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Rwanda households in Sub-Saharan Africa. The empirical literature on food demand, however,
Full list of author information is suggests mixed evidence on the roles of income and other socio-economic

avalable at the end of the article attributes on food demand. This study analyzes the food demand among
households in Rwanda, based on nationally representative household expenditures
and demographic (EICV4, 2013/14) survey data. The results show that poor
households consume merely food containing higher carbohydrates and starches.
Further, the study finds that the majority of rural households spend almost nothing
on micronutrients from animal products, suggesting that effective targeted food
policy interventions for poor and rural households may play an important role in
reducing the incidence of malnutrition through improving food diets.
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Introduction

Modeling consumer demand has been one of the most momentous trends in the con-
sumer theory literature over the last couple of decades. Both theory and empirical ap-
proaches of demand functions have been instrumental in defining developmental and
welfare policies. Among others, the Engel curve is regarded as a powerful tool to
understand consumer behavior and household welfare in general. In this context, a
number of functional forms and estimation techniques for Engel curves have been pro-
posed and applied, including Pollak and Wales (1980), Behrman and Deolalikar (1987),
Deaton (1988), Lewbel (1991), Hausman et al. (1995), and You (2003). Engel curves
have been applied in the context of developing and developed countries to analyze
household expenditure behavior. For instance, Banks et al. (1997) used the model to
analyze indirect tax policy reform and the household income distribution in the United
Kingdom (UK). On the other hand, Kedir and Girma (2007) estimated Engel curves of
urban household food expenditures by accounting for measurement errors in total ex-
penditures in the context of Ethiopia. In this study, non-linear Engel curves have been
estimated both parametrically and non-parametrically, for food expenditure patterns
between rural and urban households. We analyze separately parametric estimates of
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food Engel curve (FEC) expenditures for rural and urban households in the context of
developing countries, with a focus on Rwanda. This is because, in low- and middle-
income countries, there are still large numbers of rural households where for instance
Asia and Africa account for 40 and 48% of rural households, respectively. Particularly,
in some African regions such as East Africa, the proportion of rural households is still
more than 70% (UN-Habitat, 2014). Having such massive proportions of rural house-
holds implies that the majority of the population depends on subsistence farming.
Henceforth, it can be argued that household location (either rural or urban dwellers)
can be considered as an influential factor to affect food expenditure decisions.

Context of food consumption and policies

Food insecurity and malnutrition are thought by many analysts and policy makers to be
important and widespread issues in developing countries, especially in Sub-Sahara Af-
rica (SSA). For instance, the Food and Agricultural Organization (FAO) reported in
2017 that SSA is one of the regions in the world with the largest number (233 millions)
of hungry people. In fact, the World Bank (2012) showed that over 47% of the total
population in SSA lived on $1.90 a day or less, a driving factor in causing widespread
hunger in the region, and in SSA one person out of four is undernourished. Much of
the high malnutrition prevalence has been attributed to low household income to meet
the required minimum calories and nutrients levels, hence chronic poverty (Melo et al.
2015). The key issue is to know whether a supposed income increase would necessarily
be translated into higher food consumption and eventually lead to balanced food diets.
Further, rapid urbanization has also been considered as a key contributing factor that
affects household food consumption patterns in Africa (Fabiosa 2011).

As far as Rwanda is concerned, despite the 1994 genocide, the country has experi-
enced stunning agricultural and economic growth (where the average of national gross
domestic product (GDP) per capita grows at an annual rate of 5%) coupled with signifi-
cant progress in social development indicators, such as education, health services, infra-
structure development, and poverty reduction. According to the Comprehensive Food
Security and Vulnerability Analysis (CFSVA) survey report (World Food Program
(WEP) 2016), these remarkable social gains have put Rwanda among the countries that
have achieved most of the Millennium Development Goals (MDG). Despite such an
impressive progress, poverty remains a huge challenge among Rwandan households.
According to the World Bank (2014), the poverty rate in 2014 was 39% among Rwan-
dan households. Further, there are still a significant number of households that are
more vulnerable to high food prices—especially during the lean season when their own
stocks have run dry. Those poor households, furthermore, do not have any monetary
buffer to protect themselves from the consequences of natural exogenous shocks such
as drought, flooding, illness, or crop disease. In this respect, the nutritional value of
household food consumption is low among a significant number of households. Among
Rwandan households, 45% is food insecure and some of them can hardly afford to con-
sume protein-rich food items such as meat, milk, or eggs. Although the high prevalence
of food-insecure households is typically observed in rural areas, where most families de-
pend mainly on subsistence, there are also important shares of poor urban dwellers that
cannot afford to purchase sufficient food, hence becoming food insecure. It is also
noteworthy to mention that the economic progress of Rwanda has induced households
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to depend substantially on markets for food consumption and this has been the case
for both rural and urban households. For instance, the National Institute of Statistics
for Rwanda (NISR) (2016) reported that 70% of food consumed by Rwandan house-
holds is purchased.

The main objective of this study is to shed light on these issues by examining food
expenditure elasticities and derive plausible distributions from various household in-
come levels in Rwanda. Based on Working’s model (Working 1943), this paper tests the
hypothesis that the food budget share and household expenditure elasticities differ be-
tween households across location and income levels. Specifically, this paper addresses
the following two questions: How do changes in household income affect food con-
sumption behavior in Rwanda? Is there any potential impact of urbanization on food
consumption trends in the country? The extent to which households allocate their in-
come between food and non-food items however depends on household location, mar-
ket prices, and income opportunities (Barrett et al. 2001). Hence, this paper seeks to
provide additional evidence of the potential mechanisms driving food consumption pat-
terns in Rwanda.

In order to achieve this, we estimate non-linear FECs that provide useful insights in
many aspects of consumer behavior with policy implications (Almas 2012; Kedir and
Girma 2007). We employ the fourth round Integrated Household Living Conditions
Survey of Rwanda (EICV4), conducted in 2013/14 by NISR to derive Engel curves for
groups of food products. The findings exhibit concave Engel curves for cereals, and
roots and tubers, while the remaining food categories are characterized by U-shaped re-
lationships between food budget shares (vegetables, meat products, beverages and other
food items) and household food expenditures. The results further reveal that uncondi-
tional expenditure elasticities tend to be relatively higher for rural than for urban
households, an indication that in Rwanda, the rural areas tend to have poorer and more
food-insecure households than urban areas. That is, as total expenditure increases rural
households spend proportionally more on food than urban households, especially on
low-value staples, starches, and cereal products. The findings confirm the results in
earlier studies where low-income households spend a greater portion of their budget
on food (Muhammad et al. 2011).

The contribution of the present study to the literature is twofold. First, unlike earlier
studies that investigate FECs in developing countries (Abdulai and Aubert 2004; Kedir
and Girma 2007; Abdulai and Christian 2011; Hasan 2016; Melo et al. 2015; Moss et al.
2016), the present study considers household location as a key potential driving force
in food consumption patterns. As it has been documented in the existing literature,
SSA countries, including Rwanda, have experienced excessive urbanization since the
late 1990s and have faced a daunting set of challenges that include a deficient capacity
of service provisions and enormous gaps in food market prices between urban and rural
areas (Maxwell 1999). For instance, the population in urban areas in SSA has increased
from 203 million in 1990 to 401 million in 2010 (UN-Habitat (United Nations Human
Settlements Programme) 2014). This excessive urban growth rate in the region has fur-
ther exacerbated urban food insecurity and poverty. It is also important to note that
food demand in urban areas depends enormously on household income capacity (Smit
2016), and this has induced unrestrained pressure on urban dwellers who may have
limited income opportunities and end up falling short on food consumption. In
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addition, the excessive urban growth rate puts pressure on rural households who need
not only to produce for their own consumption, but also for non-farm households liv-
ing in urban areas; hence, this could potentially lead to inflated food prices. Therefore,
carrying out this study, while identifying food consumption patterns between urban
and rural households in Rwanda, provides an opportunity for policy interventions to
clearly understand distinctive attributes of rural and urban consumption trends. More
importantly, Rwandan household expenditures show high levels of extreme observa-
tions. To deal with this issue and reduce the weight put on extreme observations, we
estimated quantile regressions, and M-robust estimator models that account effectively
for long-tail distributions among household expenditures.

Second, we examine the nonlinearity of Engel curves of different food categories and
how these food categories respond to household incomes. Hasan (2016) examined
Engel curves for major expenditure categories in Bangladesh with attention to the func-
tional form of the Engel curves. However, there is scant literature on FECs in an Afri-
can context that accounts for income (Kedir and Girma 2007). Therefore, this paper
attempts to fill this gap in the literature. In terms of policy relevance, this paper is use-
ful—especially in developing countries like Rwanda with emerging and intense
urbanization, and income and population growth—to reveal the impact of household
location on food demand patterns and the possible policy interventions on food secur-
ity and malnutrition. Fabiosa (2011) showed that there are important differences in
dietary compositions and food supply structures across household locations in SSA.
Hence, a good understanding of rural and urban food consumption patterns will pro-
vide more insights on purposive and targeted food policies.

The rest of the paper is organized as follows. The next section develops the empirical
strategy and identification approach used in the study. The “Data” section describes the
data. Both household demographics and characterization of household expenditures are
formally explained in this section. The results and discussion of findings are reported
in the fifth section. The last section concludes with a discussion of potential policy im-

plications derived from our empirical results.

Identification strategy and empirical approach

This study estimates FECs which are a powerful tool to understand consumer behavior
and household welfare (Cirera and Masset 2010). The FEC plays an important role to
describe food consumption patterns in households’ response to income shocks. We use
household survey data to derive FECs of different groups of food products. An import-
ant aspect of using such household survey data is that the data on household expendi-
tures are more reliable than income, especially in the case of low-income and
agricultural economies (Deaton 1997; Engel and Kneip 1996; Hasan and Mozumder
2017). Therefore, most studies rely on household expenditure instead of income in
modeling FECs. In this article, the dependent variables are expressed in terms of shares
in household total food expenditure on each of six food groups (cereals, roots and tu-
bers, vegetables, meat products, beverages, and other food items), and this allows to
capture a range of functional forms." The category “other food items” contains the rest
of all other food expenses by the households that are not part of the first five ones.

"Note that consumption and expenditure in this text are used interchangeably.
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To estimate the quadratic Engel curves of all food groups, two critical estimation issues have
been accounted for: variable measurement errors and the presence of extreme values (outliers)
in household expenditures. In developing countries, most of the household consumption and
expenditures information are taken from household surveys. Household self-reported expen-
ditures, however, are usually marred with measurement errors due to recalling difficulties, in-
cluding fading of people’s memories or reporting errors associated with respondents being
overwhelmed by the length of the survey or by the number of items covered (Grosh and
Glewwe 2000). Errors can also be caused by misreporting during data collection. We follow
Hausman et al. (1995) to deal with measurement errors in household expenditure data. The
issue of extreme values in household survey data is very common, especially for household in-
come and expenditure variables, where households may have divergent income categories,
hence, resulting in high levels of variance in the data. To deal with this issue, we follow a simi-
lar approach as You (2003) to estimate robust estimation models of Engel curves.

However, it has also been shown that Engel curve models often suffer from an endogeneity
bias when the food budget shares are regressed on total household expenditures (Hausman
et al. 1995). More specifically, a simultaneous decision on using household expenditure to-
gether with an allocation on each food group can lead the former to be endogenous. One of
the best solutions to overcome this problem is to use an instrumental variable (IV) estimation
approach. The major challenge is, however, to get good instruments. In the present article,
we follow the IV approach suggested by Hausman et al. (1995) and use household income as
instrument for total expenditure. A similar procedure has been used in the literature in nu-
merous Engel curve studies (Banks et al. 1997; Blundell et al. 1998; Blundell et al. 2007;
Hasan and Mozumder 2017). According to Hausman et al. (1995), the main reason to use in-
come as IV for household expenditures is that the two are highly correlated and in a two-
stage budgeting process, household income does not have a direct effect on expenditure
shares, an indication of a valid instrument. For identification purposes, with censored expen-
ditures and heterogeneity between rural and urban households, both standard and robust es-
timation techniques have been applied. In this context, besides the use of an IV estimation
approach, the IV-tobit and the MM-estimator (Yohai 1987) are also employed.

The estimated Engel curves and food expenditure elasticities, both for rural and
urban households, are intended to capture empirical food consumption patterns in
Rwanda. To derive household food expenditure elasticities, we assume a two-stage bud-
geting procedure as shown in Fig. 1. In the first budgeting stage, households determine
the shares of income that are devoted to food and non-food items and we model food
and non-food budget shares on the logarithm of total household expenditures. In the
second budgeting stage, households decide to allocate food expenditures across the six
different food groups and we model these food budget shares on the logarithm of total
household food expenditures. In the first budgeting stage, we derive expenditure elasti-
cities of food, while in the second stage conditional and unconditional elasticities of all
food groups are estimated. To derive consistent standard errors of unconditional ex-
penditure elasticities for each food group, we opt for a delta method approach (Greene
2008). In estimating the Engel curves, we essentially build on a standard budget share
model borrowed from Working (1943) and Leser (1963) to define the following quad-
ratic relationship.’

*This relationship is also commonly called the Working-Leser (W-L) model.
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Fig. 1 Household two-stage budgeting approach for food demand in Rwanda

N
Wi, = a1 + a3 log(y,) + as[ log(y,))> + Y _ By D + thin (1)

for household /# = 1......H and i = 1......6 food groups. wy, represents a particular
household’s budget share for food group i, y, designates total food expenditures of
household #, and Dy represents the vector of demographics and household characteris-
tics as defined in Table 1; a;, a5, a3, and B;’s are parameters to estimate: and “log” des-
ignates natural logarithm. The term u;, is the stochastic disturbance of the model with
mean zero. From Eq. (1), the expenditure elasticities of food demand () by household
h can be derived as follows:
a n 2a; ﬁg )

=1+—=
Mir = Win Win

(2)

where a; and a3 are the estimated parameters of the above Working-Leser (W-L)

model; and wy, is the estimated budget share of food group i by household #.

Data

Household expenditures, demographics, and characteristics of households used in this
study are extracted from the fourth Integrated Household Living Conditions Survey of
Rwanda (EICV4) conducted in 2013/2014 by NISR. A sample of 14,172 households is
used, comprising 11,660 rural and 2512 urban households, representing 82.2% and 17.8
% of the total sample, respectively. The data covers the entire country including its four
provinces and the city of Kigali. The Southern province accounts for 27%, Eastern con-
sists of 24%, Western has 23%, the Northern Province accounts for 16%, and the city of
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Table 1 Distribution of demographic and household characteristics in the study

Variables Rural households Urban households

mean  std. dev.  mean std. dev.

Demographics

Average age of household head (HH) 45.86 16.14 41.08 14.31
Household size (average members per household) 4.58 2.04 460 237
Adults in household 242 1.08 271 1.38
Children in household 2.16 1.60 1.89 167
Ratio of household members of age less than or equal to 6 years  0.19 0.18 0.16 0.17
Ratio of household members between 7 and 16 years of age 0.23 0.21 0.18 0.20
Ratio of household members between 17-59 years of age 049 0.23 061 0.25
Ratio of household members of 60 years of age or more 0.09 0.20 0.05 0.13
Education
HH has no education (dummy = 1, 0 otherwise) 0.54 0.49 0.26 043
HH has primary education (dummy = 1, 0 otherwise) 041 0.49 041 0.49
HH has secondary education (dummy =1, 0 otherwise) 0.04 0.20 0.20 0.39
HH has university level (dummy = 1, 0 otherwise) 0.01 0.09 0.13 033
Spouse with no education (dummy = 1, 0 otherwise) 0.65 047 053 0.49
Spouse with primary education (dummy = 1, 0 otherwise) 031 0.46 0.26 043
Spouse with secondary education (dummy = 1; 0 otherwise) 0.03 0.17 0.15 035
Spouse with university level (dummy = 1; 0 otherwise) 0.01 0.05 0.06 0.25
Location
Southern Province(dummy = 1, 0 otherwise) 030 045 0.12 033
Western Province(dummy = 1, 0 otherwise) 0.24 043 0.17 037
Eastern Province(dummy = 1; 0 otherwise) 0.26 044 0.10 030
Northern Province(dummy = 1, 0 otherwise) 0.18 038 0.07 0.26
Kigali City (dummy = 1, 0 otherwise) 0.00 000 0.51 049°
Other household characteristics
Household with non-farm business (dummy = 1, 0 otherwise) 047 0.49 0.74 043
HH is monogamous (dummy = 1, 0 otherwise) 061 048 0.59 049
Number of sampled households 11,660 2512

All households located in Kigali are considered to be urban dwellers and for this reason are part of the urban household
category. HH Household Head

Kigali represents 10% of the total sampled households. Table 1 provides descriptive sta-
tistics of the variables used in the study. To account for the effects of differences in
household composition, we use demographic and household-specific variables, i.e., the
age of the household head (HH); household size; number of adult members in the
household; education level of both HH and spouse; ratios of household members of age
below 6, between 7 and 16, between 17 and 59, and 60 or more; a dummy of whether
the household has a non-farm business or not; and finally we also have a dummy that
defines monogamous households. The selection of these variables is linked to their po-
tential influence on household preferences and food expenditure decisions. For in-
stance, having children might induce the household to buy dairy products (Boysen
2016). The HH is assumed to have a leading control over the household resources and
more importantly over household budget allocations. The age of the HH accounts for
cohort-related and gender preferences. In addition, it has been shown that household
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expenditure is an increasing function of family size and the number of adults in the
household (Lewbel 2006). In this respect, we could say that as the number of family
members increases, the chance to spend more on food increases. For this reason, it is
necessary to determine the level at which family size influences household food
consumption.

EICV4 provides information on household expenditures for both food and non-food
items. Table 2 presents key indicators (quartiles, median, and mean) of the distribution
of household expenditures for food and non-food items by rural and urban households
in Rwanda. An examination of the figures presented in Table 2 indicates that there are
significant discrepancies in annual expenditures between rural and urban households.
Based on the first quartile, a household spends 416,284 Rwandan francs in rural areas
while the same figure for urban dwellers amounts to 868,274 Rwandan francs. While
the median (second quartile) indicates that family income is 72% higher for urban than
for rural households and the mean values show that urban households may earn 78%
more than their rural counterparts, these are indications that we need to analyze separ-
ately concerning consumption patterns.

Note that when computing total annual household expenditures, the values of the
household’s own production were also accounted for. Quantitative information on the
second stage of the household budgeting process is shown in the lower part of Table 2,
where the expenditure shares of all food groups across various income categories are
provided. The most interesting observation is that the majority of Rwandan households,
especially in rural areas, spend most of their food expenditures on cereals, and roots
and tubers. More specifically, Table 2 indicates that poor people in rural areas spend

Table 2 Distribution of rural and urban household expenditures and of food group expenditure

shares
Rural households Urban households
Quantiles Mean  Quantiles Mean
q25 g50 q75 q25 qg50 q/5
Total Expenditures
Annual household expenditures. 416, 643, 1,000, 833, 868, 1,638, 3,253, 3,072,
(Frw) 284 431 973 281 274 287 654 913
Annual household expenditures 623 963 1498 1247 1299 2452 4870 4600
(USD)
Total food total expenditures 140, 268, 520,716 286, 136, 272,140 1,045, 768,005
(Frw) 31 706 760 542 872
Total non-food expenditure (Frw) 260, 485, 1,040, 546, 573, 809,710 3,103, 2,304,
085 340 375 520 323 371 907
Expenditure share of food groups
Cereals 036 037 037 036 027 028 024 025
Roots and tubers 0.36 0.35 0.32 0.35 0.22 0.21 0.13 0.16
Vegetables 0.13 0.11 0.10 0.12 024 020 0.18 0.19
Meat products 002 003 0.04 0.03 004 006 0.09 0.07
Beverages 0.03 0.04 0.05 0.04 0.03 0.04 0.06 0.05
Other food items 010 010 012 010 020 021 030 027

Household expenditures are reported both in Rwandan Francs (Frw) and US dollars. The exchange rate used is the
average exchange rate prevailing during the period (October 2013-October 2014) which is the period the EICV4 survey
was undertaken. The exchange rate used is 1$ US = 668 Frw. Source: Authors computations based on Rwandan EICV4,
2013/2014 data
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more than 72% of their income on cereals and roots, signaling that starch and carbohy-
drate food products are the major components of their meals. Another interesting ob-
servation from Table 2 is that Rwandan households, both rural and urban, spend
insignificant amounts on protein food products such as meat products.

Results: presentation and discussion

We start the results discussion by performing conditional quantile regressions by exam-
ining the relationship between household expenditure shares of food and non-food and
the logarithm of total household expenditures. The plot of the estimated coefficients
obtained for different quantiles in Fig. 2a reveals that all are negative regardless of
quantiles. As these estimated coefficients represent the marginal response (semi-elasti-
city®) of the food budget share with respect to the log of total household expenditures,
it implies that the underlying Engel curve for food in Rwanda is characterized by an in-
verse relationship between food budget shares and total food expenditures. Turning
now to Fig. 2b, all the estimated marginal responses (semi-elasticities) obtained for dif-
ferent levels of quantiles are positive, thus indicating that non-food expenditure shares
increase as total household expenditures rise. This pattern is expected as households
with higher incomes reduce their expenditures devoted to food and increase non-food
expenditures.

In the next stage, we derive nonparametric localized polynomial estimates on both
food and non-food household expenditures. Fig. 3a and b exhibit relationships between
food and non-food budget shares with total household expenditures, respectively. The
food budget share, presented in Fig. 3a, indicates a negative association with total
household expenditure, while Fig. 3b shows a positive association with total household
consumption. From both sides, Engel’s law is consistently fulfilled in the sense that the
proportions of food and non-food expenditure decline/increase respectively as house-
holds” income rises.*

In the second lower stage, we estimate various nonparametric Engel curves for each
food category. A localized polynomial of second degree with a 95% confidence interval
is estimated for all food groups and the results are presented in Fig. 4. The quadratic
relationship between each food group budget share and total food expenditure is re-
markably pronounced for most of the food groups. Specifically, the findings exhibit
concave Engel curves for cereals, and roots and tubers, while other food categories are
characterized by U-shaped relationships between their budget shares (vegetables, meat
products, beverages, and other food) and total household food expenditures. As dis-
cussed previously by Kedir and Girma (2007), the use of such nonparametric regres-
sions provides the best alternative to least squares as they allow data to choose local
shapes of conditional relationships. The Engel curves of cereals, and roots and tubers
represent both normal good and inferior good segments. At lower income levels, an

average lower income household would like to spend more on these latter food

®Due to the functional form adopted for these conditional quantile regressions, the estimated (quantile-

related) coefficients S(gq) associated with the explanatory variable (log of total household expenditures) are
dbudget share(q)
total household expenditure)

coefficients (q) vary with each quantile (g).
*All these findings derived from Fig. 3a and b are in line with and confirm the analysis conducted with the
conditional quantile regressions.

formally defined as follows: 57 ol

= f3(g), where food and non-food budget shares and the
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products as their income increases, but eventually, when household income reaches a
certain threshold level, cereals and roots and tubers become inferior goods for those
households. This has been confirmed in the literature (Lewbel 1991, 2006). In this re-
spect, it is evident to say that the left-hand side of maximum points of Fig. 4a and b
represents normal goods for those households, while the right-hand side of the same
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curves indicates inferior goods for households. Conversely, the Engel curves of vegeta-
bles, meat products, beverages, and other food exhibit both inferior and normal good
segments. In this case, in Fig. 4c—f at lower income levels, an average poor household
would like to spend relatively less on these latter food groups as their income increases,
but eventually, when household income reaches a certain threshold level at lowest ver-
tex points in Fig. 4c—f, vegetables, meat products, beverages, and the other food group
become normal goods for households. The estimated FECs for rural and urban house-
holds are presented in Additional file 1: S1 and Figure S2, respectively.

Furthermore, we also derive the expenditure elasticities by assuming separable prefer-
ences from the assumed two-stage household budgeting process. The estimates of W-L
models (Eq. 1) of food demand are reported in Table 3. We derive urban and rural
household estimates separately to capture consumption differences between rural and
urban dwellers. Interestingly, the results indicate that food budget shares exhibit a



Nsabimana et al. Agricultural and Food Economics (2020) 8:11
'd
a) Cereals b) Roots and tubers
©+ © ‘ 95% Cl  * Fitted values — Ipoly smooth
95% Cl = Fitted values — Ipoly smooth
o<
o™ 2
% E'N. 1
3 3 7
ERR 5
2 E
°7 é o
o <]
8 10 12 14 16 8 10 | 12 14 6
log food expenditure N log food expenditure
¢) Vegetables d) Meat products
o 95% Cl < Fitted values — Ipoly smooth &4 95% Cl < Fitted values — Ipoly smooth ‘
&4 o N4
o s
e g
8 E]
e £
] =
g HER
8 °7
; ‘ ‘ ‘ ‘ 8 ‘ 12 ‘ 16
8 ! log food1ezxpendi|ure 1 log food expenditure
e) Beverages f) Other food
@
2 95% Cl  * Fitted values — Ipoly smooth ‘ ) 95%Cl - Fitted values —- Ipoly smooth ‘
2o
g7 -
5 -
s )
g
Zs 271
8 8
8o -
s oA
8 1 12 16 8 10 12 4 16
log food expenditure log food expenditure
Fig. 4 Estimated Engel curves for different groups of food products in Rwanda. Notes: The estimated Engel
curves have been obtained using a nonparametric approach based on the use of local quadratic
polynomials. 95% Cl, 95% confidence interval; “Ipoly smooth”, smooth localized polynomials

concave relationship with total household expenditures while an opposite pattern is oc-
curring for urban dwellers where the budget food share is a convex (inverse U-shaped),
albeit not significant, function of the total expenditures. First, for rural areas, the ob-
served food demand patterns are plausible for poor countries with households that may
have unmet demands for necessary goods (including food, education, and housing) at
low-income levels. This implies that as household incomes rise, they spend their add-
itional earnings on those necessary goods more than proportionally and this induces a
reduction in budget shares of other types of household expenditures (Hasan 2016).
When household incomes increase enough and reach a certain threshold level, they can
decide to spend more than proportionally on other categories of goods and services
(e.g., energy, electronical appliances such as refrigerators). For urban households, the
results reveal a negative association for total household expenditure and a positive

Page 12 of 20
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relationship with its square. This shows that there is a U-shaped relationship of food
budget share with total household expenditures although it is not significantly different
from zero. Hence, the study reveals a quadratic FEC in both rural and urban food de-
mand patterns.

In the lower part of Table 3, we provide the turning point of the underlying quadratic
Engel curves for rural and urban household food consumption. For rural households,
the turning point of the quadratic Engel curve is estimated at 200,138 Rwandan Francs
(Frw). This value is equivalent to the 12™ percentile of the rural household expenditure
data, and this implies that around a tenth of the rural household observations in the
FECs are sloping upward®. Furthermore, we also provide the turning point from the
food FECs for urban household expenditures which is extremely large, and this suggests
the presence of outliers in urban household expenditures. Therefore, we believe that
the results from rural household expenditures are more reliable than those obtained for
urban areas for policy making purposes. In Additional file 1: Tables S2 and S3, we pro-
vide the turning points for FECs for all food categories and for rural and urban house-
holds. To relate the turning points from household expenditures and poverty level in
Rwanda, we only use rural household turning points, as it is believed to be less contam-
inated by outliers. In rural areas, the turning point was 200,138 Frw and comparing this
with the per adult equivalent poverty line (Frw 159,375 per year) from NISR (2018), it
is clearly shown that the poverty line is 25.5% lower than the turning point for rural
households. Intuitively, this indicates that, when rural households are considered separ-
ately, they seem to have relatively better welfare. Indirectly, this would indicate that
among urban households, there might be some households that are much poorer than
their rural counterparts.

For robustness checks, we estimate the W-L models for food demand across rural
and urban households using MM-estimated and IV-tobit models, and estimates are re-
ported in Additional file 1: Table S3. The results reveal similar trends of the relation-
ship between food budget shares and total household expenditures, hence an indication
that our model works well. We derive household food elasticities using Eq. (2), and the
results are presented at the bottom of Table 4. The study shows that food income elas-
ticity estimates for rural and urban households were 0.76 and 0.63, respectively, and
this is not surprising.

Other studies, such as Weatherspoon et al. (2017) also find that on average, 65% of
Rwandan household income is spent on food. To test the validity of the instruments,
we perform an Anderson likelihood ratio test, the results of which are presented in the
lower part of Table 3. The test shows that excluded instruments are not relevant in the
sense that they are all correlated with endogenous total household food expenditures.

To make our study useful for policy makers, we estimate W-L models with all food
categories across rural and urban households and results are reported in Additional file
1: Tables S4 and S5 for rural and urban households, respectively. The coefficient esti-
mates associated with total household expenditures in all the budget shares equations
of all food categories confirm the existence of non-linear Engel curves. In rural areas,
some Engel curves associated with cereals, roots and tubers, and vegetables reaffirm the

°In this study, unlike in the work by Kedir and Girma (2007), we derive food expenditure elasticities for rural
and urban households separately. In addition, we also control for measurement errors associated with the
total household expenditure variables in the right-hand side of the estimated W-L models.
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Table 3 Estimated W-L model for food consumption: first upper stage

Explanatory variables Estimated coefficients
Rural households Urban households
Log(total household expenditure) 0946 —0408
(0.215) (0.533)
[Log(total household expenditure)]? -0039™" 0.010
(0.008) (0.018)
Household size 0012 0017
(0.001) (0.002)
Number of adults -0008™ —0.006"
(0.003) (0.004)
HH age 0207 —0.001
(0.062) (0.185)
HH age squared —0024™" —0.000
(0.008) (0.025)
Household with non-farm business -0014" -0021"
(0.002) (0.008)
Monogamy household 0013 0026
(0.003) (0.007)
Spouse with no education -0.022 -0015
(0.025) (0.026)
Spouse with primary education —-0.023 0.003
(0.024) (0.029)
Spouse with secondary education -0.026 -0016
(0.023) (0.027)
HH has no education — 0001 0.055"
(0.021) (0.021)
HH has primary education —0011 0037
(0.020) (0.013)
HH has secondary education -0018 0.013
(0.017) (0.012)
Southern Province -0025"" -0018
(0.005) 011
Western Province -0019™ -0026"
(0.006) (0.012)
Northern Province 0011 0.002
(0.005) (0.017)
Kigali City 0227
(0.013)
Constant — 5749 4006
(1.437) (3.969)
Turning point 200,138 1.30e+ 09
[95% confidence interval] [66753-333522] [-2.84e+10 to 3.10e+ 10]
Anderson-Rubin test 21.54%x* 12.33%%*
Anderson correlation LR test 225209%** 32.84%**

Observations 11,645 2502
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Table 3 Estimated W-L model for food consumption: first upper stage (Continued)

Explanatory variables Estimated coefficients

Rural households Urban households
R-squared 0.254 0.539
Expenditure elasticities 0.76*** 0.63%**

Robust standard errors reported in parentheses are obtained using a clustering approach according to household levels
of total expenditures. The Anderson-Rubin test is used to check the joint significance of the endogenous regressors:
(Log(total expenditures) and [Log(total expenditures)]?). The Anderson correlation likelihood ratio (LR) test aims at
checking whether the two estimated equations are identified, i.e., that the excluded instruments are relevant. The null
hypothesis of the test that the equation is under-identified is highly rejected, i.e., implying that the model is identified.
The dependent variable for each equation is household expenditure share of food among rural and urban HH. Asterisks
mexxn uxx” and “*" denote the significance levels at 1, 5, and 10%, respectively. HH household head

hypothesis by Kumar et al. (2008) that food expenditure shares would initially rise and
later decline as households reach certain levels of food security. This implies that we
have positive marginal effects of total food expenditure and negative values for its
square. Hence, this is the case where our parametric model estimates indicate signifi-
cant and strong positive marginal effects of household total food expenditures on
shares of cereals, and roots and tubers for rural households.

Furthermore, it is noteworthy to say that demographic characteristics induce import-
ant influences on household food demand decisions. Among these variables, we have
household size, HH age, and education of both HH and spouse. In the case of rural
areas, the estimated coefficients of household size are significantly positive for cereals,
roots and tubers, and vegetables, while they become negative and not significant for all
other food categories. Similar results also occurred in the case of urban households.
Other important variables such as education, number of adults in the household, mon-
ogamy and HH age all have various signs and significant levels across food categories
and household locations. Therefore, our study results indicate differences in household
food consumption patterns, both between and within household location. Altogether,

Table 4 Distribution of expenditure elasticities for all food group categories in Rwanda (computed
at the sample mean)

Rural households Urban households
Conditional Unconditional Conditional Unconditional
Cereals 0983™" 0751 0.251 0.157
(0.052) (0.053) (0.153) (0.097)
Roots and tubers 0816 0623 -0.187 -0.117
(0.065) (0.057) (0.192) 0.121)
Vegetables 0809 0618 0852 0534
(0.169) (0.132) (0.130) (0.094)
Meat products 1472 1125 12357 0774
(0.280) (0.220) (0.254) 0.173)
Beverages 1557 1190"" 20717 1299™
(0.293) (0.230) 0279 (0.208)
Other food 1764"" 1.348™ 2156 13527
(0.130) 0.117) 0212) 0.177)

Figures in parentheses are the standard errors of the estimated elasticities. The delta method is used to compute the
standard errors of unconditional expenditure elasticities of each food category. The last food category (other food) is a
collection of all other various food types consumed by households (some of them include edible oil, spices, sugar
products, etc.)

Source: Authors’ own computations using EICV4 2013/2014 data
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parametric estimates presented in Additional file 1: Tables S4 and S5 explain household
food consumption patterns in Rwanda while accounting for measurement errors in the
reported expenditures.

In the end, we compute conditional food consumption elasticities as reported in
Table 4. All elasticities are restricted on household locations (food categories in rural
and urban households of Rwanda, respectively) and almost all estimated elasticities
(with the exception of cereals and roots and tubers for urban households) are statisti-
cally significant. We note that for rural households, estimated elasticities for cereals,
roots and tubers, vegetables, and meat products are greater than their counterparts ob-
tained for urban households. It is also interesting to point out that meat products, bev-
erages, and the other food group exhibit, in the case of rural households, expenditure
elasticities that are higher than one. Regarding urban households, conditional expend-
iture elasticities for cereals, and roots and tubers are relatively small but not statistically
significant. On the other hand, conditional expenditure elasticities for the remaining
four food groups range from 0.853 for vegetables to a value of around 2 for beverages
(2.071) and the other food group (2.156).

These variations in food expenditure elasticities between rural and urban households
can be explained in various ways. First, given that the majority of rural households in
SSA, including Rwanda, are smallholder farmers whose livelihoods depend mainly on
subsistence farming and limited off-farm income opportunities, expenditure elasticities
tend to be high for the food types that they do not produce (IFPRI (International Food
Policy Research Institute) 2005). In addition, food consumption in rural areas depends
also on other factors such as infrastructure (quality of roads) and distance to markets.
Improved infrastructure in transport, for instance, and innovating communications
may be important to reduce remoteness (Kilkenny 1998) and hence, for reducing the
gap between rural and urban food expenditure elasticities. More specifically in Rwanda,
there may be another potential explanation of the differences in expenditure elasticities
between rural and urbans households. The country has opted for a Land Consolidation
Program (LCP) in 2007 (Del Prete et al. 2019), where each region specializes in produ-
cing specific products, depending on the potential in the region. Accordingly, farmers
are required to produce in a mono-cropping system to boost farm yields of those crops
that were selected by policy-makers in order to be more productive. Although produc-
tion has significantly increased, this makes it difficult for farmers to buy various food
items on local markets since they become more expensive if they are not locally pro-
duced, hence making farmers’ expenditure elasticities different from those of urban
households.

We also compute unconditional consumption elasticities of food using the second
stage estimates together with the estimated first stage elasticities. Household food
spending behavior is examined through unconditional elasticities of food groups. A
well-known economic theory proposition stipulates that, for lower income families food
represents an important share of household spending®. Findings in Table 4 interestingly
reveal that unconditional expenditure elasticities are relatively higher for rural than for
urban households for cereals, roots and tubers, and meat products. This is an indication
that in Rwanda, rural areas tend to have more poor households than urban areas. That is,

®This has been confirmed by the graphical analyses presented in Figs. 2, 3, and 4.
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as total expenditure increases, rural households increase their expenditure on food more
proportionally than urban households, especially on starches and cereal products.

In all cases, unconditional expenditure elasticities are positive (except for roots and
tubers for urban households). Elasticities obtained for meat products in the case of
rural households, beverages and the other food group are high (greater than one) while
all the remaining ones are smaller than one, an indication that Rwandan households
still spend a large share of their income on food items.

We also derive MM-estimated and IV-tobit models, for robustness checks and ex-
penditure elasticities are provided in Additional file 1: Tables S8 and S9. From an esti-
mation point of view, it shows that MM-estimators tend to give higher income
elasticities relative to IV and IV-tobit models. However, the results are not significantly
different from each other among the three methods used in this study.

It is noteworthy to mention that, as in other developing countries, various studies on
food economics exhibit high food expenditures, especially in rural areas. Previous studies
on household consumption behavior such as von Braun et al. (1991) and Moss et al.
(2016) indicated that food expenditures in Rwanda are extremely high. They furthermore
found that poor households in Rwanda have the largest food expenditure share and the
type of food consumed changes with rising income toward more expensive items. Similar
results have been reported in the literature by Melo et al. (2015) who found that in Africa,
household location plays a significant role in household food expenditure decisions. Spe-
cifically, this study indicates that expenditure elasticities are significantly higher for rural
relative to urban households and that these differences are mostly found for beverages
and meat products. Based on the study results, there is a need for policy-makers to reduce
food consumption gaps between rural and urban households.

Conclusion and policy implications

This study investigates household food demand patterns in Rwanda. This relationship,
commonly known as the Engel curve, receives particular attention in food demand and
nutritional studies because it is strongly related to food policy. We employ the fourth
round Integrated Household Living Conditions Survey of Rwanda (EICV4), conducted
within 2013/2014 by NISR. Based on a broad range of empirical specifications, the re-
sults reveal a robust and statistically significant quadratic association between food
budget shares and total household expenditure. In this respect, we find U-shaped rela-
tionships between household food expenditures and the budget shares of vegetables,
meat products, beverages, and other food items. This indicates that poor households
(with lower incomes) spend less on these food categories as their incomes increase until
a certain threshold level and afterwards, food expenditure shares as a proportion of
household income start to increase. On the other hand, empirical results show that ex-
penditure shares of cereals, roots and tubers change non-linearly in a concave manner
as household food expenditures rise. This implies that at higher incomes, household ex-
penditures on cereals and starches as a proportion of total food expenditures increase
initially. After reaching a certain threshold level, those food expenditures as a propor-
tion of total food expenditures start to decline. Furthermore, the discrepancies between
rural and urban households in terms of social and economic attributes and household
food demand lead us to distinguish the driving factors of food consumption patterns
between rural and urban households. To this end, family size, number of adults in the
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household, and education of the household head and spouse are the most contributing
factors influencing food demand household decisions.

In addition, nonparametric specifications indicate quadratic shapes of FECs for ex-
penditures on most of the food categories (cereals, starches, vegetables, meat products,
beverages, and other food). These findings provide additional evidence for the hypoth-
esis of quadratic FECs in developing countries. More specifically, our analysis provides
food consumption elasticities in the Rwandan context. The findings reveal high expend-
iture elasticities of meat products, beverages and other food items, especially among
rural families. The study also gives evidence that there are important differences in food
consumption patterns between rural and urban households in Rwanda. That is, as total
expenditure increases rural households spend proportionally more on food than urban
households, especially on low-value staples such as starches and cereal products. These
results reaffirm the findings from earlier literature where households in low-income
countries were found to spend a greater portion of their budget on food.

This study contributes further to the understanding of consumption patterns in SSA,
more specifically in Rwanda, by deriving the relationships between total household ex-
penditures (income), food expenditures and expenditures on specific food categories.
This study, together with earlier literature (Moss et al. 2016; Muhammad et al. 2011;
Weatherspoon et al. 2017), confirms high malnutrition prevalence among Rwandan
households, mostly in rural areas. In this respect, the study indicates that rural house-
holds spend a larger share of their budgets on low-value staples (mostly starches, ce-
reals, roots, and tubers). Our findings are consistent with other studies, for the positive
relationship between household income and nutritional outcomes (Abdulai and Aubert
2004), although the effects are small. Therefore, policies aimed at improving economic
growth should include measures to increase poor households’ incomes to allow them
consuming nutritionally diverse diets. The findings from this study may play an import-
ant role for policy in terms of food consumption patterns in Rwanda, where rural and
urban households have divergent livelihood styles and food demand. Given consider-
able location differences (in rural and urban areas) among household expenditure elas-
ticities, the study suggests that the effect of food and nutritional policies in the country
should be designed differently to accommodate these differences. Further, the LCP, a
strategy aimed at boosting food production and optimal land use, needs to be com-
pleted with adequate market infrastructure interventions that facilitate market access,
hence making it possible for rural and urban households to more easily get access to
the food items that they want. Such an approach would enable the country to effect-
ively implement simultaneously the first three goals of the United Nations (UN) Sus-
tainable Development Goals (SDG), where hunger, poverty, and household welfare are
the key targets. To this, policy-makers should also continue to be more responsible for
food household demands in rural areas to achieve balanced diets. In this respect, locally
subsidized micro-food processing industries would be useful for the stability of food
prices and household food expenditures.

The study gives a benchmark to analyze household consumption patterns, poverty,
and income distribution in Rwanda. Further studies, especially with national household
panel data, are needed to analyze location differences in consumption behavior over
time. Finally, with the possibility of having price information in household survey data,
it is also possible to analyze non-linear income relationships with a full demand system,
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especially with the Quadratic Almost Ideal Demand System (QUAIDS) that simultan-
eously accounts for quadratic Engel curves and other empirical flexibility conditions.
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Supplementary information accompanies this paper at https://doi.org/10.1186/540100-020-00154-4.
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