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Abstract

The purpose of this study is to assess the variations of consumer demand and
consumer expenditure structure using the ELES model in Zambia. It evaluates
expenditure elasticity, price elasticity and household demand consumption
patterns. The study used 2019 household survey data, conducted in two
provinces of Zambia, that is, Southern and Northern Provinces. The results
indicate that all estimated commodities are price inelastic as the minimum
required quantity (q?) is positive. This entails that the estimated commodities
have no effective substitutes. Thus, the rate of variation in the quantity demanded
is less than that of a change in the price. The demand for food, health expenses,
education, clothes, and housing are relatively inelastic and these commaodities
are gross complement. Therefore, these commodities are ideal in the consumer’s
budget share and their consumption is legitimately subtle to income variations.
These findings are suitable for developing countries like Zambia in
understanding the effect of price and income variations on consumer expenditure
structure.
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Background of the Study
Statistics from the Organization for Economic Co-operation and
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Development (OECD) indicate that personal consumer expenditures
account for 56 percent of Gross Domestic Product for all its member
countries (OECD, 2019). Generally, households-based in developing
countries, like Zambia, suffer from income-generating glitches. This
degrades the households into low-income levels coupled with low
standards of living, as an immense share of their income is allocated to
consumption. To that effect, with an aging population, increasing labor
mobility, and widening income inequality becoming critical issues in both
low and advanced economies, an analysis that highlights their implication
for consumer demand is a major priority. Thus, this paper is segmented as
follows; the first unit offers the background of the study; the second unit
discusses the ELES model; the third unit demonstrates an overview of
data sources and methodology; the fourth unit illustrates our findings, and
finally the fifth unit concludes the study.

The term Household-expenditure is often referred to the aggregate share
of total consumption costs made by occupant households to meet their
daily necessities, such as food, health cost, education, clothing, housing
(rent), transport, fuel cost, leisure, and miscellaneous services (OECD,
2015). To that effect, household expenditure in Zambia accounts for 60
percent of Gross Domestic Product (GDP), making it an indispensable
variable for economic analysis (OECD, 2019). Household outflows
including government transfers (denoted as "actual individual
consumption™ in the national financial statement) are equivalent to
households' consumption expenditure, plus overall government costs such
as health care and education. Thus, from the aforementioned distinguished
expenditure categories, some households comprise both tangible rent
payment (for leaseholders) and credited rent payment (for owner-occupied
housing). Aggregate household expenditure is measured in Zambian
Kwacha ZMK (1 USD equivalent to 17 Kwacha in current prices and
PPPs), as a proportion of GDP, in addition to the annual growth rates.
Consequently, we measure Household expenditure together with
government transfers as a percentage of GDP. Additionally, we present
expenditure in housing as a percentage of household disposable income.

Thus, in 2017, household consumption for Zambia was around K116, 984
million. However, between 1998 and 2017, household consumption in
Zambia increased significantly from K5,525 million to K116,984 million
growing at a cumulative annual rate that stretched to a maximum of 38.96
percent in 2001 and then dwindled to 11.26 percent in 2017 (Konema,
Zambia-Household Consumption,2019). The change in household
consumption is due to income variations per household, driven by
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economic fluctuations.

Therefore, in both developing and developed countries, economic growth
significantly drives change in the social-economic and cultural lives of the
households as it influences living conditions both in the short and long-run
periods. Hence, microeconomic theories attest that increasing income-
generating welfare increases households’ purchasing power of goods and
services, which has a direct impact on household expenditure (Chihwa et
al, 2001). This consumption behavior has a direct effect on the
households’ expenditure interests as it shifts current expenditure status to
financial investment and real assets, thereby, upholding an established
standard of living for every household.

Reviewed literatures attest that the best way to calculate the poverty line
in a country is by estimating the contemporary currency value of
consumer goods and services using the Linear Expenditure System. Chen
and Wei (2009) analyzed the variation of consumption expenditure for
both rural and urban residents in Ningxia by comparing the average per
capita GDP at a national level with residents’ consumption expenditure
patterns using the Extended Linear Expenditure System (ELES). In
Taiwan, Rulof et al. (2015) analyzed the pattern of consumer behavior.
They attempted to assess a systematic aggregate consumer-demand
behavior of Taiwan residents. Thus, they applied econometric modeling
using the ELES in estimating the expenditure elasticity using the time
series budget survey data spanning from 1951-1990.

Adusumalli et al. (2012) carried out an analysis of expenditure patterns of
rural consumers and examined different types of rural households' cost
patterns using the ELES model in India. Chihwa et al. (2001) steered
research on simulated maximum probability estimation of the ELES with
obligatory non-negativity constraints. Deaton and Muellbauer (1980)
conducted a municipal linear disbursement system and applied the ELES
using Constant Elasticity of Substitution (CES) and Klein and Rubin’s
function as a precise form of the expenditure technique. Furthermore, Sary
et al. (2018) examined the household demand consumption in rural
Cambodia using the ELES demand function and their estimates confirm
that as income rises, demand growth for industrial commodities slows and
eventually plateaus

It is against this background that this study endeavors to apply Linear
Engel curves as curtailed forms of the ELES model in assessing consumer
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demand and expenditure structures in Zambia. Thus, the study evaluates
the parameters of the ELES function which encompasses expenditure,
own-price, and cross-price elasticity

Model

Theoretical Background

In production theory, Cobb-Douglas (1928) developed a production and
utility function with a purely technical relation that connects factor inputs
and output. It shows the maximum amount of outputs from any special set
of inputs, given the existing technology (Cobb-Douglas, 1928). The major
weakness of the Cobb-Douglas production function is its flexibility of the
unit cost for the linear curve to be straight through the origin. Thus,
Tinbergen (1942) proposed a general feature of the Cobb-Douglas
production function, illustrating the minimum quantity of capital and labor
force. During the postwar period, the concept was integrated as a profound
economic theory and coined as the Stone-Geary utility function derived as
follows:

U = ITj=1 (i — y)™ [1]
Where,x; is the demand for a product (i=1, 2, 3...n),y; denotes the utility
function constraints. Additionally,x; > y; and 0<a;<1 which is the
marginal expenditure share, with Y, a; = 1 certifies that the preference
structure inferred by equation (1) is well behaved. Furthermore, U denotes
the utility associated with the consumption sharex'(x; ... x,,).

Linear Expenditure System (LES)

The total expenditure, which is also the budget constraint, is derived as
follows:

i=1Piqi =M [2]

Where,

p; is the the price of the i™ good, qi is the quantity of the i good, and M=
total expenditure on ngoods. The benefit of using the LES is that it
provides an intuitive economic interpretation, despite its strong discrete
assumption. The distinguishable assumption is not overly restrictive for
such commodities as food, housing, or clothing. Thus, the ELES function
form is illustrated as:

Pid; = piqi + Bi(M = X}, p;q)) [3]

Takingi=1,2,3..n
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Where,p;q; (p;and q; represent the indices for aggregate price and
quantity for commodities within-group (i) is the expenditure allocated to
group i. M denotes the household total expenditure, while g and g; are
estimated parameters. As indicated in the derivation below, the consumer
purchases the minimum required quantities of each commaodity group g/,
costing p;ql. The consumer then distributes the remaining expenditure
(M —Z}l:lqu}))overall commodities in fixed proportions, £; (marginal
budget share of commodity group (i). Hence, p;q; and (M — Z}‘zlqu}))
can be interpreted as subsistence and supernumerary expenditure,
respectively.

Model Derivation

The extended Linear Expenditure System of demand function is derived
based on the utility function as follows;

n
Pid; = piq; + biM — biz_ 1ijlp
J:

n
Piq; = |piq? —bizqujo + b;M
=
piq; = [a;] + biM [4]

Where,p;q; = Dependent variables

Thus, when calculating the Marginal Budget Share, p;q? is denoted as
Basic Consumption. Therefore, in finding the constant [a;] and [b;],
regress expenditure against income as illustrated below:

=piq) — b; X}-1p;4) [5]
a; = p1q; — b1[p1a? + p2a3+... +puan]
a; = p2q3 — ba[p1GY + P23+ .. +pnaa]

an = Pnqy — bu[pig? + P23+ +pnan]

Thus, the sum of a;+a,+... a,, IS denoted as Y.i-, a;derived as shown below.
n

zai= plql—bz p;a}
=1 j=1

i=1 i

Soa(-3)
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n
Z g0 X
i=1

n
piqi = piq; — b;M + biz Piq;
i=1

i=
ra;
Piq; = piq; — b;M + b; —1_§bi [6]

Income Elasticity and Price elasticity

The uncompensated own-price elasticity is formulated as follows:

_ a=Bpia}
] u ___ (pig-1 7]
The cross-price elasticity is denoted as:
pjqj
nij = —Bi ﬁ [8]

Thus, we derive the expenditure/ income elasticity as illustrated below:

fs qg Y

Coq oY

o Y
aY qi

_oa B Y
aY Pi qi

_ opiq; xl Y

aY Pi qi

=0 (9]

E; =
L piqi

Data Description

The study utilizes price and income data collected from the 2019
household survey in two provinces of Zambia namely; Southern and
Northern Provinces. The survey covered a wide range of aspects on living
conditions such as income, food, health, housing expenditure as well as
goods consumption. The study applied a stratified random sampling
method to select at least 25% of the total number of respondents.
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Approximately 80 households were captured for interviews on agriculture
production, consumption, and trade from 5 districts, and 16 villages within
the study area. The data assortment procedure encompassed face-to-face
interview with household farmers. Thus, Table 1 below illustrates the
summary of prominent statistics on household expenditure.

Table 1: Summary Statistics of Household Expenditure (In 1000 ZMK/per year)

Variable Observation Mean Staqdqrd Minimum Maximum
Deviation

Expenditure _Food 80 45 62.5 5594.264 1000 50000
Expenditure _Health 80 1240.625 722.6049 400 3500
Expenditure

" Education 80 4656.25 3653.535 0 15000
Expenditure _Cloths 80 1563.75 961.6697 100 6000
Expenditure _Living 80 3326.875 2132.048 400 15000
Expenditure

Transport 80 1397.5 883.6382 450 6000
Expenditure _Fuel 80 970 666.9693 0 3000
Expenditure 80 2409.438 1565.698 400 12005
_Equipment

Source: Author § Calibration

In attempting to conduct an economic analysis on household expenditure,
Richard Strait in 1954 formulated a model which he coined as a linear
expenditure system function. Later on in the 1960s, Stone-Geary reviewed
the model by deriving it from the Kilin-Rubin expenditure index. The
linear expenditure system is erratic for specific values and the estimated
cost of income, which is projected to be negative. Though theoretically
indistinct, this system may still be beneficial in numerous spheres of
analysis. Thus, the above model defines eight major categories of
expenditure suitable for meeting the basic need of the majority of
Zambians.

Findings and Discussions

In calibration process of consumer behavior and income elasticity, the
study applied the Extended Linear Expenditure System. Thus, in
evaluating the sensitivity of the marginal income utility, the study applies
the marginal budget share (8,The), the parameter is also known as the
money flexibility which institutes a correlation between own-price and
income elasticity. Table 1 above is an assessment of eight commaodities.
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According to Table 2, it is evident that the minimum required value (q;)
for all commodities is positive, indicating that all commodities are price
inelastic. For many households the biggest share of their expenditure goes
to education, accounting for a minimum expenditure of 4656.25 ZMK,
these results concur with the findings of Rulof et al. (2015) who analyzed
the pattern of consumer behavior in Taiwan. Food expenses ranked second
with a minimum required expenditure of 4562.5 ZMK per household.
These findings correspond with the results of Chen and Wei (2009) in
their analysis on the variation of consumption expenditure for both rural
and urban residents in Ningxia by comparing the average per capita GDP
at a national level with residents’ consumption expenditure patterns.
Furthermore, housing (living), equipment, clothes, transport, and health
had a minimum required expenditure of 3326.88, 2409.44, 1563.75,
1397.5, and 1240.63 ZMK in that order. On the contrary, the majority of
households spent less on fuel. This is partly due to the high cost of the
commodity and lack of government subsidies.

Table 2: Parameter Estimation for Eight Commodities

Parameters
Marginal Budget Share (i) Minimum Required
Quantities (q_i"0)

Food 0.2649 4562.5
Health 0.0206 1240.63
Education 0.1736 4656.25
Cloths 0.0375 1563.75
Living 0.0822 3326.88
Transport 0.0145 1397.5
Fuel 0.0136 970

Equipment 0.0307 2409.44

Source: Authors Calibration

As shown in Table 2, the parameter S; indicates that the food commodity
has a high estimated marginal budget share of 0.2649 followed by
education with a marginal budget share of 0.1736. While housing (living),
clothes, equipment, health, and transport having a marginal budget share
of 0.0822, 0.0375, 0.0307, 0.0206, and 0.0145, respectively. Additionally,
fuel recorded the lowest marginal budget share of 0.0136. The main
reason for having a low marginal budget share for transport and fuel is due
to the high cost of the commodities, as a result, people opt for the
substation method of the aforementioned commodities. These results
harmonize with the outcomes of Adusumalli et al. (2012) in their analysis
on expenditure patterns of rural consumers in India. They examined
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different types of rural household cost patterns using the ELES model.
Based on the estimated parameters from Table 2, using the ELES model
we derive some elasticity estimation for own-price, cross-price, and
income pliability in Zambia as indicated below in Table 3.

Table 3: Own-Price, Cross-Price and Income elasticity of Eight Commodities

Food  Health Educatio  Cloths Living Transpo Fuel Equipment
n rt
Own-Price elasticityn;;
-0.8515 -0.3573 -0.8115 -0.5154 -0.5517 -0.2262 -0.2999 -0.2866
Cross-Price elasticityn;
Food -0.8515 -0.0473 -0.0617 -0.0457 0.0944 -0.0637  -0.0400 -0.1030
Health -0.0153 -0.3573 -0.0176 -0.0131 -0.0270 -0.0182  -0.0114 -0.0294
Education  -0.0344 -0.0304 -0.8115 -0.0294 -0.0606 -0.0409 -0.0257 -0.0661
Cloths -0.0221 -0.0195 -0.0255 -0.5154 -0.0390 -0.0263  -0.0165 -0.0425
Living -0.0228 -0.0201 -0.0262 -0.0195 -0.5517 -0.0271  -0.0170 -0.0438
Transport  -0.0096 -0.0084 -0.0110 -0.0082 -0.0169 -0.2262 -0.0071 -0.0184
Fuel -0.0129 -0.0114 -0.0149 -0.0110 -0.0228 -0.0154  -0.2999 -0.0249
Equipment -0.0117 -0.0104 -0.0135 -0.0100 -0.0207 -0.0140 -0.0088 -0.2866
Income elasticitye;
0.6044 0.4588 0.3025 0.6627 0.6828 0.2867 0.3874 0.3521

Source: Author’s Calibration

According to Table 3, calibration of own-price elasticity indicates that the
demand for all commodities is relatively inelastic as their elasticity
quotient is less than 1signifying that all goods are essential and that the
demand for the aforementioned commodities is static when its price or
other factors changes. Therefore, when the price increases or decreases,
consumers will not change their purchasing behaviors. Nonetheless,
although many elastic goods have substitutes, the opposite is the truth for
inelastic goods. Thus, according to the above findings the most common
commodities with inelastic demand are food, education, health, clothes,
and housing costs with 0.8515, 0.8115, 0.3573, 0.5154, and 0.5517,
respectively. This implies that the consumption of these commodities is
more subtle to price variations. Additionally, the own-price elasticity of
transport, fuel, and equipment are low with an average elasticity of
0.2708. This confirms Engle’s Law which affirms the principle of
decreasing the share of food expenditure when an individual’s income
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increases. These results correspond with the findings of Chihwa et al.
(2001) in their research on simulated maximum probability estimation of
the ELES with obligatory non-negativity constraints.

Conversely, these results indicate that housing (living) has the highest
income elasticity of 0.6828, followed by clothes with an elasticity of
0.6627, while food commodity is ranked the third with an income
elasticity of 0.6044. Transport commodity indicated the lowest income
elasticity of 0.2867; this implies that in Zambia all the eight commodities
are of great value in the allocation of the budget share per household.
These results suggest that the aforementioned commodities are among the
most preferred items in the consumer’s budget and their consumption is
fairly sensitive to change in income. This is in tandem with Ernst Engel
Law that as the household income increases the budget share allocated to
food expenditure decreases. This is mainly due to an increase in the
proportion of expenditure on luxurious goods as excess income lures the
consumer to upsurge their standard of living both in developed and
developing economies like Zambia. These results agree with the findings
of Sary et al. (2018), in their assessment of the household demand
consumption in rural Cambodia using the ELES demand function and
their findings indicate that the commodity’s demand increases in tandem
with income in Cambodia.Additionally, Table 3 presents our findings on
cross-price elasticityn; ;concerning the price of each commodity. To that
effect, the positive statistics of cross-price elasticity imply that all goods
are net substitutes. While the negative statistics indicate that income
outcomes trade substitution result so that all goods are gross complement.
Accordingly, our findings show that all cross-price elasticity of all
commodities are negative, signifying that they are gross complement
commodities.

Conclusion and Recommendations

The study has analyzed the expenditure structure of eight commodities
vis-a-vis the income of the sampled Zambian residents using the ELES
model. The results indicate that all commodities are price inelastic as the
minimum required quantity g; is positive. This entails that there are no
close or effective substitutes for these commodities. In this case, the rate
of variation in the quantity demanded turns out to be less than that of a
change in the price. The demand for food, health expenses, education
clothes, and housing is relatively inelastic. Based on the assessed data, the
elasticity of demand is less than one (negative) or unity (but greater than
zero). The same principle applies to the estimation of own-price and
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cross-price elasticity and that these commodities are gross complements.
Therefore, these commodities are ideal items in the consumer’s budget
share and their consumption is legitimately subtle to changes in income.
These findings are suitable for developing countries like Zambia in
understanding the impact of price and income on the expenditure structure
of each household.

Thus, our findings illustrate great significance to policymakers and
planners, as they indicate a strong relationship between household
expenditure and income. This offers a deep analysis on the variation of
consumers’ demand and consumer expenditure structure among Zambian
residents. The atrociousness of estimating cross-price elasticity is that its
constraint is usually lower than that of own-price elasticity suggesting that
policies that drive the growth of income in Zambia (income injecting
policies) are less effective in comparison to price regulation policies
influencing consumption patterns.

In addition, the lower expenditure on the marginal budget share on both
fuel and transport commodities are an intriguing and critical issue for
policymakers to adhere to. This is because fuel and generally
transportation cost is one of the major drivers of the economy which
directly or indirectly affect the consumption pattern with trickled down
effects to income-generating capabilities of the consumers. The estimated
income elasticity on both fuel and transport cost spans from 0.2867 to
0.3874, respectively. These results indicate that these commodities’
demand increases with increasing income, meaning that for a household to
cope up with the escalating fuel and transportation challenges in Zambia,
they ought to upsurge their income-generating spots.

Consequently, these finding signals a pivotal inference on government
production strategies relating to price stability, timely injection of subsidy
policies in strategic sectors of the economy as well as promotion of
judicious standards of social welfare. Therefore, it is more justifiable for
the government to adopt cost-effective food policies by intensifying
production chambers in all sectors, for the benefit of consumers and the
national economic growth at large.

REFERENCES

Adusumalli VR, Bhanu BS, Ambedkar BR(2012). Consumption expenditure
pattern of rural households in India. International Journal of

http://journals.ju.edu.et June ,2022 Page 43



Horn of Africa Journal of Business and Economics (HAJBE), 2022, 5(1), PP:
33-45 ISSN: 2617-0078 (Print), 2617-0086 (Online)

multidisciplinary educational research 1 (1):238-240.

Baltagi BH, Baltagi BH(2001). A companion to theoretical econometrics. In Luc
Anselin  (eds.), Spatial Econometrics. Oxford: Blackwell
publishing Ltd. pp. 312-320

Chen LY, and Wei L(2009). Changes of Consumption Expenditure of Urban and
Rural Residents in Ningxia, China-Based on the Expanded
Linear Expenditure System Model. Asian Agricultural Research,
1(1812-2016-142775), pp.16-19.

Cobb, Charles W, and Paul H Douglas (1928). A Theory of Production. The
American Economic Review, Vol. 18, No. 1, Supplement,
Papers and Proceedings of the Fortieth Annual Meeting of the
American Economic Association. Available at:
http://www.jstor.org/stable/1811556

Deaton A(1998). A Reconsideration of the Empirical Implications of Additive
Preferences, Economic Journal, 84 (334) 338-48. International
library of critical writings in economics, 100, pp.238-250.

Deaton A, and Muellbauer J(1980). An almost ideal demand system. The
American economic review, 70(3), pp.312-326.

Rulof B, Friedrich K, Wicus C, and Neil R (2015). Income and Price Elasticities
of Demand in South Africa.JEL Classification: D12, D13.

Tinbergen J (1942). The Theory of Long-Term Economic Growth,
Weltwirtschaftliches Archive, 55, pp.511-549.

Chihwa Kao, Lee LF, and Pitt MM(2001). Simulated maximum likelihood
estimation of the linear expenditure system with binding non-
negativity constraints. Annals of Economics and Finance, 2(1),
pp.203-223.

Knoema(2019). International Comparison Program Database. Available at:
https://knoema.com/atlas/Zambia/topics/Economy/National -
Accounts-GDP-by-Expenditure-Percentage-Distribution-
Shares/Household-consumption [Accessed on 17 July 2019].

Mizoguchi T(1995). Reforms of the statistical system under socio-economic
changes: An overview of statistical data in Japan. Available at:

OECD (2015), Household spending (indicator). Available at: doi:
10.1787/b5f46047-en (Accessed on 28 March 2019)

OECD (2019), Gross domestic product (GDP) (indicator). Available at: doi:
10.1787/dc2f7aec-en. (Accessed on 28 March 2019)

Parks RW (1969). Systems of demand equations: an empirical comparison of
alternative functional forms. Econometric: Journal of the
Econometric Society, pp.629-650.

Pollak RA, Wales TJ (1969). Estimation of the linear expenditure system.
Econometric: Journal of the Econometric Society, pp.611-628.

Sarntisart 1, and Warr PG (1994). July. Estimation of consumer demand system.
In Final Workshop Seminar of the PARA General Equilibrium
Model of the Thai Economy.

http://journals.ju.edu.et June ,2022 Page 44


http://www.jstor.org/stable/1811556

Horn of Africa Journal of Business and Economics (HAJBE), 2022, 5(1), PP:
33-45 ISSN: 2617-0078 (Print), 2617-0086 (Online)

Widodo T(2006). Demand Estimation and Household’s Welfare Measurement:
Case Studies on Japan and Indonesia.

http://journals.ju.edu.et June ,2022 Page 45



