp ( Belt ) p 

 

2 ∑ 

y =1 

θp ( Year ) p + σp ( Rural dummy ) p + βp ( In v erse Mil l s ratio ) p + ∈ ic 

(3B) 

here p ic is the real imputed price of food item c reported by 

ousehold I; weekly food expenditure is the weekly total food ex- 

enditure at the household level in real terms. All monetary values 

re converted into real terms by setting the consumer price index 

t 2010 = 100 reported by the World Bank (2020). 

In estimating Eq. (3B) we applied the Generalized Linear Model 

GLM) estimation method. To correct the standard error, we boot- 

trapped the estimation method by replicating it 100 times. In 
Table C4 

Parameter estimates from QUAIDS model for rural households. 

Matooke Cassava and potatoes 

Constant ( αi ) -0.017(0.14) 0.29 ∗(0.17) 

Expenditure ( βi ) -0.014(0.03) 0.033(0.04) 

Expenditure 2 0.0063 ∗∗∗(0.00) 0.0063 ∗∗∗(0.00) 

Prices ( γi ) 0.035 ∗∗(0.02) 0.092 ∗∗∗(0.01) 

0.042 ∗∗∗(0.01) 

Age of the household head (Hage) 0.0001 ∗∗(0.00) 0.00001(0.00) 

Age of the spouse (Sage) -0.000023(0.00) 0.000044(0.00) 

Household head educated up to 

primary level (yes = 1) (Hpri) 

-0.0016(0.00) -0.0018(0.00) 

Household head educated up to 

secondary level (yes = 1) (Hsec) 

-0.00090(0.00) -0.0014(0.00) 

Household head educated up to 

tertiary level (yes = 1) (Hter) 

0.00021(0.01) -0.0086(0.01) 

Spouse educated up to primary level 

(yes = 1) (Spri) 

0.00041(0.00) -0.00024(0.00) 

Spouse educated up to secondary 

level (yes = 1) (Ssec) 

0.0048(0.00) -0.0037 ∗(0.00) 

Spouse educated up to tertiary level 

(yes = 1) (Ster) 

0.0021(0.01) -0.0063(0.01) 

No. of family members (Hsize) 0.00037 ∗(0.00) -0.000063(0.00) 

Household head in agriculture 

(yes = 1) (Hagri) 

-0.0035 ∗∗(0.00) -0.00061(0.00) 

Spouse in agriculture (yes = 1) (Sagri) 0.001(0.00) 0.002(0.00) 

Male-headed household (yes = 1) 

(Hm) 

-0.00061(0.00) -0.0018(0.00) 

Scaling parameters for demographics ( ρ) 

Coefficients Standard error 

ρHage 0.01 ∗∗∗ 0.00 

ρSage -0.015 ∗∗∗ 0.01 

ρHpri 0.013 0.10 

ρHsec 0.03 0.08 

ρHter 0.27 0.55 

ρSpri -0.19 ∗∗∗ 0.05 

No. of observations 6358 

Log likelihood 14994.0 

α0 7.04 

Note: Values in parentheses are standard errors calculated based on the bootstrap met

level. ∗∗∗Significant at the 1% level. 
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ddition, we clustered the standard error at the household level. 

able 3 B presents the estimated functions explaining the prices of 

he sampled food items. 

After estimating Eq. (3B) , we calculated residuals ( ̂  ∈ ic ) from all 

ix price functions. Finally, we estimated the quality-adjusted unit 

rice of the sampled food items ( ̂  p h 
ic 

) as follows: 

ˆ p h ic = p i c + ˆ ∈ ic (4B) 

It is likely that the households in the same primary sample 

nit (PSU) may inform the same prices for the sampled food items 

ince usually the sampled households in a PSU are surveyed at 

he same time ( Deaton, 1988 ). To handle this issue, we further 

emeaned the prices separately by year, food item, and rural- 

rban affiliation of the households. This estimated unit price from 

q. (4B) is used in estimating Eq. (1) to calculate price and expen- 

iture elasticities. 

nnexure C 

Parameter estimation from QUAIDS model 

Table C4 

Table C5 

Table C6 
Maize/coarse grains Rice and wheat Vegetables Fish and meat 

0.57 ∗∗∗(0.10) 0.055(0.33) 0.74 ∗∗∗(0.07) -0.64(0.50) 

0.077 ∗∗∗(0.02) 0.00034(0.07) 0.081 ∗∗∗(0.02) -0.18(0.11) 

0.0015(0.00) -0.00032(0.00) -0.00050(0.00) -0.013 ∗∗(0.01) 

-0.031 ∗∗∗(0.01) -0.0078(0.01) -0.059 ∗∗∗(0.01) -0.028 ∗∗(0.01) 

-0.016(0.01) -0.0032(0.01) -0.050 ∗∗∗(0.01) -0.064 ∗∗∗(0.01) 

0.087 ∗∗∗(0.01) -0.0060(0.02) 0.024 ∗∗∗(0.01) -0.058 ∗(0.03) 

0.029(0.05) -0.0069(0.02) -0.0048(0.01) 

0.15 ∗∗∗(0.01) -0.062 ∗(0.03) 

0.22 ∗∗∗(0.07) 

-0.00002(0.00) -0.000001(0.00) -0.00002(0.00) -0.00004(0.00) 

0.0000018(0.00) 0.000016(0.00) -0.000015(0.00) -0.000023(0.00) 

0.0011(0.00) -0.0011 ∗∗(0.00) 0.0026 ∗(0.00) 0.00078(0.00) 

0.0013(0.00) -0.0014 ∗∗∗(0.00) 0.0047 ∗∗(0.00) -0.0023(0.00) 

-0.00084(0.00) -0.0019(0.00) 0.0058(0.00) 0.0053(0.01) 

0.00094(0.00) -0.000024(0.00) -0.00037(0.00) -0.00071(0.00) 

0.0012(0.00) -0.0028 ∗∗(0.00) 0.0016(0.00) -0.0011(0.00) 

0.0068 ∗(0.00) -0.0068 ∗∗(0.00) 0.0017(0.01) 0.0025(0.01) 

-0.00032 ∗∗(0.00) 0.00015 ∗∗(0.00) -0.00016(0.00) 0.000022(0.00) 

0.00089(0.00) 0.00075 ∗∗(0.00) -0.00065(0.00) 0.0032 ∗∗(0.00) 

-0.001(0.00) 0.001(0.00) 0.0003(0.00) -0.002(0.00) 

0.0010(0.00) -0.00075 ∗∗(0.00) 0.00068(0.00) 0.0015(0.00) 

Coefficients Standard error 

ρSsec 0.060 0.09 

ρSter 0.26 0.75 

ρHsize -0.01 0.01 

ρHagri -0.11 ∗∗ 0.05 

ρSagri -0.01 0.04 

ρHm 0.33 ∗∗∗ 0.08 

hod by replicating 50 times. ∗Significant at the 10% level. ∗∗Significant at the 5% 
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Table C5 

Parameter estimates from QUAIDS model for urban households. 

Matooke Cassava and potatoes Maize/coarse grains Rice and wheat Vegetables Fish and meat 

Constant ( αi ) 1.02 ∗∗∗(0.32) -0.14(0.17) -0.07(0.21) 0.22(0.22) 0.32(0.21) -0.35(0.32) 

Expenditure ( βi ) 0.20 ∗∗∗(0.07) -0.068(0.04) -0.06(0.05) 0.022(0.04) 0.0060(0.05) -0.100(0.08) 

Expenditure 2 0.012 ∗∗∗(0.00) 0.0030(0.00) -0.0041(0.00) 0.00091(0.00) -0.0033(0.00) -0.0087 ∗(0.00) 

Prices ( γi ) 0.10 ∗∗(0.04) 0.022(0.02) -0.040 ∗(0.02) 0.0060(0.01) -0.018(0.02) -0.071 ∗(0.04) 

0.04 ∗∗∗(0.01) -0.0003(0.02) 0.002(0.01) -0.04 ∗∗∗(0.01) -0.02(0.02) 

0.071 ∗(0.04) -0.011(0.01) -0.016(0.02) -0.0031(0.02) 

0.03(0.02) 0.002(0.01) -0.030(0.02) 

0.098 ∗∗∗(0.03) -0.024(0.02) 

0.15 ∗∗∗(0.04) 

Age of the household head 

(Hage) 

0.000044(0.00) 0.00018(0.00) -0.000018(0.00) 0.000059(0.00) -0.00012(0.00) -0.00014 ∗(0.00) 

Age of the spouse (Sage) 0.0001(0.00) 0.00003(0.00) -0.000020(0.00) 0.000058 ∗(0.00) -0.000033(0.00) -0.00012(0.00) 

Household head educated 

up to primary level 

(yes = 1) (Hpri) 

-0.00078(0.00) -0.0041(0.01) 0.0013(0.00) -0.0021 ∗(0.00) 0.0062(0.00) -0.00061(0.00) 

Household head educated 

up to secondary level 

(yes = 1) (Hsec) 

0.0031(0.00) -0.0012(0.01) 0.0047 ∗∗(0.00) -0.0046 ∗∗∗(0.00) 0.0054(0.00) -0.0074 ∗(0.00) 

Household head educated 

up to tertiary level 

(yes = 1) (Hter) 

0.0081 ∗(0.00) -0.014 ∗(0.01) 0.01 ∗∗∗(0.00) -0.0046(0.00) 0.018 ∗∗∗(0.01) -0.015 ∗∗∗(0.01) 

Spouse educated up to 

primary level (yes = 1) 

(Spri) 

-0.004(0.00) 0.004(0.01) 0.002(0.00) 0.001(0.00) -0.001(0.01) -0.0013(0.00) 

Spouse educated up to 

secondary level 

(yes = 1) (Ssec) 

-0.0033(0.00) -0.0096(0.01) 0.0028(0.00) 0.002 (0.00) 0.01(0.01) 0.002(0.00) 

Spouse educated up to 

tertiary level (yes = 1) 

(Ster) 

-0.00060(0.02) -0.0044(0.04) 0.0012(0.00) 0.002(0.00) 0.002(0.02) -0.001(0.01) 

No. of family members 

(Hsize) 

0.00024(0.00) 0.00030(0.00) -0.00041 ∗∗(0.00) 0.00037 ∗∗(0.00) -0.00065 ∗∗(0.00) 0.00015(0.00) 

Household head in 

agriculture (yes = 1) 

(Hagri) 

-0.0029(0.00) 0.0075(0.01) -0.0022(0.00) 0.0033 ∗∗(0.00) -0.0042(0.00) -0.0015(0.00) 

Spouse in agriculture 

(yes = 1) (Sagri) 

-0.003(0.00) 0.01 ∗(0.00) -0.002(0.00) 0.003 ∗∗∗(0.00) -0.01(0.00) -0.0001(0.00) 

Male headed household 

(yes = 1) (Hm) 

0.004 ∗(0.00) 0.01(0.01) -0.002(0.00) -0.002(0.00) -0.002(0.00) -0.002(0.00) 

Scaling parameters for demographics ( ρ) 

Coefficients Standard error Coefficients Standard error 

ρHage 0.002 0.01 ρSsec -0.43 0.32 

ρSage -0.01 0.02 ρSter -0.19 7.40 

ρHpri -0.09 0.32 ρHsize -0.012 0.03 

ρHsec 0.13 0.42 ρHagri -0.05 0.58 

ρHter -0.24 0.37 ρSagri 0.06 0.16 

ρSpri -0.23 0.61 ρHm 0.06 0.27 

No. of observations 2066 

Log likelihood 4481.2 

α0 7.4 

Note: Values in parentheses are standard errors calculated based on the bootstrap method by replicating 50 times. ∗Significant at the 10% level. ∗∗Significant at the 5% 

level. ∗∗∗Significant at the 1% level. 

Table C6 

Estimated uncompensated price and cross-price elasticities for the poorest and richest rural and urban households (expenditure endogeneity corrected 

QUAIDS model). 

Matooke Cassava and potatoes Maize/coarse grains Wheat and rice Vegetables Meat and fish 

Rural household Q1 Q5 Q1 Q5 Q1 Q5 Q1 Q5 Q1 Q5 Q1 Q5 

Matooke -0.98 -0.94 0.33 0.51 0.05 0.04 -0.004 0.0003 0.08 0.08 0.04 0.07 

Cassava and potatoes 0.76 0.40 -0.73 -0.85 0.01 -0.01 0.01 0.01 -0.11 -0.07 -0.17 -0.08 

Maize/coarse grains -0.12 -0.17 -0.12 -0.16 -0.63 -0.53 -0.07 -0.08 -0.21 -0.22 -0.23 -0.28 

Wheat and rice -0.33 -0.11 -0.13 -0.05 -0.43 -0.14 0.49 -0.51 -0.57 -0.18 -0.35 -0.12 

Vegetables -0.09 -0.19 -0.11 -0.24 -0.06 -0.11 -0.03 -0.06 -0.81 -0.61 -0.11 -0.23 

Meat and fish -0.20 -0.09 -0.34 -0.15 -0.26 -0.10 -0.07 -0.03 -0.40 -0.16 -0.19 -0.67 

Urban household 

Matooke -1.11 -1.22 0.30 0.48 -0.02 -0.03 -0.05 -0.08 -0.11 -0.17 -0.03 -0.01 

Cassava and potatoes 0.54 0.33 -0.86 -0.91 0.04 0.02 0.13 0.08 0.003 0.00 -0.07 -0.04 

Maize/coarse grains -0.03 -0.04 -0.06 -0.10 -0.65 -0.41 -0.04 -0.07 -0.11 -0.19 -0.15 -0.26 

Wheat and rice -0.30 -0.12 0.21 0.08 -0.23 -0.08 -0.19 -0.70 -0.06 -0.02 -0.73 -0.27 

Vegetables -0.07 -0.15 -0.10 -0.20 -0.07 -0.13 -0.01 -0.02 -0.79 -0.58 -0.11 -0.22 

Meat and fish -0.08 -0.02 -0.33 -0.14 -0.25 -0.10 -0.23 -0.09 -0.33 -0.13 -0.06 -0.64 

Source: Authors’ estimation. 

Note: Q1 = poorest expenditure quintile Q5 = richest expenditure quintile 
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A
nnexure D 

Table D7 

Table D8 
Table D7 

Estimated functions applying the left-censored Tobit estimation procedure, explaining pe

ln(expenditure UGX/capita/day on) 

Sampled food items Matooke Cassava and potatoes Mai

ln (expenditure on all sampled 

foods UGX/capita/day) 

1.49 ∗∗∗(0.03) 1.78 ∗∗∗(0.05) 1.43

Price of the commodity -0.001 ∗∗∗(0.00) -0.0001(0.00) 0.00

Stone’s price index -1.01 ∗∗∗(0.01) -1.55 ∗∗∗(0.03) -0.5

Age, household head -0.0036 ∗(0.00) -0.0017(0.00) 0.00

Age, spouse 0.0030 ∗(0.00) 0.00083(0.00) 0.00

Male-headed household dummy 

(yes = 1) 

-0.12(0.07) -0.13(0.13) -0.1

Education dummies, no formal 

education is the base = 0 

A dummy for head educated up to 

primary level (7 years) (yes = 1) 

-0.043(0.07) 0.033(0.11) 0.07

A dummy for head educated up to 

secondary level (yes = 1) 

0.0075(0.10) 0.14(0.14) 0.13

A dummy for head educated 

above secondary level (yes = 1) 

-0.19(0.24) -0.19(0.29) 0.09

A dummy for spouse educated up 

to primary level (7 year) 

(yes = 1) 

0.084(0.07) 0.037(0.13) -0.0

A dummy for spouse educated up 

to secondary level (yes = 1) 

0.065(0.11) 0.43 ∗∗(0.18) 0.20

A dummy for spouse educated 

above secondary level (yes = 1) 

0.25(0.29) 0.091(0.48) 0.06

Occupation dummies: base 

occupation, other than 

agriculture = 0 

Dummy for the household in 

agriculture (yes = 1) 

0.073(0.05) -0.040(0.08) -0.0

Dummy for the spouse in 

agriculture (yes = 1) 

0.030(0.06) 0.059(0.09) 0.11

No. of family members 0.11 ∗∗∗(0.01) 0.19 ∗∗∗(0.02) 0.11

Region dummies (central and 

Kampala regions are the 

base = 0) 

Eastern region dummy (yes = 1) 0.010(0.07) -1.12 ∗∗∗(0.10) -1.4

Northern region dummy (yes = 1) 0.053(0.07) -2.17 ∗∗∗(0.14) -2.8

Western region dummy (yes = 1) -0.27 ∗∗∗(0.07) -0.093(0.09) 0.22

Generalized inverse Mills ratio 0.24 ∗∗∗(0.04) 0.52 ∗∗∗(0.05) -3.3

Year dummies (year 2010 is 

base = 0) 

0(0.00) 0(0.00) 0(0.

Year 2014 dummy (yes = 1) 1.19 ∗∗∗(0.06) 0.95 ∗∗∗(0.09) 0.33

Year 2016 dummy (yes = 1) 1.21 ∗∗∗(0.07) 0.73 ∗∗∗(0.09) 0.09

Constant -1.53 ∗∗∗(0.29) -1.39 ∗∗∗(0.48) -4.8

var(e.lnmax) 3.59 ∗∗∗(0.08) 7.43 ∗∗∗(0.23) 0.84

No. of observations 6,358 6,358 635

Left censored 1,635 3,180 2,13

Wald chi2(21) 10972.94 9801.92 237

Pro > Chi2 0.00 0.00 0.00

Pseudo R2 0.19 0.22 0.55

Log pseudolikelihood -11203.28 -9345.70 -590

Note: Values in parentheses are standard errors calculated based on the bootstrap meth

level. ∗∗∗Significant at the 1% level. 

All monetary values are in real terms converted using the Consumer Price Index 2010 = 1
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r capita/daily expenditure in UGX on the sampled food items of rural households. 

ze/coarse grains Rice and wheat Vegetables Fish and meat 

 

∗∗∗(0.02) 1.39 ∗∗∗(0.03) 0.99 ∗∗∗(0.01) 1.55 ∗∗∗(0.02) 

0012 ∗∗∗(0.00) 0.000039 ∗∗∗(0.00) 0.000041 ∗∗∗(0.00) 0.000026 ∗∗(0.00) 

1 ∗∗∗(0.01) -0.50 ∗∗∗(0.02) -0.42 ∗∗∗(0.01) -0.59 ∗∗∗(0.01) 

17(0.00) 0.00080(0.00) 0.00013(0.00) 0.00072(0.00) 

16(0.00) 0.00032(0.00) 0.00026(0.00) 0.0033 ∗∗∗(0.00) 

8 ∗∗∗(0.04) -0.18 ∗∗∗(0.05) -0.036 ∗(0.02) -0.18 ∗∗∗(0.03) 

0 ∗(0.04) 0.13 ∗∗∗(0.05) 0.013(0.02) 0.13 ∗∗∗(0.03) 

 

∗∗∗(0.05) 0.25 ∗∗∗(0.06) 0.035(0.03) 0.16 ∗∗∗(0.04) 

6(0.13) 0.41 ∗∗∗(0.14) -0.038(0.08) 0.29 ∗∗∗(0.09) 

15(0.04) 0.050(0.05) 0.014(0.03) 0.043(0.03) 

 

∗∗∗(0.06) 0.39 ∗∗∗(0.07) -0.0025(0.03) 0.26 ∗∗∗(0.04) 

1(0.15) 0.086(0.23) 0.094(0.08) 0.13(0.11) 

16(0.03) -0.017(0.04) 0.00036(0.02) 0.038(0.03) 

 

∗∗∗(0.03) -0.040(0.04) 0.013(0.02) -0.0099(0.02) 

 

∗∗∗(0.01) 0.11 ∗∗∗(0.01) -0.0014(0.00) 0.12 ∗∗∗(0.00) 

9 ∗∗∗(0.04) -1.80 ∗∗∗(0.06) 0.089 ∗∗∗(0.02) -1.64 ∗∗∗(0.03) 

2 ∗∗∗(0.05) -3.31 ∗∗∗(0.07) 0.084 ∗∗∗(0.02) -2.80 ∗∗∗(0.04) 

 

∗∗∗(0.03) 0.39 ∗∗∗(0.06) 0.094 ∗∗∗(0.02) 0.30 ∗∗∗(0.03) 

4 ∗∗∗(0.03) -4.04 ∗∗∗(0.04) -3.34 ∗∗∗(0.04) 

00) 0(0.00) 0(0.00) 0(0.00) 

 

∗∗∗(0.04) 0.45 ∗∗∗(0.05) 0.10 ∗∗∗(0.02) 0.45 ∗∗∗(0.03) 

0 ∗∗(0.04) 0.16 ∗∗∗(0.06) 0.054 ∗∗∗(0.02) 0.30 ∗∗∗(0.03) 

2 ∗∗∗(0.17) -4.93 ∗∗∗(0.21) 0.24 ∗∗∗(0.08) -5.30 ∗∗∗(0.16) 

 

∗∗∗(0.03) 0.83 ∗∗∗(0.03) 0.39 ∗∗∗(0.02) 0.57 ∗∗∗(0.02) 

8 6358 6358 6358 

7 4,276 75 2,171 

66.06 19,369 199983.58 37707.03 

 0.00 0.00 0.00 

 0.67 0.44 0.63 

4.07 -2935.30 -6099.14 -5061.91 

od by replicating 100 times. ∗Significant at the 10% level. ∗∗Significant at the 5% 

00. 
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Table D8 

Estimated functions applying the left-censored Tobit estimation procedure, explaining per capita/daily expenditure in UGX on the sampled food items of urban households. 

ln(expenditure UGX/capita/day on) 

Sampled food items Matooke Cassava and potatoes Maize/coarse grains Rice and wheat Vegetables Fish and meat 

ln (expenditure on all 

sampled foods in 

UGX/capita/day) 

1.60 ∗∗∗(0.06) 1.82 ∗∗∗(0.07) 1.31 ∗∗∗(0.03) 1.27 ∗∗∗(0.04) 1.05 ∗∗∗(0.03) 1.49 ∗∗∗(0.03) 

Price of the commodity -0.00066 ∗∗∗(0.00) 0.000023(0.00) 0.000045 ∗∗∗(0.00) 0.000057 ∗∗∗(0.00) 0.000043 ∗∗∗(0.00) 0.000026(0.00) 

Stone’s price index -1.22 ∗∗∗(0.04) -1.29 ∗∗∗(0.05) -0.53 ∗∗∗(0.02) -0.54 ∗∗∗(0.02) -0.48 ∗∗∗(0.01) -0.58 ∗∗∗(0.01) 

Age, household head 0.00055(0.00) 0.0022(0.00) 0.0022(0.00) 0.0029(0.00) 0.0020(0.00) 0.0036 ∗∗(0.00) 

Age, spouse 0.0067 ∗(0.00) 0.0058(0.00) 0.0013(0.00) -0.0016(0.00) -0.00069(0.00) 0.0015(0.00) 

Male-headed household 

dummy (yes = 1) 

-0.13(0.14) -0.17(0.15) -0.14 ∗∗(0.06) 0.013(0.07) 0.015(0.05) -0.069(0.05) 

Education dummies, no 

formal education is the 

base = 0 

A dummy for head 

educated up to primary 

level (7 years) (yes = 1) 

0.085(0.18) 0.35 ∗(0.19) 0.089(0.08) 0.055(0.10) 0.021(0.05) 0.056(0.07) 

A dummy for head 

educated up to 

secondary level 

(yes = 1) 

0.32 ∗(0.19) 0.42 ∗∗(0.21) 0.11(0.08) 0.19 ∗(0.10) 0.035(0.05) 0.14 ∗(0.07) 

A dummy for head 

educated above 

secondary level 

(yes = 1) 

0.57 ∗∗(0.24) 0.84 ∗∗∗(0.28) 0.30 ∗∗∗(0.08) 0.45 ∗∗∗(0.11) 0.050(0.07) 0.30 ∗∗∗(0.08) 

A dummy for spouse 

educated up to primary 

level (7 years) (yes = 1) 

0.17(0.17) 0.19(0.21) -0.025(0.09) 0.15(0.09) 0.088(0.06) 0.078(0.05) 

A dummy for spouse 

educated up to 

secondary level 

(yes = 1) 

0.24(0.19) 0.13(0.21) 0.28 ∗∗∗(0.09) 0.42 ∗∗∗(0.09) 0.090(0.06) 0.32 ∗∗∗(0.05) 

A dummy for spouse 

educated above 

secondary level 

(yes = 1) 

0.10(0.33) 0.31(0.36) 0.12(0.13) 0.36 ∗∗∗(0.13) -0.029(0.15) 0.31 ∗∗∗(0.09) 

Occupation dummies: base 

occupation, other than 

agriculture = 0 

Dummy for the household 

in agriculture (yes = 1) 

-0.040(0.11) 0.16(0.16) 0.031(0.05) 0.0014(0.08) 0.025(0.04) 0.050(0.05) 

Dummy for the spouse in 

agriculture (yes = 1) 

-0.14(0.14) -0.22(0.13) 0.090(0.06) -0.13 ∗(0.07) -0.082 ∗∗(0.04) 0.030(0.05) 

No. of family members 0.15 ∗∗∗(0.02) 0.18 ∗∗∗(0.02) 0.093 ∗∗∗(0.01) 0.095 ∗∗∗(0.01) 0.026 ∗∗∗(0.01) 0.11 ∗∗∗(0.01) 

Region dummies (central 

and Kampala regions are 

the base = 0) 

Eastern region dummy 

(yes = 1) 

0.043(0.14) -1.15 ∗∗∗(0.20) -1.38 ∗∗∗(0.06) -1.61 ∗∗∗(0.09) 0.060(0.05) -1.66 ∗∗∗(0.07) 

Northern region dummy 

(yes = 1) 

0.52 ∗∗∗(0.14) -1.73 ∗∗∗(0.21) -2.58 ∗∗∗(0.08) -3.06 ∗∗∗(0.12) 0.11 ∗∗(0.05) -2.77 ∗∗∗(0.07) 

Western region dummy 

(yes = 1) 

-0.18(0.16) 0.058(0.13) 0.17 ∗∗∗(0.06) 0.088(0.08) -0.052(0.04) 0.15 ∗∗∗(0.04) 

Inverse Mills ratio 0.19 ∗∗∗(0.07) 0.17 ∗∗∗(0.06) -3.25 ∗∗∗(0.06) -3.72 ∗∗∗(0.05) -3.39 ∗∗∗(0.06) 

Year dummies (year 2010 

is base = 0) 

Year 2014 dummy 

(yes = 1) 

1.51 ∗∗∗(0.17) 0.54 ∗∗∗(0.18) 0.21 ∗∗∗(0.07) 0.42 ∗∗∗(0.08) 0.11 ∗∗(0.05) 0.37 ∗∗∗(0.05) 

Year 2016 dummy 

(yes = 1) 

1.28 ∗∗∗(0.17) 0.39 ∗∗(0.19) -0.016(0.07) 0.35 ∗∗∗(0.08) 0.092 ∗(0.05) 0.32 ∗∗∗(0.04) 

Constant -2.18 ∗∗∗(0.63) -3.35 ∗∗∗(0.64) -3.62 ∗∗∗(0.29) -3.68 ∗∗∗(0.26) -0.11(0.21) -4.85 ∗∗∗(0.28) 

var(e.lnmax) 4.64 ∗∗∗(0.17) 5.14 ∗∗∗(0.27) 0.79 ∗∗∗(0.04) 0.76 ∗∗∗(0.03) 0.47 ∗∗∗(0.05) 0.48 ∗∗∗(0.03) 

No. of observations 2,066 2066 2066 2066 2066 2066 

Left censored 586 750 550 902 43 539 

Wald chi2(21) 2194.73 3087.66 7,638 10,899.03 7896.31 10013.35 

Pro > Chi2 0.00 0.00 0.00 0.00 0.00 0.00 

Pseudo R2 0.16 0.23 0.54 0.61 0.40 0.64 

Log pseudolikelihood -3750.25 -3430.41 -2056.89 -1567.85 -2179.90 -1686.89 

Note: Values in parentheses are standard errors calculated based on the bootstrap method by replicating 100 times. ∗Significant at the 10% level. ∗∗Significant at the 5% 

level. ∗∗∗Significant at the 1% level. 

All monetary values are in real terms converted using the Consumer Price Index 2010 = 100. 
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Model validation 
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Fig. E3. Predicted and actual consumption of maize/coarse grains in Uganda from 2010–18 (kg/capita/year). 

Sources: Authors’ estimation and FAOSTAT (2021c). 
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Fig. E4. Predicted and actual consumption of wheat and rice in Uganda from 2010–18 (kg/capita/year). 

Sources: Authors’ estimation and FAOSTAT (2021c). 
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Fig. E5. Predicted and actual consumption of vegetables in Uganda 2010–18 (kg/capita/year). 

Sources: Authors’ estimation and FAOSTAT (2021c). 
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Fig. E6. Predicted and actual consumption of fish and meat in Uganda from 2010–18 (kg/capita/year). 

Sources: Authors’ estimation and FAOSTAT (2021c). 
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