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Abstract

Consumption smoothing and temporal price arbitrage are the two main economic
motives for grain storage in semi-subsistence economies. Nonetheless, little has been
documented on the determinants of households’ grain storage behavior. Using a
rich panel data from maize producing households in Ethiopia, this paper investigates
the determinants of households’ decision to store grain for consumption and/or for
the market. We found that grain storage is mainly determined by climatic factors,
technological innovations, and shocks. Grain storage for consumption and for the
markets are not mutually exclusive decisions. While the decisions made by the
households to store maize for consumption and for the markets are influenced by a
host of similar factors, the effects of climatic factors and infrastructure are found to
be heterogeneous.

Keywords: Grain storage, Precautionary savings, Consumption smoothing, Temporal
arbitrage, Shocks, Ethiopia

JEL codes: D13, O12, Q12, Q18

Introduction
The economic role of crop storage in the face of exogenous shocks can best be ex-

plained by the often-quoted biblical account of Joseph’s interpretation of Pharaoh’s

dream. Joseph foretold Pharaoh that seven years of the abundant harvest would be

followed by seven years of famine and recommended that the king stores grain during

the good years as a hedge against the famine years. Since then, there has been a grow-

ing interest in understanding the role of grain storage and the factors governing actors’

storage decisions. This is imperative particularly in developing countries where agricul-

tural production is seasonal, and this seasonality is accompanied by notoriously low

and uncertain income that translates to consumption shortfalls in the lean season

(Basu and Wong 2015; Paxson 1992; Saha 1994). Rural households in developing coun-

tries face a plethora of weather-related income shocks, which have significant eco-

nomic effects (Dercon 2004; Kazianga and Udry 2006; Beegle et al. 2006; Baez et al.

2015). Savings and credit are among the attractive responses to income and
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consumption shocks, as they transfer assets from one season to another (Basu and

Wong 2015; Paxson 1992). However, imperfections in the savings and credit markets

(Stephens and Barrett 2011) create difficulty in smoothing consumption (Basu and

Wong 2015).

In the absence of or amidst poorly functioning credit and insurance markets (Rosenz-

weig and Wolpin 1993; Udry 1990), rural households in developing countries shield

themselves against shocks through numerous informal risk-sharing arrangements or

self-insuring mechanisms (Udry 1995)1. Informal risk-sharing mechanisms are less ef-

fective in either maintaining or improving welfare particularly in times of covariate

shocks that uniformly affect households (Dercon 2002; Dercon and Christiaensen 2011;

Park 2006). It is also common to observe rural households engage in costly risk coping

strategies such as the depletion (selling) of productive assets (Janzen and Carter 2013)

that have negative repercussion on household well-being and adaptive capacity both in

the short and long run (Carter et al. 2007; Carter and Lybbert 2012; Dercon and Chris-

tiaensen 2011; Dercon 2004; Hoddinott 2006; Kazianga and Udry 2006). In the absence

of formal risk coping options, households hold their assets in the form of grain stocks

(Ali 2015; Park 2006; Saha and Stroud 1994; Saha 1994; Udry 1995), livestock (Ali

2015; Kazianga and Udry 2006; Rosenzweig and Wolpin 1993), and other productive

assets (Park 2006; and Ali 2015) as risk coping mechanism. Asset holdings in the form

of livestock and farm implements, for instance, might be less effective for consumption

smoothing or risk coping (Fafchamps, Udry, and Czukas 1998; Kazianga and Udry

2006). The use of grain buffer stocks as a form of savings for income smoothing after a

shock has proven to be a very important coping mechanisms (e.g., Udry 1995; Faf-

champs et al. 1998), and could act as an insurance for consumption smoothing against

harvest failure and market shocks (Park 2006; Ali 2015). The accumulation of crops or

liquid assets as a buffer against shocks serves as a mechanism for consumption smooth-

ing or precautionary savings (Lim and Townsend 1998). In an environment of incom-

plete rural capital markets, and coupled with the seasonal nature of agricultural

production, on-farm storage could serve as a primary means of consumption smooth-

ing and a means for asset or income transfer (Ali 2015; Saha 1994; Saha and Stroud

1994). Grain storage could also serve as a commitment device for savings by discour-

aging frequent withdrawals (Ashraf et al. 2006). In the absence of national storage sys-

tems or national reserve stocks, maintaining grain stocks at the household level serves

as an insurance against consumption risks, which could lead to an instantaneous in-

crease in food prices particularly in areas where markets are less integrated. (Paxson

1992; Park 2006).

Despite the substantial economic role of grain storage, there is scanty yet nascent the-

oretical and empirical literature on households’ grain storage behavior and motives for

grain storage. Renkow (1990) is the first in the agricultural household literature to

model on-farm storage decisions of semi-subsistence households under risk. He

pointed out two factors that may motivate semi-subsistence households to hold inven-

tories of staple foods. First, households might want to minimize their reliance on local

(food) markets and hold stocks of food as a contingency against unanticipated supply

1See Fafchamps and Gubert (2007); Fafchamps and Lund (2003); Ng’ang'a et al. (2016); Udry (1994);
Rosenzweig and Wolpin (1993); Kazianga and Udry (2006); Beegle et al. (2006); Jalan and Ravallion (2001);
Skoufias (2003) for the common shock coping strategies.
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disruptions. In line with this, households may also have the desire to diversify their

portfolio of asset savings to minimize risk2. Another motive for holding inventories of

home-produced staples might be the profit-seeking or speculative desire of households

in response to seasonal price movements. Farmers tend to store grains after harvest for

the purpose of arbitrage when they anticipate price increments. In a related study, Saha

and Stroud (1994) argue that price arbitrage is a partial and relatively unimportant rea-

son for farmers’ on-farm grain storage decisions in less developed countries. They ra-

ther contend that on-farm grain storage is a de facto form of forward contract to meet

the farm household’s consumption needs under price risk. Thus, it is rational for

farmers to store grain for food security or consumption reasons. Supporting this, a

complete storage model by Park (2006) shows that food security or supply risk coping

is a key push factor for grain storage in the subsistence farming system of developing

countries, even when there is no possibility of gain through price arbitrage (Renkow

1990; Saha and Stroud 1994). Saha (1994) presents a two-season model of household’s

production, consumption, labor supply, and storage decisions in an environment of

output and price risk.

In general, there is no agreement in the literature on the motives for grain storage in

Sub-Saharan Africa. For example, Tadesse and Guttormsen (2011) emphasize that

farmers are among the major economic agents who hold grain stock for speculation

purposes. In contrast, Ali (2015) argues that the subsistence nature of the agriculture

sector in many of the developing countries (e.g., Ethiopia) compels households to hold

grain stocks mainly to ensure future food supplies rather than for sales in anticipation

of future increases in grain prices. Thus, the nature of the relationship between farm

households’ on-farm storage decision for future consumption and markets (to sell later

at higher prices) remains an empirical question. Moreover, little attention has been

given to the determinants of grain storage behavior with a focus on the heterogeneity

of effects on grain storage for consumption and markets. We argue that this paucity in

the literature needs to be addressed.

Within the purview of storage economics, another issue of interest is why some

households store more while others store less or none of their harvest. While grain

storage is a common practice among households in many of the developing countries,

it is evident that many farmers store little of their harvest (if they do), usually for a

short period of time, and still sell at low prices in the postharvest season (Gabriel and

Hundie 2006; Stephens and Barrett 2011; Tadesse and Guttormsen 2011). The key fac-

tors identified in the literature that would affect household’s grain storage decisions in-

clude risk perception of storage loss (Fuglie 1995), liquidity constraints (Basu and

Wong 2015; Stephens and Barrett 2011; Sun et al. 2013; Tadesse and Guttormsen

2011), and poor market access and market imperfections (Basu and Wong 2015; Saha

and Stroud 1994). The anticipation of high storage losses due to poor access to im-

proved storage technologies would raise the inter-temporal storage costs to the point

that storing crop output for future sales becomes unprofitable (Fuglie 1995). Stephens

2See Ali (2015) for discussion of how livestock serves as a hedge against income shocks. We adjusted for the
effect of livestock holding (and income from livestock sale) on crop savings in our empirical model. The
focus of this paper is mainly on the effect of cash crop production, savings, and income from cash crop on
grain savings for consumption and market. Households engage in cash crop production that generates a
diversified farm portfolio to mitigate income risk.
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and Barrett (2011) find that there is a low demand for crop storage among western

Kenyan households. They also demonstrate that households have a “sell low – buy

high” behavior that is attributed partly to liquidity constraints and transaction costs.

Sun et al. (2013) also find that Chinese maize farmers (mainly poor) with debt sell their

maize much earlier than debt-free households, thus potentially losing inter-temporal

arbitrage opportunities. Tadesse and Guttormsen (2011) also note that high storage

costs and liquidity constraints force rural households in Ethiopia to sell the bulk of

their produce immediately after harvest. A concern for price risk is another possible

reason for the low demand for storage in developing countries where erratic seasonal

price movements are ubiquitous (Basu and Wong 2015; Saha and Stroud 1994)3. Staple

grain prices in Sub-Saharan Africa, for instance, fall precipitously in the postharvest

period and reach their lows, and then sharply rise throughout the rest of the year as

market supply dwindles, before they fall again at the harvest time. Price seasonality,

coupled with poor storage technologies and liquidity constraints, would make storage

costly and difficult, which in turn raises the opportunity cost of inter-seasonal transfer

of grain (Kurosaki and Fafchamps 2002; Basu and Wong 2015).

The current body of evidence on the economics of grain storage behavior by rural

households is scanty. While most of the theoretical models on commodity storage are

developed in a developing country’s context, there are only a few empirical studies that

investigate household grain storage decisions in Sub-Saharan Africa. This paucity in the

literature calls for an investigation into the factors governing households’ grain storage

behavior, mainly the interrelationship between grain storage for consumption smooth-

ing versus grain storage for sale in the markets at a later period (temporal price arbi-

trage). This serves as the focus of the current research. For this purpose, we use a

nationally representative panel data from maize farmers in Ethiopia. Maize is selected

since it is both a staple food and a tradable grain in sub-Saharan Africa, especially, in

southern and eastern Africa.

The paper contributes to the economic literature by bridging information gaps on

precautionary savings, grain storage, and risk management in three ways. First, we de-

velop a theoretical model of household grain storage that captures households’ grain

storage motives for food security and temporal price arbitrage in a single framework.

Second, the paper employs a fixed effects model to identify the effect of shocks, climatic

factors, and the geographic environment on maize storage. One novelty in this paper is

the inclusion of many indicators of shocks and climatic factors that serve as a proxy for

supply-side determinants of grain storage decisions. Besides, we include improved stor-

age technologies and crop protection practices which are theoretically expected to posi-

tively affect grain storage level through mitigating the risk of grain storage loss. Third,

the paper empirically investigates the effect of climatic factors, liquidity constraints,

shocks, improved storage practices, and household heterogeneity on the two economic

motives for grain storage: food security and price arbitrage. The paper has pivotal pol-

icy contributions. The degree to which households hold grain stocks plays a crucial role

in the future prospects for economic growth in rural communities. Hence, understand-

ing the determinants of grain storage provides evidence for the design of effective

3Against this argument, other studies (e.g., Saha and Stroud 1994; Barrett and Dorosh 1996; Park 2006) show
that households hold grain stocks as a price risk hedge ex ante and that price risk aversion would induce
grain stock holding postharvest, contrary to the sell low—buy high puzzle.
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policies aimed at increasing growth opportunities for rural households in Sub-Saharan

Africa.

The rest of the paper is structured as follows. The “Conceptual framework” section

presents the conceptual framework that guides the choice of the empirical strategies.

The “Methods” section discusses the empirical models and describes the data used for

the paper. The “Data, variables, and descriptive statistics” section presents and discusses

the econometric model results. Conclusions are drawn and policy recommendations

are made in the last section.

Conceptual framework
The theoretical framework for this paper is based on the agricultural household model

(Singh, Squire, and Strauss 1986; Taylor and Adelman 2003) and commodity storage

models (Basu and Wong 2015; Park 2006; Renkow 1990; Saha 1994; Saha and Stroud

1994). The paper integrates two distinct but contemporaneous streams of the theoret-

ical literature: utility maximization models to analyze households’ optimal choice of

consumption and storage and household’s risk responses both in the short and long

run in an environment of incomplete rural capital and insurance markets (Saha 1994).

A household commodity storage model of Park (2006) and Saha (1994) accentuates

that storage decision is made in a coordinated manner with production and consump-

tion decisions. Storage bridges production and consumption and balances the goals of

utility maximization and reducing price risk (Park 2006).

We assume that there are two seasons (harvest and lean) where the household allo-

cates its harvest between home consumption and sale in the markets. In the two sea-

sons, the utility derived by the household is a function of the consumption of grain

staple and the consumption of other purchased goods. During the harvest period, a

farming household is assumed to have realized a positive endowment of maize grain

harvest that would be allocated to consumption in both the harvest and the lean sea-

son. Furthermore, grain storage serves as a savings instrument that enables farmers to

store part of the grain harvested in the main season for consumption in the lean sea-

son. Produce/harvest allocation decisions are made by the households during the main

season, ensuring that some quantity of the harvest is stored for consumption in the

lean season. Therefore, the quantity of crop harvested in each season will be consumed

during the harvest season, sold to a marketer, and/or stored either for future consump-

tion or sale to the markets. Consumption of harvest includes consumption as food, re-

payment for in-kind inputs (including labor, land, or other cash requirements),

processing of harvest for animal feed, etc.4

Theoretically, the utility is derived from the consumption of on-farm produced grain

and purchased goods. On the other hand, grain storage reduces the harvest period con-

sumption by diverting part of the grain (resources) to the lean season period consump-

tion (Basu and Wong 2015). However, grain storage is theorized to be a positive

determinant of the utility in the lean season period through consumption smoothing or

supply risk coping (when the grain is stored for future consumption) and/or price arbi-

trage (when the grain is stored for sale to the markets in the postharvest season).

Hence, the household faces the problem of optimal storage that would maximize utility

4See Basu and Wong (2015) for details of households’ inter-temporal crop disposition pattern.
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both in the harvest and lean seasons. Therefore, the household’s storage behavior will

be determined by the quantity of maize harvested, costs of consumption smoothing,

and storage costs.

Storage is a productive activity that transfers a commodity from one season (e.g., har-

vest season) to the next (e.g., lean season) (Basu and Wong 2015). However, the

amount of harvested maize product that is stored can still deteriorate over time. Stor-

age also involves other opportunity costs of handling harvest over periods of time. Earl-

ier studies assume that grains have reasonably constant marginal physical storage costs

(Wright 2011) and the deterioration and interest rate to be constant over time (Wright

and Williams 1982). However, shrinkage would vary with time, improved storage use,

market access, and other factors (Saha 1994).

The standard utility maximization theory holds that households’ consumption of

marketed goods will be limited by their budget constraints. The main source of income

for the household is agriculture (on-farm) production and off or nonfarm income-

generating activities. The income generated by the household in each period is the sum

of income from grain sales, the returns on any savings from the previous period, and

any other exogenous income5. Income is spent on purchases of the marketed good,

grain, and other household expenditures. Grain can flow into the household from own-

farm production and purchases. Grain dispositions are composed of consumption, stor-

age in the current period, and sales.

Given the nature of market failures in rural Ethiopia, households are assumed to

be credit constrained. In each period, the household is assumed to have a certain

level of grain and financial wealth. We assume that there is no grain carryover

from the previous period. This is a plausible assumption since most farmers in de-

veloping countries are net buyers during the lean season; hence, crop in storage is

not carried over beyond one crop cycle (Saha 1994). Additional factors that could

substantiate this assumption are the lower crop prices during the harvest season of

the next period and the absence of improved storage technologies. Storage loss for

most food crops is an increasing and convex function of the duration of storage

(Saha 1994). Thus, the farm household has no incentive to carry their crop inven-

tory over one crop cycle.

One plausible reason for on-farm storage is the possibility of inter-temporal price

arbitrage that depends on strictly positive optimal storage. For a market-oriented

producer, the decision to store crops particularly for markets would be determined

by price expectations. A positive storage level will be observed only if the expected

discounted future price exceeds the sum of the spot price plus storage cost. When

storage is positive, the expected next period price is proportional to the current

price and the expected return to grain storage equals the interest rate. These con-

ditions define market equilibrium in the face of stochastic shocks. The household

faces the problem of determining the discounted optimum level of storage that

would maximize the utility subject to a budget constraint, storage costs, and risk

5Transaction costs mainly result from a lack of public physical and institutional infrastructure and are a
barrier to accessing the market. For the sake of simplicity, we assume households face same transaction costs
for marketing staples (grain) and cash crops. This is not a restrictive assumption given that transaction costs
often do not vary over time.
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aversion. The household (farmer) strives to maximize its utility subject to these

various constraints.

Methods
The interest of this paper is to analyze the determinants of grain storage behavior

at the household level. Grain storage decision is potentially endogenous as it is a

voluntary decision and may be correlated with unobservable characteristics. This

urges controlling for any time-invariant component (e.g., preferences, fixed costs,

innate ability). Empirical estimation in the presence of statistical endogeneity would

lead to biased coefficients which thus would not be identified. Since conventional

methods (e.g., ordinary least square method) are not capable of dealing with endo-

geneity, this paper employs a panel data econometric model (e.g., Bezu et al. 2014;

Smale et al. 2015).

Determinants of grain storage

Households’ storage decision (amount of maize stored during harvest) is estimated

as a function of climatic factors, shocks, technologies, wealth, and other household

characteristics. The relationship between the amount of maize stored and the ex-

planatory variables is represented using a general linear unobserved effects panel

data model:

sit ¼ βixit þ αi þ θt þ vit

Where i = 1, …, N indexes the household in the panel and t = 1, …, T indexes

time. xitis a vector of other explanatory variables including climatic factors, storage in-

novations, economic environment, wealth, liquidity constraints, and other household

characteristics. αand θ are individual and time fixed effects and vit is the composite

error term. The parameters of interest estimated are βi. There are various ways of esti-

mating the above equation. We employ fixed effects model to identify the true effects

of the key explanatory variables after controlling for unobserved individual heterogen-

eity (Nguyen 2012). A household fixed effects control for the effect of household-

specific preferences for producing and consuming maize, production skill, innate abil-

ity, location-specific endowments such as agro-ecology, and household-specific transac-

tion costs on storage decision and storage for food security or markets (Bellemare et al.

2013; de Janvry et al. 1991). Time-invariant household fixed effects provide further con-

trol for macroeconomic factors such as inflation, interest rates, and the international

price of commodities. The use of fixed effects also ensures that estimates are unbiased

and consistent (McCaffre et al. 2012).

The other objective of this paper is to model the determinants of households’

storage motives: consumption or market. We utilize a bivariate probit model that

enables modeling the two decisions simultaneously and explore their potential rela-

tionship (Plum 2016). The model also allows for interactions between unobserved

factors associated with the two outcomes. Instead of modeling the determinants of

grain storage for consumption and storage for the market in separate equations,

we chose to jointly model the determinants in a two-equation system. This allows

the regressors to have potentially different effects on each outcome, and also the
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unobserved characteristics that affect both outcomes to be correlated. The relation-

ship between the two variables is represented as follows:

S�1i ¼ x
0
1iβ1 þ ϵ1i

S�2i ¼ x
0
2iβ2 þ ϵ2i

with S1i ¼ 1ðS�1i > 0Þ and S2i ¼ 1ðS�2i > 0Þ
where S�1i and S�2i represents grain stored for consumption and for market, respective-

ly.x1, it and x2, it are a matrix of explanatory variables included in the model. In addition

to the usual controls, time effects are controlled for by adding a time dummy that cap-

tures the effect of unexpected variation or special events on the outcome variables. β1
and β2 are vectors of parameters to be estimated. They are assumed to be bivariate nor-

mally distributed with variances σ2α1 and σ2α2 .
6 The ϵ1i and ϵ2i are error terms or “idio-

syncratic shocks” with a standard bivariate normal distribution with E[ϵ1, ϵ2] = τ.

A full information maximum likelihood (FIML) estimate of a bivariate probit model

is used to estimate the parameters of interest. The log likelihood, lnL, is given as

follows:

lnL ¼
Xn

j¼1

ω j ln Φ2 q1ζ
β
j ; q2ζ

α
j ; ρ

�
j

� �

with

ζβj ¼ x jβþ offsetβj

ζαj ¼ z jαþ offsetαj

S1 j ¼ 1; if S1 j≠0
− 1; otherwise

�

S2 j ¼ 1; if S2 j≠0
− 1; otherwise

�

ρ�j ¼ S1 jS2 jρ

Φ(.) is the cumulative bivariate normal distribution function with a mean vector of 0

and ωj is optional weight for observation j. This derivation assumes that

S�1 j ¼ x jβþ ϵ1 j þ offsetβj

S�2 j ¼ z jαþ ϵ2 j þ offsetαj

E ϵ1ð Þ ¼ E ϵ2ð Þ ¼ 0

Var ϵ1ð Þ ¼ Var ϵ2ð Þ ¼ 1

Cov ϵ1; ϵ2ð Þ ¼ ρ

where S�1 j and S�2 j are the unobserved latent variables, we instead observe only Sij = 1

if S�ij > 0 and Sij = 0 otherwise (for i = 1, 2).

6The covariance matrix could be written as
σ2α1 σα1σα2ρ

σα1σα2ρ σ2α2

� �
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The bivariate probit model can explain the interrelationship between storage for con-

sumption and storage for markets from the conditional tetrachoric correlation (residual

correlation) of the error terms of the two equations. A positive correlation would mean

that the household’s storage decision for consumption and markets are made simultan-

eously and they are complementary decisions. A negative correlation might indicate the

mutual exclusiveness of the decisions.

Results
Data, variables, and descriptive statistics

Data description

The data for the paper comes from nationally representative household surveys of

Ethiopia that collect detail information on socioeconomic characteristics of the house-

holds and agricultural production including postharvest activities7. The data is sourced

from the Ethiopian Socioeconomic Survey (ESS) undertaken by the Living Standards

Measurement Study and Integrated Agricultural Surveys of the World Bank which

spans two rounds of the panel (2011/2012 and 2013/2014). The surveys were adminis-

tered in three rounds of visits in each survey year. The first visit was carried out in Sep-

tember and October and collects information on agricultural activities specifically

preplanting activities. This is followed by a second-round visit in November and De-

cember to administer a livestock questionnaire. The third round is conducted in

January-March to collect information on postharvest agricultural activities and house-

hold characteristics. The survey generates detail information on household characteris-

tics, crop-level information including production and disposition patterns. Geo-

referencing of the households enables the inclusion of climatic or agro-ecological and

geographical characteristics (distance to major road, nearest markets, administration

centers, or population centers). This enables studying the effect of exogenous factors

such as environmental (climatic) and market forces on households’ grain management

decisions. While the LSMS-ISA surveys collect information on all crops produced by

the sample farmers, this paper focuses on maize producing rural households. Maize is

economically important grain that plays a crucial role as a food security and market

crop in East and Southern Africa (Shiferaw et al. 2011). The final data is unbalanced

and consist of 2934 households8.

Descriptive statistics

Two sets of outcome measures are used in this paper. The first set of outcomes meas-

ure the level of maize grain stored and includes the total amount of maize stored dur-

ing the survey time and the per capita maize stored. They are measured as continuous

variables and used as dependent variables in the fixed-effects model. The second sets of

outcomes used are maize stored for consumption and for markets. Both are measured

as dummy variables taking a value of 1 if the household stores maize for consumption

or markets. The dependent variables are computed from the postharvest module of the

agriculture survey of the LSMS-ISA for Ethiopia. The survey asked the households if

7Details of the study including survey instruments, documentation, and the data can be obtained from the
following website: www.worldbank.org/lsms-isa
8This is made up of 1393 households from the 2011/2012 and 1541 households from the 2013/2014 survey
years.

Tesfaye and Gebremariam Agricultural and Food Economics            (2020) 8:25 Page 9 of 19

http://www.worldbank.org/lsms-isa


they store their maize at harvest and if they do so, what is the main purpose for their

storage.

The main explanatory variables for the econometric analysis are selected based on eco-

nomic theory and empirical research (Basu and Wong 2015; Kadjo et al. 2013; Oluwatoba

et al. 2016). Among the data gathered on household demographics are the age, gender,

and education of the household head, and the size of the household. The characteristics

of the household head considered in the analysis serve as a proxy for experience, human

capital, and labor availability that can affect grain storage behaviors. Wealth and liquidity

indicators (size of cultivated land, livestock holding, access to credit, and non-farm in-

come) and technological factors (improved seeds, improved storage technologies, and

crop protection) also affect grain storage behavior through affecting production and risk

attitude. Improved storage technologies and postharvest handling could encourage risk-

averse farmers to store their produce longer for food security and get better prices for it

over the season before the next harvest (Gitonga, De Groote, Kassie, and Tefera 2013).

The climatic environment and exposure to shock are key factors of risk coping be-

havior. The survey collects information on historical rainfall, average annual rainfall,

and temperature patterns as well as those during the wettest quarter. The total amount

of rainfall and the amount during the wettest quarter are used to control for the effect

of pre and postharvest rainfall patterns of the survey years on households’ grain storage

behavior. Rainfall patterns serve as a proxy for quantities of maize harvested while con-

ditions during the postharvest season would affect storage (Kaminski and Christiaensen

2014). The historical average rainfall is used to control for their effects on households’

decisions through affecting the unobservable behaviors such as risk attitudes or atti-

tudes toward risk. Self-reported shocks are also included. One is production shock

(whether the household reports drought, poor rainfall, hailstorms, floods, or frost).

Other types of shocks included are health shocks (if the household reported any illness

or accident of household head, member, main bread earner, etc.) and market shocks (if

the household reported unusual price fall/rise of food items and price rise of agricul-

tural inputs).

To capture the economic incentives from the broader economic environment facing

households when making their storage decisions, distance to the main market, roads,

and main population centers are used. They are used as a proxy for the geographic and

economic environment that would affect grain storage behavior through fostering or

hindering access to markets, information, and technologies (Kaminski and Christiaen-

sen 2014). Table 1 summarizes the basic household characteristics, wealth and liquidity

indicators, labor availability, agricultural inputs, climatic and economic environment,

shocks, and shock coping strategies.

Maize production and disposition pattern

Table 2 summarizes maize disposition pattern of the sample households during the two

survey periods. As can be seen from the same table, the proportion of households who

sold maize to the market has slightly increased from 14% in 2012 to 17% in 2014. How-

ever, maize grain sales remain less than 10% of the production in both periods (Fig. 1).

These data suggest that own storage for consumption is an important instrument for

risk coping with consumption shortfalls.
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Table 1 Description and summary of the variables used in the econometric models

Variables Description Mean (std. dev)

2011-2012 2013-2014

Household characteristics

Male headed =1 if head is male; 0 if female 0.83 0.81

Formal school =1 if the head attends school; 0 otherwise 0.31 0.32

Age of head Age of the head in years 44.81 (15.09) 46.18 (14.59)

Household size Number of household members 5.355 (2.22) 5.391 (2.24)

Livestock holding Tropical livestock units (TLU) 3.819 (3.61) 4.153 (4.46)

Farm size Size of cultivated land (ha) 1.598 (6.92) 1.742 (4.12)

Area under maize Are allocated for maize (ha) 0.313 (0.97) 0.375 (1.90)

Credit access =1 if access credit; 0 otherwise 0.243 0.240

Non-agribusiness =1 if owns non-farm business; 0 otherwise 0.215 0.277

Improved seed =1 if used improved seed; 0 otherwise 0.186 0.236

Climatic factors and economic environment

Distance to road Distance to major road (km) 17.17 (19.14) 16.80 (18.61)

Distance to market Distance to nearest market (km) 65.63 (47.59) 66.24 (51.24)

Distance to zone capital Distance to administration center (km) 166.9 (124.3) 164.7 (117.6)

Annual temperature Mean annual temperature (°C) 19.78 (2.88) 19.79 (2.92)

Temp. wet. quarter Mean temperature of wettest quarter (°C) 19.36 (2.94) 19.37 (2.98)

Total rainfall Annual total rainfall (mm) 760.5 (232.9) 1621.8 (225.9)

Historical rainfall Historical average rainfall (2001-2013) (mm) 886.54 (248.1) 947.03(248.8)

Rainfall wet. quarter Total rainfall of wettest quarter (mm) 425.4 (140.1) 758.2 (87.74)

Shocks

Production shocks =1 if reports any production shock 0.010 0.007

Price shocks =1 if reports any price shock 0.026 0.022

Health shocks =1 if reports any health shock 0.091 0.051

Sample size (N) Number of observations 1393 1541

Table 2 Maize production, market participation, and storage

Variables 2011/2012 2013/2014

Production

Quantity of harvest (kg) 387.2 (707.0) 465.9 (1736.2)

Market participation

Sold (=1 if sold harvest) 0.140 0.173

Amount sold (kg) 22.88 (161.8) 35.10 (189.2)

Storage

Store maize (=1 if stored harvest) 0.739 0.703

Stored amount (kg) 192.6 (439.6) 224.5 (577.0)

Per capita storage (kg) 42.706 (150.98) 48.58 (156.83)

Storage purpose (motives)

Consumption (=1 if stored for consumption) 0.839 0.795

Sale to markets (=1 if stored for markets) 0.152 0.141
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Maize grain storage is common as it is practiced by more than 70% of the sample

households. Postharvest crop disposition pattern of the sample households also reveals

that the inter-seasonal, or preharvest grain storage levels (amount) on average are close

to half of the annual grain production. These results are significantly lower than the

rates reported by Park (2006) for northwest Chinese farm households. Grain used for

reimbursement of inputs such as labor, in-kind wage, and land rentals constitutes less

than 2% of the production or harvest.

Analysis of the maize disposition pattern of Ethiopian maize farmers shows that more

than 90% of the total maize harvest never leaves the farm (household) as it is consumed

or stored for future consumption, sales, or as a seed for next planting season (Fig. 1).

By so doing, farming households ensure themselves against consumption shortfalls dur-

ing the lean season.

Pre- and postharvest loss and storage methods

The prevalence of postharvest storage loss has fallen from 3.9 to 0.4% (Table 3). How-

ever, the use of improved storage technologies remains discouraging in the country.

Relatively, crop protection (use of chemicals) is practiced by about 22% of the sample

households although it has been static. Compared to postharvest loss, the risk of pre-

harvest loss or crop failure is prevalent. This could be associated with the limited use

of crop damage prevention measures.

Fig. 1 Crop disposition pattern

Table 3 Pre and postharvest maize loss and storage methods

Particulars Year

2011-2012 2013-2014

Improved storage use (1 = yes) 0.18 0.18

Crop protection (1 = yes) 21.6 21.5

Postharvest loss (%) 3.94 (16.02) 0.44 (2.87)

Preharvest crop damage (1 = yes) 44.8 3.94

Damage proportion (%) 17.05 (25.32) 14.30 (22.77)

Crop damage prevention (1 = yes) 18.1 7.93
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These descriptive statistics have important implications. The low adoption of im-

proved storage technologies would mean that farmers are not considering the posthar-

vest loss as a priority problem. It would also discourage them from storing grains for

future consumption or sale to markets when prices are high. In the worst case, farmers

might be financially constrained to invest in improved maize storage technologies such

as the use of metallic silo.

Discussion
This section presents the econometric model results of the determinants of maize stor-

age and the differential effects of various factors on households’ maize storage for con-

sumption (food security motives) and markets (price arbitrage motives). The

econometric model results are presented in Table 4.

We start by discussing the fixed effects model estimates of the determinants of

the level of maize storage at the household level. We find that the total amount of

maize stored increases with the adoption of improved maize seeds and with the

use of stored crop protection practices. The possible explanation for the positive

association would be that improved seeds have a productivity-enhancing effect

which translates into high yields and increased storage. This finding sheds new

light in contrast with existing evidence that documents a tradeoff associated with

the adoption of improved seeds which are high yielding but susceptible to storage

loss (Ricker-Gilbert and Jones 2015). The level of maize stored (both total and per

capita maize stored) increases with the use of crop protection methods. This find-

ing corroborates the existing evidence that crop storage practices enable house-

holds to store grains by reducing the risk of storage loss (Gitonga et al. 2013;

Kaminski and Christiaensen 2014; Fuglie 1995).

Shock experience is another factor found to significantly affect grain storage behavior.

Preharvest loss (crop damage) significantly reduces the amount of maize stored. This is

not a surprising result as the risk of crop failure has production reducing effect which

could translate into low levels of consumption, sale, or storage. While the immediate

channel is obvious, the risk of crop failure could also reduce the capacity of households

to purchase maize from the markets. The result suggests that adoption of crop damage

protection measures, particularly ex-ante risk coping instruments have the capacity to

improve household welfare through improving grain savings, food security, and hence

benefit from price seasonality. Likewise, we find health shocks to negatively affect maize

storage. This would work in two channels. On one hand, health shocks would signifi-

cantly affect labor supply for maize production which would in turn result in low pro-

duction and hence low storage levels. On the other hand, health shock often results in

liquidity constraints as they divert resources away to health expenditures and that

would urge households to sell their crop immediately after harvest. This is consistent

with the finding of Sun et al. (2013) who report a significant association between health

shocks and grain selling behavior.

The only climatic factor that plays a role here is temperature. An increase in the

mean annual temperature significantly reduces the amount of maize storage. This could

perhaps be due to the maize yield-reducing effect of an increase in temperature. How-

ever, an increase in temperature of the wettest quarter has a positive effect on the

amount of maize stored. This is possible as an increase in temperature during the
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Table 4 Determinants of maize storage and storage motives

Variables Grain storage+ Storage motives ++

Total grain stored
(kg)

Per capita grain stored
(kg)

Consumption Price
arbitrage

Male headed −97.21 −0.258 −0.022 −0.003

(89.16) (1.244) (0.079) (0.094)

Age of head 2.198 0.000 0.001 −0.004

(2.991) (0.042) (0.002) (0.002)

Formal school 64.37 0.981 −0.009 −0.017

(44.52) (0.621) (0.068) (0.074)

Non-agribusiness −1.839 −0.063 −0.167** −0.097

(52.09) (0.727) (0.066) (0.072)

Credit access 19.07 −0.585 0.102 0.125*

(35.18) (0.491) (0.072) (0.073)

Household size 18.07 0.214 0.013 −0.018

(12.61) (0.176) (0.014) (0.016)

Farm size 1.281 0.003 0.009 0.010***

(1.692) (0.024) (0.006) (0.003)

Livestock holding 1.070 −0.013 0.022*** 0.038***

(5.177) (0.072) (0.008) (0.009)

Improved storage −165.8 −0.285 4.645*** 1.104**

(299.8) (4.182) (0.192) (0.523)

Crop protection 79.64** 3.893*** 0.548*** 0.398***

(31.72) (0.442) (0.086) (0.071)

Preharvest loss −51.90** −0.373 −0.145** −0.165**

(24.18) (0.337) (0.058) (0.065)

Improved seed 107.8*** 0.920 0.297*** 0.607***

(41.76) (0.582) (0.086) (0.075)

Distance to road 3.330 0.242 0.007*** −0.005**

(14.74) (0.206) (0.002) (0.002)

Distance to market 8.937 −0.194 −0.000 0.004***

(13.88) (0.194) (0.001) (0.001)

Distance to zone
capital

1.636 −0.006 −0.001*** −0.001***

(4.800) (0.067) (0.000) (0.000)

Production shock 84.55 0.930 −0.020 −1.230**

(120.0) (1.674) (0.278) (0.519)

Price shock −84.47 1.452 −0.010 0.609***

(73.76) (1.029) (0.201) (0.166)

Health shock −84.86* −2.012*** −0.267** −0.285*

(47.40) (0.661) (0.111) (0.149)

Annual temperature −748.5*** −6.339* 0.094** −0.146***

(275.6) (3.844) (0.046) (0.050)

Temp. of wet. quarter 759.7*** 5.677 −0.100** 0.119**

(266.5) (3.717) (0.046) (0.050)

Historical rainfall −0.678 0.017 0.001*** 0.001***

(1.285) (0.018) (0.000) (0.000)
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wettest quarter makes access to maize from markets difficult, thus increasing house-

holds’ incentive to store maize.

Now, we turn to the discussion of the findings from the bivariate probit model.

Results of the bivariate probit estimates for the determinants of storage motives

are reported in Table 4 (columns 4 and 5). Before discussing the determinants of

maize storage motives, we discuss the relationship between these two maize storage

motives of households. The lower panel of Table 4 shows that the correlation be-

tween the error terms in the maize storage for consumption (food security) and

storage for market (price arbitrage) equations is positive and significant (ρij =

0.292). The positive and significant correlation between the error terms in the two

equations suggests that households’ decisions to store grain for consumption and

for the markets are made simultaneously or that the decisions are complementary.

The joint and marginal probabilities show that about 14% of the sample house-

holds will store maize for markets conditional on storage for consumption. The

joint probability that a household would store maize for market but not for con-

sumption is only 8%. In contrast, the probability that a household stores maize for

consumption but not for markets is about 68%. The probability that a randomly

selected household does not store maize either for consumption or markets is 17%.

While our result suggests that the consumption smoothing motive for grain storage

Table 4 Determinants of maize storage and storage motives (Continued)

Variables Grain storage+ Storage motives ++

Total grain stored
(kg)

Per capita grain stored
(kg)

Consumption Price
arbitrage

Total rainfall −0.123 −0.004** −0.001** 0.000

(0.136) (0.002) (0.000) (0.000)

Rainfall of wet. quarter 0.114 −0.001 0.002*** 0.002***

(0.190) (0.003) (0.000) (0.001)

Year (1 = 2013/2014) 104.7 2.658** −0.233 −0.708***

(96.12) (1.341) (0.247) (0.271)

Constant −90.93 11.01 0.244 −2.276***

(1532.3) (21.37) (0.313) (0.336)

ρij 0.292***

(0.056)

pr (y1j = 1, y2j = 1) 0.140

pr (y1j = 0, y2j = 1) 0.008

pr (y1j = 0, y2j = 0) 0.172

pr (y1j = 1, y2j = 0) 0.680

pr (y1j = 1) 0.820

pr (y2j = 1) 0.147

χ2 1296.5***

F 1.764*** 4.674***

N 2934 2934 2934
+Fixed effects estimates
++Bivariate probit model estimates; standard errors in parentheses
*p < 0.10
**p < 0.05
***p < 0.01
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is stronger, there is still a room that households store maize for markets, thus sup-

porting the price arbitrage motive.

Turning to the determinants of maize storage motives, we find many of the signifi-

cant variables to have a homogenous effect on both motives (purposes) of maize stor-

age. The risk of crop damage, improved seed adoption, distance from zonal capital or

administration center, and rainfall pattern have a homogenous effect on maize storage

for consumption and for markets. The probability of maize storage for consumption

and markets increases with livestock holding, improved maize storage, use of crop pro-

tection, improved seed adoption, amount of the historical average rainfall and total

rainfall amount of the wettest quarter. However, health shocks, the risk of crop damage,

and distance to the zonal capital have a negative effect on maize storage for consump-

tion or markets. The explanation for the positive effect of improved maize seeds adop-

tion, and the use of crop protection methods follows similar lines of explanation

provided for their positive effect on the level of maize stored. The positive correlation

between livestock holding and maize storage for consumption and markets could be

due to the role of livestock in providing draft power and manure that would increase

maize production, thus storage. As maize yield is very likely to increase with rainfall,

the positive effect is as expected.

Consistent with the theoretical prediction of this paper, some of the significant vari-

ables have a heterogeneous effect on grain storage motives. Distance to the road is

negatively associated with grain storage for markets whereas its effect on grain storage

for consumption is positive. This is in line with the theoretical arguments that (semi)-

subsistence households produce and store grains to limit their dependence on external

sources of food (Renkow 1990). Households located in remote areas also would be

prone to food price shocks and hence need to insulate themselves against consumption

price risks through holding grain stocks (Park 2006). The mean temperature of the wet-

test quarter also has a heterogeneous effect on grain storage behavior. While the prob-

ability of maize storage for consumption falls with an increase in the mean temperature

of the wettest quarter, the reverse works for storage for markets. This could be due to

the fact that the risk of postharvest loss increases with the mean temperature of the

wettest quarter (Kaminski and Christiaensen 2014). When it comes to the risk of stor-

age loss, grain storage for markets is riskier than storage for consumption.

The probability of maize storage for consumption also falls with owning a non-farm

business and total annual rainfall. Since non-farm business ownership relaxes liquidity

constraints during the lean season, households may not have an incentive to hold

grains to smooth consumption between the harvest and lean season. This statement is

supported by economic theory which argues that holding grains is a less productive

strategy compared to other instruments for managing risk such as off-farm income.

The negative effect of rainfall on maize storage can be attributed to the ability for rain-

fall to reduce the risk profile of households. Grain storage for markets is positively as-

sociated with access to credit and farm size. The former results suggest that access to

credit relaxes credit constraints and enable households to store grain and benefit from

price arbitrage than selling immediately off harvest (Basu and Wong 2015; Stephens

and Barrett 2011). Price shock and distance to markets are also found to be positively

related to grain storage for markets. Price shocks, in this sense, are supposed to play a

positive role in encouraging households to store grain and benefit from price
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seasonality. The positive coefficient for distance to market could mean that households

located far from markets are not tempted to sell early. Thus, they can store their grain

to be sold later in the postharvest or lean season.

Conclusion
Grain savings are deemed to be important consumption smoothing strategies among

rural households who are continually exposed to yield and income shocks. This is par-

ticularly true in areas where seasonality in production is omnipresent. Thus, grain stor-

age could be an instrument for the seasonal transfer of assets across the harvest and

lean seasons in time of missing or poorly functioning credit and insurance markets.

While there is a long-held belief that many farming households in developing countries

prefer to grow crops which they consume than to rely on markets, one can also observe

farming households produce crops for both consumption and market. Using a nation-

ally representative panel data from maize growing rural Ethiopian households, this art-

icle sheds light on maize storage behavior and investigates the effect of climatic factors,

improved storage practices, and household characteristics on grain storage behavior.

We employ fixed effects and bivariate probit models to explore the determinants of

maize storage and storage motives. We find evidence that the amount of maize stored

is mainly affected by technological innovations, climatic factors, and shocks. This sug-

gests that grain storage behavior is a function of productivity-influencing factors and

exposure to shocks. However, household characteristics, wealth, and the economic en-

vironment play an insignificant role in determining the level of maize stored by the

household at harvest. Interestingly, our study demonstrates that households’ grain stor-

age for consumption and for markets are not mutually exclusive, they are rather com-

plementary decisions. While households’ decisions to store maize for consumption and

for markets are mainly determined by the same set of factors, distance to road and cli-

matic factors have a heterogeneous effect on the two storage motives. The results sug-

gest that improving household welfare in the face of climatic shocks demands strategies

that would increase grain production and storage. The actions may include improving

households’ access to productivity-enhancing and storage loss reducing technologies,

integrating markets, and designing preharvest loss mitigating strategies.
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