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In the absence of governmental welfare support, assets have an important role in determining the
capacity of vulnerable households of being resilient against economic shocks affecting their food
needs. By focusing on the context of Sub-Saharan Africa, this paper analyses household responses
in food demand to shocks affecting their food purchases. We analyze the effects of nonagricultural assets, livestock ownership, and crop stocks on stabilizing poor household’s food
demand by integrating them as proxies for resilience capacities into a Quadratic Almost Ideal
Demand System. We find that those non-agricultural assets mostly reduce the sensitivity of de
mand of poor households for protein foods, pulses, and greens. Hence, poor households’ demand
for core nutrition items can be made more robust to shocks if their endowment of non-agricultural
assets that raises their resilience capacities is improved. This can be achieved by establishing
insurance packages as in the case of weather index-based insurance for smallholder farmers, or
upscaling interventions that increase and stabilize households’ assets.

1. Introduction
The second Sustainable Development Goal (SDG 2) aims at ending all forms of hunger and malnutrition by 2030. Reaching this
humanitarian target requires that minimum quantities and qualities of essential nutrients are permanently assured in household diets which means also in times of unexpected economic challenges and hardships. Achieving SDG 2 in developing and emerging economies
might therefore be difficult if households do not possess (adequate) capacities that can make them resilient in such situations, that is, to
successfully cope with the effects of sudden events challenging household food acquisition [1].
In developing economies, the demand for food commodities by vulnerable households is recurrently challenged by unexpected
price increases and temporary income losses [2], causing rising cases of unhealthy, unsustainable and inequitable dietary patterns
among poor and non-poor households [3]. The sources of such economic shocks to household food demand vary. Seck et al. [4] report
exchange rate volatility to affect food prices as many of these countries rely heavily on imports to meet domestic demand for staple
foods. For the period 2009–2019, Soullier et al. [5] report that sub-Saharan countries have a rice import dependency ratio of about
46%. In developing economies with substantial domestic food production, seasonality of production often implies that price surges are
common in lean seasons whereas income dips commonly occur during bumper harvests. Other determinants of seasonal price volatility
are unfavorable weather (e.g., drought and floods), and pests and diseases (e.g., fall armyworm) that lead to poor crop yields, tem
porary low incomes of farming households and high food retail prices. Further, human health problems, as witnessed during the
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Covid-19 pandemic [6,7], reduce the labor households are able to sell for ensuring their livelihoods and thus, temporarily reduce
income.
These unexpected shocks reduce real income and consequently purchasing power, which may cause vulnerable households to
recalibrate their budget allocations across food items or to modify their consumption plans [8]. Households might respond by
substituting expensive protein-rich foods for cheaper energy dense ones when they do not have enough capacity to counter the
negative shock effects [9,10]. During such challenging periods, households may completely forgo a meal session or even a full day’s
meal. Such forced food demand disruptions have consequences for household food and nutrition security [11]. In this way, negative
shocks impacts may affect the stability of household food consumption expenses. The ability of households to withstand such con
sumption shocks is an indication of their resilience [12]. Resilience is a complex concept, and in the development discourse, it has been
defined as “the capacity that ensures adverse stressors and shocks do not have long-lasting adverse developmental consequences” [13]. We use
the term ‘resilience’ in a rather specific and narrow way to imply how household capacities mitigate the effect of economic shocks on
food demand. Such resilience capacities can be measured by diverse types of assets such as stocks of capital, resources or human capital
that enable them to respond differently to economic shocks [14–17].
Cudjoe et al. [18] found that the 2007/2008 global food crises led to a decline in overall consumption of staple foods for rural
consumers by 7.1% while that amounted to 9.3% for urban ones. The authors further note that food demand by rural households was
less responsive to price changes than demand by urban households, and that staple food consumption of the urban poor suffered the
most from price surges. Regardless of the source, economic shocks which raise food prices or reduce income produce heterogeneous
welfare effects for population subgroups and finally negatively affect food demand by reducing households’ purchasing power. Our
analysis focuses on unexpected economic events with respect to food prices and food expenditures that induce a loss of real income
and, thus, have negative impacts on household food demand. The question is what drives the heterogeneous welfare impacts for the
poor and non-poor such that food demand of certain households are very sensitive to negative economic shocks while others are much
more resilient. According to the literature, households are differently endowed with capacities which make them resilient.
When confronted with such shocks, households may resort to using their resources such as cash savings, livestock and other nonagricultural assets or they consume from crop stocks which they have stored [19,20]. Some households may try to protect their assets
and therefore rather choose to suffer consumption shortfalls instead of liquidating them to maintain their food security. On the other
hand, even if households would be willing to deplete their assets for smoothing their food consumption, poor market access often faced
by rural households in developing countries might constrain them from doing so [21,22]. Further, the extent to which available
resilience capacities help to stabilize food demand may also depend on the socioeconomic status of the household.
Prior food demand studies have paid little attention to the nexus between assets acting as resilience capacities and household food
demand. Food demand studies rather focus on the link between welfare effects and price and/or income changes, often assuming
constant budgets to allow the estimation of price and income elasticities [11,23–26]. While these assumptions point to short-term
decisions, households often have medium to long-term planning horizons due to occurrence of shocks. Therefore, households usu
ally undertake precautionary savings and investment in the form of asset accumulation and decumulation [27,28] to enable them cope
with the effects of price and expenditure changes affecting their food security. This points to the fact that household non-agricultural
assets can potentially influence household food demand under price and income variabilities. But what is less clear is the role of various
assets in stabilizing household food demand despite the theoretical plausibility and ample evidence that households smooth con
sumption using such assets [19,21,29].
To help fill this knowledge gap, our paper assesses to what extent resilience capacities stabilize demand for various food items/
groups and whether those effects differ between poor and nonpoor households, since research shows that these groups differ in using
various kinds of assets for smoothing consumption [21]. We address two specific objectives. The first is to examine the effects of
non-agricultural assets, livestock and crop buffer stocks on the sensitivity of food demand in the household’s consumption bundle
given significant price and food expenditure changes. The second objective aims at disaggregating the sensitivity effects according to
whether a household is poor or not. We contribute to the broad literature on household food demand and food security resilience in the
following ways. First, our analysis identifies which resilience capacities [30] are most strongly dampening negative effects of price and
expenditure shocks on food demand decisions of households in the Sub-Saharan Africa context. Second, we complement the Quadratic
Almost Ideal Demand System (QUAIDS) by measures of household assets to disentangle the effects of real income shocks on food
demand. Specifically, we interact those resilience capacities the household is endowed with prices and expenditures in order to
quantify their effects on food budget allocations. We are therefore able to estimate the average partial effects of such assets on food
demand. Analysing food security resilience in this way extends the often-used index-based methods [16,31], as it helps to understand
which specific resilience capacities affect the food demand sensitivity of households to negative effects of real income shocks. Our
contribution to public policy making is that we show how certain resilience capacities help mitigate negative effects of price and
income shocks. Pro-active policies such as the current Government of Ghana’s Investment for Food and Jobs programme [32] should
aim at strengthening these household resilience capacities.
The next section of the paper highlights the conceptual framework and the assumptions guiding this study, after which section 3
lays out the empirical strategy. Section 4 explains the data used in detail while section 5 presents and discusses the estimation results
and section 6 concludes.
2. Theoretical background and hypotheses
According to standard microeconomic theory [33], households maximize utility Uf from consuming a food bundle containing n
food commodity groups (g1, g2, …, gn) given that total expenses on them do not exceed the available household food budget, E (see
2
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equation (1)). Each gi is purchased or valued at price pi .1 The household allocates the constrained budget to the preferred food groups
according to the relative prices to be paid as efficiently as possible to obtain maximum utility from the consumption bundle.
⃒
{
}
⃒∑
n
⃒
f
Max U (g1 , g2 , …., gn )⃒
p g ≤E
(1)
g1 ,…,gn
⃒ i=1 i i
The household’s aim of maximizing utility from food consumption is to achieve the best possible food and nutrition security status.
That is, large parts of a household’s utility from food consumption will be created by having sufficient quantities of food available
which are of the quality, diversity and the sensory characteristics [34,35] that meet household’s preferences.
Maximizing Uf subject to E results in Marshallian demand functions for each food group. Banks et al. [36] specify the system of
demand functions as food shares with a Quadratic Almost Ideal Demand System (QUAIDS) as in equation (2).
[
]
}]2
[ {
n
∑
( )
E
β
E
′
wi = αi +
γ ij ln pj + β1i ln
(2)
+ 2i ln
a(p)
b(p)
b(p)
j=1
In equation (2), a household allocates a share wi of its total food budget E to food group gi , p is the observed vector of prices for the n
food groups. The parameters α, γ, β1 , β2 denote the regression constant as well as partial effects of prices, food expenditure and
quadratic food expenditure on wi , respectively. a(p) is a translog price index, calculated as in equation (3), that is homogenous of
degree one in prices and used to deflate nominal food expenditure, while b(p), specified in equation (4), is a Cobb-Douglas price index
that is also homogeneous of degree zero in prices.
ln a(p) = α0 +

n
∑
i=1

n

αi ln pi +

n ∑
n
1∑
γ lnpi ln pj
2 i=1 j=1 nj

(3)
(4)

β

b(p) = β0 Π pi i
i=1

Each food share wi can change instantaneously by shocks such as sudden substantial price and income changes. In this paper, we are
concerned with the ability of households to maintain the stability of its utility gained from food consumption by preserving food
budget allocation which copes as well as possible with shocks to food prices pi and household expenditure E; that is, we are concerned
with the household’s resilience to food demand shocks.
If the food budget contracts due to shocks with negative impacts, households might respond in diverse ways. They may be able to
maintain pre-shock consumption patterns and quantities of all food commodities by allocating budget for non-food expenditures to
food purchases or by liquidating assets. Alternatively, households may be forced to adapt their consumption and purchase patterns by
reallocating within the food budget if they have no means to (temporarily) adapt the budget to guarantee acquisition of sufficient food
commodities or nutritional components so that their food intake can remain as close as possible to pre-shock levels. The degree of a
household’s capability to maintain pre-shock food purchases and consumption patterns after being affected by one or more significant
negative food-demand relevant shocks reflects resilience of the household food demand.
How is this stable food consumption achieved? The literature on consumption smoothing as well as on coping and adaptation to
shocks suggests that a household would exhibit a stable consumption pattern if they have non-agricultural assets and crop buffer stocks
or livestock to depend on [20,28,37,38]. The literature also shows that increasing purchasing power leads to a shift of the food budget
share spent on starchy staples towards more high-value products such as meat, dairy, and fish [39–41]. In the Ghanaian context, Ansah
et al. [42,43] show that demand for nutrient-rich and energy dense foods vary across socioeconomic groups, specifically noting that the
non-poor tend to spend a larger proportion than the poor of their food budget on protein-based foods. Gibson [11] shows that the
converse also holds: declining purchasing power leads to a preference shift towards less expensive, less nutritious, and energy-dense
starchy staples. On the other hand, the literature reports that poor and vulnerable households adopt actions for coping with the effects
of shocks that deteriorate their food security because they may be unwilling to deplete their productive assets for consumption
smoothing even if they have [44,45]. Kumar and Quisumbing [46] find that food allocation patterns between household members are
adapted: adult members choose to stay hungry so that children have adequate food available. From these findings, we derive two key
hypotheses for analyzing how resilience capacities (as proxied by non-agricultural assets, livestock, and crop stocks) affect household
food demand. The first hypothesis is that resilience capacities mitigate the negative effects of price shocks on food demand differently
for poor and non-poor households. The second hypothesis is that resilience capacities mitigate the negative effects of income shocks on
food demand differently for poor and non-poor households.
The extent of mitigation will be measured in terms of food demand sensitivity, which measures the extent to which food share is
reduced or increased following a price or expenditure shock with negative impacts. Food demand sensitivity is likely to depend on the
type of capacity [30] as well as on the socioeconomic status of the household. The literature recognizes a number of resilience ca
pacities, for example, social capital, access to information or even self-efficacy. We consider a subset of these and specifically focus on
the contribution of non-agricultural assets, livestock, and crop buffer stock to the stability of household food demand. The function of
these resilience capacities is to stabilize food purchasing power such that households are still able to afford and maintain their

1
In case the household is producing some home-grown vegetables in the courtyard, owns fruit trees etc., which is a widespread phenomenon throughout Africa,
we value these self-produced quantities at market prices.
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preferred food bundle even when hit by price and income shocks. In other words, we hypothesize that resilience capacities make
households’ demand for nutritionally relevant food products less sensitive (indicated by γ ij and β1 in equation (2)) to the adverse effects
of price and expenditure shocks. As discussed in the risk-coping (consumption smoothing) literature, households build up assets [47]
and grain stocks [48] in good times and deplete them under conditions of bad income draws, serving as insurance mechanisms to
safeguard dietary requirements. This helps them to lower food demand sensitivity to unexpected shocks. How households use these
capacities for responding would depend on the size of the shock though. Since the literature shows that amid such shocks households
are more likely to substitute pricy foods with cheaper ones (e.g. Ref. [39], households endowed with more resilience capacities may be
less sensitive in their demand for protein-rich foods to price and income shocks than those with less capacities.
We analyze the different types of assets separately because households value them differently in terms of how they can be converted
and used as coping instruments. Each capacity plays a unique role in protecting household food security against shocks. In particular,
crop stocks can readily be harnessed for coping with shocks because, according to Saha and Stroud [49]; crop stocks possess a con
venience yield (i.e., the value a household derives when it satisfies household food demand from consuming its own stored produce).
Consuming from own crop stocks is more economically beneficial to households because they need not incur cost in selling and buying
food. This alone provides resilience to the households when confronted with shocks affecting food security. Livestock, on the other
hand, are more than just productive tools, as they have both social and financial roles. Households only deplete their livestock when
other shock coping instruments are not readily available or when households experience intense effect due to concurrence of shocks
[42]. Being a productive instrument, livestock also contributes to generating household income and cash savings. Household
non-agricultural assets like land are not easily depleted because they have store of value and households might deplete them only when
they face existential threat.
3. Empirical strategy
We estimate the Banks et al. [36] QUAIDS model specified in equation (5) using the Lecocq and Robin [50] approach in Stata.2
wi = αi +

n
∑

( )
′
γ ij ln pj + β1i ln e + β2i [ln e]2 + u

(5)

j=1

where e = E/a(p) is total food expenditure deflated with the price index, β1i and β2i are percentage changes in food share i associated
with marginal changes in food expenditure and quadratic food expenditure, respectively, and u is a random error term.
Following the demographic translation approach of Pollak and Wales [51]; and Barnes and Gillingham [52]; as well as recent
applications [39,53] we replace αi of equation (5) by a term involving the resilience capacity variables. In equation (6) below, the αi is
based on both the levels of the households’ resilience capacity variables (r) as well as their interactions with prices and food
expenditures.
′

αi = α0 +

K
∑
k=1

μik zk +

L
∑

L
∑

θil ln rl +
l=1

l=1

ψ il ln pj ln rl +

L
∑

ξil ln e ln rl + λi IMR

(6)

l=1

where zk are demographic variables. The parameter θil measures the direct effects, while ψ il and ξil measure the interaction effects of
resilience capacities with own food prices and food expenditure, respectively. The parameter λi in the model is to correct for bias due to
zero consumption of some food commodities by some households through the use of Heckman’s Inverse Mills Ratio (IMR) approach
[54].
The interaction effects ψ il and ξil respectively measure the effects of the resilience capacities on price and expenditure changes,
which help to test our hypotheses. A statistically significant ψ il indicates that the response of household food shares to price shock pi
′
differs depending on the level of resilience capacity rl. Theory suggests that the own-price effects γ ij in equation (5) on food demand are

negative. Hence, a statistically significant and positive (negative) coefficient means the negative own-price effect is dampened (raised)
by an increased resilience capacity rl. A positive estimate of ψ il means that the budget shares wi of households with higher resilience
capacity rl are less sensitive to the negative effect of price shocks on food demand. For food expenditure changes, the interaction effect
would depend on the type of food item affected. According to Bennett’s law, people tend to eat less starchy staples but more of nutrientrich foods as food expenditure (proxy for income - [55]) increases. Therefore, we would expect the share allocated to the consumption
of more expensive (nutrient-rich) food items to rise with increases in food expenditure compared to staple foods. Thus, we expect a
positive ξil for non-staples (i.e., luxury food items) and a negative coefficient for staples (necessary food items) because resilience
capacity serves to augment purchasing power for food.
The bias correction for zero food consumption due to preference heterogeneity in equation (6) follows Mittal [56]; Ulubasoglu et al.
[57] and Bronnmann et al. [58]. We compute the IMR both for selection (i.e., households that consumes the commodity group gi) and
non-selection (i.e., households not consuming food from group gi). The IMR values enter each food share equation in the QUAIDS
model due to likely cross-price effects among the food groups.
We deal with potential endogeneity of total food expenditure in the food budget share equations by considering ownership of

∑
∑
∑
∑
2
In estimating equation (5) using the ‘aidsills’ Stata command the adding-up ( αi = 1; βij = 0; γi = 0), homogeneity ( γi = 0) and symmetry (γij = γji )
restrictions are imposed to satisfy economic theory.
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fridge, phone, and motorbike as instruments because we expect these variables to strongly correlate with household food expenditure
but not the budget share for each food group. Testing for endogeneity uses the Durbin-Wu-Hausman [59] approach. We follow Lecoq
and Robin [50] by including the residuals (̂
v ) from a reduced form food expenditure model in equation (7) into each food share
equation wi through the orthogonal decomposition of the error term u that potentially correlates with food expenditure as specified in
equation (8).
∑
E = b0 +
bm xm + u
(7)
(8)

u = ρ̂v + ε

where x is a vector of variables explaining food expenditure (including all variables in the QUAIDS model3); b0 and bm are the vectors of
parameters to be estimated and v is the predicted residual that is included in each share equation (5); ρ is a parameter measuring food
expenditure endogeneity in each food share equation, and ε is a mean-zero and constant variance error term. A statistically significant
ρ means that food expenditure is endogenous in that food share equation. This endogeneity test and correction is important for
avoiding the estimation of biased and inconsistent effects of household food expenditure on the food shares. Economically, failing to
correctly identify the effects of expenditure on food budget allocation could lead to wrong policy advise.
Food price increases can result in a negative shock to food demand if they reduce real income for urban households since they are
usually net food buyers, but a positive supply shock for rural households as they are likely to be net food sellers, hence increasing their
real income due to the stocks they hold for precautionary reasons. Thus, it is important to control for the urban/rural location of
households in the analysis. For this reason, we include a dummy variable for rural and urban locations in the regression analysis.
Several other relevant control variables are included in the regression analysis.
4. Data
The data used are obtained from the three most recent rounds of the Ghana Living Standards Surveys (GLSS) [60]. The GLSS is a
nationally representative repeated cross-sectional dataset collected through a joint effort by the Government of Ghana and the World
Bank. The GLSS collects detailed information on livelihoods and living standards among various segments of the population to
facilitate policy-making and governmental planning. We use the fifth (GLSS 5), sixth (GLSS 6) and seventh (GLSS 7) rounds of data
which were collected in 2005/2006, 2012/2013 and 2016/2017, respectively. The sample size for the respective survey rounds are
8687 for GLSS 5, 16,772 for GLSS 6 and 14,009 for GLSS 7, thus resulting in a total sample size of 39,468 households. However, after
processing the data and deleting incomplete observations, the sample reduced to 35,698 households. Detailed information on de
mographics, health, education, employment, income, consumption expenditures on individual food and non-food items,
non-agricultural assets and other relevant variables are common features of all the three rounds. For this analysis, we focus on food
consumption and expenditure, demographic profiles, and resilience capacity indicators.
The consumption and expenditure data used for our analysis comprise the amounts spent on all quantities of food commodities by a
household.4 Prices were recorded at the community (village) level and matched at the community levels with the household con
sumption data. We created six groups of food commodities (staples, pulses, greens, protein foods, oils, and miscellaneous foods)5 by
slightly adapting the groupings suggested by Kennedy et al. [61] for estimating food consumption scores. We limit the data concerning
demographic characteristics such as age and sex to those of the household heads because they usually make the decisions regarding
household food purchases [62].
Table 1 summarizes the key variables. The average annual food expenditure in Ghana over the study period approximates
GhȻ4,135.6 Out of this total food expenditure, an average of 37.7% is allocated to the staples, 6.5% to pulses, 10.4% to greens, 25.0%
to protein foods, 7.9% to oils and 12.5% to miscellaneous foods. Food prices vary within and across food groups. Food groups like
pulses and miscellaneous foods exhibit volatile prices with high coefficients of variation, indicating that they tend to vary widely. The
average household size (in adult equivalence units) is about five adults. The average household head is about 46 years old. In the
sample, 70.6% of household heads is male,7 and about 76% is nonpoor. As a measure of poverty, this study adopts the consumption
poverty measure defined by the Ghana Statistical Service, which is based on total household expenditure. It is obtained by calculating
the expenditure on a minimum consumption basket that enables a household to satisfy basic food and non-food needs [60]. The Ghana
Statistical Service defines an upper poverty line (poor) and lower poverty line (very poor) which categorizes households into very poor,
poor and non-poor. In the empirical analysis, we combine the very poor and poor into one group of poor households.
For the resilience capacity variables, we summarize how these vary across population subgroups, particularly for poor vs. non-poor

3
This analysis controlled for survey wave. In the main share equation, however, we did not include the survey wave in the final analysis because a preliminary
analysis including the survey wave variable in the QUAIDS found virtually no significant differences across the waves. Therefore, for model parsimony, we left out that
variable in the final model.
4
Quantity data exists only for the GLSS 7. For GLSS 5 and 6, only total expenditure was recorded for each food commodity.
5
Staples include cereals and tubers; greens include vegetables and fruits; proteins include dairy, meat and fish; miscellaneous foods include sugar, jam, choc
olates, honey, confectionery, and non-alcoholic beverages.
6
1 Euro = GhȻ6.77 or 1 US$ = GhȻ5.77 as at June 2020.
7
In Ghana, most households are headed by men. Nevertheless, in terms of food preparation in Ghanaian households, women, who are mostly responsible, often
make the purchasing decisions, and do the purchasing themselves. So the fact that our sample has most households headed by men, does not contradict the fact that
their wives decide about the family’s diet.
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Table 1
Summary statistics.
Variable
Food expenditure (GhȻ 000)
Budget shares
Cereals & tubers (staples)
Pulses
Vegetables & fruits (greens)
Dairy, meat and fish (protein foods)
Oils
Miscellaneous foods
Prices (GHȻ/kg)
Cereals & tubers
Pulses
Vegetables & fruits
Dairy, meat and fish
Oils
Miscellaneous foods
Socio-demographics
Household size (adult equivalence)
Sex of household head (1 if male)
Age of household head
Non-poor (1 if non-poor)
Phone
Fridge
Motorbike
Months of consuming own produced food
Resilience-building strategies
Non-agricultural assets (GhȻ′ 0000) – sample
Rural households
Urban households
Poor
Non-poor
Livestock (TLU) – sample
Rural household
Urban households
Poor
Non-poor
Crops stocks (tons) – sample
Rural household
Urban households
Poor
Non-poor
Survey rounds
GLSS 5 (% of total observations)
GLSS 6 (% of total observations)
GLSS 7 (% of total observations)
Rural households (% of total observations)
Number of observations = 35, 698
′

Mean

Std. Dev.

CV

Min

Max

4.135

30.964

7.488

0.028

5151.567

0.377
0.065
0.104
0.25
0.079
0.125

0.159
0.096
0.076
0.126
0.076
0.127

0.421
1.468
0.735
0.505
0.966
1.017

0
0
0
0
0
0

0.999
0.977
0.992
0.999
0.994
0.999

5.313
3.294
4.405
9.835
4.052
5.782

3.961
1.549
2.941
3.628
1.732
4.210

0.745
0.470
0.668
0.369
0.427
0.728

0.387
0.580
0.595
3.417
0.680
0.529

21.588
5.686
21.269
14.726
6.500
20.141

4.300
0.706
45.826
0.759
0.883
0.262
0.082
3.334

2.833
0.455
15.839
0.428
0.321
0.439
0.275
4.187

0.659
0.645
0.346
0.563
0.363
1.681
3.34
1.256

0.933
0
15
0
0
0
0
0

30.127
1
99
1
1
1
1
12

1.578
1.09
2.216
0.390
1.980
0.773
1.208
0.205
1.595
0.510
0.923
1.461
0.220
1.696
0.676

51.854
54.543
48.106
10.751
59.192
4.130
4.954
2.587
5.784
3.393
4.064
5.061
1.934
5.448
3.469

32.862
50.051
21.706
27.493
30.302
5.342
4.103
12.615
3.622
6.655
4.402
3.465
8.79
3.213
5.133

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

7502.062
7502.062
5000.142
1000.25
7502.062
312.6
312.6
250
312.6
255.1
132.921
132.921
114.36
129.61
132.921

0.232
0.383
0.385
0.567

0.422
0.486
0.487
0.496

1.821
1.269
1.263
0.874

0
0
0
0

1
1
1
1

households. Key observations are as follows.
The poor on average have a lower value of non-agricultural assets than the non-poor as expected. These non-agricultural assets
include household items (e.g., furniture, television, etc.), land and buildings, vehicles, and motorcycles, among others. For livestock
(including cattle, sheep, goats, horse, donkeys, pigs, poultry, etc.), the poor have more (measured in tropical livestock units, TLU) than
the non-poor. In fact, the poor have about three times the livestock units possessed by the nonpoor. In many developing countries,
livestock production, especially regarding non-commercial poultry and small ruminants such as sheep and goats, are usually done by
small farmers [63]. Coincidentally, these small farmers are often the poor when households are categorized based on the conventional
consumption expenditure poverty criterion. For crop stocks, a similar pattern of dominant ownership by the poor is observed, where
the poor hold about two and half times the quantity of crop stocks possessed by the non-poor. Most poor people in rural areas have
limited access to markets and face poor infrastructure. For this reason, they usually hold in stocks part of their produce in anticipation
of any eventualities. Because of the high stocks kept by the poor, they tend to consume their own produced food commodities for more
periods (months) within the year than the non-poor households.
5. Results and discussion
5.1. Summary of predicted food budget shares and elasticities from the QUAIDS estimation
Table 2 summarizes the estimates of the predicted budget shares, own-price, cross-price, and expenditure elasticities for the total
sample of households, while Fig. 1, Figs. 2 and 3 further explore heterogeneity in these parameters across poor and non-poor
6
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households. Following Banks et al. [36]; we explore the heterogeneity in food budget allocation between poor and non-poor house
holds in Fig. 1 through kernel density plots. The figure illuminates that both poor and non-poor households allocate the largest share of
their food budgets to staples, followed by protein foods. It is also evident from the density plots that both poor and non-poor
households allocate more than 50% of their food budgets to only staples and protein foods. Compared to the non-poor, however,
poor households allocate a bigger share of their food expenditure to staples and pulses but a lower share to protein foods, greens, oils,
and miscellaneous foods.
In Fig. 2, we further explore heterogeneity between poor and non-poor households’ food budget allocation with changes in food
expenditure through a quadratic fit plot (mainly because we use the QUAIDS, thereby assuming a possible quadratic relation between
budget shares and food expenditure). Interesting patterns emerge from this exercise. First, there are heterogeneous demand functions
between the poor and non-poor for virtually all food items except oils where its demand tend to show a u-shaped pattern. Also, as food
expenditure rises the budget share allocation follows a nonlinear path for most of the food items. Except for pulses where the share
allocation follows approximately a linear trend, the remaining food items show non-linear relationship for both poor and non-poor
households.
In terms of expenditure elasticities, the results suggest that all six food groups are normal goods for all households, having positive
expenditure elasticities and therefore implying that consumption of all food groups increases with total food expenditure. There are
however differences between poor and non-poor households as depicted by Fig. 3. For instance, while staples, greens, protein foods
and miscellaneous foods are necessities for poor households, greens are a luxury for the non-poor. In addition to greens, pulses and oils
are luxury foods for the non-poor, hence demand for these goods will increase more than a proportionate household income increase.
The finding that pulses are a luxury is surprising, though not unreasonable. Typically, pulses are relatively expensive, and are not really
staples. So, households can avoid consuming them when budget allocation for food is constrained. They would however resort to
consuming pulses with better incomes.
Table 2 results further show that spending on pulses has the highest own-price elasticity (Marshallian = − 1.415; Hicksian =
− 1.324), while miscellaneous food reports the lowest own-price elasticity (Marshallian = − 0.503; Hicksian = − 0.406). But these
responses to own-price changes are larger for the non-poor than for poor households for all food groups except greens and protein foods
(see Fig. 4). These values are similar to those reported in the Ghanaian food demand literature [43]. The estimates of all own-price
elasticities of demand are negative, implying that demand for each food group decreases ceteris paribus as its price increases. Only
pulses are very responsive to own-price changes based on both Marshallian and Hicksian price elasticities [36], while demand for
greens and protein foods is almost proportionately responsive to own-price changes from the Marshallian perspective. The own-price
elasticities of staples, oils and miscellaneous foods from the total sample are relatively inelastic, since the absolute values are larger
than zero but smaller than one. But when these estimates are analyzed across poor and non-poor households, there are obvious dif
ferences as Fig. 4 portrays.
The sample average cross-price elasticity estimates from Table 2 reveal notable links among the six food groups. For instance,
staples are Hicksian substitutes to pulses, greens, protein foods and oils. This implies that demand for staples will rise for price in
creases of these commodities. These substitution patterns indicate that households replace more nutritious protein foods by energyrich staples when affected by negative impacts of price or expenditure changes. Also, we find protein foods to be substitutes for
staples and pulses. This indicates that households switch from expensive protein foods to the starchy staples during misfortunes to be
able to maintain as much as possible the level of food intake derived from the pre-shock food bundle consumed.
For the average household, only a few complementary relations exist among the food groups studied. Greens and protein foods are
both complements to oils. This is a plausible finding as fish, meat, dairy products, and vegetables are often cooked with oils in a typical
Ghanaian household served in a mixture or sauce called ‘stew’.
5.2. Interaction effects and shock mitigating role of resilience capacities on household food demand
We consider the interaction effects between the resilience-building strategies and price and expenditure from the estimated
QUAIDS model, which are also reported in Table 3, for discussing whether and how resilience capacities mitigate the negative effects of
price and expenditure shocks on household food demand. The overarching aim is to understand whether resilience capacities stabilize
the consumption of nutritionally relevant food items given negative impacts of price and expenditure shocks. These interaction effect
parameters measure the sensitivity of food demand to own-price and food expenditure changes conditional on the resilience capacities
of households.
Food demand is said to be less (more) sensitive to price shocks if the share household allocates to that food group is reduced less
(more) when price increases. For resilience capacity interacting with food expenditure, we expect luxury food items to be less sensitive
to increases in food expenditure while necessary food items are expected to be more sensitive. Thus, resilience capacity augments
purchasing power by increasing household real income when exposed to shocks with negative impacts. We report average effects for
the entire sample and for sub-samples of poor and non-poor households separately. Table 3 highlights that the resilience capacity
variables show very heterogeneous interaction effects with prices and expenditure changes on household food demand.
5.2.1. Resilience capacities, shocks and food demand by poor households
For poor households, non-agricultural assets generally enhance the consumption of pulses and protein foods by reducing their
demand sensitivity to price shocks. On the other hand, household non-agricultural assets tend to enhance the expenditure effect on the
consumption of greens, protein foods, and oils such that demand for these food items increase given an increase in food expenditure. As
expected, and in conformity with Bennett’s law, poor household demand for starchy staples declines with increases in food expen
diture. These results show that poor households tend to benefit from having more non-agricultural assets because their demand for
7
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Table 2
Sample average price elasticities, expenditure elasticities and food budget shares from the QUAIDS model.
Source of price change

Food demand response to price change
Staples

Pulses

Greens

Proteins

Oils

Miscellaneous

0.336 (0.291)

0.538** (0.179)

0.153 (0.111)

− 0.193 (0.185)

− 0.660 (0.241)

0.428 (0.297)

0.921*** (0.194)

0.498*** (0.121)

0.399* (0.200)

− 0.310 (0.265)

Marshallian

¡0.986***
(0.094)
¡0.650***
(0.107)
0.000 (0.030)

− 0.138* (0.057)

0.138** (0.036)

0.023 (0.058)

0.081 (0.075)

Hicksian

0.066** (0.029)

− 0.063 (0.054)

0.205*** (0.034)

0.139* (0.055)

0.150* (0.071)

Marshallian

0.155* (0.068)

¡1.415***
(0.077)
¡1.324***
(0.074)
− 0.207 (0.196)

0.025 (0.082)

− 0.204 (0.135)

− 0.249 (0.173)

Hicksian

0.243*** (0.070)

− 0.085 (0.200)

0.116 (0.084)

− 0.048 (0.138)

− 0.157 (0.177)

Marshallian

0.106** (0.038)

0.381*** (0.115)

¡1.038***
(0.134)
¡0.937***
(0.138)
0.038 (0.075)

0.326*** (0.032)

0.683*** (0.096)

0.288*** (0.063)

Marshallian

0.016 (0.025)

0.062 (0.070)

− 0.142** (0.048)

Hicksian

0.101*** (0.025)

0.178* (0.069)

− 0.046 (0.049)

Miscellaneous

Marshallian
Hicksian
Expenditure elasticity

− 0.179 (0.153)
− 0.086 (0.151)
0.888*** (0.051)

0.084 (0.434)
0.212 (0.428)
1.221*** (0.131)

− 0.271 (0.279)
− 0.164 (0.293)
1.013*** (0.096)

− 0.665***
(0.066)
− 0.277***
(0.061)
¡0.819***
(0.049)
¡0.669***
(0.048)
0.292 (0.302)
0.457 (0.299)
1.566*** (0.081)

0.078 (0.095)

Hicksian

¡1.068***
(0.045)
¡0.843***
(0.037)
− 0.194***
(0.029)
− 0.107***
(0.030)
0.035 (0.183)
0.130 (0.180)
0.913*** (0.060)

Budget share

0.378*** (0.005)

0.074*** (0.000)

0.100*** (0.003)

0.247*** (0.004)

0.095*** (0.002)

Staples

Marshallian
Hicksian

Pulses

Greens

Protein foods

Oils

Legend: ***p < 0.001, **p < 0.01, *p < 0.05; standard errors in parentheses; own-price elasticities in boldface font.

Fig. 1. Density functions of food budget shares across poor and non-poor households.
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0.307***
(0.080)
0.327***
(0.063)
0.415***
(0.062)
¡0.503 (0.403)
¡0.406 (0.379)
0.926***
(0.123)
0.105***
(0.003)
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Fig. 2. Expenditure changes and food budget share allocation across poor and non-poor households.

Fig. 3. Distribution of expenditure elasticities across poor and non-poor households.

greens, protein foods and oils are less sensitive to expenditure shocks, thus ensuring diversity and consumption of nutritionally
relevant foods even in difficult times.
From a development policy standpoint, these results show that when the poor have good non-agricultural assets their consumption
of protein foods (dairy, meat and fish) as well as greens (vegetables and fruits) are more stable and has positive impacts on household
food and nutrition security. For a balanced, healthy diet, nutrition scientists advocate for adequate intake of fruits and vegetables [64,
65]. In Ghana, there is evidence of very low intake of fruits and vegetables [66,67]. Therefore, assisting the poor to improve their
non-agricultural assets could lead to adequate and frequent consumption of fruits and vegetables which can prevent
9
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Fig. 4. Distribution of own-price elasticities across poor and non-poor households.

Table 3
Interaction effects of resilience capacities with prices and income on food demand.
Sample

Resilience Capacity

Whole sample
N = 35,698

Own-price changes
Non-agricultural assets
Livestock
Crop stocks
Expenditure (income) changes
Non-agricultural assets
Livestock
Crops stocks
Own-price changes
Non-agricultural assets
Livestock
Crop stocks
Expenditure (income) changes
Non-agricultural assets
Livestock
Crops stocks
Own-price changes
Non-agricultural assets
Livestock
Crop stocks
Expenditure (income) changes
Non-agricultural assets
Livestock
Crops stocks

Poor households
N = 8583

Nonpoor households
N = 27,115

Sensitivity of food demand to own-price or expenditure shocks
Staples

Pulses

Greens

Protein foods

Oils

Miscellaneous

Increases
Decreases
No effect

No effect
No effect
Decreases

Decreases
Increases
No effect

Decreases
Increases
No effect

Decreases
No effect
Decreases

Increases
Increases
No effect

Decreases
No effect
Decreases

Increases
Decreases
No effect

Increases
Decreases
No effect

Decreases
No effect
No effect

Increases
Increases
Increases

No effect
Increases
Increases

No effect
No effect
No effect

Decreases
No effect
No effect

No effect
Increases
No effect

Decreases
Increases
No effect

No effect
No effect
Decreases

No effect
Increases
No effect

Increases
Increases
Increases

No effect
Decreases
Decreases

Decreases
Decreases
Decreases

Decreases
Decreases
No effect

Decreases
No effect
No effect

Increases
Increases
Increases

Increases
Decreases
No effect

No effect
No effect
Decreases

No effect
Increases
Decreases

No effect
Increases
Increases

Decreases
No effect
Decreases

Increases
No effect
No effect

No effect
No effect
Decreases

No effect
Decreases
Decreases

Increases
No effect
No effect

Decreases
No effect
Decreases

No effect
Increases
Increases

No effect
Increases
Increases

non-communicable diseases such as cancer and obesity [68], and safeguard food and nutrition security [69].
The results also show that livestock increases the demand sensitivity to price shocks for greens, protein foods and miscellaneous
foods. The interaction effect of food expenditure with livestock indicates that unlike the effect of price increases, when food expen
diture increases households with livestock experience increased expenditure effects on consumption of pulses, greens, and protein
foods, thus leading to increased demand for these food items. Thus, poor households with more livestock have more difficulties in
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dealing with price shocks because the sensitivity of their demand for nutrient-rich protein foods and greens which are rich in vitamins
and minerals also increase. This is especially plausible if the amount of livestock owned is below a boundary called the Micawber
threshold8 [28]. Thus, the role of livestock in food demand resilience is to augment the expenditure effect on consumption of nutri
tionally relevant food items when exposed to shocks affecting household food expenditure.
Crop stocks also reduce the oil demand sensitivity to price shocks and demand sensitivity of pulses and greens to expenditure
shocks. Poor households might also derive part of their income from the sale of these crop stocks through temporal arbitrage [70], even
though Saha and Stroud [49] argue that the food security motive for holding crop buffer stocks is stronger. The income generated from
sale of buffer stocks can be used to augment the budget allocated for protein and other foods.
Overall, higher level of household non-agricultural assets, livestock and crop stocks tend to help mitigate the negative effects of
expenditure shocks and increase the expenditure effect on consumption of pulses, greens and protein foods. Thus, resilience capacities
confer resilience to household food demand against the negative effects of price and expenditure changes by stabilizing or even
improving the price and/or expenditure effect on the consumption of nutritionally relevant food items such as greens, pulses, and
protein foods. Non-agricultural assets also mitigate the negative effects of price shocks and reduce the price effect on the consumption
of proteins and pulses which are very essential for household food and nutrition security. These findings stress the need to help
households generate sufficient livestock assets beyond the Micawber threshold [28].
In the study context, poor households are those owning more livestock. For these households, livestock is an important productive
asset which contributes to their income [71]. In many rural areas, the main non-agricultural assets of the poor are livestock kept as a
store of wealth and prestige, or as draught animals for agricultural purposes [72,73]. For these reasons, rural and poor households
might not sell their livestock to cushion price shocks with negative impacts as long as the number of livestock falls below the Micawber
threshold. In such cases, households may not use their livestock to safeguard consumption of protein foods and greens. Instead, they
would increase demand for staples (cereals and tubers) which provide rather cheap carbohydrates as one way of asset smoothing, but
that could also have adverse food security consequences [72].
5.2.2. Resilience capacities, shocks, and food demand by non-poor households
For the non-poor, while resilience capacities still exhibit heterogeneity in mitigating the effects of expenditure and price shocks on
demand for various food items, there are clear differences in the trends compared to the poor. First, the role of non-agricultural assets
in mitigating the effect of price shocks on non-poor households’ consumption of pulses, greens and protein foods is missing, contrary to
the case of poor households. Non-agricultural assets only reduce the sensitivity of non-poor households’ demand for oils while
increasing the sensitivity of demand for staples and miscellaneous foods to price shocks. With food expenditure increases, however,
non-agricultural assets reduce non-poor households’ protein food demand sensitivity, thereby increasing the expenditure effect on
consumption. Again, livestock increases the negative price effect on non-poor households’ demand for greens and protein foods,
thereby increasing their demand sensitivity. On the other hand, livestock reduces the negative price effect on the consumption of
starchy staples. For increases in food expenditure, livestock stimulates the expenditure effect on the consumption of only pulses by
non-poor households while depressing the expenditure effect on the consumption of oils and miscellaneous foods. Crop stocks tend to
be more beneficial to non-poor households’ demand for pulses, greens and oils in the event of high food prices. With increases in food
expenditure, non-poor household demand for staples, pulses and protein foods are also stimulated by decreasing their demand
sensitivity.
In sum, these food demand patterns show that resilience capacities play a relatively limited role in mitigating the negative effects of
expenditure and price shocks on non-poor households’ demand for greens, pulses and proteins as compared to that of poor households.
Generally, resilience capacities only increase non-poor household demand for protein foods when they face price shocks or those
affecting food expenditure. A plausible explanation for this result is that non-poor households may rely on cash savings as mechanisms
to cope with food demand shocks compared to the poor. These results are extremely important for development planning and policy,
since they show that interventions using the resilience capacity indicators discussed in this paper are more effective at stabilizing poor
households demand for nutritionally relevant food items such as pulses, greens, and protein foods.
6. Conclusions and implications
This paper analyses the sensitivity of household demand for specific food items/groups to price and income shocks and the role that
resilience capacities play in coping with economic shocks to this demand. We sketch a conceptual framework from which we derive
two hypotheses that are tested using a Quadratic Almost Ideal Demand System. The first hypothesis is that resilience capacities
mitigate the negative effects of price shocks on food demand differently for poor and non-poor households. The second hypothesis is
that resilience capacities mitigate the negative effects of income shocks on food demand differently for poor and non-poor households.
In testing these hypotheses, we take into account the most relevant econometric issues, zero food shares and food expenditure
endogeneity, that might confound the estimation results.
The expenditure elasticity estimates suggest that staples, protein foods and miscellaneous foods are necessities for the average
household in Ghana while pulses, greens and oils can be considered as luxury foods, except for poor households where greens are still a
necessity. The estimates of own-price elasiticities indicate that pulses respond most to price shocks followed by greens and protein
8
This is an initial minimum level of livestock assets below which a household will adopt a strategy that defends the level of livestock owned. Below the Micawber
threshold, households live in a virtuous circle of poverty, not being able to lift themselves up to a higher standard of living. Above the Micawber threshold, households
engage in a virtuous circle of savings and accumulation that makes them experience a higher standard of living.

11

International Journal of Disaster Risk Reduction 82 (2022) 103352

I.G.K. Ansah et al.

foods, even though there is heterogeneity across poor and non-poor households. The estimates of cross-price elasticities imply that
starchy staples are substitutes for protein foods, pulses and oils. Hence, these latter food groups will be substituted by staples if
economic demand shocks drastically reduce household food purchasing power.
Regarding the first hypothesis, we find that resilience capacities, proxied by non-agricultural assets, livestock and crop buffer
stocks, affect food price and expenditure sensitivity. In relation to the second hypothesis, food demand sensitivity to the resilience
capacities differ for poor and non-poor households and for different food items. Specifically, resilience capacities are found to reduce
both food price and expenditure sensitivity of poor households’ demand for protein foods (dairy, meat and fish), pulses and greens,
except livestock endowment, which rather increases price sensitivity of greens and protein food demand. For non-poor households,
only crop stocks reduce expenditure sensitivity of protein foods and pulses demand, while non-agricultural assets have no price effects
on these food items. Overall, non-agricultural assets, livestock and crop stocks play a more significant role in reducing expenditure
sensitivity of food demand than price sensitivity.
Before concluding, we point out a few caveats. First, the methods employed as well as the specific aims of this paper warranted that
we aggregate the data across a number of food groups. Certainly, less aggregated data permits finer analysis, however, it also would
increase the number of estimates even more and, therefore, challenge interpretation. Nevertheless, aggregation to commodity groups
is common in food demand analysis due to the large array of single foods. Second, we assume that food expenses are good proxies for
actual food intake of single household members. Within-household allocation patterns of the food purchased are therefore assumed to
be constant. Future research may zoom in on these allocation patterns. Future research also might consider actual calorie and nutrient
intakes9. Third, as the demand equation (2) holds constant total expenditure on food, responses to shocks come from a reallocation of
this expenditure, not by increasing or decreasing total food.
These findings have several implications. On the part of poor households, diversification of resilience capacities would be an
effective self-insurance strategy for stabilizing demand for protein foods, pulses and greens. For instance, using several crop cultivars
(e.g. Ref. [74], can ensure harvests which are more resilient. In addition to crop farming, households can also keep or increase the
number of livestock they own. Since poor rural farmers tend to lose substantial portion of harvested produce due to gluts or due to a
lack of buyers, improving locally-made [75] or reviving and developing traditional crop storage techniques (see Ref. [76]; and [77]
would enable them to store sufficient buffer stocks for ensuring a smooth consumption. These household-led efforts could be facilitated
by policy makers through the implementation and upscaling of interventions aimed at helping vulnerable households to acquire more
non-agricultural assets, increase their livestock or build adequate crop buffer stocks capable of feeding them throughout the year. For
instance, to improve the level of crop buffer stocks, weather index-based insurance could be extended to smallholder farmers as it can
reduce their risk aversion and increase farm investment. The outcome of such farm investment is higher crop output and greater buffer
stocking among farm households. As we also find that different resilience capacities stabilize or even stimulate the demand for
different food items, policies, such as the Investment for Food and Jobs programme run by the government of Ghana, should aim at
improving the level of different types of resilience capacities especially for poor households so that they do not sacrifice nutritionally
relevant food items that provide high quality nutrition for the less pricy starchy staples during hard times.
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