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ABSTRACT  

 

Lack of consumer demand information can derail the development of the common bean 

sector in Malawi. Duly, the main objective of this study was to analyse the 

responsiveness of quantity demanded of different varieties of common beans to price 

and income changes among households of different locations in Lilongwe District of 

Malawi. The study used secondary data containing demand information on commonly 

traded varieties of common beans. In the analysis, three key innovations were made 

namely (1) consideration of zero consumption; (2) estimation of QuAIDS and its 

competitor LA/AIDS and (3) calculation of income elasticities from the estimated 

expenditure elasticities.  

 

Based on performance, this study chose the QuAIDS over the LA/AIDS as the best 

representation of demand for common beans among households in Lilongwe District 

of Malawi. Households in Lilongwe average 4.15 adults. Majority consume common 

beans more than once/week and prefer the Phalombe variety. The Khaki and Napilira 

varieties are the most expensive in the high and medium, and low-density areas 

respectively. The computed demand elasticities showed that all common bean varieties 

are necessity goods with price-elastic demand, but not all are normal and substitutes. 

Furthermore, demand for common beans is more sensitive to price than income effects. 

The study therefore recommends that: (1) revenue maximisation from common beans 

traded by retailers can be maximised through reduction of prices and (2) if meaningful 

changes are to occur in common bean consumption, policy makers should pay more 

attention to price rather than income-related policy instruments. 
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CHAPTER ONE 

INTRODUCTION 

 

1.1 Background Information 

1.1.1 Global grain legume trends 

Grain legumes (also called pulses) belong to the family of leguminous plants (also 

known as Fabaceae) and are grown worldwide primarily for their edible seeds (Centro 

Internacional de Agricultural Tropical (CIAT), 2013). Grown on 12-15% of the earth’s 

arable land, the seeds of grain legumes are harvested mature and marketed dry for use 

as food or feed or processed into various products (Rusike et al., 2013). The plants have 

the ability to fix atmospheric nitrogen into the soil hence enriching the soil and reducing 

the cost of fertilizer inputs in crop farming. With this property and their versatile 

benefits in terms of farm incomes, food security, nutrition and health; the plants have 

qualified to be important food, cash, fodder and rotational crops in most parts of the 

world.  

 

The worldwide yield of major grain legumes has increased modestly (<1%/year) over 

the past decades with an average of 0.90 tons/ha for the past decade (FAO, 2015; 

Akibode and Maredia, 2011). Bareja (2016) reveals that the major producers of grain 

legumes worldwide include Brazil (common bean), China (broad beans, horse beans 

and groundnuts), India (chick peas, pigeon peas), Nigeria (dry cow peas), USA 

(soybean), Canada (dry peas, lentils), Chile (lupins) and Ethiopia (Vetches). Worldwide 

consumption of grain legumes has trended upward over the recent 30 years, with an 

estimated average of 60 million metric tonnes per year globally and per capita 

consumption of 10kg/capita/year for the past decade (CIAT, 2013; Akibode and 

Maredia, 2011). According to CIAT (2012), the demand for grain legumes is growing 
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more strongly than for other crop commodities in the developing world, yet local 

production is not able to keep up with this demand. 

 

1.1.2 The current grain legume situation in Malawi 

The Government of Malawi has committed to develop agricultural value chains that 

contribute to household income and nutrition while sustaining the biophysical 

environment. So far, grain legumes have shown the greatest potential to achieve this 

triple objective. Generally, grain legumes are grown because they are nutritious, have 

high gross margin and replenish soil fertility (Rusike et al., 2013).  Furthermore, 

farmers grow legumes to spread risk for livelihood resilience. Katungi et al. (2009) 

reported that, in recent times, the production of grain legumes has increased especially 

with the support of stakeholders such as United States Agency for International 

Development (USAID), Feed the Future (FTF) Malawi, Pan African Bean Research 

Alliance (PABRA), National Agriculture Research Systems (NARS), Centro 

Internacional de Agricultural Tropical (CIAT), International Crops Research Institute 

for the Semi-Arid Tropics (ICRISAT), International Centre for Agricultural Research 

in the Dry Areas (IICARDA), International Institute of Tropical Agriculture (IITA) and 

Bunda college of agriculture. These stakeholders have played key roles in the breeding, 

production, marketing and consumption level strategies of grain legumes. 

 

The major grain legumes grown in Malawi include common bean, groundnut, cowpea, 

pigeon peas and soybean. According to Rusike et al. (2013), the aforementioned grain 

legumes are very important for cash, food security, nutrition, gender, and sustainable 

natural resource management. Groundnut is the most commonly grown legume 

throughout Malawi (Katungi et al., 2013). Common bean ranks second to groundnut in 
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terms of area planted and quantity produced (CIAT, 2012). Figure 1-1 shows an upward 

trend of quantity produced for groundnuts, dry beans (synonymous to common beans) 

and soybean for the past 15 years. These upwards trends are attributed to area expansion 

(Figure 1-2) and increase in interplay of stakeholders in the breeding, production, 

marketing and consumption level strategies. Figure 1-1 shows a downward trend in the 

production of dry cowpeas over the past 15 years. The trend in production of cowpeas 

directly correlates with the hectarage trend as shown in Figure 1-2.  

 

 

 

  

 

  

 

  

 

Figure 1.1 Production of major grain legumes in Malawi 

Source of data: FAO (2015) 
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1.1.3 Common beans in Malawi 

Among the major grain legumes grown in Malawi, common bean (Phaseolus vulgaris) 

has proven to be the most commercially viable crop with greatest potential to 

sustainably reduce poverty and improve nutrition among farmers (CIAT, 2013; USAID, 

2011). Common bean is an important food crop as it contains high amounts of proteins, 

vitamins, carbohydrates, and other valuable micronutrients like iron, zinc, potassium, 

and magnesium (Larochelle et al., 2015). Additionally, it matures early and offers 

relatively higher gross margins compared to priority crops like maize (Rusike et al, 

2013). Common beans can also be sold at various stages of maturity like green leaves, 

fresh pods, and immature/dry grains (Birachi, 2012). Common bean sometimes 

supplements fishmeal or in livestock feed (Sichilima et al., 2015). Ultimately, 

production of common bean has several benefits to the environment, farmers and the 

nation at large. 
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Figure 1.2 Hectarage of major grain legumes in Malawi 

Source: FAO (2015) 
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Common beans are produced mostly in higher altitude (1000-1700 meters above sea 

level) and high rainfall (800-1500mm/annum) areas (Muthoni et al., 2008). More than 

70% of common beans are produced in Dedza, Ntcheu, Lilongwe, Chitipa and Thyolo 

districts (Rusike et al., 2013). The beans are primarily produced under mixed/intercrop 

cropping system with crops like maize and cassava by 70% of the farmers (Birachi, 

2012; CIAT, 2012). Although rare, some farmers use pure stands especially during the 

winter cropping season (Munthali, 2013).  Smallholder farmers (mostly women) 

dominate production of common beans (Mwale et al., 2009).  

 

The most popular common bean varieties marketed in Malawi include Nanyati (cream 

mottled), Khaki/Mulanje (cream), Napilira/Kachiyata (red mottled), Phalombe/ 

Chimbamba/Thyolo (red kidney), Kaulesi (purple/greyish), and mixed beans (various 

colours) (Chirwa and Phiri, 2007). Common beans are sold as dried grain to households, 

institutions, local/private traders, cottage industries, processors and exporters (Mwale 

et al., 2009; Muthoni et al., 2008). The dried grain is used for direct human consumption 

or further processed into human food.   

 

Although the production of common beans has trended upwards over the past years 

(Figure 1-1), there is still unmet market demand (GoM, 2013; Katungi et al., 2009). For 

instance, between 2009 and 2014 (when production peaked), about 177 metric tons of 

common beans were produced annually against a total market demand of 200 metric 

tons (FAO, 2015). Imports from Mozambique partly supplemented the supply shortfall. 

Birachi (2012) and Muthoni et al. (2008) expected the gap to increase given high 

population growth, weather turbulence, and stagnant-to-declining yields.  Additionally, 

productivity of common beans is still low, estimated at 616kg/ha against a potential 
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yield of 2000kg/ha (FAO, 2015). The supply shortfall of common beans reinforces the 

current annual per capita consumption which is estimated at 11.6kg/year, which is low 

compared to the African average of 17kg/year and the recommended 23.4kg/year 

(FAO, 2015; Larochelle et al., 2015; Katungi et al., 2009). 

 

The current supply gap for common beans in Malawi is attributed to several biotic (e.g. 

pests and diseases), abiotic (e.g. low soil fertility and low rainfall) and socio-economic 

(e.g. poor access to improved bean varieties, lack of farm inputs, lack of demand 

information, inappropriate pricing strategies, poor storage facilities and poor access to 

markets) constraints (CIAT, 2013; Munthali, 2013; Rusike et al., 2013; USAID, 2011). 

Of particular interest to this research is the dearth of demand information and 

inappropriate pricing strategies in the common bean value chain. Munthali (2013) and 

USAID (2011) explain that such constraints have often discouraged farmers from 

scaling up production of common beans. In addition, as explained by USAID (2011), 

they have exacerbated lack of good, established and organized market in the common 

bean sector. Currently most bean farmers are producing for subsistence purposes, with 

less than 20% producing surpluses for sale (CIAT, 2013).  

 

1.2 Problem statement  

The government of Malawi is absolutely committed in achieving food self-sufficiency 

at household level (GoM, 2013). In this regard, it has put in place a series of reforms 

that position the country for sustainable growth. There are several national leading 

documents1 that contain specific measures for growth put in place by the government.  

                                                 
1 See Agricultural Sector-Wide Approach (ASWAP) , National Nutritional Policy and Strategic Plan 

(NNPSP) and the Malawi Growth and Development Strategy 
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One of the key reforms put in place by the government is the development of 

agricultural value chains that contribute to household income and nutrition while 

sustaining the biophysical environment. This corresponds with the initiative by USAID 

to sustainably invest in high potential value chains to develop markets and improve 

nutritional options.  

 

Despite the said efforts, there is slow development for some potential and promising 

value chains. For instance, common beans qualify as a crop that can help in achieving 

the triple objective of enhancing incomes, nutrition and soil fertility, yet its supply gap 

is very high and less than 20% of the farmers producing surpluses for sale (CIAT 2013). 

The government and other stakeholders in the legume industry (see CIAT 2013, GoM 

2013; USAID, 2011) have officially acknowledged that the development of the bean 

value chain is slow citing low agricultural productivity and underdeveloped markets2 

as the main culprits. Munthali (2013) and USAID (2011) further explain that 

underdeveloped markets in the bean value chain are exacerbated among others by lack 

of information especially on consumer demand3. This concurs with Theil (1975) who 

explained that to achieve a good market system, one of the key ingredients is consumer 

demand information4 because it helps in decision making of economic agents, 

projecting future market conditions, and bringing about needed changes.   

 

                                                 
2 A good market system signals the relative scarcity of goods and services, guides the decision of 

economic agents, and ensures mobility of commodities over time and across space (Ravallion, 1986). If 

development is to be achieved, essentially any value chain needs a good market system 
3 This includes extent to which consumers adjust the consumption as a result of price and income changes 

vis-à-vis price and income elasticities of demand  
4 This is also reflected in the neo classical micro theory of consumer demand 
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Not many studies have been conducted on demand for common beans in Malawi. The 

few studies that have been conducted5 have analysed beans at an aggregate level yet 

there are several varieties that differ by attributes in the markets. In addition, other 

studies that have disaggregated beans by varieties, have only used specific bean 

attributes to explain market demand, ignoring prices and income which ultimately 

inform the nature of demand6. Just like all trade, bean markets are demand driven, thus 

should the information gap persist, the common bean value chain will continue having 

underdeveloped markets and enhancing incomes, nutrition and soil fertility through 

beans would prove futile. In addition to widening the bean supply gap, the information 

gap has a potential of reinforcing the status quo where producers and sellers deal more 

in poorly demanded varieties hence leading to impediment of the common bean value 

chain. Thus, it is essential to gain insights on demand for beans and predict changes in 

household expenditures caused by price and income change from a proper and 

purposeful empirical econometric analysis. 

 

1.3 Justification of the study 

Information from this study is relevant to farmers and intermediate traders in making 

informed common bean production and trading decisions by revealing to them strongly 

demanded varieties of common beans and how to increase revenue through appropriate 

pricing strategies. This knowledge will help the two actors to invest and to maximize 

profits from common beans production/trading. Furthermore, the study will help 

marketing agents make informed targeting decisions, design and participate in effective 

                                                 
5 Chirwa and Phiri (2007), Muthoni et al. (2008), Maganga et al. (2014), and Kankwamba et al. (2012). 
6 Whether the crop is normal or inferior, necessity or luxury, and the price elasticity of demand.  
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channels as well as formulate demand responsive marketing strategies. Consequently, 

this will reduce risks associated with various marketing functions.  

 

Demand information from this research will also assist policy makers in devising price, 

trade, market development, and revenue creation policies applicable in the common 

bean value chain. The relative sizes of expenditure and price elasticities from this 

research will help the policy makers in the choice of policy instruments (i.e. whether 

price or cash related) relevant for improving demand and/or consumption. The demand 

elasticities can also be used to calculate welfare indicators such as change in consumer 

and producer surpluses, change in government revenue, net economic loss in 

consumption, net economic loss in production, and net effect of trade barriers and/or 

trade policies. The above indicators can assist in the formulation of appropriate macro 

policies.  

 

Results from this study will also be relevant to other stakeholders interested in reducing 

poverty and improving nutrition of farmers through common bean’s breeding, 

production, market and consumption level strategies. Such stakeholders include FTF 

Malawi, PABRA, NARS, CIAT, ICRISAT, IICARDA, IITA and Bunda College of 

Agriculture. 

 

Finally, the insights on demand for common beans will form an important ingredient 

of some complete models such as multimarket and CGE models. These models aim at 

explaining production and consumption, price formation, trade flows, welfare impacts 

of policies, income levels, and government fiscal revenues. 
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1.4 Objectives  

1.4.1 Main objective 

The main objective of this study was to analyse the responsiveness of demand for 

common beans to price and income changes with a particular focus on households in 

Lilongwe district of Malawi. This objective was achieved through estimation of a 

household demand model that featured six commonly traded varieties of common bean. 

 

1.4.2 Specific objectives 

The specific objectives are: 

i. To assess the sensitivity of budget shares for common beans to price and income 

effects.  

ii. To assess the responsiveness of quantity demanded to price and income 

changes.  

 

1.5 Research hypotheses 

Based on objective one, this research made the following hypothesis; 

i. Prices and income affect household budget share of common beans. 

 

Based on objective 2, this research made the following hypotheses; 

i. A unit percentage increase in own-price of a common bean variety decreases 

the quantity demanded by a less than unit percentage.  

ii. A unit percentage increase in price of a common bean variety increases the 

quantity demanded of other common bean varieties. 

iii. A unit percentage increase in income of the household increases the quantity 

demanded of a common bean variety by less than a unit percentage.  
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1.6 Research question 

This research was guided by the following question: 

To which extent do households adjust their consumption of common beans as a 

result of price and income changes?  

 

1.7 Thesis Organization 

Chapter one has been discussed. Chapter two defines the key terms used in demand 

analysis, approaches used, estimation issues and their associated remedies, and presents 

some of the empirical studies on demand for beans across the world. The chapter further 

defines the research gap and gives a panorama view of how the thesis has addressed the 

gap. Chapter three describes the survey and data sources, presents the conceptual and 

theoretical framework. Thereafter the chapter presents the empirical model and 

discusses various econometric issues that have been addressed and the econometric 

tests that have been performed. Chapter four and chapter five present and discuss the 

results of descriptive and statistical analysis, respectively, while chapter six concludes 

with summary, conclusions, and policy implications.  
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CHAPTER TWO 

LITERATURE REVIEW 

 

2.1 Introduction 

This chapter defines the key aspects of the thesis and presents related literature across 

the world. The first section defines the key terms used in demand analysis and the 

commodity analysed. The subsequent section presents the common approaches used in 

demand analysis, their estimation issues and known remedies. Thereafter, the next 

section discusses the related empirical studies that have been done across the world. 

Lastly, the chapter presents the research gap based on the literature reviewed and how 

this study intended to bridge the gap.  

 

2.2 Definition of key terms 

2.2.1 Consumer  

A consumer is a purchaser of good/service in retail (Wetzstein, 2004). Consumers can 

be classified into industrial consumers (purchase for industrial use) and final (purchase 

for final consumption) (Moscati, 2007). A consumer can refer to an individual or group 

of individuals analysed as a unit i.e. household. This study will focus on the final 

consumer and most specifically households in Lilongwe of Malawi. 

 

2.2.2 Quantity demanded 

Demand is one of the most important decision making variables in an economy and 

conceptually it implies consumer readiness to satisfy desire by paying for goods and 

services (Wetzstein, 2004). Demand for a particular commodity is often gauged by the 

quantity demanded and has unique determinants, which are often summed in a demand 
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profile plotted as slopes on a graph of quantity versus own-price. On such a plot, the 

vertical axis is the price while the horizontal axis is the quantity demanded. The 

neoclassical micro theory of consumer demand assumes the demand profile slopes 

downwards from left to right as price decreases. The miniature details of a demand 

profile are discussed in the subsequent sections.  

 

2.2.3 Common bean (Phaseolus vulgaris) 

Common bean is a herbaceous annual leguminous plant that is grown in most parts of 

the world. The crop originated from Mexico in the years 5500-7000BC and has more 

than 30 varieties across the world (Muthoni et al., 2008). With trifoliate large leaves, 

common bean is largely self-pollinated, has non-endospermic seeds and the varieties 

vary greatly in size and colour (Birachi et al., 2012; Katungi et al., 2009). The crop 

shows variation in growth habits from determinate, bush to indeterminate and extreme 

climbing types. The bushy bean is the most predominant type grown in Africa (Katungi 

et al., 2009). Common bean is largely produced in Brazil and Mexico, with Africa 

ranking second among the continents (CIAT, 2013). Major African producers include 

Kenya, Burundi, Congo, Uganda, and Rwanda (Rusike et al., 2013). This study will 

focus on six commonly traded varieties in Malawi namely Kabalabala, Nanyati, 

Napilira, Khaki, Phalombe, and mixed beans.  

 

2.2.4  Elasticities  

Many economic insights about nature of demand for a commodity often translate into 

the effect of income and prices on the quantity demanded. The response of quantity 

demanded from changes in prices and income can be postulated by various methods of 

which the famous ones are graphical and mathematical methods. Analysts examine how 
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consumers respond to changes in prices and income by looking at derivatives or 

elasticities of the demand function. According to Nicholson and Snyder (2008), the use 

of derivatives has one major disadvantage for empirical work; derivatives are affected 

by unit of measurement. Hence most analysts often use elasticities which are metric 

independent to examine the nature of demand for a commodity.  

 

The elasticities of interest in demand analysis often include own-price, cross price and 

income elasticities. Own-price demand elasticity refers to the percentage change in 

quantity demanded of a commodity due to a 1% change in its own price. Cross-price 

elasticity refers to the percentage change in quantity demanded of a commodity due to 

a 1% change in the price of another related commodity. The income elasticity refers to 

the percentage change in quantity demanded of a commodity due to a 1% change in the 

consumer income. More on demand elasticities including the mathematical derivations 

have been explained in chapter 3. 

 

2.2.5 Forms of demand  

There are different forms of demand with respect to demand elasticities. For instance, 

with respect to price elasticities we have elastic demand, unitary demand, and inelastic 

demand. A commodity is said to have inelastic demand if the own-price elasticity is 

less than one in absolute terms. If the own-price elasticity is greater than one in absolute 

terms, then the commodity has elastic demand. A commodity with unitary demand has 

own-price elasticity that is equal to one in absolute terms. Perfect elastic demand exists 

when the own-price elasticity of demand is equal to infinity and perfect inelastic 

demand exists when the own-price elasticity of demand is equal to zero. The cross-price 

elasticities show the relationship of a commodity with other commodities. Two normal 
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goods are complements if the cross-price elasticity is negative and substitutes if the 

cross-price elasticity is positive.   

 

2.2.6 Types of goods 

In the realm of demand analysis, various types of a good exists depending on 

elasticities. A normal good is a good with positive income elasticity while an inferior 

good is a good with negative income elasticity (Binger and Hoffman., 1998). A Giffen 

good is a good with a positive own-price elasticity (Nicholson and Snyder, 2008). 

Necessity goods are goods with positive and less than one income elasticity, and luxury 

goods are goods with positive and greater than one income elasticity (Varian, 1987). 

  

2.3 Demand analysis 

2.3.1 Common approaches to demand analysis  

Two approaches can be used to estimate the parameters of demand equations. One 

consists of specifying estimable single equation demand function without using 

economic theory as a guideline. An example of this is demand estimation from time 

series data (Sadoulet and Janvry, 1995). This approach is arbitrary, the functional forms 

assume constant elasticities, and the estimated parameters in general do not satisfy the 

requirements of demand theory particularly budget constraints (Taniguchi and Chern, 

2000).  The second approach involves using the theory of demand as a guideline for the 

choice of functional form and variables to be included in the model (Sadoulet and 

Janvry, 1995). The two most popular demand models in this category include the Linear 

Expenditure System (LES) and the Almost Ideal Demand System (AIDS).  
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Demand models are classified based on specification, estimation procedure, and 

number of equations (Taniguchi and Chern, 2000). The models can be linear or non-

linear functions depending on fit and adequacy of data. Additionally, they may be 

modelled using direct or indirect utility concept. Based on the source of data, they can 

also be modelled using cross-sectional data, time series data, and pooled or panel data.  

Furthermore, demand models may be single equation or a simultaneous equation 

system models or complete demand system models. Complete demand systems 

comprise additive models (including LES and addilog demand models), a priori models 

(include constant elasticity model and quadratic expenditure systems), and non-additive 

models (including translog systems and AIDS) (Liu, 2006; Leserer, 2010; Taniguchi 

and Chern, 2000).  

 

Much empirical work on demand analysis has focused on estimation of complete 

demand systems more specifically non-additive models. The non-additive complete 

demand systems are consistent with demand theory, are flexible, allow estimation of 

cross price elasticities with a group of substitutes or complements, do not assume any 

type of additivity, and allow for positive or negative, increasing or decreasing income 

elasticities (Liu, 2006; Sadoulet and Janvry, 1995; Sivaramane, 2012. One of the 

famous and commonly estimated non-additive complete demand system is the AIDS 

model. The AIDS model is a consistent and more flexible demand system that has the 

ability to impose and test the properties of consumer demand, exactly satisfies the 

axioms of choice, and exactly aggregates over consumers without invoking parallel 

linear Engel curves (Deaton and Muellbauer 1980). Due to estimation issues over the 

past years, different extensions of the AIDS model have emerged. The commonly 

applied extensions of the AIDS model in empirical analysis include the Linear 
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Approximation of the AIDS (LA/AIDS), the Quadratic Almost Ideal System 

(QuAIDS), and the Inverse of the AIDS model (IAIDS). 

 

2.3.2 Common estimation issues in demand analysis 

A number of demand estimation issues have been reported in empirical work.  

Examples include missing prices, presence of zero consumption, endogeneity in prices 

and expenditure, and measurement errors in expenditures. The subsequent sections 

discuss these issues. 

 

2.3.2.1 Presence of zero consumption  

Use of household data for demand analysis is characterized by censored response 

problem in which households report zero consumption of one or more of the items 

analyzed. The main reasons for this outcome include misreporting or mis-measurement 

and infrequency of purchase due to short survey period, consumer preferences, 

availability, inability of consumers to purchase the good at the current prices and 

income levels (Alviola, 2010; Yen and Lin, 2004). The censored response problem 

makes the standard procedure of estimating a demand system inefficient and biased 

(Tobin 1958). To remedy this problem, a number of parametric, semi-parametric and 

nonparametric approaches have emerged over the past decades. The most notable 

approach of dealing with the censored response problem is the parametric two-step 

estimation of demand models. Good examples of this approach include Tobin (1958), 

Amemiya (1974) and Heckman (1979) estimators. The Heckman two-step approach is 

the most widely applied approach in empirical demand analysis (Kenkel and Signorino, 

2012). Two variants of the Heckman two-step approach namely Hein and Wessels 
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(1990) and Shonkwiler and Yen (1999) estimators have been widely employed in most 

empirical demand analysis.  

 

2.3.2.2 Missing prices  

The problem of missing prices is a common phenomenon in empirical demand analysis. 

In the cases of reported prices, missing prices can result from infrequency of purchase 

and misreporting or mis-measurement. In the case of derived prices, missing prices 

often result from zero consumption of commodities. Households with zero 

consumption provide no information on quantities consumed and/or prices. Missing 

prices pose a serious estimation issue as they may affect convergence of demand models 

especially in the case of large presence of zero consumptions. In order to remedy this 

problem, most empirical work on demand analysis (e.g. Lazaro, 2014; Maganga, 2014; 

Leserer, 2010) replaced missing prices with the mean price according to location. 

 

2.3.2.3 Endogenous prices and expenditures 

Expenditure endogeneity  

The neoclassical micro theory of demand assumes expenditure is exogenous to income, 

but in empirical specification, in order for the budget shares to sum to one, income is 

computed as the sum of total expenditures across commodities analysed.  As such, total 

expenditure may be determined jointly with the expenditure shares of the individual 

commodities being analysed, making it endogenous in the expenditure share equations 

(Sola, 2013). In addition, expenditure endogeneity may exist when the household 

expenditure allocation process is affected by unobserved factors not included among 

the explanatory variables in the demand equation hence bundled in the error term. 
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Disregarding expenditure endogeneity and treating expenditure as exogenous in 

demand models often results in inconsistent and biased estimates (Agostini, 2014).  

 

The common practice for dealing with expenditure endogeneity depends mainly on the 

type of data used. In cross sectional data, the instrumental variable estimation procedure 

is the mostly applied method in mitigating expenditure endogeneity. The common 

instrument used in most empirical work is household income (see Sola, 2012; Bopape, 

2006; Kebede, 2003). In panel data linear transformations of the original model, such 

as through fixed effects and first differencing are used to remove the unobserved 

heterogeneity component of the error term (Bopape, 2006). Other methods that have 

been used to mitigate expenditure endogeneity especially error correlations across 

equations include estimating the system of equations using the seemingly unrelated 

regression framework (SUR) (see Taylor, 2014). The SUR uses the correlations in the 

errors of other equations to improve the parameter estimates (Taylor, 2014) 

 

Price endogeneity  

The prices of commodities analyzed may correlate with the error terms in the system 

of equations. This arises from unobserved heterogeneity driving changes in the prices 

(Huber, 2012). This gives rise to endogenous prices within the system of equations. 

Prices may also be endogenous in demand models because consumers sometimes 

change their demand in relation to the price. Akbulutgiller (2008) explains that price 

endogeneity is a serious problem when price is determined by the interplay of supply 

and demand, and if the supply rather than the prices is assumed to be predetermined, 

the case with IAIDS estimation. The endogeneity in prices is resolved in two ways: by 

instrument variable estimation method and by explicit specification of price equations 
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which reflect strategic firm behavior and supply cost (Huber, 2012: Akbulutgiller, 

2008). The instrumental variable estimation is the major way of mitigating price 

endogeneity. Instruments are variables that have no direct association with outcome of 

interest but highly correlated with the regressor of interest (Greene, 2003). Two sets of 

instruments have often been applied to mitigate price endogeneity. The first set includes 

demand and supply shifters within city/region and second set includes one-period 

lagged endogenous prices (for time series data) or price of neighboring cities (see 

Akbulutgiller, 2008). 

 

2.3.2.4 Measurement errors 

Respondent and interviewer errors form a key characteristic of most survey data. 

Lewbel (1996) recognized the problem of measurement error in the literature of Engel 

curves estimation. Household expenditures are often contaminated with measurement 

errors and according to Hikaru and Kozumi (2001), the observed mean household 

expenditure often over-estimates the mean of the true total expenditure. The problem 

of measurement errors poses significant econometric and economic implications. When 

variables of interest are contaminated with measurement errors, one of the common 

methods applied is the use of instrument variables (See Agostini, 2014; Bopape, 2006). 

Thus, the instrument variables estimation not only helps solve endogeneity problems 

but also resolve measurement errors that may exist in the data.  

 

2.4 Empirical studies on demand for beans 

Consumers are the most important players in any agricultural value chain (Kinsey, 

2001). Essentially, flow of information about consumer demand for a given commodity 

to the rest of actors drives the entire value chain. Consumer demand information allows 
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for informed decision making amongst actors in the entire chain. Therefore, an 

understanding of consumer demand provides one of the greatest approaches towards 

improvement of value chains in an economy. It is for this background that literature on 

consumer demand for different commodities traded within economies is rapidly 

growing. The subsequent paragraphs discuss some of the reviewed literature on demand 

for legumes and common beans.   

 

Musyoka et al. (2007) studied food consumption patterns in Kenya using the Quadratic 

Almost Ideal Demand System (QuAIDS) through the Shonkwiler and Yen (1999) 

approach. The Shonkwiler and Yen (1999) approach was employed to remedy the 

censored response problem arising from the zero consumption of some food 

commodities during the survey period.  The uncompensated own-price elasticities 

indicated legumes (including beans) are non-Giffen goods and have elastic and inelastic 

demand for rural and urban Kenya, respectively. The compensated own-price 

elasticities indicated that legumes are non-Giffen goods and have inelastic demand 

regardless of location. The cross-price elasticities provided a mix of both 

complementary and substitution relationships between legumes and other household 

food groups. The income elasticities indicated that legumes are normal and necessity 

goods for the rural areas and are normal and luxury goods for the urban areas. Musyoka 

et al. (2007) also noted that household size, age and gender of household head affect 

demand for legumes. 

 

Maganga et al. (2014) also estimated a QuAIDS model for food in rural Malawi using 

the Shonkwiler and Yen (1999) approach.  Their results showed that legumes (including 

beans) have an expenditure share of 6% in household food expenditure and they exhibit 
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the properties of a normal, non-Giffen, and necessity good. The results further revealed 

that legumes have inelastic demand and that they are a substitute for meat.  Leserer 

(2010) estimated a LA/AIDS for food in both rural and urban areas of Indonesia. His 

results showed that legumes are a non-Giffen good and have inelastic demand for both 

urban and rural areas of Indonesia. The relationship between legumes and other food 

groups was both complementary and competitive. The results from the expenditure 

elasticities indicated that legumes belong to the group of normal and necessities 

irrespective of the income group, survey periods, and survey areas.  

 

Kumar et al. (2011) estimated a food demand system for India using two alternative 

models namely multistage QuAIDS and a Food Characteristic Demand System 

(FCDS). The results revealed that budget shares of pulses (including beans) were 

independent of income groups and were almost similar to budgets shares of other 

protein sources such as meat, fish and eggs. Both models revealed that pulses are a 

normal, non-Giffen and necessity good and have inelastic demand. 

 

Akerele et al. (2013) examined household food demand in Nigeria using a Multivariate 

Double-Hurdle model (MDHM). The objective was to address a censored response 

problem. Considering four food groups, the own price elasticities of beans indicated 

that beans are a non-Giffen good and have inelastic demand regardless of income group.  

The cross-price elasticities showed that beans have complementary relationship with 

maize for all income groups, and a mix of substitution and complementary relationships 

with tubers and snacks in the three income groups considered. The income elasticities 

revealed that beans are a normal and necessity good. The results further indicated that 
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the factors that determine demand for beans across different income quintiles include 

age of household head, location factors, and ratio of children to adults in the household.  

 

Through a QuAIDS model, Gonzalez and Wieck (2014) found that beans are a non-

Giffen good and have inelastic demand in Mexico. Their expenditure elasticities 

indicated that beans are normal and necessity goods. The aforementioned results concur 

with Kankwamba et al. (2012) who estimated a LA/AIDS for legumes in Malawi 

through the Heien and Wessels (1990) approach to address the censored response 

problem. However, for Temitrope and Haruna (2013), their results from the 

compensated and uncompensated own-price elasticities estimated by the Almost Ideal 

Demand System (AIDS) indicated that beans have both unitary and inelastic demand. 

In addition, the results revealed that age, wealth status, occupation and gender affect 

demand for beans. 

 

Mishili et al. (2009) studied consumer preferences as drivers of common bean trade in 

Tanzania from a marketing perspective.  Using hedonic pricing which is based on a 

Lancaster model, the results indicated that consumer’s market demand for beans is 

largely influenced by grain size, grain colour, grain damage, and whether or not the 

variety is natural. Besides the aforementioned attributes, other studies (Mangisoni and 

Bokosi, 2004; Mkanda 2007; Chirwa and Phiri 2007; Katungi et al. 2009) have 

recognised the significant influence of cooking time, taste/flavour, familiarity, 

availability, damage level, and flatulence on market demand for common beans in 

different parts of the world. 
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2.5 Summary  

Beans fall in the category of normal and non-Giffen good, and can have inelastic, elastic 

or unitary demand. In addition, they can feature as a necessity or luxury good. The 

factors that affect the demand for beans across the world include consumer 

characteristics (such as age, education, gender, occupation, income, race, household 

size and location) and bean attributes (such as cooking time, grain size, grain colour, 

grain damage, flavour, taste, familiarity, and flatulence). The gap that has been 

identified from the reviewed literature is information about the nature of demand for 

different varieties of common beans. For Malawi’s case, very few studies have focused 

on the demand side of the crop and examples include that of Chirwa and Phiri (2007), 

Muthoni et al. (2008), Maganga et al. (2014), and Kankwamba et al. (2012). Among 

the aforementioned, no study has assessed the responsiveness of demand for different 

varieties of common bean to changes in price and income. Studies by Chirwa and Phiri 

(2007) and Muthoni et al. (2008) focused on measuring specific bean attributes (such 

as cooking time, taste, colour, size, damage level, and flavour) to explain the market 

demand of common beans. Whilst these attributes are important in determining 

demand, they are not sufficient in revealing the true nature of demand since by 

consumer demand theory, demand is mainly a function of utility which ultimately 

depends on the income of individuals and the prices they face. Studies by Maganga et 

al. (2014) and Kankwamba et al. (2012) estimated censored food and legume demand 

systems in Malawi respectively. While the two studies featured beans in the estimation; 

the analysis did not disaggregate beans by varieties. There are several common bean 

varieties and they vary greatly in terms of grain size, taste and colour hence it is 

imperative for any study analysing the demand for beans to disaggregate beans by 

varieties and invest in the extent to which the quantity demanded fluctuates given 
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changes in prices and income of consumers. Henceforth, it is against this background 

that this study assessed the nature of demand for six commonly traded varieties of 

common beans in Lilongwe district of Malawi. The next chapter expands the 

methodology used. 
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CHAPTER THREE 

THEORETICAL AND EMPIRICAL APPROACHES 

 

3.1 Introduction 

This chapter outlines the methodology that was used to achieve the objectives and to 

test the hypotheses of the study. It gives a description of the data used and the analytical 

methods employed. The first section presents the conceptual framework that provided 

a roadmap for this study. The second section presents the theoretical framework, which 

provided the building blocks of the analytical framework. Thereafter, the analytical 

framework is presented to explain methods employed, variables used and a priori 

expectations. The last section describes the data that was used in the study, location and 

sampling. 

 

3.2 Conceptual framework 

The neoclassical micro theory of consumer demand explains demand as a process that 

is based on utility maximization framework (Moscati, 2007; Theil, 1975). Empirically, 

utility is not only a function of physical consumption of commodities, but is also an 

interactive process of commodity attributes, consumer characteristics, and the general 

environment which may include socio-cultural, biological, geographical and other 

relevant factors (Walker and Alkiva, 2002; Parraga, 1990; Lancaster, 1966). Thus, 

demand studies are supposed to take into account all the utility forming variables. 

However, due to data difficulties researchers working on demand narrow down their 

focus to few quantifiable options.  

 

In consonance with the random utility theory, this study assumed the decision to 

purchase a common bean variety is affected by consumer and commodity 
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characteristics. The important characteristics of a common bean variety include price, 

colour, cooking time, grain size, and taste (Muthoni et al., 2008; Chirwa and Phiri, 

2007; Mkanda et al., 2007; Mangisoni and Bokosi, 2004). The important consumer 

characteristics include age, gender, marital status, household income, household size, 

and education (Temitope and Haruna, 2013; Katungi et al, 2009) Musyoka et al., 2007). 

Since many economic insights stem from the recognition that utility ultimately depends 

on the income of individuals and on the prices they face; this study focused on prices 

and income in explaining the nature of demand for six commonly traded common bean 

varieties in Lilongwe district.  

 

Following the Heckman two-step analysis, the demand for a common bean variety was 

viewed as a two-step decision were in the first step the consumer decides whether to 

buy and in the second step allocates a budget if he/she decides to buy. The second stage 

was the main focus of this study. This step is largely affected by prices and income and 

reveals the true nature of demand for a particular variety. Figure 3.1 illustrates the 

conceptual framework for this study, which shows the two-step demand process for 

common beans as understood by the author through literature review. 
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3.3 Theoretical framework 

3.3.1 The neoclassical micro theory of consumer demand 

The central concern in neoclassical consumer economics is the choice decision made 

by consumers and the associated motives during the budgetary allocation activities 

(Moscati, 2007). The choices refer to consumption baskets that provide a mix of all 

goods purchased by consumers at given prices and the consumer purchasing power. 

The aforementioned micro foundation provides the concept of the theory of consumer 
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Figure 3.1 Two-step demand process for common beans  
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demand. The theory of consumer demand is built by concepts of utility, commodity set, 

and the consumer preference axioms (Raunikar and Huang, 1987).  

 

In the theory of consumer demand, the commodity set must consist of commodities that 

are non-negative, divisible and unbounded. The preference axioms include those that 

show the rationality of consumer preference (such as completeness7, asymmetry, and 

transitivity8) and those that ensure that the continuous utility function is well behaving9 

(such as continuity, monotonicity10, convexity11 and differentiability). According to 

Leserer (2010), as long as the commodity set properties and the preference axioms hold, 

the utility function would also be in possession of nice properties such as quasi-

concavity12, monotonicity, order-preserving, real-value and continuity. Deaton (1986) 

explains two extra utility axioms which facilitate the best choice that maximises 

consumer’s utility namely non-satiation13 and convexity.  

 

Micro theory of consumer demand is based on utility maximization framework and the 

standard tactic of demand analysis is the estimation of the following general equation; 

 

 𝑞𝑚𝑡 = 𝑓𝑚(𝑦𝑡, 𝑝𝑚𝑡, 𝑧𝑚𝑡, 𝑢𝑚𝑡)            m=1,2, …, h     (1) 

 

                                                 
7 Consumer is able to rank the bundles and choose between them 
8 If an individual report that “A is preferred to B” and “B is preferred to C,” then he or she must also 

report that “A is preferred to C.” 
9 This enables a consumer to get quantitative information that can be used to explain or forecast consumer 

behavior 
10 Monotonic transformations, by definition, preserve the order of the relationship between the arguments 

of a function and the value of that function 
11 Average is preferred to extremes  
12 Quasi-concave functions have the property that any two points in the set can be joined by a line 

contained completely within the set. 
13 More is preferred to less 



30 

 

where 𝑞𝑚𝑡 is per capita consumption of commodity m in time t, 𝑦𝑡 is per capita income, 

𝑝𝑚𝑡  are prices at time t, 𝑧𝑚𝑡 refers to consumer characteristics at time t, and 𝑢𝑚𝑡 is 

error term. The m equations can be estimated by a single equation or by a system of 

equations. In this study, a replica of equation (1) was estimated in a budget share form 

through the AIDS model (refer to section 3.4.2.1).  

 

Demand functions are derived from a constrained optimization process (Nicholson and 

Snyder, 2008). A budget constrained optimization results in Marshallian 

(uncompensated) demand functions. In this optimization, utility is maximized subject 

to a given level of income. Mathematically, the objective of the consumer is  

   

 max 𝑢(𝑞) 𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜 ∑ 𝑝𝑚𝑞𝑚 = 𝑦𝑛
𝑚=1      (2) 

 

where u refers to utility, 𝑝𝑚 is price of commodity m, 𝑞𝑚 is quantity of commodity m, 

n is the total number of commodities, and y is income. Using mathematical optimization 

techniques like the Lagrangean multiplier technique, the above optimization results in 

Marshallian (uncompensated) demand function in the following form 

 

 𝑞∗ = 𝑞(𝑝, 𝑦)         (3) 

 

The Marshallian demand function shows the relationship between prices and the 

quantity demanded of a commodity while holding income constant (Nicholson and 

Snyder, 2008; Varian, 1987). According to Nicholson and Snyder (2008), the properties 
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regarding Marshallian demand functions include homogeneity14, adding up15, 

negativity16 and symmetry17.  

 

The reformulation of the constrained optimization in equation (4) is where the total 

expenditure is minimized subject to a certain utility level and this problem is described 

as a dual to the former. This process is mathematically expressed as  

 

min  ∑ 𝑝𝑚𝑞𝑚
𝑛
𝑚=1  𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜 𝑈(𝑞) = 𝑈̅      (4) 

 

where ∑ 𝑝𝑚𝑞𝑚
𝑛
𝑚=1  is the cost/expenditure function and 𝑈̅ is a given utility level. Using 

mathematical optimization techniques such as the Lagrangean multiplier technique, the 

above optimization results in Hicksian (compensated) demand functions which show 

the relationship between quantity demanded, prices and utility. The Hicksian demand 

function is expressed as follows  

 

𝑞∗ = ℎ(𝑝, 𝑈)          (5) 

 

It has to be noted though that much as the Marshallian18 and Hicksian19 demand 

functions seem different in their estimation; their solutions are identical thus present a 

                                                 
14 The Marshallian demands are supposed to be homogenous of degree zero in prices and income thus 

the quantity demanded should remain unchanged if both prices and income are multiplied by a constant 

k. 
15 The budget allocation of the Marshallian demands must exhaust the total available budget. 
16 The n by n matrix formed by 𝜕𝑞𝑚 𝜕𝑝𝑚⁄  must be negative semi definite thus all leading diagonals must 

be positive. The negativity property also stems from the quasi-concavity of the utility function. 
17 If one set of cross price elasticities and budget shares are known along with income and own price 

elasticities, another set of cross price elasticities could be calculated. 
18 Marshallian demand function is observable but not predictive 
19 Hicksian demand function is predictive but not observable 
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duality principle. This duality20 method provides a link between Marshallian and 

Hicksian demand functions and allows the possibility of estimating one given the 

other21 (Wetzstein, 2004).  

 

The Hicksian demand functions are homogenous of degree zero in prices22 (Varian, 

1987). After the derivation of Hicksian demand functions from the Lagrangean 

multiplier technique, the Hicksian demand functions can be substituted into the 

cost/expenditure function. This yields the minimized expenditure function, which 

becomes a function of prices and utility as follows 

 

∑ 𝑝𝑚𝑞𝑚
𝑛
𝑚=1 = 𝐶∗(𝑝, 𝑈)        (6) 

 

The minimized cost function shown in equation (7) is very important in demand 

analysis. This applies in terms of its properties, which are useful in understanding 

demand restrictions. The function is homogenous of degree one23 in prices, increasing 

function of prices and utility, and continuous and concave24 in prices (Nicholson and 

Snyder, 2008). In addition, the derivative of the minimized cost function with respect 

to prices yields the Hicksian demand functions (Shepard, 1953). This is the Shepard 

lemma principle and is mathematically presented as 

 

𝜕𝐶

𝜕𝑝𝑚
= 𝑞∗ = ℎ(𝑝, 𝑈)         (7) 

                                                 
20 It’s good to estimate both Marshallian and Hicksian to get better insights into the nature of demand. 

However, conclusions are made on the Marshallian estimates because these provide the ordinary case 
21 The Marshallian demand functions could be derived by substituting the inverse of expenditure function 

into the Hicksian demand function 
22 If prices are multiplied by a constant k, the quantity demanded remain unchanged 
23 Multiplying the prices by k increases the cost by the same factor 
24 Concave function resemble inverted t-cup shape and they always lie below any plane that is tangent to 

them 
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The Shepard lemma principle is very important in empirical demand models. It allows 

for estimation of demand functions from cost functions.  Expositions of how the 

neoclassical theory of consumer demand works have applied the Shepard lemma 

principle to derive famous demand models. For instance, Deaton and Muellbauer 

(1980) used the Shepard lemma principle and a few derivatives to derive the AIDS 

model from a cost function that belongs to a preference class known as the Price 

Independent Generalized Logarithmic (PIGLOG) class (refer section 3.4.2.1).  

 

3.4 Analytical framework  

3.4.1 Choice of demand model 

In demand system estimation, there is no clear-cut answer to the best model to use in 

cross-sectional data analysis. The answer lies with the comparison of different models 

according to their assumptions, their popularity, strengths and weaknesses. 

Additionally, based on the data and before and after estimation, different pre-estimation 

and post-estimation diagnostic tests including specification tests can be performed to 

help choose a best-fitting demand model. Again, all this has to fall in the suite of finding 

the proper balance between realism and manageability as this is the essence of good 

modelling.  

 

A number of demand models have been developed over the past decades. This study 

employed the AIDS model proposed by Deaton and Muellbauer (1980) due to its 

multiple advantages as shown in section 2.3.1.  Due to estimation issues, different 

authors have developed extensions of the AIDS model. The commonly applied 

extensions of the AIDS model include the QuAIDS, LA/AIDS and IAIDS. 
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The QuAIDS model due to Banks, Blundell and Lewbel (1997) is a comprehensive and 

popular demand system in most empirical work on demand analysis. The model retains 

the attractive features of the AIDS model and allows for flexibility in Engel curves by 

including a quadratic term in logarithm of income thus allowing for adequate curvature 

in the Engel curves. However, besides its theoretical power, the model has been 

criticised for requiring large amount of data, having econometric and computational 

difficulties, having dimensionality problems as number of option increases, and having 

collinear prices for narrowly defined products (Taniguchi and Yen, 2000; Liu, 2006).  

 

The IAIDS due to Eales and Unnevehr (1991) is an extension of the AIDS model that 

assumes supply on the market is predetermined and prices adjust so that the available 

quantity must be consumed, thus prices are not predetermined. This assumption is ideal 

for modelling perishables, which must be consumed shortly after harvest. For non-

perishables, the aforesaid assumption is not viable since prices are mostly assumed to 

be predetermined and it is the supply that adjusts according to prices.  

 

The LA/AIDS is an extension of the AIDS model that only differs with the original 

AIDS model in the price index used; which is a linear approximate of the translog price 

index in the original AIDS model (see section 3.4.2.1). The original AIDS model has 

been reported to bring a lot of estimation difficulties in most empirical applications 

(Alviola, 2010). This makes the LA/AIDS retain the attractive features of the AIDS 

model while having less econometric and computational difficulties. However, since 

the LA/AIDS assumes linear Engel curves, its theoretical power is compromised and 

weak (Khaliukova, 2013; Moschini, 1995).  
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Since this study assumes supply is not predetermined, the QuAIDS and the LA-AIDS 

are the two most competing variants of the AIDS model for this research. From the pre-

estimation literature-based comparison of the two models, each model variant has 

merits and demerits; thus, this mode of choice would offer unreliable results. Bopape 

(2006, p41-44) describes one simpler pre-estimation specification test that can be done 

to determine whether the AIDS demand model should be specified in QuAIDS or 

LA/AIDS form. However, this study used both the pre-estimation and post-estimation 

methods to choose the best fitting model. The post-estimation methods required 

estimating both the QuAIDS and the LA/AIDS model25 

 

3.4.2 Achieving the first specific objective 

The first objective was achieved by estimating a complete demand system that featured 

the budget shares of the six common bean varieties analysed as dependent variables and 

prices and expenditure as explanatory variables. The estimation procedure was in 

reference to the known estimation issues of demand analyses presented in section 2.3.2.  

Two demand systems were estimated namely LA/AIDS and QuAIDS, one of which 

was selected to represent consumer demand in this research. The subsequent sections 

explain in detail how the first objective of this research was achieved.  

 

3.4.2.1 Addressing the problem of zero consumption 

As shown in section 2.3.2, two variants of the Heckman two-step approach namely 

Hein and Wessels (1990) and Shonkwiler and Yen (1999) estimators have been widely 

employed in most empirical work on demand analysis to address the problem of zero 

                                                 
25 Results on the choice between QuAIDS and LAIDS are presented in chapter five 
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consumption of some commodities analysed during the survey period. This study 

utilized the latter to account for censored response problem due to its asymptotic 

efficiency and consistency in estimation over the former as reported by Barslund 

(2011), Musyoka et al. (2007) and Shonkwiler and Yen (1999). In the first step, a 

selection model was estimated from which the probability density function (pdf) and 

the cumulative density function (cdf) were obtained. The pdf and cdf were then used as 

instruments in the second step (estimation of complete demand system) to correct for 

zero consumption.   

 

Selection model: Multivariate probit 

The multivariate probit model was used as a selection model for the first step of the 

Shonkwiler and Yen (1999) approach.  In the multivariate probit, demand was modelled 

as binary decision of purchase for each of the six varieties of common bean analyzed. 

The multivariate probit was used because its likelihood function is well behaved as it 

gives consistent Maximum Likelihood Estimate (MLE) of the coefficients (β) and 

standard errors of the estimates (Maddala, 1983). Furthermore, the multivariate probit 

was preferred in estimation or over separate probit models by each variety because the 

latter can result in endogeneity within the data (error terms from different probits might 

be correlated) since information about consumption of different varieties of common 

bean is corrected from one subject at a point in time. Following Cappellari and Jenkins 

(2003), the m-equation multivariate probit was specified as follows; 

 

𝑦𝑖𝑚
∗ = 𝛽𝑚′𝑋𝑖𝑚 +∈𝑖𝑚       𝑚 = 1, … ,6 ,  𝑖 = 1, … , 𝑛    (8) 

 𝑦𝑖𝑚
∗ = 1 𝑖𝑓 𝑦𝑖𝑚

∗ > 0 𝑎𝑛𝑑 0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒      (9) 
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where 𝑦𝑖𝑚
∗  is the probability of purchasing variety m for observation i, 𝑋𝑖𝑚 is a vector 

of explanatory variables, 𝛽𝑚 represent the unknown parameters to be estimated, and 

∈𝑖𝑚 represent error terms with a multivariate normal distribution (refer section 3.4.2.1 

for variables to be included in multivariate probit). Since there were six varieties that 

were analyzed (i.e. m=1, …,6); the multivariate probit consisted of six equations. The 

multivariate probit was estimated via simulation likelihood. The log likelihood function 

for a sample of n independent observations is given by; 

 

𝐿 = ∑ 𝑤𝑖 log𝑚
𝑛
𝑖=1 (μ𝑖; ϑ)                 (10) 

 

where 𝑤𝑖 is an optional weight for observation 𝑖 = 1, … , 𝑛, and 𝑚(.) is a multivariate 

standard normal distribution function with arguments μ𝑖 and ϑ. μ𝑖 = (𝐾𝑖𝑚
′ 𝑋𝑖𝑚) with 

𝐾𝑖𝑘 = 2𝑦𝑖𝑘 − 1 for each 𝑖, 𝑘 = 1, . . , 𝑚. ϑ is a matrix with elements ϑ𝑗𝑘 where ϑ𝐽𝐽 =

1 for 𝑗 = 1, … , 𝑚  and ϑ𝑗𝑘 = ϑ𝑘𝑗 = k𝑖𝑗k𝑖𝑘𝜌
𝑗𝑘

.              

 

Since the multivariate model extends to more than two outcome variables, the practical 

obstacle to such a procedure is the evaluation of higher-order multivariate normal 

integrals (Greene, 2003). Standard linear methods can’t work in this case and favor falls 

to simulation based methods. Simulation allows us to estimate otherwise intractable 

models by higher dimension integrals (Cappellari and Jenkins, 2003). Greene (2003, 

p714) and Hajivassiliou and Ruud (1994) present a number of the simulation based 

methods that have emerged over the past years to evaluate higher order multivariate 

normal integrals. However, all these have fallen out of favor due to numerous 

estimation issues. The only reliable method of evaluating multivariate normal integrals 
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by both papers is the Geweke–Hajivassiliou–Keane (GHK) smooth recursive 

conditioning simulator26. 

 

The merit of GHK simulator over its counterparts is that it exploits the fact that a 

multivariate normal distribution function can be expressed as the product of 

sequentially conditioned univariate normal distribution functions, which can be easily 

and accurately evaluated (Cappellari and Jenkins, 2003). Due to the aforesaid, this study 

employed the GHK simulator to evaluate the multivariate normal integral in 

multivariate probit model.  One key issue during estimation was the choice of number 

of draws for the GHK estimator. The default is the square root of the sample size. 

However, Cappellari and Jenkins (2003) recommend higher number of draws for 

precision even though this increases the computation time of the multivariate probit 

model. They further offer a guide on the choice of number of draws, which is to keep 

increasing the number of draws until no further larger differences occur in the estimates. 

For this study, this point was achieved at 150. However, the study deliberately assigned 

1000 draws to the GHK simulator to get the highest possible precision even though this 

increased the computation time of the multivariate probit model by 2500%. To further 

ensure accurate results, the study controlled for heteroscedasticity during estimation by 

adding the robust option in order to obtain the heteroskedastic-consistent standard 

errors. After estimating the multivariate probit, the Cumulative Distribution Function 

(Φ) and Probability Distribution Function (𝜙) were obtained and then used as 

arguments in the second stage of our analysis which involved estimation of the 

LA/AIDS and QuAIDS. 

                                                 
26 GHK simulator is also encouraged by Cappellari and Jenkins (2003) who authored the multivariate 

probit model  
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Outcome model: QuAIDS and LA/AIDS 

The AIDS model is derived from a cost function that belongs to a specific class of 

preference known as the PIGLOG class (for derivation see Deaton and Muellbauer 

1980, pp 313-314). The cost function defines the minimum expenditure necessary to 

attain a specific utility level at given prices. Following Deaton and Muellbauer (1980), 

the AIDS in budget share form is specified as follows  

 

𝑤𝑗 = 𝛼𝑗 +  ∑ 𝛾𝑗𝑘
𝑚
𝑘=1 ln(𝑝𝑘) + 𝛽𝑗In(𝑋/𝑃)  𝑗, 𝑘 = 1, … ,6             (11) 

 

where in this study, 𝑤𝑗  is the budget share of variety 𝑗 of common bean and was 

computed as 𝑝𝑗𝑞𝑗/𝑋, 𝛼𝑗 and 𝛾𝑗𝑘 are parameters, 𝑝𝑘 is the price of variety k and was 

derived implicitly from the respective quantities and expenditures, and 𝑋 is the total 

expenditure on the six common bean varieties analyzed and equals ∑ 𝑝𝑚𝑞𝑚 6
𝑚=1  section 

3.4.2.1 describes variables that were included in the demand system estimation). 𝑃 is a 

Translog price index defined by 

 

log 𝑃 = 𝛼0 + ∑ 𝛼𝑗𝑗 log 𝑃𝑗 +
1

2
∑ ∑ 𝛾𝑗𝑘

∗ log 𝑃𝑗𝑘 log 𝑃𝑘𝑗                          (12) 

 

where 𝛼0 is the intercept parameter. The parameters 𝛾𝑗𝑘 are defined as follows: 

 

𝛾𝑗𝑘 =
1

2
(𝛾𝑗𝑘

∗ + 𝛾𝑘𝑗
∗ )                 (13) 
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The inclusion of the price index in the AIDS model helps to solve the non-reliability 

issues of income. However, the price index in equation (12) in non-linear in parameters 

and this brings about estimation difficulties in the AIDS model (Deaton and 

Muellbauer, 1980). In addition, the empirical plausible value of 𝛼0 is not provided by 

any household theory (Taniguchi and Chern, 2000). To remedy this problem, Deaton 

and Muellbauer (1980) proposed a linear approximate of the Translog price index 

known as the Stone’s price index. The Stone’s price index is linear and easy to estimate 

and is specified as follows; 

 

ln(𝑃∗) = ∑ 𝑤𝑗 ln(𝑝𝑗)6
𝑖=1                   (14) 

 

Equation (14) links with equation (11) in the way that  𝑃 = 𝜑𝑃∗ and 𝐸(ln(𝜑)) = 𝛼0. 

The use of the Stones price index in the AIDS model changes the model into the 

LA/AIDS. According to Moschini (1995), the Stone’s price index is variant to changes 

in unit of measurement and this can result in unit measurement error. To remedy this 

problem, the Stone price index should be obtained by replacing 𝑤𝑗 in equation (14) by 

mean budget shares, 𝑤𝑗
0 (as shown by Moschini, 1995 and also as applied by 

Khaliukova, 2014). This changes the stone price index into the Laspeyres price index 

and the LA/AIDS with the Laspeyres price index therefore becomes; 

 

𝑤𝑗 = 𝛼𝑗
∗ + ∑ 𝛾𝑗𝑘𝑘 In(𝑝𝑘) + 𝛽𝑗(In(X) − ∑ 𝑤𝑗

0 ln(𝑝𝑗)𝑚
𝑗=1 ) + 𝜇𝑗

∗            (15) 

 

There are a number of price index formulae developed, each with its own merits and 

demerits. Two methods are often used to assess the suitability of a price index formula 

and these include the economic theory approach and the axiomatic approach. Both of 
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these approaches suggest the Fischer and Tornqvist price indexes (which bear quadratic 

and translog structures, respectively) as the best (Asche and Wessels, 1997). However, 

to preserve the simplistic linear structure of the LA/AIDS model and truly approximate 

the original translog price of the AIDS model, this study limited its choice to the family 

of price indexes with simple linear production structures and chose the Laspeyres price 

index as described in equation (15). The study used Shonkwiler and Yen (1999) 

approach to remedy the censored response problem and the LA/AIDS with Φ and 𝜙 

from the multivariate probit was estimated in the following form: 

 

𝑤𝑗 = 𝛼𝑗
∗ + Φ (∑ 𝛾𝑗𝑘𝑘 In(𝑝𝑘) + 𝛽𝑗(In(X) − ∑ 𝑤𝑗

0 ln(𝑝𝑗)6
𝑗=1 )) + 𝛿𝜙 + 𝜇𝑗

∗   (16) 

 

The theory of demand requires that the above system be estimated under restriction of 

adding up27, homogeneity28 and symmetry29. The theoretical demand restrictions in 

terms of adding up, homogeneity in prices and income and the symmetry of cross 

effects of demand functions are expressed as: 

 

Adding up: ∑ 𝑤𝑗 = 1𝑗 , ∑ 𝛼𝑗
6
𝑗=1 = 1, ∑ 𝛾𝑗𝑘

6
𝑗=1 = 0, ∑ 𝛽𝑗

6
𝑗=1 = 0 

Homogeneity: ∑ 𝛾𝑗𝑘 = 0𝑘  

Symmetry: 𝛾𝑗𝑘 = 𝛾𝑘𝑗 

 

A generalization of the PIGLOG class of preference gives birth to the QuAIDS model. 

The QuAIDS model starts with an indirect utility function (for derivation see Banks, et 

                                                 
27 All the budget shares must some up to one 
28 All the price coefficients for each equation should sum up to zero 
29 Coefficient of price A on budget share B should equal to coefficient of price B on budget share A 
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al.,, 1997). It assumes non-linear Engel curves and non-constant expenditure elasticity 

hence differing with the LA/AIDS model that assumes linear Engel curves and constant 

expenditure elasticities (Taniguchi and Chern, 2000). Thus, the difference in the 

functional form of the QuAIDS and LA/AIDS is the addition of the quadratic 

expenditure term in the QuAIDS to overcome the limitation of the inflexibility in 

expenditure. The QuAIDS model due to Banks, et al., (1997) is specified as follows in 

budget shsre form; 

 

𝑤𝑗 = 𝛼𝑗 +  ∑ 𝑐𝑗𝑘
𝑚
𝑘=1 log(𝑝𝑘) + 𝛽𝑗log (

𝑋

𝛼(𝑝)
) +

𝑑𝑖

𝛽(𝑝)
{𝑙𝑜𝑔 [

𝑋

𝛼(𝑝)
]}

2

            (17) 

 

where 𝛼𝑗 is the intercept parameter. log 𝑎(𝑝) is the price index and is defined as follows 

log 𝛼(𝑝) = 𝛼0 + ∑ 𝛼𝑗𝑗 log 𝑃𝑗 +
1

2
∑ ∑ 𝑐𝑘𝑗

∗ log 𝑃𝑗𝑘 log 𝑃𝑘𝑗              (18) 

 

𝛽(𝑝) and the parameters 𝑐𝑗𝑘 are defined as follows: 

𝛽(𝑝) = ∏ 𝑝𝑖
𝑏𝑖𝑚

𝑖=1                   (19) 

 𝑐𝑗𝑘 =
1

2
(𝑐𝑗𝑘

∗ + 𝑐𝑘𝑗
∗ )                           (20)  

 

The study replaced the price index defined in equation (18) by the Laspyeres price index 

as it happened with the LA/AIDS. In addition, the QuAIDS was modified using the 

Shonkwiler and Yen (1999) approach, by multiplying all the predictors by Φ and adding 

𝜙 as a predictor. Hence the estimated QuAIDS was as follows 

 

 𝑤𝑗 = Φ (𝛼𝑗 +  ∑ 𝑐𝑗𝑘
𝑚
𝑘=1 log(𝑝𝑘) + 𝛽𝑗log (

𝑋

𝐼
) +

𝑑𝑖

𝛽(𝑝)
{𝑙𝑜𝑔 [

𝑋

𝐼
]}

2
) + 𝛿𝜙 + 𝜇𝑗          (21) 
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where 𝐼 is the Laspyeres price index and Φ and 𝜙 are cdf and pdf, respectively, 

estimated in first step using multivariate probit. The theoretical demand restrictions in 

terms of adding up, homogeneity in prices and income and the symmetry of cross 

effects of demand functions are expressed as 

 

Adding up: ∑ 𝑤𝑗 = 1𝑗 , ∑ 𝛼𝑗
6
𝑗=1 = 1, ∑ 𝑐𝑗𝑘

6
𝑗=1 = 0, ∑ 𝛽𝑗

6
𝑗=1 = 0, ∑ 𝑑𝑗𝑘

6
𝑗=1 = 0 

Homogeneity: ∑ 𝑐𝑗𝑘
6
𝑘=1 = 0 

Symmetry: 𝑐𝑗𝑘 = 𝑐𝑘𝑗 

 

The LA/AIDS and QuAIDS were estimated using Iterative Seemingly Unrelated 

Regression (ITSUR) and Iterative Full Generalized Non-Linear Square (IFGNLS) 

routines respectively. Theoretical restrictions of adding-up, homogeneity, and 

symmetry were imposed during estimation. In the estimation of the LA/AIDS, the 

ITSUR estimator is more efficient than OLS estimator and controls for error correlation 

across equations (Asche and Wessells, 1997). In fact, the ITSUR uses the correlations 

in the errors of the other equations to improve parameter estimates (Taylor, 2014). To 

satisfy the demand restrictions and to avoid singularity in the covariance matrix among 

residuals; one of the six demand equations was dropped from the system of equations 

in each model. The ITSUR and IFGNLS routines produce results that are invariant to 

the equation deleted. The parameters from the deleted equation in each model were 

calculated from the parameters of the other equations through the restrictions on 

parameters. 
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Choice of variables for analysis 

Variables that were included in the multivariate probit model   

Following Cappellari and Jenkins (2003), the dependent variables in the multivariate 

probit were the decisions to purchase each of the six common bean varieties analysed. 

Each dependent variable was binary with values of 1 if the household purchased the 

respective variety and 0 if the household did not purchase the variety during the survey 

period. The explanatory variables included in the multivariate probit were the same for 

each of the six equations.  

 

The explanatory variables included were marital status of household head, household 

income, and household size, location of household and price of each variety. The 

variables were chosen based on consumer behaviour theory and the nature of the data 

set. Some important socioeconomic variables (e.g. gender, education, occupation and 

age of household head) and bean characteristics (e.g. grain size, colour, taste, and 

cooking time) specified in the conceptual framework of this study in section 2.2 were 

not included in the multivariate probit due to data limitations.  Much as the common 

bean characteristics were not included in the selection equation, literature (Mishili et 

al., 2009; Chirwa and Phiri, 2007) explain that these are already reflected in the prices. 

The subsequent sections explain in detail each of the variables that were included in the 

multivariate probit and Table 3.1 gives a summary.   

 

A. Marital status of household head 

Marital status was included in the multivariate probit because it affects household 

consumption behaviour. This study measured marital status of the household head as a 

dummy with values of 1 for ‘Married (Monogamous/Polygamous)’ and 0 for 
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‘otherwise’. Theory provides no a priori expectation of the relationship between marital 

status and food purchase decisions. This being the case, the study expected a positive 

or a negative value for the coefficient on marital status in each of the probits. Lazaro 

(2014) reported both positive and negative coefficients of marital status on demand of 

high quality and average quality rice in Tanzania.  In another study, Khaliukova (2014 

noted that married households were more likely to buy onions in Nigeria due to high 

frequency of cooking meals. 

 

B. Household size 

Household consumption decisions are made reflecting on the number of people in the 

household. For this reason, household size was included in the multivariate probit and 

was measured as a continuous variable30. Theory does not provide any a priori 

expectations with regard to household size and choice of food. Therefore, the study did 

not expect any specific sign on the coefficient of household size in each equation of the 

multivariate probit. Agostini (2014) revealed that in Britain; an increase in household 

size increases the demand for dairy products, fat and sugar and cereals while it 

decreases the demand for meat, fish, vegetables and fruits. This is because the dairy 

products, fat, sugar and cereals belonged to a necessity food basket for most households 

while the meat, fish, vegetables, fruits varied as necessities or luxuries depending on 

type of household. However, Kawabata (2011) argues that in Malawi, an increase in 

household size turns foods like rice, wheat, beans, meat, and milk into luxuries thereby 

reducing their probability of purchase.  

 

                                                 
30 The Amsterdam scale was used to compute adult equivalents for each member in the household. Based 

on the scale and the nature of the dataset: below 5 years equaled 0.52, between 5 and 12 years equaled 

0.8, between 12 and 18 years equaled 0.94, and above 18 years equaled 1. 
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C.  Household income 

Based on theory of consumer behaviour, household income is one of the most important 

economic variables in a choice model. Essentially, household income determines 

consumption basket and level of spending. In this study, household income was 

measured as a continuous variable in local currency. The logarithm of household 

income was included in the multivariate probit. A number of economic theories on 

spending behaviour have been developed over the past decades and some examples 

include the absolute income hypothesis, relative income hypothesis, permanent income 

hypothesis, life cycle hypothesis and Engel law. These describe the link between 

consumption of food and income of the household. However, since the aforesaid 

description is at aggregate level and also because of mixed results on the relationship 

of income and consumption of legumes presented in section 2.3; this study has no a 

priori expectation on the relationship between household income and the decision to 

purchase a variety of common bean.  

 

D. Household location  

Availability of and access to food are often affected by location. Households in different 

locations tend to have different consumption patterns. Thus, it was necessary to include 

location as a variable in the multivariate probit. Location was measured as a dummy 

for each density. Thus 3 dummies were available to show whether a household was 

located in high-density (1=Yes, 0=No), medium-density (1=Yes, 0=No) or low-density 

(1- Yes, 0=No) area. However, to prevent a dummy variable trap, only two of the 

dummies were included in the multivariate probit. High-density dummy was dropped 

from all equations and acted as a comparison category because it contained the largest 

proportion of the sample than its counterparts. Since the definite relationship of location 
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and choice of food is not provided by theory, this study had no a priori expectations on 

location. Several demand studies have reported significant results on location. For 

instance, Khaliukova (2014 noted that location was significant in influencing the 

decision to purchase a number of vegetables. On the other hand, Aidoo (2009) revealed 

that location is significant in influencing demand for yam. Both Khaliukova (2014) and 

Aidoo (2009) made their arguments based on differences that exist in income and 

preferences by location. 

 

E. Price of each variety 

Theory of consumer behaviour explains that utility ultimately depends on prices and 

income of the consumer. For each of the varieties of common beans analysed, the 

associated price reflects a bundle of attributes.  Thus, meaningful choice analysis can 

be done based on prices. Prices in this study were measured as continuous variables in 

local currency. The logarithm of each price was included in the multivariate probit. In 

terms of a priori expectations, this study expected negative signs on the coefficients of 

prices in all the equations of the multivariate probit, reflecting the law of demand. Much 

of the relationship between price and demand of beans was presented in section 2.3. 
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Table 3-1: Summary of variables that were included in the multivariate probit 

Variable Description Expected 

sign 

DVs 

𝑝𝑤1 Decision to purchase Kabalabala + 

𝑝𝑤2 Decision to purchase Nanyati + 

𝑝𝑤3 Decision to purchase Napilira + 

𝑝𝑤4 Decision to purchase Khaki + 

𝑝𝑤5 Decision to purchase Phalombe + 

𝑝𝑤6 Decision to purchase mixed beans + 

IVs  

Marital status Binary (1-Married, 0-otherwise) +/- 

Household size Continuous (adult equivalent) +/- 

Household income Logarithm of total income in MK +/- 

Household location 

Low-density 

Medium-density 

 

Dummy (1=Yes, 0-otherwise) 

Dummy (1=Yes, 0-otherwise) 

 

+/- 

+/- 

Prices  Logarithm of price for each variety in MK - 

 

 

 Variables that were included in the LA/AIDS and QuAIDS 

The variables included in the LA/AIDS and the QuAIDS were the same except for the 

square term of the logarithm of expenditure which was added in the QuAIDS model. 

The dependent variables for both models were the budget share for each of the six 

common bean varieties analysed. Based on the neoclassical micro theory of consumer 

demand, the independent variables included price of each variety and the total 

expenditure in logarithmic form. Table 3-2 summarizes the variables used in the 

demand system estimation, their definitions, and a priori expectations based on the 

theory of consumer demand. The study expected a negative coefficient on logarithm of 

prices since the law of demand states that demand is negatively related to price. The 
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study also assumed common bean is a normal good and thus has a positive coefficient 

on logarithm of expenditure term which is the proxy for income. In the QuAIDS model, 

a negative coefficient was assumed in the logarithm of the squared expenditure term to 

reflect diminishing returns. Table 3.2 gives a summary of the variables that were 

included in the LA/AIDS and the QuAIDS model. 

 

Table 3-2: Summary of variables included in the LA/AIDS and QuAIDS 

Variable Description Expected sign 

LA/AIDS QuAIDS 

DVs 

𝑤1 Budget share of Kabalabala + + 

𝑤2 Budget share of Nanyati + + 

𝑤3 Budget share of Napilira + + 

𝑤4 Budget share of Khaki + + 

𝑤5 Budget share of Phalombe + + 

𝑤6 Budget share of mixed beans + + 

 

IVs  

𝑙𝑛𝑝1 Log of price of Kabalabala - - 

𝑙𝑛𝑝2 Log of price of Nanyati - - 

𝑙𝑛𝑝3 Log of price of Napilira - - 

𝑙𝑛𝑝4 Log of price of Khaki - - 

𝑙𝑛𝑝5 Log of price of Phalombe - - 

𝑙𝑛𝑝6 Log of price of mixed beans - - 

𝑙𝑛𝑒𝑥𝑝 Log of expenditure term + + 

𝑙𝑛(𝑒𝑥𝑝)2  Log of squared expenditure term  - 
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Empirical models 

With a series of equations presented in section 3.4.2, it is essential to present the models 

empirically in the way they were analyzed using the afore-presented variables. The 

study estimated both the LA/AIDS and QuAIDS models. Empirically, using variables 

presented in section 3.4.2.1 the LA/AIDS estimated six equations namely: 

 

𝐵𝑢𝑑𝑔𝑒𝑡 𝑠ℎ𝑎𝑟𝑒𝐾𝑎𝑏𝑎𝑙𝑎𝑏𝑎𝑙𝑎 = 𝛼0 + 𝑐𝑑𝑓1{𝛽11𝑙𝑛𝑝𝑘𝑎𝑏𝑎𝑙𝑎𝑏𝑎𝑙𝑎 + 𝛽12𝑙𝑛𝑝𝑛𝑎𝑝𝑖𝑙𝑖𝑙𝑎 +

𝛽13𝑙𝑛𝑝𝑝ℎ𝑎𝑙𝑜𝑚𝑏𝑒 + 𝛽14𝑙𝑛𝑝𝐾ℎ𝑎𝑘𝑖 + 𝛽15𝑙𝑛𝑝𝑛𝑎𝑛𝑦𝑎𝑡𝑖 + 𝛽16𝑙𝑛𝑝𝑚𝑖𝑥𝑒𝑑 𝑏𝑒𝑎𝑛𝑠 + 𝛿1𝑙𝑛𝑒𝑥𝑝} +

ð1𝑝𝑑𝑓1 + 𝜇1  

 

𝐵𝑢𝑑𝑔𝑒𝑡 𝑠ℎ𝑎𝑟𝑒𝑁𝑎𝑝𝑖𝑙𝑖𝑙𝑎 = 𝛼0 + 𝑐𝑑𝑓2{𝛽21𝑙𝑛𝑝𝑘𝑎𝑏𝑎𝑙𝑎𝑏𝑎𝑙𝑎 + 𝛽22𝑙𝑛𝑝𝑛𝑎𝑝𝑖𝑙𝑖𝑙𝑎 + 𝛽23𝑙𝑛𝑝𝑝ℎ𝑎𝑙𝑜𝑚𝑏𝑒 +

𝛽24𝑙𝑛𝑝𝐾ℎ𝑎𝑘𝑖 + 𝛽25𝑙𝑛𝑝𝑛𝑎𝑛𝑦𝑎𝑡𝑖 + 𝛽26𝑙𝑛𝑝𝑚𝑖𝑥𝑒𝑑 𝑏𝑒𝑎𝑛𝑠 + 𝛿1𝑙𝑛𝑒𝑥𝑝} + ð1𝑝𝑑𝑓2 + 𝜇2  

 

𝐵𝑢𝑑𝑔𝑒𝑡 𝑠ℎ𝑎𝑟𝑒𝑃ℎ𝑎𝑙𝑜𝑚𝑏𝑒 = 𝛼0 + 𝑐𝑑𝑓3{𝛽31𝑙𝑛𝑝𝑘𝑎𝑏𝑎𝑙𝑎𝑏𝑎𝑙𝑎 + 𝛽32𝑙𝑛𝑝𝑛𝑎𝑝𝑖𝑙𝑖𝑙𝑎 +

𝛽33𝑙𝑛𝑝𝑝ℎ𝑎𝑙𝑜𝑚𝑏𝑒 + 𝛽34𝑙𝑛𝑝𝐾ℎ𝑎𝑘𝑖 + 𝛽35𝑙𝑛𝑝𝑛𝑎𝑛𝑦𝑎𝑡𝑖 + 𝛽36𝑙𝑛𝑝𝑚𝑖𝑥𝑒𝑑 𝑏𝑒𝑎𝑛𝑠 + 𝛿1𝑙𝑛𝑒𝑥𝑝} +

ð1𝑝𝑑𝑓3 + 𝜇3  

 

𝐵𝑢𝑑𝑔𝑒𝑡 𝑠ℎ𝑎𝑟𝑒𝐾ℎ𝑎𝑘𝑖 = 𝛼0 + 𝑐𝑑𝑓4{𝛽41𝑙𝑛𝑝𝑘𝑎𝑏𝑎𝑙𝑎𝑏𝑎𝑙𝑎 + 𝛽42𝑙𝑛𝑝𝑛𝑎𝑝𝑖𝑙𝑖𝑙𝑎 + 𝛽43𝑙𝑛𝑝𝑝ℎ𝑎𝑙𝑜𝑚𝑏𝑒 +

𝛽44𝑙𝑛𝑝𝐾ℎ𝑎𝑘𝑖 + 𝛽45𝑙𝑛𝑝𝑛𝑎𝑛𝑦𝑎𝑡𝑖 + 𝛽46𝑙𝑛𝑝𝑚𝑖𝑥𝑒𝑑 𝑏𝑒𝑎𝑛𝑠 + 𝛿1𝑙𝑛𝑒𝑥𝑝} + ð1𝑝𝑑𝑓4 + 𝜇4  

 

𝐵𝑢𝑑𝑔𝑒𝑡 𝑠ℎ𝑎𝑟𝑒𝑁𝑎𝑛𝑦𝑎𝑡𝑖 = 𝛼0 + 𝑐𝑑𝑓5{𝛽51𝑙𝑛𝑝𝑘𝑎𝑏𝑎𝑙𝑎𝑏𝑎𝑙𝑎 + 𝛽52𝑙𝑛𝑝𝑛𝑎𝑝𝑖𝑙𝑖𝑙𝑎 + 𝛽53𝑙𝑛𝑝𝑝ℎ𝑎𝑙𝑜𝑚𝑏𝑒 +

𝛽54𝑙𝑛𝑝𝐾ℎ𝑎𝑘𝑖 + 𝛽55𝑙𝑛𝑝𝑛𝑎𝑛𝑦𝑎𝑡𝑖 + 𝛽56𝑙𝑛𝑝𝑚𝑖𝑥𝑒𝑑 𝑏𝑒𝑎𝑛𝑠 + 𝛿1𝑙𝑛𝑒𝑥𝑝} + ð1𝑝𝑑𝑓5 + 𝜇5  

 

𝐵𝑢𝑑𝑔𝑒𝑡 𝑠ℎ𝑎𝑟𝑒𝑀𝑖𝑥𝑒𝑑 𝑏𝑒𝑎𝑛𝑠 = 𝛼0 + 𝑐𝑑𝑓6{𝛽61𝑙𝑛𝑝𝑘𝑎𝑏𝑎𝑙𝑎𝑏𝑎𝑙𝑎 + 𝛽62𝑙𝑛𝑝𝑛𝑎𝑝𝑖𝑙𝑖𝑙𝑎 +

𝛽63𝑙𝑛𝑝𝑝ℎ𝑎𝑙𝑜𝑚𝑏𝑒 + 𝛽64𝑙𝑛𝑝𝐾ℎ𝑎𝑘𝑖 + 𝛽65𝑙𝑛𝑝𝑛𝑎𝑛𝑦𝑎𝑡𝑖 + 𝛽66𝑙𝑛𝑝𝑚𝑖𝑥𝑒𝑑 𝑏𝑒𝑎𝑛𝑠 + 𝛿6𝑙𝑛𝑒𝑥𝑝} +

ð1𝑝𝑑𝑓6 + 𝜇6  
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Empirically, using variables presented in section 3.4.2.1 the QuAIDS also estimated six 

equations namely; 

 

𝐵𝑢𝑑𝑔𝑒𝑡 𝑠ℎ𝑎𝑟𝑒𝑘𝑎𝑏𝑎𝑙𝑎𝑏𝑎𝑙𝑎 = 𝛼0 + 𝑐𝑑𝑓1{𝛽11𝑙𝑛𝑝𝑘𝑎𝑏𝑎𝑙𝑎𝑏𝑎𝑙𝑎 + 𝛽12𝑙𝑛𝑝𝑛𝑎𝑝𝑖𝑙𝑖𝑙𝑎 +

𝛽13𝑙𝑛𝑝𝑝ℎ𝑎𝑙𝑜𝑚𝑏𝑒 + 𝛽14𝑙𝑛𝑝𝐾ℎ𝑎𝑘𝑖 + 𝛽15𝑙𝑛𝑝𝑛𝑎𝑛𝑦𝑎𝑡𝑖 + 𝛽16𝑙𝑛𝑝𝑚𝑖𝑥𝑒𝑑 𝑏𝑒𝑎𝑛𝑠 + 𝛿1𝑙𝑛𝑒𝑥𝑝 +

𝜕1(𝑙𝑛𝑒𝑥𝑝)2} + ð1𝑝𝑑𝑓1 + 𝜇1  

 

𝐵𝑢𝑑𝑔𝑒𝑡 𝑠ℎ𝑎𝑟𝑒𝑁𝑎𝑝𝑖𝑙𝑖𝑙𝑎 = 𝛼0 + 𝑐𝑑𝑓2{𝛽21𝑙𝑛𝑝𝑘𝑎𝑏𝑎𝑙𝑎𝑏𝑎𝑙𝑎 + 𝛽22𝑙𝑛𝑝𝑛𝑎𝑝𝑖𝑙𝑖𝑙𝑎 + 𝛽23𝑙𝑛𝑝𝑝ℎ𝑎𝑙𝑜𝑚𝑏𝑒 +

𝛽24𝑙𝑛𝑝𝐾ℎ𝑎𝑘𝑖 + 𝛽25𝑙𝑛𝑝𝑛𝑎𝑛𝑦𝑎𝑡𝑖 + 𝛽26𝑙𝑛𝑝𝑚𝑖𝑥𝑒𝑑 𝑏𝑒𝑎𝑛𝑠 + 𝛿1𝑙𝑛𝑒𝑥𝑝 + 𝜕1(𝑙𝑛𝑒𝑥𝑝)2} + ð1𝑝𝑑𝑓2 +

𝜇2  

 

𝐵𝑢𝑑𝑔𝑒𝑡 𝑠ℎ𝑎𝑟𝑒𝑃ℎ𝑎𝑙𝑜𝑚𝑏𝑒 = 𝛼0 + 𝑐𝑑𝑓3{𝛽31𝑙𝑛𝑝𝑘𝑎𝑏𝑎𝑙𝑎𝑏𝑎𝑙𝑎 + 𝛽32𝑙𝑛𝑝𝑛𝑎𝑝𝑖𝑙𝑖𝑙𝑎 +

𝛽33𝑙𝑛𝑝𝑝ℎ𝑎𝑙𝑜𝑚𝑏𝑒 + 𝛽34𝑙𝑛𝑝𝐾ℎ𝑎𝑘𝑖 + 𝛽35𝑙𝑛𝑝𝑛𝑎𝑛𝑦𝑎𝑡𝑖 + 𝛽36𝑙𝑛𝑝𝑚𝑖𝑥𝑒𝑑 𝑏𝑒𝑎𝑛𝑠 + 𝛿1𝑙𝑛𝑒𝑥𝑝 +

𝜕1(𝑙𝑛𝑒𝑥𝑝)2} + ð1𝑝𝑑𝑓3 + 𝜇3  

 

𝐵𝑢𝑑𝑔𝑒𝑡 𝑠ℎ𝑎𝑟𝑒𝐾ℎ𝑎𝑘𝑖 = 𝛼0 + 𝑐𝑑𝑓4{𝛽41𝑙𝑛𝑝𝑘𝑎𝑏𝑎𝑙𝑎𝑏𝑎𝑙𝑎 + 𝛽42𝑙𝑛𝑝𝑛𝑎𝑝𝑖𝑙𝑖𝑙𝑎 + 𝛽43𝑙𝑛𝑝𝑝ℎ𝑎𝑙𝑜𝑚𝑏𝑒 +

𝛽44𝑙𝑛𝑝𝐾ℎ𝑎𝑘𝑖 + 𝛽45𝑙𝑛𝑝𝑛𝑎𝑛𝑦𝑎𝑡𝑖 + 𝛽46𝑙𝑛𝑝𝑚𝑖𝑥𝑒𝑑 𝑏𝑒𝑎𝑛𝑠 + 𝛿1𝑙𝑛𝑒𝑥𝑝 + 𝜕1(𝑙𝑛𝑒𝑥𝑝)2} + ð1𝑝𝑑𝑓4 +

𝜇4  

 

𝐵𝑢𝑑𝑔𝑒𝑡 𝑠ℎ𝑎𝑟𝑒𝑁𝑎𝑛𝑦𝑎𝑡𝑖 = 𝛼0 + 𝑐𝑑𝑓5{𝛽51𝑙𝑛𝑝𝑘𝑎𝑏𝑎𝑙𝑎𝑏𝑎𝑙𝑎 + 𝛽52𝑙𝑛𝑝𝑛𝑎𝑝𝑖𝑙𝑖𝑙𝑎 + 𝛽53𝑙𝑛𝑝𝑝ℎ𝑎𝑙𝑜𝑚𝑏𝑒 +

𝛽54𝑙𝑛𝑝𝐾ℎ𝑎𝑘𝑖 + 𝛽55𝑙𝑛𝑝𝑛𝑎𝑛𝑦𝑎𝑡𝑖 + 𝛽56𝑙𝑛𝑝𝑚𝑖𝑥𝑒𝑑 𝑏𝑒𝑎𝑛𝑠 + 𝛿1𝑙𝑛𝑒𝑥𝑝 + 𝜕1(𝑙𝑛𝑒𝑥𝑝)2} + ð1𝑝𝑑𝑓5 +

𝜇5  
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𝐵𝑢𝑑𝑔𝑒𝑡 𝑠ℎ𝑎𝑟𝑒𝑀𝑖𝑥𝑒𝑑 𝑏𝑒𝑎𝑛𝑠 = 𝛼0 + 𝑐𝑑𝑓6{𝛽61𝑙𝑛𝑝𝑘𝑎𝑏𝑎𝑙𝑎𝑏𝑎𝑙𝑎 + 𝛽62𝑙𝑛𝑝𝑛𝑎𝑝𝑖𝑙𝑖𝑙𝑎 +

𝛽63𝑙𝑛𝑝𝑝ℎ𝑎𝑙𝑜𝑚𝑏𝑒 + 𝛽64𝑙𝑛𝑝𝐾ℎ𝑎𝑘𝑖 + 𝛽65𝑙𝑛𝑝𝑛𝑎𝑛𝑦𝑎𝑡𝑖 + 𝛽66𝑙𝑛𝑝𝑚𝑖𝑥𝑒𝑑 𝑏𝑒𝑎𝑛𝑠 + 𝛿6𝑙𝑛𝑒𝑥𝑝 +

𝜕1(𝑙𝑛𝑒𝑥𝑝)2} + ð1𝑝𝑑𝑓6 + 𝜇6  

 

Assumptions tested  

The Shonkwiler and Yen (1999) two-step estimation method assumes normality in the 

residuals of both the selection and the outcome equation. Additionally, it also assumes 

no correlation between the residual of the selection equation and the outcome equation. 

These assumptions were tested during estimation and the results are given in chapter 

five. Additionally, several diagnostic tests were performed to assess the quality of the 

data, the equations formulated and the performance of the models. 

 

Testing hypothesis associated with objective one 

With regard to objective one, this study hypothesized that prices and income affect 

household budget share of common beans. In order to test this hypothesis; the study 

estimated the demand system which featured the budget shares of the six varieties of 

common beans as dependent variables and prices and income as explanatory varieties. 

Thereafter, the significance of prices and income in the budget share equations of the 

chosen demand system among LA/AIDS and QuAIDS was checked and decision of 

whether or not to reject the aforesaid hypothesis was reached. Chapter 5 presents the 

results from the demand system estimation and testing of the hypothesis. 

 

3.4.3 Achieving the second specific objective 

Price and expenditure elasticities show the responsiveness of demand to changes in 

prices and household expenditure, respectively. Taniguchi and Chern (2000) express 
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the elasticity formulae for calculating demand elasticities from the LA/AIDS. 

Following their procedure, which starts by taking the derivative of equation (11) with 

respect to In(𝑝𝑘), this research augments by including the Shonkwiler and Yen (1999) 

modification (see equation (16)) to their equation. Hence the correct formula for 

calculating uncompensated price elasticity of commodity j with respect to commodity 

k multiplies their formula by the cdf and is as follows 

 

𝜂𝑗𝑘 = Φ𝑖  (
𝛾𝑗𝑘

𝑤𝑗
−

𝛽𝑗𝑤𝑘

𝑤𝑗
− 𝛿𝑗𝑘)   ∀𝑗, 𝑘 = 1, … ,6             (22) 

 

where Φ𝑖 is the cdf for equation 𝑖 and 𝛿𝑗𝑘 is the Kronecker delta31. Under Slutsky 

model, the compensated price elasticities, 𝑠𝑗𝑘
∗ , were computed from 

 

𝑠𝑗𝑘
∗ = 𝑒𝑗𝑘 + 𝑒𝑗𝑤𝑘                  (23) 

 

Following Taniguchi and Yen (2000), the expenditure elasticity is derived by taking 

the derivative of equation (11) with respect to ln (𝑥). This research multiplies their 

result by the cdf to apply the Shonkwiler and Yen (1999) correction and the formula 

becomes 

 

𝑒𝑗 = Φ𝑖  ( 1 + (
𝛽𝑗

𝑤𝑗
))                              (24) 

 

                                                 
31 Kronecker delta equals one if 𝑗 = 𝑘 and zero otherwise 
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The idea behind derivation of demand elasticities for the LA/AIDS is the same as for 

the QuAIDS, only differing because of the difference in the functional forms of the 

models, which form an initial step in the derivation. Following Maganga et al. (2014) 

who also applied the Shonkwiler and Yen (1999) approach, the expenditure, 

uncompensated and compensated price elasticities from the QuAIDS model are 

presented in equation 25-27, respectively 

 

𝑒𝑗 = Φ𝑖 {
𝛽𝑗+

2𝑑𝑖
𝛽(𝑝)

[log(
𝑋

𝐼
)]

𝑤𝑗
+ 1}                 (25) 

𝜂𝑗𝑘 = Φ𝑖 {
𝑐𝑗𝑘−𝜇𝑗(𝛼𝑗+ ∑ 𝑐𝑗𝑘

𝑚
𝑘=1 log(𝑝𝑘))+

2𝑑𝑖
𝛽(𝑝)

[log(
𝑋

𝐼
)]

𝑤𝑗
− 𝛿𝑗𝑘}             (26) 

𝑠𝑗𝑘
∗ = 𝑒𝑗𝑘 + 𝑒𝑗𝑤𝑘                  (27) 

 

It is an often practice in most empirical research to use expenditure elasticity as a proxy 

to income elasticity since the AIDS model and its variants do not produce an estimate 

of income elasticity directly32. However, much as this is acceptable; with research 

focused on more disaggregated food items, the deviation of the expenditure term from 

the true income term might be high and this can cause wrong inferences to be made 

about the nature of demand for products analysed. Thus, the estimation of the true 

income elasticity was necessary for this study. The study followed Chern et al. (2003, 

p16) suggestion which has also been applied by Sheng et al. (2010), of first estimating 

the following Engel function in order to calculate the income elasticity; 

 

 log 𝑥 = 𝛼0 + 𝛼1 log 𝑋 + 𝛽 log 𝑃 + 𝜀                (28) 

                                                 
32 The AIDS model and its variants uses total expenditure for the group of food items analyzed in order 

to satisfy the adding up property 
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where 𝑥 is total expenditure of the foods included in the model, 𝑋 is total expenditure 

on food and non-food consumer goods and services and is synonymous to total income, 

and 𝑃 is Laspeyres price index for the foods included in the model. The study estimated 

the Engel function within the framework of necessary assumptions33 governing OLS.  

After estimating the Engel function, the income elasticity was found by multiplying the 

responsiveness of expenditure 𝑥 to change in income by the expenditure elasticity. The 

responsiveness of expenditure on the items analysed (𝑒𝑖) was calculated as follows: 

 

 𝑒𝑖 =
𝑑𝑥

𝑑𝑋
∗

𝑋

𝑥
                   (29) 

 

Thus, the income elasticity34 is calculated as follows; 

 

𝑒𝑦 = 𝑒𝑖 ∗ 𝑒𝑗                   (30) 

 

3.4.3.1 Testing hypotheses associated with objective two 

The elasticities calculated using equations (22) to equation (30) were compared against 

their hypothesized values (see section 1.5) according to theory.  Decision of whether or 

not to reject hypotheses on the elasticities were made based on the aforesaid 

comparisons and chapter 5 presents and explains the results.  

 

                                                 
33 Assumptions necessary for OLS estimator include homoscedasticity, no multicollinearity, normality, 

linearity, continuity, no endogeneity, no autocorrelation, and zero covariance.  
34 Results on the Engel function are presented in appendix A. 1 
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3.5 Data sources, sampling procedure, and sample size determination 

This study used cross-section secondary data collected in the year 2015 in Lilongwe 

district of Malawi through the bean consumption survey conducted by the bean value 

chain research network; a collaborative research initiative comprising Lilongwe 

University of Agriculture and Natural Resources, Sokoine University of Agriculture, 

University of Zambia and Kansas State University with funding from the legume 

innovation laboratory, a USAID-funded initiative. Lilongwe was chosen because it is 

more populated and diverse as compared to the other cities in Malawi and thus 

represents a potential viable market for beans.   

 

Lilongwe is the capital and largest city of Malawi with an estimated population of 

1,077,116 people as of 2015 (National Statistical Office (NSO) Malawi, 2016). Located 

1050m above sea level in the central region of Malawi; the district is an important 

economic and transportation hub for central Malawi. The district features a humid 

subtropical climate (temperature ranges 18-24 °C) with warm summers and mild 

winters. The economy of the district is dominated by government and public institutions 

and the main economic activities comprise of retail trade, finance, public 

administration, tourism, banking, transport and tobacco manufacturing (NSO Malawi, 

2016). Agriculture is minimal in the district with much influx of crops on the markets 

from other districts. The major crops cultivated include maize, tobacco, beans, cassava, 

groundnuts and sweet potatoes.  

 

A multistage stratified sampling procedure was employed to select the required sample. 

First, Lilongwe was stratified into high, medium and low density areas. The 

stratification was based on income levels with high to low density areas representing 
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low to high income levels, respectively. This was done to ensure that all categories of 

people living in the city were represented in the sample. The second stage involved 

random selection of clusters within the strata. From high-density areas, area 8, 18, 21, 

23, 36 and 49 were selected. Areas 6, 12, 14 and 47 were selected to represent medium-

density areas. From low-density areas, area 3, 9, 10 and 43 were selected. The third and 

final stage involved randomly selecting households that formed the final sample.  

 

A survey questionnaire with discrete choice experiment component was administered 

in the primary data collection. The questionnaire collected information on 

socioeconomic and demographic factors of the respondents. Additionally, the 

questionnaire collected information on household consumption decisions (i.e. the types 

of food products consumed in the past seven days and the quantities of different types 

of beans consumed, food expenditures, and decision making in the house) and bean 

consumer choices. In consumer choices, respondents were presented with a sequence 

of choice sets from which preferred alternatives were selected. Duly, the sample size 

determination made use of De Bekker-Grob et al. (2012) formula below, that took into 

account the design of the choice experiment.  

 

𝑛 ≥ 500 ×
𝐿𝑚𝑎𝑥

𝐽𝑆
×  𝑏                    (31) 

𝑛 ≥ 500 ×
3

4×8
 × 6       

𝑛 ≥ 276 
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where 𝐿𝑚𝑎𝑥 is highest attribute level (which was 3), 𝐽  is the number of alternatives (the 

experiment involved 4 dry common bean varieties), 𝑆 is the number of choice tasks35 

for each respondent (which was 8), and 𝑏 is the number of blocks36 used in the survey 

(which was 6 blocks). The final sample calculated was 684 households. To arrive at 

this sample size, a 10% non-response rate was added and this brought the sample from 

276 to 303 households. Furthermore, a design effect was accounted for and this brought 

the sample to 606. An additional 78 respondents were added to the sample to have 

adequate questionnaires to replace uncompleted questionnaires ending up with a sample 

size of 684. The sample size was then proportionally distributed to the strata and then 

to the clusters. A total of 584 households was sampled from high-density areas, 56 

households from the medium-density areas, and 44 households from low-density areas. 

 

The questionnaire did not collect information on prices, hence the prices were derived 

implicitly as expenditure divide by quantity of each of the common bean variety for 

each household. In order to obtain price data of households that did not consume a 

particular variety, the study followed Aepli (2014) by assuming that each household 

with zero consumption faces the mean price of the variety depending on the area of 

residence. The data was analysed in Stata Corp 14.  Stata Corp 14 offered a rich and 

integrated environment for data analysis.  

 

                                                 
35 A choice task represents a combination of attributes of a particular alternative which a respondent was 

asked whether they would buy or not buy. 
36 Blocks are sets of limited choice questions equal in size which are presented to survey respondents. 

Blocking is usually done to ensure efficiency of responses by minimising the number of choice questions 

presented to a survey respondent.  
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3.6 Summary  

The modelling framework of this study was shaped by the neoclassical micro-theory of 

consumer demand. The QuAIDS model was used to represent consumer demand 

behaviour and achieve the objectives of the study. The model was estimated in a suite 

of addressing expenditure endogeneity and presence of zero consumption that often 

arise with cross-sectional data. Special attention was made to the assumptions 

governing the modelling framework. The study used secondary data collected in 2015 

in Lilongwe, the capital city of Malawi.  
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CHAPTER FOUR 

HOUSEHOLD CHARACTERISTICS 

 

4.1 Introduction 

Before any statistical analysis, an analyst needs to understand the data that is used. This 

becomes very pertinent when discussing model results. Accordingly, the purpose of this 

chapter is to present information on characteristics of households that composed the 

sample. The chapter gives a summary of household characteristics and other pertinent 

variables featured in the models that are presented in chapter five. 

 

4.2 Socioeconomic characteristics of the households  

The socioeconomic characteristics considered in this section include household size, 

household age structure, marital status of household head, employment status of the 

household head and spouse, and household income. The subsequent subsections 

describe the aforementioned socioeconomic characteristics in detail. The variable of 

analysis for all socio-economic characteristics is location categorised into high, 

medium and low-density areas.  

 

4.2.1 Household size 

Household size refers to number of people living in a household. Economists use adult 

equivalent scales to measure household size for both theoretical and applied reasons. 

Henceforth, this study used the Amsterdam scale37 to measure household size. The 

motive behind the choice of the Amsterdam scale among its counterparts was the nature 

                                                 
37 Adapting the Amsterdam scale to our data: less than 5 years equals 0.52 adults, between 5 and 12 

equaled 0.8 adults, between 12 and 18 years equals 0.94 adults, and above 18 years equals 1 adult. The 

study used average of both sexes because gender of each household member was not present in the 

dataset.  
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of the dataset38. Table 4-1 gives a summary of household size by location. The overall 

average household size for the sample is 4.50 adults and there are no significant 

differences by location. NSO Malawi (2012) reported a similar average household size 

(4.6 adults) for Malawi, even though it is unclear of the adult equivalent scale that was 

used. The highest maximum (24.19 adults; probably a case of extended family) 

household size for the sample was found in the high-density areas while the lowest 

maximum (10.05 adults) was found in the low-density areas. This is in line with the 

fact that high-density areas contained more people per unit area and composed of 

relatively poor households (NSO Malawi, 2012).  

 

Table 4.1 Household size by location 

Location  Household size (Adult equivalents) Significance test 

Mean Median Min Max 

High  4.49 4.17 0.95 24.19 High vs 

Medium 

0.50 

Medium 4.68 4.52 1.47 13.21 Medium vs low 0.58 

Low  4.44 3.80 1.89 10.05 High vs low 0.88 

Overall  4.50 4.17 0.95 24.19   

 

 

4.2.2 Household age structure  

Age structure defines the distribution by age of household members. The data used in 

this study was collected categorically in segments of less than or equal to 5 years, above 

5 years and less than or equal to 12 years, between 12 and 18 years, and above or equal 

to 18 years. Evidence from Table 4-2 shows that households in Lilongwe District are 

                                                 
38 Age data was collected in <5, 5-12, 12-18, >18 years denominations and gender for each household 

member was not collected hence the Amsterdam scale best qualified with the nature of the dataset. 
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mostly composed of adults. GoM (2012) reports that age structure of Malawi varies by 

household wealth. Poorest households are more youthful with median age of 13 as 

compared to wealthiest households with median age of 17. This partly explains the 

trend in Table 4-2 since the sample was largely composed by urban households which 

are considered wealthier than their rural counterparts.  

 

Table 4.2 Household age structure  

Location Proportion of people by age (years) segments N 

≤5 >5 and ≤12 >12 and <18 >18 

High  13.08 18.69 10.27 57.96 2959 

Medium 11.41 18.46 9.40 60.74 298 

Low  10.17 18.22 8.47 63.14 236 

Overall  12.74 18.64 10.08 58.55 3493 

 

 

4.2.3 Marital status of household head  

Marital status of the household head is an important variable since it determines a range 

of other household characteristics. Among the households interviewed, majority 

(72.34%) of the household heads are married/cohabiting while 13. 39% of the 

household heads are single/never married. Among the single household heads, about 

4% and 10% are divorced and widowed, respectively. In the models presented in 

chapter five, marital status was treated as a dummy and thus single/never married, 

divorced, and widowed household heads were placed in one category namely single-

headed households, which represented 27.66% of the sample. A comparison of the 

location shows that married household heads dominate in all the location and the 

percentage is highest (73.94%) in the high-density areas and lowest (55.36%) in the 
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medium-density areas.  Table 4-3 summarizes marital status of household heads in 

Lilongwe District of Malawi. 

 

Table 4.3 Proportion of households by marital status and location 

Density Sample proportions by marital status N 

Single/never married Divorced Widowed Married  

High  12.61 4.09 9.37 73.94 584 

Medium  23.21 7.13 14.29 55.36 56 

Low 11.36 4.55 11.36 72.73 44 

Overall  13.39 4.37 9.90 72.34 684 

 

 

4.2.4 Employment status of the household head and spouse 

Employment status of the household head and spouse is an important socioeconomic 

characteristic since it exhibits the financial position of the household. Results from 

Table 4-4 show that among the single household heads in all the locations, majority 

were employed (this confirms findings of NSO Malawi (2012)) and most were in 

salaried type of employment. An inter-comparison of the location shows that high-

density areas contain the least (27.45%) proportion of single household heads in 

‘salaried employment’ category. This was expected since high-density areas contain 

relatively poorer households. A similar trend is seen among the married household 

heads and in the pooled sample. Among the married household heads, there is no case 

where both the household head and spouse are unemployed in the medium and low-

density areas and this is not odd since it is expected that these locations contained 

relatively wealthier households. 
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Table 4.4 Proportion of households by employment status 

Density   N 

Single household heads 

 Salary Self Unemployed  

High  27.45 49.67 22.88 153 

Medium  72.00 8.00 20.00 25 

Low  66.67 8.33 25.00 12 

 

Married household heads 

 Salary Self Unemployed  

 Both One Both One Both One  

High  9.91 7.14 14.98 19.59 3.69 44.70 431 

Medium  45.16 12.90 6.45 25.81 0.00 9.68 31 

Low  31.25 31.25 12.5 18.75 0.00 6.25 32 

 

 

4.2.5 Household income  

Income distribution is an important socioeconomic characteristic since it relates to 

household welfare and socioeconomic position. In Table 4-5; the mean and median 

monthly incomes for the sample were MK109,861.00 and MK65,000, respectively. An 

inter-comparison of the location shows that high-density area households have the 

lowest mean and median monthly incomes while low-density areas have the highest 

incomes. A significant test reveals that significant differences occur between the high 

density mean income is significantly lower than medium and high density areas. These 

results are consistent with the fact that the lower density areas contained relatively 

wealthier households and high-density areas contained relatively poorer households. 
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Results from Table 4-5 further show high variation in income across the sample as 

evidenced by the standard deviation which is higher than the overall mean and median 

incomes. Furthermore, income is positively skewed39 (skewed to the right). This 

according to Nicholson and Snyder (2008) means that majority of the households have 

their incomes below the mean income.   Kurtosis of the income distribution (51.72 in 

Table 4-5) shows that the distribution is leptokurtic40, and this according to Greene 

(2003) and Maddala, (1983) means that more of the variance of income is the result of 

infrequent extreme deviations, as opposed to frequent modestly sized deviations. 

 

Table 4.5 Household income by location 

Location  Household income (MK) Significance test 

Mean Median Min Max 

High  85,103.95 60,000.00 2500.00 700,000.00 High vs 

medium 

0.00*** 

Medium  215,584.00 150,000.00 12,000.00 900,000.00 Medium vs 

low 

0.14 

Low  305,586.00 180,000.00 30,000.00 2,000,000.00 High vs 

low 

0.00*** 

Overall  109,861.00 65,000.00 2,500.00 2,000,000.00 

 

  

Measures for spread and variation in income distribution 

Std. deviation: 145,764.00 

Skewness: 5.37 

Kurtosis:  51.72 

NB: Asterisks; ***significant at 1% 

 

                                                 
39 Skewness is when data points cluster more toward one side of the scale than the other or the right and 

left side of the distribution are shaped differently from each other  
40 Leptokurtic is kurtosis that is above 3 
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4.3 Household food consumption patterns  

This section presents household food consumption patterns. The section starts by 

discussing reported rank of importance of different food categories to household food 

security. Thereafter, the section describes food expenditure patterns, food expenditure-

income ratio and food expenditure shares. The aforementioned overall food preference 

analysis is essential as it provides useful insights on food preference. 

 

4.3.1 Importance of different food categories to household food security 

Household food preferences differ by household characteristics (Moscati, 2007). In a 

demand study featuring food commodities, it is essential to assess the importance of 

different food categories to household food security. This knowledge helps to 

understand food decisions. In the dataset for this study, respondents were asked to rank, 

on a scale of one to six (one-highest, six-lowest), the importance of different categories 

of food to their household food security. Table 4-6 presents the proportions of the 

sample that gave the highest rank to each food category.  Cereals are the most important 

food category when it comes to household food security, reflecting their position as 

staples.  Second from cereals are fruits and vegetables in the high and low-density areas, 

and animal products in the medium-density areas and in the pooled sample.  Legumes 

are the third, fifth and fourth from cereals in the high, medium and low-density areas, 

respectively (Table 4-6). Overall, legumes occupy the mid position in household food 

security and this result concurs with findings of Kumar et al. (2011), Maganga et al. 

(2014) and Leserer (2010) who concluded that legumes occupy a mid-position amongst 

household food groups in terms of household food security. 
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Table 4.6 Proportion of households reporting importance of different food categories 

to household food security by location 

Food category  Sample proportions by location (%) 

High Medium Low Pooled  

Legumes  47.60 41.07 31.82 45.99 

Fish and seafood  36.01 46.43 34.09 36.68 

Fruits and vegetables  59.56 67.86 65.91 60.55 

Cereals  83.79 76.79 81.82 82.97 

Roots and tubers  22.56 35.71 9.09 22.71 

Animal products  36.02 53.57 46.51 38.01 

N 584 56 44 684 

 

 

4.3.2 Food expenditure patterns  

Food expenditure patterns help among others reveal household food preference41 

(Moschini, 1995) and it is essential for demand studies on food to understand the whole 

spectrum of household food preferences. The overall mean and median monthly food 

expenditures for the households in Lilongwe District were MK45,993.51 and 

MK35,000.00, respectively (Table 4-7). Based on the high standard deviation, there is 

considerable variability in food expenditure in the district. Food expenditure is 

positively skewed indicating that most households spend below the mean expenditure. 

The kurtosis (Table 4-7) of the expenditure distribution is 14.17 showing that more of 

the variance in expenditure is the result of infrequent extreme deviations, as opposed to 

frequent modestly sized deviations. Households in low-density areas spend a lot on 

food when compared to the other areas. This is evident by the higher mean and median 

monthly food expenditures (Table 4-7).  

                                                 
41 The researcher perfectly recognizes that food expenditure may not entirely mean preference, but also 

availability and affordability.  
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Table 4.7 Monthly food expenditures by food category and location 

Note: Values in brackets are median values  

 

The nominal expenditures presented in Table 4-7 are less informative from an Engel 

law perspective since they do not relate to household income. To comply with Engel 

law, this study additionally estimated the food-expenditure-income-ratio. Table 4-8 

presents the food-expenditure-income ratio for households in all the location and the 

Food category  Monthly food expenditure (MK) by location 

High Medium Low Pooled  

Legumes  2609.90 

(2000.00) 

3656.30 

(2400.00) 

3996.59 

(3000.00) 

2784.01 

(2000.00) 

Fish and seafood  5573.43 

(4000.00) 

15080.36 

(10000.00) 

24747.73 

(15000.00) 

7576.42 

(5000.00) 

Fruits and vegetables  4155.40 

(3000.00) 

10044.86 

(7000.00) 

13471.59 

(10000.00) 

5232.14 

(3500.00) 

Cereals  7900.72 

(6000) 

16307.14 

(13750.00) 

16058.18 

(12500.00) 

9108.41 

(7000.00) 

Roots and tubers  2617.51 

(2000.00) 

5491.96 

(4900.00) 

5837.50 

(5000.00) 

3050.05 

(2000.00) 

Animal products  8646.85 

(5840) 

24975.00 

(20000.00) 

30837.50 

(24000.00) 

11399.06 

(7000.00) 

Other foods  5871.11 

(4000.00) 

11826.61 

(7000.00) 

13347.73 

(10000.00) 

6835.42 

(5000.00) 

Total food expenditure  37374.92 

(31600.00) 

87382.23 

(73350.00) 

108296.82 

(84700.00) 

45993.51 

(35000.00) 

N 584 56 44 684 

 

Measures for spread and variation of household food expenditure 

Standard deviation: 40349.22 

Skewness: 2.77 

Kurtosis:14.17 
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pooled sample. The overall mean and median food expenditure-income ratio are 0.51 

and 0.54, respectively. Households in high-density areas have high mean and median 

food-expenditure-income ratios as compared to households in low-density areas. Since 

households in higher density areas are poorer than the low-density areas, the 

aforementioned result is consistent with Engel law. According to Varian (1987), Engel 

law states that as income rises, the proportion of income spent on food falls, even if 

actual expenditure on food rises.  This negative relationship is also confirmed by the 

highly significant negative correlation coefficient (Table 4-8) of food expenditure-

income ratio and household income.  

 

Table 4.8 Food expenditure-income ratio by location 

Density  Food expenditure-income ratio 

Mean Median 

High  0.52 0.54 

Medium  0.45 0.49 

Low  0.48 0.47 

Pooled  0.51 0.54 

 

Correlation coefficient of food expenditure and income: -0.3678*** 

  Note: Asterisks: *** means significant at 1% 

 

The use of food expenditures presented in Table 4-7 to reveal household food 

preference is less intuitive unless accompanied by food expenditure shares. The latter 

is more informative since it relates expenditures on different foods to the overall food 

expenditure and/or household income. Table 4-9 presents the mean food expenditure 

shares calculated in relation to total household food expenditure.  
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Among all food groups, cereals have the highest expenditure shares (maintaining their 

position as dominant staples) seconded by animal products while roots and tubers have 

the lowest. Moving from high to low-density areas, expenditure shares for animal 

products, fruits and vegetables, and fish and seafood increase. On the other hand, the 

expenditure shares for cereals, legumes, roots and tubers, and other foods decrease as 

we move from high to low-location. In Malawi, animal products and fish and sea-foods 

are more expensive than cereals, legumes and root tubers. This is why the expenditure 

shares on animal products and fish and sea-food increases as we move from higher to 

lower location while the expenditure shares on cereals, legumes and root tubers 

decreases. These results are consistent with Bennet’s law which according to Bopape 

(2006), states that households switch from less to more expensive calorie consumption 

as their incomes rise. 

 

Table 4.9 Monthly food expenditure shares by food category and location 

 

 

4.4 Common bean consumption patterns 

This section focuses on consumption of common beans. First, the section describes the 

purchase behaviour of consumers and sources of common beans. Thereafter, the section 

Food category  Food expenditure shares by location Pooled 

High Medium Low 

Legumes  0.085 0.045 0.046 0.079 

Fish, seafood  0.146 0.165 0.201 0.151 

Fruits, vegetables  0.117 0.117 0.122 0.117 

Cereals  0.225 0.200 0.159 0.220 

Roots and tubers  0.072 0.066 0.060 0.070 

Animal products  0.203 0.272 0.267 0.213 

Other foods  0.151 0.137 0.144 0.149 
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explains household expenditure on common beans; frequency of consumption, 

quantities consumed, typical roles of common beans in household food consumption, 

and pairing options of common beans. The last section describes factors that affect the 

purchase decision of common beans. This analysis is essential for understanding 

demand for common beans.   

 

4.4.1 Common bean purchase  

Understanding household purchase behavior of common beans is an important step 

towards understanding demand for common beans. Consumers first make 

choice/purchase decisions before allocating a budget to common beans (see the 

conceptual framework in section 3.2). Among the six common bean varieties analyzed, 

Phalombe variety was purchased by majority of the households across all the location 

(Table 4-10). Muthoni et al. (2008) and Chirwa and Phiri (2007) explain that Phalombe 

variety is highly preferred in the Central Region because of its short cooking time, good 

taste, color and emission of nice aroma during and after cooking. Overall, Kabalabala 

is the least purchased. Muthoni et al. (2008) explains that Kabalabala is mostly 

preferred in the Northern Region than in the other regions. The northerner loves its 

taste.  

 

A comparison of zero purchase across the location shows that the high-density areas 

had the lowest (4.94%) zero purchase during the survey period. This was expected 

because common beans are regarded as a cheap source of protein as compared to meat 

(Larochelle et al., 2015) and the high-density areas contained households that are 

relatively poorer than the low-density areas hence a higher consumption of common 

beans in the high-density areas.  
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Table 4.10 Proportion of households by variety of common bean purchased and 

location  

Common bean variety Proportion purchased (%) 

High Medium Low Pooled  

Kabalabala  4.64 8.93 11.36 5.68 

Napilira 19.25 19.64 20.46 19.36 

Phalombe  84.67 71.43 56.82 81.80 

Khaki  24.02 23.21 34.09 24.60 

Nanyati  22.15 30.36 22.73 22.85 

Mixed beans  6.30 7.14 9.09 6.55 

None  4.94 10.71 9.09 5.68 

N 558 49 38 645 

 

 

4.4.2 Common bean expenditure 

Analysing expenditures on common beans is an important step to demand system 

estimation. Expenditure patterns among others reveal preferences which inform the 

demand elasticities (Yen and Lin, 2004). Table 4-11 shows the mean and median 

weekly expenditures on common beans by the households in Lilongwe. The median 

expenditures are zeros except for Phalombe beans reflecting high zero consumption of 

the other varieties analyzed during the survey period.  

 

Phalombe has the highest mean weekly expenditure of MK2,632.70. High expenditure 

may be as a result of more purchase or high price. Even though Phalombe is not the 

cheapest (see Table 4-18), results in Table 4.14 shows it was purchased in largest 

quantities and this reflects a higher position in the preference spectrum. This concurs 

with Chirwa and Phiri (2007) and Muthoni et al. (2008) who argued that Phalombe and 
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Napilila variety are the most preferred and purchased variety in the central region of 

Malawi broadly due to visual, cooking and eating habits. There is no clear pattern when 

it comes to inter-comparison of the location in terms of magnitude of the expenditures. 

However, majority (83.33%) of the varieties have high expenditures in the high-density 

areas. This concurs with the conclusion, reported in section 4.3.2, that expenditure on 

legumes is highest in the high-density areas since legumes are a cheaper source of 

proteins as compared to meat. 

 

Table 4.11 Weekly expenditures on different varieties of common bean by location  

Note: Values in brackets are median values; base year for prices is 2015 

 

Table 4-12 presents budget shares calculated in relation to weekly expenditure on 

common beans. Overall, the results indicate that Phalombe has the highest budget share. 

Variety  Weekly expenditures (MK) by location 

High Medium Low Pooled  

Kabalabala  56.08 

(0.00) 

128.57 

(0.00) 

132.95 

(0.00) 

66.91 

(0.00) 

Napilira 702.02 

(0.00) 

240.67 

(0.00) 

2396.23 

(0.00) 

772.92 

(0.00) 

Phalombe  2632.70 

(1400.00) 

1511.26 

(1000.00) 

1701.82 

(725.00) 

2481.66 

(1400.00) 

Khaki  354.35 

(0.00) 

300.60 

(0.00) 

706.86 

(0.00) 

372.55 

(0.00) 

Nanyati  284.59 

(0.00) 

771.31 

(0.00) 

475.00 

(0.00) 

336.46 

(0.00) 

Mixed beans  63.88 

(0.00) 

95.15 

(0.00) 

231.82 

(0.00) 

77.18 

(0.00) 
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Khaki and Nanyati varieties rank second and third, respectively. The aforesaid varieties 

are among the four most preferred varieties42 in the central region as discussed earlier.  

 

Table 4.12 Budget shares of different common bean varieties by location 

Common bean variety Mean and median budget shares by location 

High Medium Low Pooled  

Kabalabala  0.02 

(0.000) 

0.02 

(0.00) 

0.06 

(0.00) 

0.02 

(0.00) 

Napilira 0.07 

(0.00) 

0.10 

(0.00) 

0.10 

(0.00) 

0.07 

(0.00) 

Phalombe  0.64 

(0.69) 

0.48 

(0.50) 

0.39 

(0.33) 

0.61 

(0.667) 

Khaki  0.11 

(0.00) 

0.10 

(0.00) 

0.16 

(0.00) 

0.11 

(0.00) 

Nanyati  0.09 

(0.00) 

0.17 

(0.00) 

0.13 

(0.00) 

0.09 

(0.00) 

Mixed beans  0.03 

(0.00) 

0.02 

(0.00) 

0.06 

(0.00) 

0.03 

(0.00) 

Budget share of beans in 

household food 

expenditure  

0.24 

(0.07) 

0.05 

(0.03 

0.49 

(0.04) 

0.21 

(0.06) 

Note: Values are in brackets are median values; base year for prices is 2015 

 

Besides analyzing budget shares, it was essential to see how the budget shares correlate 

with household food expenditure. This reveals sensitivity of preference of common 

beans to changes in household welfare. Table 4-13 presents the correlations of the 

budget shares with total food expenditure. Significant correlations exist, showing both 

negative and positive correlations across the location and the pooled sample. A number 

                                                 
42 Chirwa and Phiri also explain that consumers prefer these varieties mainly due to their attributes. In 

some locations these varieties are expensive yet highly preferred. This is also evident in Table 4-18 and 

Table 4.14 which shows that Phalombe variety is a bit expensive relatively yet purchased in largest 

quantities 
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of explanations can be made pertaining to the correlation between one type of food and 

the overall food expenditure. However, the most notable point is that since a budget 

share and food expenditure can be used as a proxies for preference and household 

welfare, respectively; positive and negative correlations between varietal budget shares 

and food expenditures indicate increase and decrease in preference, respectively, when 

household welfare improves. For instance, Phalombe variety has an overall negative 

correlation with food expenditure and this implies a reduction in its preference as 

household welfare improves. In other words, the Phalombe variety is highly preferred 

among low-income households. This concurs with the findings in Table 4-11 and Table 

4-12 that the highest expenditure and budget share of the Phalombe variety was in the 

high-density areas.  

 

Table 4.13 Correlation of budget shares of common beans and total food expenditure 

by location 

Common bean 

variety 

Correlations of budget shares and total food expenditure by 

location 

High Medium Low Pooled  

Kabalabala  0.08* 0.22 -0.21 0.07* 

Napilira 0.02 -0.05 0.48*** 0.10*** 

Phalombe  0.00 -0.24* 0.06 -0.12*** 

Khaki  0.05 0.01 -0.06 0.04 

Nanyati  -0.02 0.26** -0.34** 0.03 

Mixed beans  -0.0291 0.04 0.05 0.01 

Note: Asterisks: *** means significant at 1%, ** means significant at 5%, and * 

means significant at 10%. 
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4.4.3 Quantities of common bean purchased  

Quantity purchased of a product is an integral part of a demand function (as shown in 

section 3.3.1) hence the need to thoroughly understand this variable. Table 4-14 

presents the quantities of common bean that were purchased weekly during the survey 

period. Quantity purchased per week was higher for Phalombe beans and lowest for 

Kabalabala and mixed beans implying to some degree that most consumers in the 

Lilongwe have a strong preference for Phalombe variety43. The mean purchased 

quantities for the variety are far much higher than the median quantities thereby 

revealing the presence of few extreme values for the survey. Table 4-14 also shows that 

the median values for most varieties are zero signifying the problem of zero purchase 

by majority of the sample during the survey period.  

 

  

                                                 
43 Quantity purchased may also be affected by availability on the market. However, since prices of 

Phalombe were higher and the quantities purchased were highest, this reflects a high position in the 

preference spectrum 
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Table 4.14 Quantity purchased of different varieties of common bean by location 

Note: Values in brackets are median values 

 

 

4.4.4 Frequency of consumption of common beans  

When studying household demand for food products, it’s essential to analyze the 

consumption frequency as this among others also informs about preference. Overall, 

the presence of zero consumption was highest (84.43% of households) for Kabalabala 

(Table 4-15). Muthoni et al. (2008) explains that this variety is highly preferred in the 

Northern Region unlike Phalombe, Nanyati and Napilira that are highly preferred in the 

Central Region. In each sample segment, Phalombe variety has the lowest zero 

consumption maintaining its position as the most preferred variety in the Central 

Region (Chirwa and Phiri 2007).  

 

Table 4-16 presents proportion of households by frequency of consumption of different 

varieties of common bean and location. Nanyati and Khaki were the most frequently 

Variety  Quantity (Kg) purchased by location 

High Medium Low Pooled  

Kabalabala 0.09 

(0.00) 

0.25 

(0.00) 

0.30 

(0.00) 

0.12 

(0.00) 

Napilira 1.14 

(0.00) 

0.36 

(0.00) 

0.64 

(0.00) 

1.04 

(0.00) 

Phalombe 8.49 

(2.00) 

2.13 

(1.50) 

2.41 

(1.00) 

7.58 

(2.00) 

Khaki 1.08 

(0.00) 

0.44 

(0.00) 

1.07 

(0.00) 

1.03 

(0.00) 

Nanyati 0.39 

(0.00) 

0.86 

(0.00) 

0.75 

(0.00) 

0.45 

(0.00) 

Mixed beans 0.12 

(0.00) 

0.13 

(0.00) 

0.36 

(0.00) 

0.13 

(0.00) 
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(more than once per week) consumed varieties of common bean in all the location. This 

supports Chirwa and Phiri (2007) and Muthoni et al. (2008) who concluded that these 

varieties are among the top four most preferred varieties in the Central Region of 

Malawi. 

 

Table 4.15 Zero consumption of different varieties of common bean by location 

Variety  Sample proportion (%) of zero consumption by location 

High Medium Low Pooled  

Kabalabala 86.20 66.07 84.09 84.43 

Napilira 61.84 42.86 75.00 61.14 

Phalombe 7.76 12.5 25.00 9.17 

Khaki 57.41 46.43 59.09 56.62 

Nanyati 62.52 42.86 63.64 60.99 

Mixed beans 83.99 78.57 84.09 83.55 

N 584 56 44 645 
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Table 4.16 Proportion of households by frequency of consumption of different 

varieties of common bean and location 

Variety  Proportion of households (%) 

High Medium Low Pooled  

Kabalabala 6.30 

0.34 

0.17 

1.87 

17.86 

1.79 

0.00 

5.36 

4.55 

6.82 

0.00 

0.00 

7.13 

0.14 

0.15 

1.02 

Napilira 20.78 

4.60 

3.92 

4.26 

26.79 

10.71 

1.79 

8.93 

2.27 

0.00 

9.09 

9.09 

20.09 

4.80 

4.08 

4.95 

Phalombe 4.26 

6.64 

11.41 

66.27 

7.14 

10.71 

3.57 

60.71 

9.09 

9.09 

6.82 

45.45 

4.80 

7.13 

10.48 

64.48 

Khaki 10.56 

9.71 

7.50 

10.05 

10.71 

12.50 

5.36 

17.86 

0.00 

4.55 

11.36 

20.45 

9.90 

9.61 

7.57 

11.35 

Nanyati 9.03 

8.18 

4.94 

10.90 

12.50 

3.57 

7.14 

26.79 

2.27 

6.82 

2.27 

20.45 

8.88 

7.71 

4.95 

12.81 

Mixed beans 5.79 

2.39 

0.85 

2.21 

1.79 

1.79 

1.79 

7.14 

2.27 

2.27 

2.27 

4.55 

5.24 

2.33 

1.02 

2.77 

All beans  3.02 

3.91 

12.46 

80.60 

5.66 

11.32 

1.89 

8.11 

4.55 

2.27 

15.91 

70.45 

3.35 

4.42 

11.89 

80.34 

N 558 49 38 645 

Note: normal, italic, bold, and underlined values in a cell represent less than once per 

month, once per month, once every two weeks, and once or more per week respectively. 
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4.4.5 Pairing options of common beans  

The preceding section looked at the consumption patterns of common beans. It is thus 

essential to look at the pairing options available for common beans in households in 

order to have a full picture of the preference spectrum associated with common beans. 

Table 4-17 presents the pairing options that were available for the sample. Majority 

(above 93%) of the households paired common beans with cereals. Cereals (especially 

maize) are dominant staples in Malawi. As such it is not surprising to see majority of 

the households pairing common beans with cereals. Second option for pairing is meat. 

Apart from beans serving as vegetables, a lot of households pair common beans and 

meats to meet their preferences and nutritional requirements. Akerele et al. (2013) and 

Kumar et al. (2011) reported similar findings in Nigeria and India, respectively. The 

proportion of the households that paired beans with either meat or fish is lowest in the 

high-density areas since most of these households can’t afford to consume more than 

one source of protein per meal.  

 

Table 4.17 Proportion of households by pairing options of beans and location 

Pairing option Proportion of household by location 

High Medium Low Pooled  

Cereal (maize, rice, millet, and 

sorghum) 

94.89 94.59 93.21 94.76 

Cereal products (e.g. bread) 43.44 55.32 72.76 46.29 

Plantains and bananas 15.16 14.23 36.38 16.45 

Roots and tubers (cassava, potatoes, 

and yams) 

27.08 35.70 45.44 43.52 

Groundnuts  35.26 30.30 38.57 35.08 

Meat (beef, chicken, and pork) 44.98 64.28 72.76 48.33 

Fish (fresh, dried, and tinned)  27.94 42.81 43.25 30.13 

N 558 49 38 645 
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4.5 Common bean prices  

Prices are an ingredient in the budget share equations estimated through a demand 

system. Thus, an understanding of pricing patterns is essential as it informs both the 

estimation of a demand model and the price elasticities calculated from it. Table 4-18 

presents the mean and median prices of the varieties analyzed. Overall, Nanyati has the 

highest prices seconded by Khaki variety. The inter-comparison of mean prices by 

location shows no clear-cut pricing pattern in terms of magnitude; each location density 

has a variety that is priced highest than the other location. Nanyati variety is still the 

most expensive variety in the high and medium-density areas while Napilira reigns in 

the low-density areas. The price of Napilira is unusually high in the low-density areas. 

This may be the result of value-addition and packaging. Overall, the cheap variety is 

mixed beans. Mixed bean is the cheapest since it contains a mixture of different 

varieties while consumers mostly prefer sorted and graded beans (Mkanda, 2007). 
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Table 4.18 Prices of different varieties of common beans by location 

Variety  Price by location 

High Medium Low Pooled  

Kabalabala 660.32 

(650) 

544.27 

(525.00) 

579.89 

(579.89) 

645.71 

(650.00) 

Napilira 590.60 

(615.56) 

735.31 

(780.00) 

978.55 

(1217.63) 

627.24 

(630.00) 

Phalombe 716.68 

(700.00) 

727.10 

(700.00) 

753.23 

(800) 

719.87 

(700.00) 

Khaki 760.67 

(721.54) 

726.04 

(600.00) 

679.82 

(575.00) 

752.67 

(721.54) 

Nanyati 768.28 

(792.86) 

842.05 

(718.58) 

611.93 

(650.00) 

764.28 

(792.86) 

Mixed beans  547.61 

(537.50) 

742.86 

(742.86) 

619.32 

(619.32) 

568.12 

(547.61) 

Note: Values in brackets are median values 

 

4.6 Factors influencing quantity demanded of common beans 

This section discusses factors that influence quantity demanded of different common 

beans. Non-consuming households (39% households of the sample) provided the 

general factors that deter them from purchasing the beans, and the factors that can 

persuade them to eat common beans.  

 

4.6.1 Factors that deter purchase of common beans by non-consuming 

households 

Table 4-19 shows that most non-consuming households did not buy common beans 

because of health reasons. Second from health reasons is preparation inconvenience. 

Beans take time to prepare and demand more cooking energy than other relish hence in 
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cases where time is crucial or cooking energy is limited they bring a lot of preparation 

inconveniences. 

 

 Table 4.19 Proportion of non-consuming households by non-consuming factors and 

location  

Factor Proportion of non-consuming households by 

location 

High Medium Low Pooled  

It is an inferior product 0.00 0.00 0.00 0.00 

Health reasons 37.93 16.67 50.00 35.90 

Religion/taboo 0.00 0.00 0.00 0.00 

Expensive  3.44 0.00 0.00 2.56 

Risk of social embarrassment  0.00 0.00 0.00 0.00 

Preparation inconvenience 31.03 16.67 25.00 28.21 

One household member does not 

like beans 

0.00 16.67 0.00 2.56 

Beans not considered as a meal 

option 

10.34 0.00 0.00 7.69 

Do not know how to prepare it 0.00 0.00 25.00 2.56 

Do not believe beans are healthy 0.00 0.00 0.00 0.00 

Do not like them  0.00 16.67 0.00 2.56 

N 26 7 6 39 

 

 

4.6.2 Factors that persuade people to eat common beans  

Among the non-consuming households, majority in each density and the pooled sample 

valued good health benefits associated with consumption of beans as a factor that can 

persuade them to eat common beans (refer Table 4-20). Larochelle et al. (2015) explains 

that some of the health benefits associated with consumption of common beans include 



84 

 

low salt and fat content, and zero cholesterol besides richness in protein and improved 

iron absorption. This explains why richness in protein and improved iron consumption 

also gained a lot of prominence (refer Table 4-20) among the factors that can persuade 

consumers to buy common beans. It is eminent to see that factors to do with health and 

nutrition gained a lot of prominence with the current increased awareness of ‘health 

eating’ at national and global levels. Fast cooking time also gained a lot of prominence 

and this was expected with the current scarcity and costly nature of cooking energy in 

Malawi (NSO Malawi, 2012).  

 

Table 4.20 Factors that persuade consumers to buy common beans by location 

Source of persuasion Proportion of non-consuming households 

by location 

High Medium Low Pooled  

High nutritive value  24.14 16.64 0.00 20.51 

Rich in protein 27.58 16.64 50.01 28.21 

Cheap source of proteins than 

animals 

17.24 0.00 0.00 12.82 

Faster cooking time 24.14 16.64 50.01 25.64 

Good health benefits 34.48 16.64 50.01 33.33 

Reduce risk of getting cancer 24.14 0.00 50.01 23.08 

Enhance social status 17.24 16.64 24.96 17.95 

No social embarrassment  24.14 33.35 50.01 28.21 

Increase iron absorption  31.04 33.35 50.01 33.33 

Improved pairing options in diets  13.80 0.00 0.00 10.26 

If income increased by 10% 13.80 0.00 0.00 10.26 

If income increased by 30% 6.90 0.00 0.00 5.13 

From people they respect  6.90 0.00 0.00 5.13 

N 26 7 6 39 
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4.7 Summary  

The aim of this chapter was to provide a descriptive summary of different household 

characteristics and other variables that were used in the estimation of demand model 

presented in the subsequent chapter. Dwelling on the household characteristics, the 

average household size is 4.15 adult equivalent and households are composed mostly 

of adults. Majority of the household heads are married and employed. The mean 

monthly income for the household is MK109861 and the mean monthly food 

expenditure is MK45993. In terms of consumption of common beans, majority of the 

households consume common beans more than once per week and prefer the Phalombe 

variety. Common bean is consumed as main relish or as a vegetable especially when 

paired to meats. The factors that contribute to its purchase include its associated 

nutrition and health benefits. On the other hand, non-consumers don’t purchase of 

common beans because of preparation inconvenience, preference, health reasons and 

expensiveness. In terms of pricing, prices of common beans average about MK700. The 

is no clear-cut pattern in magnitude of prices as we move from high to low-density 

areas, but the Khaki variety was the most expensive in the high and medium-density 

areas while Napilira was observed the highest priced in the low-density areas.  

 

 

 



86 

 

CHAPTER FIVE 

HOUSEHOLD DEMAND FOR COMMON BEANS 

 

5.1 Introduction  

This chapter presents the results on the household demand for common beans in 

Lilongwe district of Malawi. The study objectives were: (1) to assess the sensitivity of 

budget shares for common beans to price and income effects; and (2) to assess the 

responsiveness of quantity demanded to price and income changes. To achieve the first 

objective, the study estimated a QuAIDS model which was estimated in a two-stage 

modelling framework in order to address the problem of zero consumption (refer 

Chapter three). The first stage estimated a multivariate probit model from which the 

pdfs and cdfs were calculated. The pdfs and cdfs fed in the second stage which 

estimated the QuAIDS model in order to address the problem of zero consumption. 

Results from all the stages are reported and discussed in the subsequent sections. For 

each stage, diagnostic tests are first presented before the model results. In order to 

achieve the second objective, this study calculated demand elasticities (see section 

3.4.3) using the QuAIDS results. Overall, the study tested four hypotheses namely: (1) 

income of the household and prices affect the budget share of a common bean variety; 

(2) a unit percentage increase in own-price of a common bean variety decreases the 

quantity demanded by a less than unit percentage; (3) a unit percentage increase in price 

of a common bean variety increases the quantity demanded of other common bean 

varieties by more than a unit percentage; and (4) a unit percentage increase in income 

of the household increases the quantity demanded of a common bean variety by less 

than a unit percentage.  

 



87 

 

5.2 Multivariate probit model 

5.2.1 Diagnostic tests for the multivariate probit model  

This study estimated a multivariate probit model as the selection equation of the 

Shonkwiler and Yen (1999) two-stage demand system estimation. As discussed in 

chapter three, the purpose of estimating the multivariate probit was to predict the cdf 

and pdf. The cdf and pdf fed into the demand system as shown by Shonkwiler and Yen 

(1999) and later by a variety of studies (see section 2.4). Greene (2003), Gujarati (2004) 

and Maddala (1983) advise that special attention should be paid to multicollinearity, 

heteroskedasticity, and non-normality when estimating a probit regression. The 

Shonkwiler and Yen (1999) approach requires normality of residuals from the selection 

equation before estimating the outcome equation. All the above tests were done and the 

result are reported below.   

 

5.2.1.1 Multicollinearity  

Multicollinearity exists when two or more predictors are correlated in the model. When 

it occurs, it is difficult to separate the independent effect of each parameter estimate on 

the dependent variable and there is limited confidence in any results based on the 

estimates (Maddala, 1983).  There are basically two types of multicollinearity namely 

structural44 and data–based45 multicollinearity. This study used the Variance Inflation 

Factors (VIF) to detect the overall multicollinearity. VIF is superior to other modes of 

testing multicollinearity (such as pairwise correlations46) because it shows both the 

presence and severity of multicollinearity in a simpler manner. Table 5-1 shows the 

                                                 
44 Structural multicollinearity results from the equations we create i.e. a regression containing a predictor 

and its square. 
45 Data-based multicollinearity results from poor data which often is a result of poorly designed surveys 

and experiments.  
46 For more on measures of association refer Greene (2003), Gujarati (2004), and Maddala (1983).  
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results on the VIF. A mean VIF of 10 and above signals intolerable multicollinearity 

(Maddala, 1983). Based on the results in Table 5-1, this study concludes that there was 

no intolerable multicollinearity.  

 

Table 5.1 Multicollinearity test of variables in multivariate probit model  

Variable  VIF 

Marital status 1.05 

Location  

Low-density 

Medium-density 

 

1.89 

1.85 

Food expenditure  1.48 

Household size  1.11 

Prices  

Kabalabala 

Napilira 

Phalombe 

Khaki 

Nanyati 

Mixed beans 

 

1.33 

1.56 

1.17 

1.26 

1.35 

1.51 

Mean VIF 1.42 

 

 

5.2.1.2 Heteroskedasticity 

Heteroskedasticity (opposite of homoskedasticity) occurs when there is non-constant 

variance for any independent observations or explanatory variables. When it is present, 

it leads to inconsistent parameter estimates and wider confidence intervals (Gujarati, 

2004). Due to lack of a post-estimation check for heteroskedasticity in Stata after 
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multivariate probit model, this study estimated the robust-regression47 form of the 

multivariate probit model. This self-cures heteroskedasticity and allows for 

heteroskedasticity-consistent standard errors. 

 

5.2.1.3 Normality  

Normality in the residuals is an inherent requirement for a probit regression (Greene, 

2003; Klein and Spady 1993; Shonkwiler and Yen 1999). This study checked normality 

in the residual of the multivariate probit model using both graphical and statistical 

methods. The graphical and numeric method used were kernel-density plot and 

Shapiro-Wilk test of normality, respectively. All the methods employed showed a 

normal distribution of the residual from the multivariate probit model. Table 5-2 shows 

the results from the Shapiro-Wilk normality test (with null hypothesis of normality). 

The associated p-value from the hypothesis testing is not significant (leads to failure to 

reject the null hypothesis of ‘there is no non-normality’) showing that the multivariate 

probit model residual is normally distributed. Figure 5-1 shows the kernel-density plot 

of the multivariate probit model residual. The distribution is almost the same as that of 

its normal counterpart. 

 

Table 5.2 Shapiro-Wilk normality test of multivariate probit model residual 

Variable  Z P-value 

Mvprobit_Residual 1.204 0.1142 

 

  

                                                 
47 Robust regression is a kind of regression estimated when there is belief of presence of 

heteroskedasticity and non-normality in the error terms. It involves\transforming the data to minimize 

the effect of extreme observations. Its generates robust standard errors and enables proper significance 

testing (Greene, 2003; Maddala, 1983) 
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    Figure 5.1 Stata’s kernel-density plot of multivariate probit model residual 

 

 

5.2.2 Results from the multivariate probit model 

Food choice is a process that results from the competing, reinforcing and interacting 

influences of a variety of factors. The factors may range from the sensory, 

psychological and physiological responses of consumers to the interaction between 

social, environmental and economic influences (Moscati, 2007). As presented in 

section 3.4.2.1, the multivariate probit model was used as the selection equation of the 

Shonkwiler and Yen (1999) approach in order to obtain the cdf and pdf for the 

estimation of the outcome equation. The model included socioeconomic factors, 

location and prices, and featured six varieties of common beans.  

 

An application of Lancaster (1966) utility theory clearly stipulates that the choice of 

common beans does not only depend on the aforementioned factors only, but also on 

bean attributes. However, due to data limitation, the attributes were not available. As 

such, this study only included prices as identifying variables in the model. The use of 
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prices as identifying variables in the multivariate probit model is not a very weak 

procedure considering that prices are also impacted by the attributes (Muthoni et al., 

2008) and thus reflect on the attributes.  

 

Besides data limitation problems, a multivariate probit model cannot handle specific 

bean attributes in modelling choice behaviour because of its theoretical background 

(refer to Maddala, 1983), yet it is the only parametric selection equation that can be 

used to calculate the cdf and pdf in the Shonkwiler and Yen (1999) approach48. Thus if 

inferences on choice of beans were to be made, this study would (beside the Shonkwiler 

and Yen (1999) approach) have considered models such as mixed logit model49 that can 

properly handle specific product attributes. Consequently, this study estimated the 

multivariate probit for cdf and pdf calculations only. 

 

Table 5-3 presents result from the multivariate probit model. It is evident from the 

results that the choice of common beans is affected by socioeconomic factors, location, 

and own and cross prices besides specific bean attributes (as stipulated by literature) 

that were not included in the model. The constant terms are larger than any other terms 

in the model signalling that the model has left out important factors. This is so because 

critical bean attributes were not included in the model due to data limitation and the 

inherent weakness50 of the multivariate probit model. Even though no inferences are 

made on the results from the multivariate model, the significance of the factors concur 

                                                 
48 This is the sole reason why when normality in the residuals of the multivariate probit model fails to 

hold, semiparametric and non-parametric procedures are considered. 
49 Mixed logit model is built on foundations of Lancaster (1966) utility framework which notices that 

choice of a product such as a variety of common bean emanates from utility which results from an 

interaction of variety of factors that include consumer and product attributes.  
50 The micro foundation of multivariate probit model is not based on Lancaster (1963) utility theory 

which is the sole ingredient if choice of common beans is to be modelled and proper inference be made.  
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with Akerele et al. (2013) and Temitrope and Haruna (2013) and paves way for the 

subsequent demand system estimation by showing that demand of beans is sensitive to 

prices.  

 

Table 5.3 Results from the multivariate probit model 

Note: Values in brackets are standard errors MAR, marital status; EXPfood , food 

expenditure; HH, household size; LD, low-density; MD, medium-density; CST, 

constant; *** means significant at 1%, ** means significant at 5%, * means significant 

at 10%. 

 Choice 
 

Kabalabala 

(1) 

Napilira 

(2) 

Phalombe 

(3) 

Khaki 

(4) 

Nanyati 

(5) 

Mixed 

(6) 

Constant 7.5369 

(4.9225) 

13.0633*** 

(3.6634) 

3.6634 

(3.4053) 

9.5565*** 

(3.6759) 

5.0390 

(3.9239) 

8.8673* 

(4.8092) 

MAR  0.3648* 

(0.2040) 

-0.1712 

(0.1238) 

0.1958 

(0.1302) 

0.1113 

(0.1258) 

0.2564* 

(0.1315) 

0.2851 

(0.1921 

HH 0.1023 

(0.1747) 

0.1991 

(0.1412) 

0.3964*** 

(0.1428) 

0.0649 

(0.2152) 

0.3230*** 

(0.1218) 

0.2666 

(0.1692) 

Ln(EXPfood) 0.1587 

(0.1332) 

0.0379 

(0.0894) 

0.0059 

(0.1000 

0.1135 

(0.0892) 

0.0401 

(0.0812) 

0.0214 

(0.1096) 

LD 0.1573 

(0.3610) 

0.3312 

(0.3196) 

-0.8289*** 

(0.2874) 

0.0629 

(0.3055) 

-0.4101 

(0.3507) 

0.4746 

(0.3818) 

MD  0.0023 

(0.3423) 

0.1137 

(0.2783) 

-0.5540** 

(0.2638) 

-0.1847 

(0.2786) 

0.2177 

(0.2928) 

0.2609 

(0.3882) 

Ln (P1) -0.9227 

(0.6763) 

-0.7897** 

(0.3935) 

-0.0598 

(0.3902) 

-0.5066 

(0.3841) 

-0.1852 

(0.3743) 

-0.5858 

(0.5505) 

Ln (P2) -0.0288 

(0.3121) 

-0.8423** 

(0.3337) 

-0.0193 

(0.2388) 

0.1458 

(0.2702) 

-0.0779 

(0.2642) 

-0.7126* 

(0.2952) 

Ln (P3) -0.4222* 

(0.2306) 

-0.2250 

(0.1713) 

-1.2073*** 

(0.1761) 

0.4364** 

(0.1858) 

0.0563 

(0.1761) 

-0.3055 

(0.2213) 

Ln (P4) -0.4763** 

(0.2301) 

-0.0644 

(0.2368) 

0.4040* 

(0.2158) 

-1.7674*** 

(0.2760) 

0.2934 

(0.2398) 

-0.0455 

(0.2630) 

Ln (P5) 0.1154 

(0.3084) 

-0.1892 

(0.2618) 

0.0457 

(0.3075) 

0.6989** 

(0.2777) 

-1.6552*** 

(0.3806) 

0.1458 

(0.3627) 

Ln (P6) -0.0029 

(0.4290) 

-0.8435 

(0.3817) 

0.3345 

(0.3845) 

-0.8100** 

(0.3627) 

0.54764 

(0.4795) 

-0.2433) 

(0.6020) 

n=684       



93 

 

 

 

5.2.3 Calculation of cdf and pdf from the multivariate probit model  

The Shonkwiler and Yen (1999) approach requires that the cdf and pdf should be 

obtained from the selection equation and used in the estimation of the outcome equation 

which is the second stage of the approach. As shown in section 3.4.2.1, the cdf 

multiplies all the right-hand variables in the outcome equation while the pdf is treated 

as an added regressor. This helps to correct for the problem of zero expenditures on 

some products analysed during the survey period. Duly, the cdf and pdf were predicted 

from the multivariate model. Thereafter, the cdf was multiplied to all the regressors in 

the demand system estimation while the pdf was treated as an added regressor. 

 

5.3 Complete demand system estimation   

As shown in chapter three, both the QuAIDS and LA/AIDS were estimated. Thereafter, 

one model was chosen among the two to represent consumer demand for common beans 

in Lilongwe District. The choice of the model was based on diagnostic tests. The 

diagnostic tests involved testing the approach, the data, and the performance of the 

models. The subsections below present the results from the diagnostic tests, model 

output and the associated demand elasticities.  

 

5.3.1 Diagnostic tests for the QuAIDS and the LA/AIDS model  

5.3.1.1 Approach-based diagnostic tests 

The Shonkwiler and Yen (1999) two-stage approach has two critical assumptions 

namely normality of the residual from the selection equation and the correlation of the 

errors from the selection and outcome equations. Normality of the errors from the 
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multivariate probit model was tested in section 5.2.1.3.and the results rejected the null 

hypothesis of no normality. Table 5-4 presents the correlation test (with null hypothesis 

of no correlation) of the residual from the multivariate probit model and the QuAIDS 

and LA/AIDS independently. The test fails to reject the null hypothesis of no 

correlation among the aforementioned residuals for both models. Thus the two-stage 

modelling framework was deemed valid for the analysis. On a further note, this study 

made efforts to test for significance of the pdfs in the QuAIDS and LA/AIDS through 

the Wald tests as this confirms the validity of the Shonkwiler and Yen (1999) two-stage 

approach. Table 5-5 presents the results of the test in each equation of each model and 

the pooled sample. The results indicate overall significance of the pdfs in the equation, 

implying the importance of the Shonkwiler and Yen (1999) two-stage approach to the 

estimation of the demand systems.  

 

Table 5.4 Multivariate probit and demand system error correlation 

 Error correlations 

Multivariate probit and 

LA/AIDS 

Multivariate probit and 

QuAIDS 

Correlation coefficient 0.0386 -0.0102 

P-value 0.3120 0.7993 
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Table 5.5 Testing for significance of pdfs in the QuAIDS and LA/AIDS 

Equation  𝜒2 

 LA/AIDS QuAIDS 

KB 3.61* 5.60** 

NP 0.03 2.69 

PH 5.74** 90.85*** 

KH 0.52 1.12 

NY 6.40** 9.64*** 

MB 3.78 147.99*** 

Overall  24.91*** 237.72*** 

Note: KB, Kabalabala; NP, Napilira; PH, Phalombe; KH, Khaki; NY, Nanyati; MB, 

mixed beans; ***, significant at 1%; **, significant at 5%; *, significant at 10%. 

 

 

5.3.1.2 Data-based diagnostic tests 

Test for multicollinearity  

As discussed in section 5.2.1.1, multicollinearity is a serious issue that affects the 

accuracy of results in a regression framework. Duly, this study made efforts to test for 

multicollinearity of the equations included in both the QuAIDS and the LA/AIDS. VIFs 

were used to test for multicollinearity and Table 5-6 presents the results. The estimated 

equations in each model used different sets of cdf and pdf thereby making the predictors 

to differ across the equations as illustrated in section 3.4.2.1. This being the case, mean 

VIFs are reported for each equation in each model. All the mean VIFs are far much less 

than 10, making the study fail to reject the hypothesis of no intolerable multicollinearity 

for both models.  
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Table 5.6 Multicollinearity test of variables in LA/AIDS and QuAIDS 

Equation  Mean VIF 

LA/AIDS QuAIDS 

KB 1.30 1.27 

NP 1.54 1.48 

PH 1.52 1.47 

KH 2.37 2.22 

NY 1.60 1.54 

MB 1.26 1.23 

Note: KB, Kabalabala; NP, Napilira; PH, Phalombe; KH, Khaki; NY, Nanyati; MB, 

mixed beans 

 

 

Test of restrictions 

The AIDS model gives a researcher the possibility to impose and/or test the validity of 

underlying consumer demand theory in economics (Deaton and Muellbauer, 1980). 

Thus, the underlying theory of the AIDS can be tested if it is supported by the data at 

hand. Results from such tests do not affect the model estimation and validity, but rather 

it is worth noting if the data supported the validity of the restrictions imposed. In this 

regard, this study tested the symmetry and homogeneity restrictions to see if they were 

supported by the data. Following Abdulai (2002), Alviola (2010), and Leserer (2010); 

this study tested the restrictions using the likelihood ratio test51.  Three types of 

restriction tests were performed namely homogeneity52, symmetry53, and homogeneity 

and symmetry all together. Table 5-7 shows that the calculated chi-square statistics are 

                                                 
51 In likelihood ratio test: based on the restriction at hand, the unrestricted and restricted models are 

estimated and the maximum log-likelihoods L0 and L1 obtained. The ratio L0 / L1 is calculated and it 

follows a chi-square distribution. 2=-2Log (L0 / L1) is compared to the tabulated 2 with k-degrees of 

freedom 
52 The null hypothesis of homogeneity test is that the data supports the homogeneity restriction 
53 The null hypothesis of symmetry test is that the data supports the symmetry restriction 
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highly significant implying that in all cases the data rejected the validity of the 

restrictions imposed.  

 

Table 5.7 Testing restrictions of demand theory 

Restriction  QuAIDS LA/AIDS 

𝜒2 Verdict on 

null 

hypothesis 

𝜒2 Verdict on 

null 

hypothesis 

Homogeneity  34.97*** Rejected 35.50*** Rejected 

Symmetry  20.14*** Rejected 15.64*** Rejected 

Homogeneity and 

symmetry  

53.26*** Rejected 51.97*** Rejected 

Note: Asterisks; *** means significant at 1%, ** means significant at 5%, * means 

significant at 10%. 

 

 

5.3.1.3 Model-based diagnostic tests 

Test of specification 

Misspecification of a model comes due to the functional form used or due to the effect 

of omitted variables. When estimating the AIDS model, it is very essential to check for 

misspecification. In chapter three, we showed that the most competing variants of the 

AIDS model for this study are the QuAIDS and LA/AIDS models. For precision’s sake, 

both models were estimated and specification tests based on functional form54 and 

effect of omitted variables55 were performed. Table 5-8 and Table 5-9 present the 

results. The overall result in Table 5-8 rejects the hypothesis that there is no need for 

                                                 
54 The null hypothesis of the functional form test is that there is no need for the quadratic expenditure 

term 
55 The null hypothesis of the specification test based on effect of omitted variables is that there is no 

effect of the omitted variables 
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the quadratic expenditure term in the demand system estimation. Hence QuAIDS is 

superior to LA/AIDS. However, for both models as shown in Table 5-9, the effect of 

omitted variables is significant across majority (83.33%) of the equations estimated 

suggesting that both could have been improved by adding more variables.  

 

Table 5.8 Specification test based on functional form  

Equation 𝜒2 Verdict on null 

hypothesis 

KB 0.22 Accepted 

NP 0.00 Accepted 

PH 42.80*** Rejected 

KH 0.00 Accepted 

NY 0.12 Accepted 

MB 108.57*** Rejected 

Overall   121.80*** Rejected 

 Note: KB, Kabalabala; NP, Napilira; PH, Phalombe; KH, Khaki; NY, Nanyati; MB, 

mixed beans; ***, significant at 1%; **, significant at 5%; *, significant at 10%. 

 

Table 5.9 Specification test based on the effect of omitted variables 

Equation  H0: Model has no omitted variables 

QuAIDS LA/AIDS 

F Verdict F Verdict 

KB 17.74*** Rejected 17.90*** Rejected 

NP 7.88*** Rejected 7.96*** Rejected 

PH 5.95*** Rejected 6.03*** Rejected 

KH 3.54** Rejected 3.54** Rejected 

NY 5.85*** Rejected 5.83*** Rejected 

MB 0.85 Accepted  0.50 Accepted 

Note: KB, Kabalabala; NP, Napilira; PH, Phalombe; KH, Khaki; NY, Nanyati; MB, 

mixed beans; ***, significant at 1%; **, significant at 5%; *, significant at 10%. 
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Test of heteroscedasticity  

The study estimated the QuAIDS model using robust regression framework (for more 

on robust regression see section 5.2.1.2). This self-heals heteroskedasticity and allow 

for estimation of heteroskedastic-consistent standard errors. However, for the 

LA/AIDS, STATA’s SUR framework does not have an option for robust regression. 

Hence, efforts were made to test for heteroskedasticity56 after the LA/AIDS. Table 5-

10 presents result from the test. The study tested for heteroskedasticity in each equation 

and the results indicate presence of heteroskedasticity in the LA/AIDS model and this 

necessitating for correction for heteroskedasticity if inferences are to be made from the 

model.    

 

Table 5.10 Test of heteroskedasticity 

Equation  𝜒2 

KB 532.06*** 

NP 71.34*** 

PH 4.15** 

KH 64.41*** 

NY 38.06*** 

MB 0.90 

Note: KB, Kabalabala; NP, Napilira; PH, Phalombe; KH, Khaki; NY, Nanyati; MB, 

mixed beans; ***, significant at 1%; **, significant at 5%; *, significant at 10%. 

 

 

Test of expenditure endogeneity  

Expenditure endogeneity occurs when the expenditure variable in the budget share 

equation is correlated with the equation errors. Disregarding expenditure endogeneity 

                                                 
56The null hypothesis of the test of heteroscedasticity is that the is no heteroskedasticity 
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and treating expenditure as exogenous in demand models often results in inconsistent 

and biased estimates (Agostini, 2014).  Hence a formal test of expenditure 

endogeneity57 is important to any demand system estimation. This study adopted the 

augmented regression approach (Blundell and Robin, 1999) to test for expenditure 

endogeneity. In the first step, the study regressed all the cdf-multiplied price variables, 

the pdfs, and income and its square on the expenditure variable for each product 

category. Residuals were predicted from each equation and included in the budget share 

equations. The significance of the residual (which is test for endogeneity) for each 

equation was tested using the Wald test. The overall significance of the residuals was 

also tested using the Wald test. Table 5-11 reports the results for both the QuAIDS and 

LA/AIDS models. The overall result suggests no expenditure endogeneity for both 

models. 

 

Table 5.11 Test of expenditure endogeneity 

Equation  QuAIDS LA/AIDS 

𝜒2 Verdict on null 

hypothesis 

𝜒2 Verdict on 

null 

hypothesis 

KB 1.42 Accepted 3.75* Rejected 

NP 0.16 Accepted 0.10 Accepted 

PH 0.27 Accepted 0.06 Accepted 

KH 4.71* Rejected 1.38 Accepted 

NY 0.02 Accepted 0.20 Accepted 

MB 0.19 Accepted 0.05 Accepted 

Overall  0.47 Accepted 6.87 Accepted 

Note: KB, Kabalabala; NP, Napilira; PH, Phalombe; KH, Khaki; NY, Nanyati; MB, 

mixed beans; ***, significant at 1%; **, significant at 5%; *, significant at 10%. 

 

                                                 
57 The null hypothesis of expenditure endogeneity is that there is no expenditure endogeneity 
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5.3.2 Choice of demand model 

Based on the model performance diagnostic tests namely specification tests, 

heteroscedasticity, restriction test, and expenditure endogeneity, this model chose the 

QuAIDS over the LA/AIDS as the best representation of consumer demand for beans. 

The specification tests supported the assertion that the QuAIDS is superior to the 

LA/AIDS model. Based on the heteroskedasticity test, the LA/AIDS suffered from 

heteroscedasticity. The restriction tests were not in favor of theory of any of the models. 

However, since restriction tests only help to test if the data supports the underlying 

demand theory and not reject/accept a demand model, both the QuAIDS and LA/AIDS 

can still be estimated. The expenditure endogeneity tests for both models supported the 

null hypothesis of no expenditure endogeneity for both models. Based on the aforesaid 

tests, this study chose the QuAIDS over the LA/AIDS as a representation of consumer 

demand. Table 5-12 summarizes the model-based diagnostic tests performed and the 

verdict on the choice between the QuAIDS and the LA/AIDS.  

 

Table 5.12 Choice between LA/AIDS and QuAIDS 

Test Results based on model 

QuAIDS LA/AIDS 

Specification  Valid  Not valid  

Restriction  Not valid  Not valid 

Heteroscedasticity Valid  Not valid 

Expenditure endogeneity  Valid  Valid  

Verdict  Valid  Not valid  
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5.3.3 Results from the QuAIDS model 

Results from the QuAIDS model are reported in Table 5-13. The model included five 

budget share equations. The estimates of the sixth budget share recovered as explained 

in section 3.4.2.1.  For all the estimated equations, it is consistently observed that a 

small proportion of the price and income (proxied by expenditure) effects are 

significant. This implies little sensitivity of the budget shares of different types of 

common beans to price and income changes and suggests that there is more to 

household budget allocation of beans than price and income changes only. In 

compliment, Muthoni et al. (2008) noted that only a small variation in expenditure on 

beans is explained by prices and income because demand is largely affected by product 

attributes. On another note, Khaliukova (2014) explains that it is a common 

phenomenon and not surprising to find a small proportion of significant price and 

income effects in demand analysis involving cross-sectional data.  
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Table 5.13 IFGNLS estimates of the QuAIDS parameters  

 Expenditure share  
 

Kabalabala 

(1) 

Napilira 

(2) 

Phalombe 

(3) 

Khaki 

(4) 

Nanyati 

(5) 

Mixed 

(6) 

Constant -0.8191** 

(0.3765) 

-0.2040** 

(0.0983) 

-1.6410*** 

(0.5788) 

0.1834 

(0.3133) 

-0.5191 

(0.3374) 

3.9999*** 

(0.5529) 

𝑙𝑛𝑝1 -0.0323 

(0.0404) 

     

𝑙𝑛𝑝2 0.0354 

(0.0436) 

-0.0243 

(0.0774) 

    

𝑙𝑛𝑝3 -0.0302 

(0.0391) 

-0.0944 

(0.0947) 

-0.0729 

(0.3636) 

   

𝑙𝑛𝑝4 0.0041 

(0.0285) 

0.0625 

(0.0509) 

0.0870 

(0.1058) 

-0.2532*** 

(0.0966) 

  

𝑙𝑛𝑝5 0.0160 

(0.0385) 

-0.0482 

(0.0511) 

-0.0614 

(0.0854) 

0.1596*** 

(0.0557) 

-0.0688 

(0.1396) 

 

𝑙𝑛𝑝6 0.0071 

(0.0413) 

0.0690 

(0.0860) 

0.1719 

(0.2172) 

-0.0599 

(0.0972) 

0.0029 

(0.1475) 

-0.1909 

(2409) 

𝑙𝑛𝑒𝑥𝑝 -0.0017 

(0.0156) 

0.0199 

(0.0458) 

-0.3661*** 

(0.1117) 

0.0476 

(0.0431) 

0.0209 

(0.0370) 

0.2794*** 

(0.0744) 

𝑙𝑛𝑒𝑥𝑝2
 0.0005 

(0.0010) 

0.0001 

(0.0032) 

0.0484*** 

(0.0074) 

0.0001 

(0.0030) 

-0.0009 

(0.0025) 

0.0497*** 

(0.0048) 

PDF -1.0405*** 

(0.4398) 

-0.5024 

(0.3066) 

-3.0403*** 

(0.3190) 

-0.2767 

(0.2611) 

0.8931*** 

(0.2877) 

-5.7530*** 

(0.4729) 

n=680       

Note: Values in brackets are standard errors corrected for heteroskedasticity using 

robust regression; *** means significant at 1%, ** means significant at 5%, * means 

significant at 10% 

 

 

The presence of significant price and expenditure effects in the QuAIDS model makes 

us fail to reject the overall hypothesis that income and price changes affect the budgets 

allocated to different types of common beans, and further indicate the importance of 

considering income and prices in demand analysis as suggested by neoclassical micro 

theory of consumer demand. However, the interpretation of price and income effects is 
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best discussed in terms of elasticities (Aepli 2014; Bopape, 2006; Taniguchi and Chern, 

2000). As shown in chapter two, demand elasticities show the proportionate change that 

arises in quantity demanded of a product as a result of a unit percentage change in the 

analysed variable. Table 5-14 presents the calculated demand elasticities from the 

QuAIDS model using equations 22 to 30. 

 

5.3.4 Elasticities calculated from the QuAIDS result 

The elasticities58 calculated from the QuAIDS results include expenditure, income, 

price (both Marshallian and Hicksian) elasticities.  Income elasticities were calculated 

from expenditure elasticities using Chern et al. (2003) formula shown in section 3.4.3. 

A comparison of expenditure and income elasticities shows substantial differences, 

suggesting that demand studies especially for more disaggregated commodities should 

shun away from using expenditure elasticities as proxies for income elasticities, as this 

can be misleading for inferences.  The comparison of Marshallian and Hicksian price 

elasticities shows noticeable differences in signs and magnitude, signifying importance 

of expenditure effects in consumer demand decisions (Aepli 2014; Abdulai, 2002). 

However, both need to be estimated since Marshallian price elasticities are excellent at 

own-price (give own-price net of utility) effects while Hicksian price elasticities give a 

more accurate picture of cross-price substitution between commodities, since they are 

a measure of substitution effects net of income (Abdulai, 2012: Nicholson and Snyder, 

2008) 

 

                                                 
58 All the elasticities were approximately normally distributed and thus were calculated at their mean 

values. Quantile-quantile, Kernel density, and histogram plots were employed to check the distributions 

of the elasticities. Results on the distributions of all the elasticities have not been included but are 

available upon request. If the elasticities were skewed the mean would not provide the best measure of 

central tendency and the median would have been used in such case. The standard errors and p-values 

for the elasticities were calculated using the delta method. 



105 

 

It can be observed that all the income elasticities are positive except for mixed beans 

and all range from 0.0005 to 0.0090 (Table 5-14). This indicates that except for mixed 

beans, all the varieties of common beans analyzed are normal and necessity goods, 

consumption of which will increase with rising income. This result concurs with 

demand theory and also concurs Akerele et al. (2013) and Gonzalez and Wieck (2014) 

who concluded that beans are normal and necessity goods59. Their argument based on 

the elasticities was that beans are part and parcel of most traditional meals across the 

world, they act as cheap source of protein as compared to meat hence affordable to 

many and are also consumed as vegetables. Contrary to expectation; mixed beans have 

negative income elasticity and this suggests that mixed beans are inferior goods, of 

which consumption decreases with rising incomes. However, this result is not 

significant, but probably it may be because mixed beans have the lowest price (see 

section 4-5), and by Bennet’s law as explained by Bopape (2006), households switch 

from less to more expensive calorie consumption as their incomes rise.  

 

To provide a picture of demand for common beans due to prices, Table 5-14 presents 

the Marshallian and Hicksian price elasticities. The Marshallian own-price elasticities 

are larger in absolute values than the Hicksian. This is because the formulation of 

Marshallian price demand function allows for change in purchasing power, unlike the 

Hicksian demand function for which purchasing power is maintained (Nicholson and 

Snyder, 2008). Both the Marshallian and Hicksian own price elasticities are negative 

for all the varieties of common beans analyzed except for mixed beans. Negative own-

price elasticities conform to the law of demand which states that demand for a 

                                                 
59 It has to be noted that results in table 4.14 may seem contradictory. This is because figures in Table 

4.14 are nominal and don’t control for price effects unlike elasticities which are real.  
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commodity increases with a decrease in prices. Mixed beans have a positive own-price 

elasticity and this is contrary to literature and violates the law of demand. The result 

suggests that mixed beans belong to the category of Giffen goods. Quantity demanded 

of a good depends on both income and substitution effects and Varian (1987) explains 

that the case of a Giffen good is when a good has a negative income elasticity (more 

demand at low income) and this income effect is so large than the price effect (high 

price, less purchase of a good, more purchase of its substitute), causing the net effect 

of increase in demand due to rise in price. Thus the negative income elasticity found on 

mixed beans is in line with the finding that mixed beans belong to Giffen goods.  

 

Through a comparison of Marshallian own-price elasticity estimates, we can also see 

that the Napilira variety has a closer to unity own-price elasticity in absolute values 

than the other varieties. Since demand theory (Moscati, 2007) recognizes that the 

optimal own-price elasticity for any commodity is unity; therefore, our results suggest 

that the own-price elasticity of the Napilira variety is more optimal than those for the 

other varieties analyzed, and this essentially implies higher revenue generation 

capacity. This result is not surprising especially with the finding that this variety has 

high prices in the medium and low-density areas (see section 4-5). Chirwa and Phiri 

(2007) also noted that it is among the top three most preferred varieties of common 

bean in Malawi.  
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Table 5.14 Demand elasticity estimates for the QuAIDS model 

Note: Values in brackets are standard errors, *** significant at 1%, ** significant at 5%, * significant at 10% 

 
Price Expenditure Income 

 Kabalabala Napilila Phalombe Khaki Nanyati Mixed beans   

Marshallian 

Kabalabala  -1.0386*** 

(0.0003) 

0.0656*** 

(0.0005) 

-0.0400*** 

(0.0002) 

0.0028*** 

(0.0000) 

0.0336*** 

(0.0003) 

-0.0038*** 

(0.0001) 

1.0151*** 

(0.0001) 

0.0089*** 

(0.0004) 

Napilila 0.0782*** 

(0.0013) 

-1.0132*** 

(0.0002) 

-0.0520*** 

(0.0009) 

0.0711*** 

(0.0013) 

-0.0504*** 

(0.0009) 

0.0263*** 

(0.0005) 

1.0126*** 

(0.0001) 

0.0089*** 

(0.0004) 

Phalombe 0.1606*** 

(0.0039) 

0.1305*** 

(0.0031) 

-1.0424*** 

(0.0030) 

-0.0105*** 

(0.0009) 

0.1180*** 

(0.0028) 

-0.4967*** 

(0.0118) 

1.2445*** 

(0.0080) 

0.0115*** 

(0.0008) 

Khaki 0.0445*** 

(0.0006) 

0.0946*** 

(0.0013) 

0.2213*** 

(0.0031) 

-1.2860*** 

(0.0041) 

0.1873*** 

(0.0027) 

-0.1749*** 

(0.0025) 

1.0149*** 

(0.0001) 

0.0089*** 

(0.0004) 

Nanyati 0.0524*** 

(0.0014) 

-0.0231*** 

(0.0007) 

0.0143*** 

(0.0004) 

0.1547*** 

(0.0042) 

-1.0519*** 

(0.0015) 

-0.0968*** 

(0.0026) 

1.0265*** 

(0.0004) 

0.0090*** 

(0.0004) 

Mixed beans -0.8369*** 

(0.0143) 

-0.3031*** 

(0.0062) 

0.4803*** 

(0.0196) 

-1.5715*** 

(0.0289) 

-0.9215*** 

(0. 173) 

1.2048*** 

(0.0368) 

-0.0312 

(0.0199) 

-0.0005 

(0.0002) 

Hicksian 

Kabalabala  -1.0182*** 

(0.0038) 

0.0860*** 

(0.0037) 

-0.0195*** 

(0.0038) 

0.0231 

(0.0037) 

0.0540*** 

(0.0037) 

0.0165 

(0.0037) 
  

Napilila 0.1506*** 

(0.0070) 

-0.9408*** 

(0.0072) 

0.0204*** 

(0.0074) 

0.1435*** 

(0.0071) 

0.0220*** 

(0.0073) 

0.0987*** 

(0.0071) 
  

Phalombe 0.8926*** 

(0.0154) 

0.8924*** 

(0.0155) 

-0.3104*** 

(0.0167) 

0.7214 

(0.0159) 

0.8500*** 

(0.0155) 

0.2352*** 

(0.0221) 
  

Khaki 0.1555*** 

(0.0088) 

0.2057*** 

(0.0087) 

0.3324*** 

(0.0088) 

-1.1749*** 

(0.106) 

0.2984*** 

(0.0088) 

-0.0639*** 

(0.0098) 
  

Nanyati 0.1525*** 

(0.0084) 

0.0770*** 

(0.0085) 

0.1144*** 

(0.0084) 

0.2548*** 

(0.0090) 

-0.9518*** 

(0.0087) 

0.0035*** 

(0.0090) 
  

Mixed beans -0.8305*** 

(0.0163) 

-0.2966*** 

(0.0083) 

0.4871* 

(0.0188) 

-1.5651*** 

(0.0307) 

-0.9150*** 

(0.0351) 

1.2113*** 

(0.0351) 
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Pertaining to cross-varietal relationships, results on the Marshallian and Hicksian cross-

price elasticities provide a mixture of complementary and competitive varietal 

relationships (Table 5-14). There is no clear difference in magnitude and signs between 

the Marshallian and Hicksian cross-price elasticities. All the cross-price elasticities are 

inelastic and accordingly imply little sensitivity of demand for a variety due to cross 

price effects. It was difficult to compare these results with other findings since no study 

amongst the reviewed papers has studied beans at a more disaggregated level. However, 

Agostini (2014), Khaliukova (2014) and Taylor (2014) specify that competitive 

relationships are expected for varieties of the same commodity due to differences in 

prices and other attributes which define the preference spectrum of consumers. In 

addition, expenditure on one variety may mean no expenditure on the others. Thus the 

complementary relationships are somehow odd. A possible explanation to this 

phenomenon according to Katungi et al. (2009) and Mkanda (2007) is that households 

may prefer/buy two or even more varieties during a designated time period. Digging 

dip, it is possible for the preference spectrum of a consumer to be spread across two or 

more varieties, eventually making consumers purchase more than one variety (Katungi 

et al., 2009). 

 

In a demand study, it is possible to compare cross price elasticities in order to see the 

strongest complementary/competing relationships among the products analysed. In a 

more disaggregated study, for instance studying different varieties of a crop, this 

knowledge is essential for different players and processes in the crop’s value chain. 

Using estimated results on cross-price elasticities in this study, we can compare the 

competitiveness among the varieties and come up with the most competing varieties of 
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common beans. The highest positive cross price elasticity signifies the highest 

competition/substitution power. Thus according to the Hicksian cross-price elasticities 

presented in Table 5-14, the greatest competition occurs between the Phalombe and 

Kabalabala varieties, seconded by Phalombe and Napilira. In a nutshell, the 

Kabalabala and Napilira varieties are the two greatest competitors of the Phalombe 

variety, and can substitute the Phalombe variety at a rate higher than any other 

substitution among the varieties analysed. Muthoni et al. (2008) explains that in the 

Central Region of Malawi, Kabalabala, Napilira, Nanyati, and Phalombe are the most 

preferred varieties and often have the largest market shares. Thus, it is not surprising to 

see (Table 5-14) that Kabalabala, Napilira, and Nanyati are the three greatest 

competitors of the Phalombe variety, and can substitute it at a rate higher than any other 

substitution between two varieties among the varieties analysed.  

 

5.4 Results on hypothesis testing  

Four hypothesis were tested in this study. Table 5-1 summarizes the results on 

hypothesis testing. The results led to the rejection of the second and third hypotheses 

which, respectively stipulated that a unit percentage increase in own-price of a common 

bean variety decreases the quantity demanded by a less than unit percentage and a unit 

percentage increase in price of a common bean variety increases the quantity demanded 

of other common bean varieties. This is because all the own-price elasticities were 

elastic and cross-varietal relationships were both competitive and complementary. On 

the other hand, the study failed to reject the first and fourth hypotheses which stated 

that income of the household and prices affect the budget share of a common bean 

variety and a unit percentage increase in income of the household increases the quantity 

demanded of a common bean variety by less than a unit percentage. This is because 
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price and income effects were significant in the QuAIDS and all the income elasticities 

were positive and below unity. 

 

Table 5.15 Hypothesis testing 

Hypothesis Accepted/Rejected 

1. Income of the household and prices affect the budget 

share of a common bean variety 

Accepted 

2. A unit percentage increase in own-price of a common 

bean variety decreases the quantity demanded by a less 

than unit percentage 

Rejected 

3. A unit percentage increase in price of a common bean 

variety increases the quantity demanded of other 

common bean varieties 

Rejected 

4. A unit percentage increase in income of the household 

increases the quantity demanded of a common bean 

variety by less than a unit percentage 

Accepted 

 

 

5.5 Concluding remarks 

Each model estimated in this study was estimated with great attention to precision, 

assumptions and known estimation issues. The study methodology followed a two-

stage approach in which multivariate probit model and QuAIDS were estimated. 

Diagnostic tests were conducted for each model to ensure correct inference making. 

The multivariate probit model was estimated as the selection equation and first stage 

model of the two-stage approach. Thereafter the study predicted the cdf and pdf from 

the multivariate probit results. These fed into the QuAIDS model which was estimated 

as the outcome equation and second stage model. In the second stage, the study 
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estimated both the QuAIDS and the LA/AIDS and based on diagnostic tests; the 

QuAIDS was chosen as the best representation of consumer demand for common beans.  

 

Results from the multivariate probit model suggested that besides specific bean 

attributes (such as cooking time, grain size, grain colour, grain damage, flavour, taste, 

familiarity, and flatulence) stipulated by literature, household preference of common 

beans in Lilongwe depends on socioeconomic factors, location, and prices. Results 

from the QuAIDS model showed that price and income changes affect budget shares of 

different varieties of common beans. In terms of the elasticities computed from 

QuAIDS results: all the significant income elasticities were positive and far below 

unity; income elasticities were far much less than expenditure elasticities; all the own-

price elasticities were found to be above unity; the own-price elasticities were all 

negative except for mixed beans which had a positive own-price elasticity; the Napilira 

variety had a closer to unity own-price elasticities than the rest of the varieties; the 

cross-price elasticities were both positive and negative; and the price elasticities were 

larger in magnitude than income elasticities. Chapter six provides conclusions and 

recommendations based on the aforementioned results. 

 

 

 

 

 

  



112 

 

CHAPTER SIX 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

 

6.1 Summary and Conclusions 

Consumer demand information can signal the relative scarcity of goods and services, 

guide the decision of economic agents, and ensure mobility of commodities over time 

and across space. Henceforth, this study was conducted to analyse the demand of 

different varieties of common beans to price and income changes among households of 

different locations in Lilongwe District of Malawi. Specifically, the study (1) assessed 

the sensitivity of budget shares for six commonly traded varieties of common beans to 

price and income effects; and (2) assessed the responsiveness of the quantities 

demanded to price and income changes. The study made four hypotheses namely: (1) 

prices and income affect household budget share of common beans; (2) a unit 

percentage increase in own-price of a common bean variety decreases the quantity 

demanded by a less than unit percentage; (3) a unit percentage increase in price of a 

common bean variety increases the quantity demanded of other common bean varieties; 

and (4) a unit percentage increase in income of the household increases the quantity 

demanded of a common bean variety by less than a unit percentage. 

 

To assess the sensitivity of budget shares of common beans to price and income effects, 

the study used household survey data and estimated a complete demand system that 

featured six commonly traded varieties of common beans. The household survey data 

was collected in Lilongwe district by the bean value chain research network and 

included information on 10 varieties of common beans. The QuAIDS model was 

employed for the analysis and featured six commonly traded varieties of common beans 

namely Kabalabala, Napilira, Phalombe, Khaki, Nanyati, and mixed beans. The model 
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was estimated in a censored fashion were a two-stage approach was used in order to 

account for zero consumption of some of the varieties during the survey period. In the 

first stage a multivariate probit model was estimated. Thereafter, the cdf and pdf were 

predicted and fed into the second stage where the QuAIDS was estimated. The study 

estimated both the QuAIDS and its competitor LA/AIDS and based on the performance 

of each model chose the QuAIDS over the LA/AIDS as the best representation of 

demand for common beans among households in Lilongwe. In order to assess the 

responsiveness of quantity demanded of the varieties analysed to price and income 

changes, the study computed price and income elasticities from the QuAIDS results. 

Later, expenditure elasticities as proxies of income elasticities were used in calculation 

of income elasticities.  

 

The descriptive analysis showed that households in Lilongwe district are mostly 

composed of adults and average about 4.15 adult equivalent. Majority consume 

common beans more than once per week and prefer the Phalombe variety. This variety 

is highly preferred in all areas (high, medium, and low-density areas). Results from the 

multivariate probit model suggest that besides specific bean attributes (such as cooking 

time, grain size, grain colour, grain damage, flavour, taste, familiarity, and flatulence) 

stipulated by literature, household preference of common beans in Lilongwe depends 

on socioeconomic factors, location, and prices. Further to this, the descriptive analysis 

revealed that purchase of common beans is very likely to be influenced by perceived 

nutrition and health benefits. A scrutiny of the non-consuming households showed that 

high prices, preparation inconvenience, preference, and health reasons are the factors 

that deter the purchase of common beans. In terms of pricing, no clear-cut pattern in 

magnitude of prices exist as we move from high to low-density areas, but the Khaki 
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variety is the most expensive variety in the high and medium-density areas while 

Napilira  is the most expensive in the low-density areas. 

 

The QuAIDS model was estimated on the pooled sample (combining households in 

high, medium and low-density areas) and the results showed that the price and income 

effects were significant in some of the budget share equations. This means that the 

budget shares of common beans are sensitive to price and income effects. This 

necessitated the calculation of price and income elasticities from the QuAIDS results 

in order to assess the responsiveness of quantity demanded to price and income changes 

in Lilongwe district. All the significant income elasticities were positive and below 

unity suggesting that the common bean varieties analysed belong to the category of 

necessity goods. All the own-price elasticities were found to be above unity implying 

that the common bean varieties analysed have price-elastic demand. The own-price 

elasticities were all negative except for mixed beans which had a positive own-price 

elasticity suggesting that it belongs to the category of Giffen goods of which 

consumption increases with increase in price. The cross-price elasticities were both 

positive and negative suggesting both competitive and complementary cross-varietal 

relationships. 

 

The inter-comparison of the own-price elasticities showed that the Napilira variety has 

a closer to unity own-price elasticity than the rest of the varieties. This implies that 

Napilira variety has the highest revenue generation capacity in Lilongwe. The 

comparison of magnitude income and expenditure elasticities showed that the income 

elasticities were far much less than the expenditure elasticities and this negates the use 

of expenditure elasticities to proxy income elasticities.  The comparison of magnitude 
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of price and income elasticities showed that price elasticities are larger hence quantity 

demanded is more sensitive to price than income effects.  

 

The results led to the rejection of the second and third hypotheses which, respectively 

stipulated that a unit percentage increase in own-price of a common bean variety 

decreases the quantity demanded by a less than unit percentage and a unit percentage 

increase in price of a common bean variety increases the quantity demanded of other 

common bean varieties. This is because all the own-price elasticities were elastic and 

cross-varietal relationships were both competitive and complementary.  

 

The study failed to reject the first and fourth hypotheses which stated that income of 

the household and prices affect the budget share of a common bean variety and a unit 

percentage increase in income of the household increases the quantity demanded of a 

common bean variety by less than a unit percentage. This is because price and income 

effects were significant in the QuAIDS and all the income elasticities were positive and 

below unity. 

 

6.2 Recommendations  

Based on the study results and conclusions, the following recommendations are made: 

1. Revenue maximization from common beans traded by retailers can be 

maximized through reduction of prices  

Since all the own-price elasticities were above unity and highly significant, 

consumer demand for common beans is highly sensitive to price changes and 

retailers would generate more revenue by reducing prices. By reducing price, 

the proportionate change in price would be lower than the associated 
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proportionate change in quantity demanded, thereby enabling higher revenue. 

Thus, retailers are encouraged to sell at lower prices for more revenue 

generation. However, special attention should be paid to customer segment and 

production costs.  

 

2. If meaningful changes are to occur in common bean consumption, policy 

makers should pay more attention to pricing rather than to income-related policy 

instruments 

Comparison between income and price elasticities shows that price elasticities 

are larger. This implies high sensitivity in demand associated with price rather 

than income effects. Thus if meaningful changes are to occur in common bean 

consumption, as a direction, policy makers should pay more attention to pricing 

(focus on price-adjustments60) rather than to income-related (focus on changing 

incomes of consumers) policy instruments. However, a proper balance must be 

made between improving livelihood conditions of the farmers and taking care 

of consumer demand preferences.  

 

6.3 Further Research 

Further research on demand for common beans needs to extend from cross-sectional 

data to time series data in order to capture the effect of seasonal variations. Prices of 

common bean, just like any agricultural commodity, are affected by seasonality and it 

is essential to use time series data especially monthly data. In addition, the data has to 

be exhaustive of the variables in order to allow for advanced modelling. For instance, 

the data must contain all necessary information (such as expenditure and quantity of all 

                                                 
60 This may include price floors and price ceilings 
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food commodities consumed) to allow for multi-stage consumer demand systems. 

Moreover, the data must contain information on availability and affordability by 

consumers since expenditure isn’t purely a demand issue, it may also be an issue of 

market availability and affordability by consumers. On the other note, the sample size 

should be exhaustive enough to all estimation of demand models by location and 

income groups.  

 

Further research also needs to extend from estimation of demand elasticities to 

calculation of welfare indicators such as change in consumer and producer surpluses, 

change in government revenue, net economic loss in consumption, net economic loss 

in production, and net effect of trade barriers and/or trade policies. Moreover, the 

elasticity estimates should feed into multimarket and CGE models that aim at 

explaining production and consumption, price formation, trade flows, welfare impacts 

of policies, income levels, and government fiscal revenues. In the estimation of the 

demand elasticities, expenditure elasticities should not be used to proxy income 

elasticities since in this study the expenditure elasticities showed extreme deviations in 

signs and magnitude from the income elasticities. 

 

With the shift towards a demand driven economy, addressing the aforementioned gaps 

will help the policy making framework strike the balance between retaining the 

countries food security and the dual objective of improving livelihood conditions and 

taking care of consumer demand preferences with little impact on prices in order to 

protect the poor vulnerable population of the country. 
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APPENDIX 

 

Results from the estimation of the Engel function 

Table A. 1: Results from the estimation of the Engel function 

 

 

 

Variable  Coefficient T 

Lnhhincome 0.1090** 

(0.0909) 

2.08 

LnPL 0.1130 

(0.2101) 

0.54 

Constant  4.4666*** 

(1.3674) 

1.37 

Note: Values in brackets are standard errors, *** significant at 1%, ** significant at 

5%, * significant at 10 


