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Abstract

Many governments throughout history have tried to stabilize commodity prices
based on the widespread belief that households — especially the poor — value price
stability. We extend the existing microeconomic theory literature to derive an
estimable matrix of the coefficients of price risk aversion and associated
willingness to pay measures over multiple commodities. Using longitudinal
household-level data from Ethiopia, we then estimate that the average household
would be willing to pay almost 20 percent of its income to eliminate price
fluctuations among the seven most important staples in the data. We further show
that not everyone benefits from price stabilization and that the welfare gains from
eliminating price fluctuations would be concentrated in the upper half of the
income distribution, making price stabilization a regressive policy in this context.
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1. Introduction

Throughout history and all over the world, governments have treated commodity price
stability as an important goal of economic policy. Using a host of policy objectives from
buffer stocks to administrative pricing and from variable tariffs to marketing boards,
these governments have had very limited success in stabilizing prices. With the food
crisis of 2007-2008, however, commodity price volatility has rekindled widespread
government interest in price stabilization, especially as regards food and energy

commodities.

State intervention with respect to domestic staples prices commonly arises because
households are widely believed to value price stability; because the poor are widely
perceived to suffer disproportionately from food price instability; and because futures and
options markets for hedging against price risk are commonly unavailable to consumers
and poor producers given the minimum scale of transactions required by the relevant
exchanges (Newbery, 1989; Timmer, 1989). Given the policy importance of the topic,
and although economists have commonly questioned the net economic benefit of
government price stabilization interventions (Newbery and Stiglitz, 1981; Krueger et al.,
1988; Knudsen and Nash, 1990), the theoretical and empirical toolkit for understanding
how household welfare is affected by price fluctuations is somewhat dated and

surprisingly limited.

The effects of price fluctuations — which we also refer to as “price risk” in this paper

— on producer behavior and welfare have been well-explored in the theoretical literature.



Output price uncertainty generally causes firms to employ fewer inputs, foregoing
expected profits in order to hedge against price fluctuations (Baron, 1970; Sandmo,
1971). The analysis of commodity price fluctuations has been extended theoretically to
individual consumers (Deschamps, 1973; Hanoch, 1977; Turnovsky et al., 1980;
Newbery and Stiglitz, 1981; Newbery, 1989) and to agricultural households both
theoretically (Finkelshtain and Chalfant, 1991 and 1997) and empirically (Barrett, 1996).
These analyses, however, have focused largely on a single staple commodity. Although
Turnovsky et al. (1980) have considered the price fluctuations of multiple commodities,
they did so only theoretically. Given that indirect utility functions — the usual measure of
welfare in microeconomic theory — are defined over both income and a vector of prices,
the literature’s heavy focus on income risk, at most extended to a single stochastic price,

paints a very incomplete picture of total (i.e., income and prices) attitudes to risk.

The central contribution of this paper is to combine the theoretical framework of
Turnovsky et al. (1980) with the empirical framework of Finkelshtain and Chalfant
(1991, 1997) and Barrett (1996) in order to derive an estimable matrix of price risk
aversion and associated willingness to pay (WTP) measures for price stabilization over
multiple commodities, and then to demonstrate the empirical implications of the theory as
it applies to rural Ethiopian households who both produce and consume several

commodities characterized by stochastic prices.

The matrix of price risk aversion coefficients we derive and estimate reflects price

risk premia with respect to the covariance matrix of prices faced by the household,



yielding not only the usual own-price risk aversion coefficients on the diagonal (i.e., the
effect of price variance on household welfare), but also the off-diagonal cross-price risk
aversion coefficients (i.e., the effect of the price covariances on household welfare).
These off-diagonal terms have so far been overlooked in the literature, although they
have an intuitive interpretation and are necessary to understanding behavior and welfare
with respect to multivariate price risk. Indeed, even when focusing on price risk for a
single commodity, ignoring cross-price risk aversion coefficients leads to biased
estimates of the effect of price risk. Staple prices rarely, if ever, fluctuate independently
of one another. Based on the matrix of price risk aversion coefficients, we then derive
formulae for the household’s WTP to stabilize at their means both the price of individual

commodities and the prices of a set of commodities.

Using panel data on rural Ethiopian households, we then estimate the matrix of price
risk aversion and compute WTP estimates. These estimates show that the average
household is willing to give up 19 percent of its income to stabilize the price of the seven
most important staple commodities in the sample. Nonparametric analysis suggests that,
contrary to conventional wisdom, the welfare gains of price stabilization in these data are
only positive in upper half of the income distribution, and that they are negative in a
significant fraction of the lower half of the income distribution, which would make price
stabilization a regressive policy intervention in these data. Lastly, we conduct an ex ante
analysis of an alternative to strict price stabilization policy, one in which the households
who are price risk-averse receive a transfer payment to compensate them for the welfare

loss they suffer due to price risk exposure, but which leaves households who benefit from



price fluctuations unaffected. We demonstrate that this would be Pareto superior to fixing

prices.

The rest of this paper is organized as follows. Based on the theoretical work of
Turnovsky et al. (1980), we extend Barrett’s (1996) empirical approach to the estimation
of price risk aversion coefficients to the multiple commodity case. We derive the matrix
of price risk aversion and its properties in section 2. In section 3, we present the data and
briefly discuss descriptive statistics. We then develop a reduced form empirical
framework to estimate the matrix of price risk aversion coefficients and discuss
identification in section 4. In section 5 we estimate own- and cross-price risk aversion
coefficients, construct the matrix of price risk aversion coefficients, test the restrictions of
the theory, compute and analyze household WTP estimates for price stabilization, and
casually explore a price risk compensation scheme as an alternative to pure price
stabilization policy. We conclude in section 6 by discussing the research and policy

implications of our findings.

2. Theoretical Framework

This section develops a simple two-period agricultural household model (AHM) and
derives the household’s matrix of own- and cross-price risk aversion coefficients for the
multiple-commodity case. This is the most parsimonious model possible, as we need a
framework that encompasses both consumer and producer behavior while an interest in
price instability requires, at a minimum, a two period model, with at least one period in

which agents make decisions subject to uncertainty with respect to prices, both in levels



and in relation to incomes and other prices. We then derive some key properties of the
price risk aversion matrix and relate it to the Slutsky matrix, which yields implications
that we test in section 5. Lastly, and more importantly, we analytically derive measures of

household willingness to pay to stabilize the prices of one or more commodities.

2.1 Agricultural Household Model

The derivations in this section closely follow those in Barrett (1996), who in turn builds
on Turnovsky et al.’s (1980) work on individual consumers and Finkelshtain and
Chalfant’s (1991) work on price risk in the context of the AHM. In what follows in this
subsection, we report the basics of the model. Readers interested in more detailed

explanations and derivations of these findings should consult those prior works.

Consider an agricultural household whose preferences are represented by a von

Neumann-Morgenstern utility function U(:) defined over consumption of a vector
C, =(Cy;5Cpypse---Co ) Of all goods whose consumption and/or production is observed by
the econometrician; a composite C, of all goods whose consumption and/or production is

unobserved by the econometrician, and leisure /. Assume function U (-) is quasiconcave
. . ... 0U )
but concave in each of its arguments, and that the Inada condition 8_| o = applies
X

with respect to each argument x. All K observed goods and the unobserved good can, in
principle, be produced or consumed by the household, which draws on its endowments of

labor time and land and an exogenously given production technology defined over land,



labor and a composite of other variable inputs. The household faces the usual cash and

time budget constraints and may receive some unearned income.

The household maximizes its welfare over two periods, making production decisions
in the first period, when all product prices are unknown but input prices z are known.
While Turnovsky (1978) noted how different qualitative results obtain depending on
whether price uncertainty arises due to an additive or multiplicative error term, our
framework allows us to assume nothing about the shape of price uncertainty and let the

data speak for themselves.

By Epstein’s (1975) duality result, we can use the household’s expected indirect

utility function V (-), which is homogeneous of degree zero in prices and income, to solve

the household’s optimization problem. We thus set the price of the unobserved

commodity as numéraire. Lastly, we assume that the household is (income) risk-averse,

2

: oV .
in the sense that —-=V, <0, where y represents household total income.

Using the household’s expected indirect utility function, Barrett (1996) then solves
the household’s maximization problem and derives an expression of household price risk
aversion in the case of a single commodity. We now extend that framework to the case of
multiple commodities whose prices are stochastic and derive the household’s matrix of

own- and cross-price risk aversion coefficients.



2.2 Price Risk Aversion over Multiple Commodities
Let V(p,y) denote the household’s indirect utility function. The vector p =(p,,..., Py )

is the vector of commodity prices faced by the household over the observed commodities,

while the scalar y denotes household income. Let p; denote the price of commodity i
and p; denote the price of commodity j, without any loss of generality. We know from
Barrett (1996) that

sign[Cov(V, , p;)] =sign(V,,, ). (1)
Moreover, let M, =s,(z,p)—X,(p,Y)=M,(z,p,y) be the marketable surplus of
commodity i, where S;(-) is the household supply of commodity i, which depends on

input and commodity prices, and X, () is its Marshallian demand for commodity i, which

\V .
depends on commodity prices and income. By Roy’s identity, i.e., M, = —% J we
y
have that
\Y Vv
V, =——P =" 2
VSTV M )

where M ; is the marketable surplus of commodity j. Additionally,

Voo, Vo, oM. 1 oM.
p'pl i 1 1

Vypj = - p2 =— Vpipj -—V, . 3)
M, MZéop, | M, op,

[ J

We also have that

M=oV =MV, 4)

* One can apply Roy’s identity to the marketable surplus equation given that it is both additive and convex.
See also Finkelshtain and Chalfant (1991).



which implies that

V., =MV, +V, —, (5)

which, in turn, implies that

oM,
Viy =MV, +V, W =V (6)

ypi 2

where the last equation is the result of applying Young’s theorem on the symmetry of

second derivatives, which requires that (i) V (-) be a differentiable function over (p,Y);

and (ii) its cross-partials exist and be continuous at all points on some open set.

Replacing V,, by equation 6 in equation 5 yields

Voo :Mi{MjVW +V, ag/lyj}Jr y‘z—'ri. (7)
j
Then, we have that
Vi, :MiMijy+MiVy%+VygTMi. (8)
j
Multiplying the first term by V, y/V, y yields 9)
V. __MiM,RY, +Mivy%+vya—'\’”, (10)
v y oy op;

where R is the household’s Arrow-Pratt coefficient of relative risk aversion. Multiplying

the second term by M ;y/M;y and the third term by M;p; /M, p; yields

MM RV,
y

pip;

MJ Mi
+MVn,—+V, &g —, (11)
y P



where 77; is the income-elasticity of the marketable surplus of commodity j and ¢;; is the

elasticity of commodity i with respect to the price of commodity j. Equation 11 is thus

equivalent to

MR M, 1
Vpipj =MiVy - +,—+e— |- (12)
y y P;

Multiplying the first two terms in the bracketed expression by p;/ p; yields

v —M‘Vy[ R ] 13
e = g L Bi+nBi+&;); (13)
J

where f; is the budget share of commodity j. When simplified, equation 13 is such that

M.V
Voo, == 1811, - R+, ] (14)
]

Consequently, if M; = 0, the household is indifferent to fluctuations in the price of good i
and to cofluctuations in the prices of goods i and j since its autarky from the market
leaves it unaffected at the margin by price volatility. Applying Young’s theorem again
yields the following equation:

MV, MV
Ve, = [ﬁj(”j_R)Jfgij]:
P; P

Y [ﬂ,(n, _R)+gji]zvpjpi' (15)

In other words, the V  matrix, which is such that

VP]P] Vp1p2 VplpK
_ P2 Py P2 P> P2 Pk

Vpp - : : ", : ’ (16)
Pk Py VPKPz VprK

is symmetric. From the V , matrix, we can derive matrix A of price risk aversion

coefficients, which is as follows:

10



VP1P1 Vplpz VplpK
1 1 szpl P2 P2 P2 Pk
A:_V_'Vpp:_v_' : : " :
y y
VPK P VPK P2 VPK Pk
All AlZ AIK
— A\'Zl A:22 AZK , (17)
AKI AK2 AKK
where
M,
A== B Ryve ] (18)
J

Matrix A has a straightforward interpretation, as developed in the scalar stochastic price
case (Barrett 1996). The diagonal elements are analogous to Pratt’s (1964) coefficient of
absolute (income) risk aversion with respect to income variability, but here with respect
to prices. Thus, Aji> 0 implies that welfare is decreasing in the volatility of the price of I,
i.e., that the household is price risk-averse (or a hedger) over iI; Aj = 0 implies that
welfare is unaffected by the volatility of the price of i, i.e., that the household is price
risk-neutral; and A;j < 0 implies that welfare is increasing in the volatility of the price of I,
i.e., that the household is price risk-loving (or a speculator) over i.” Price risk-aversion is
the classic concern of the literature on commodity price stabilization (Deschamps, 1973;

Hanoch, 1974, Turnovsky, 1978; Turnovsky et al., 1980; Newbery and Stiglitz, 1981).

The off-diagonals, meanwhile, reflect how variation in one good’s price affects the

household’s marginal utility with respect to variation in the other good’s price.

> The hedger-speculator terminology is from Hirshleifer and Riley (1992), who apply it to the Keynes-
Hicks theory of futures markets.
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Consequently, Ajj > (<) 0 implies that greater volatility in price j reduces (increases)
welfare associated with the net consumption of good i, or that the household stands to
gain from hedging against (speculating over) covariance in the prices of goods i and j.
The price risk aversion coefficient matrix thus speaks directly to the welfare effects of
and household preferences with respect to multivariate price risk. Intuitively, the diagonal
terms can be interpreted as the (direct) effect on household welfare of the variance in the
price of a single good, and the off-diagonal terms can be interpreted as the (indirect)

effect on household welfare of the covariance between the prices of two goods.

Perhaps more importantly, there is no theoretical restriction on the sign of any
element of A. The theory, however, implies a testable symmetry restriction on the
estimated price risk aversion coefficients. With adequate data, one can test the following
null hypothesis:

Hy:A; =A; foralli=j, (19)
which represents K(K —1)/2 testable restrictions. The next section characterizes the
relationship between the price risk aversion matrix A and the Slutsky matrix and shows

how a test of the symmetry of A is thus a test of the rationality of the household.

2.3 Relationship between the Price Risk Aversion and Slutsky Matrices
The derivations above raise a natural question: What is the relationship between the price

risk aversion matrix and the Slutsky matrix? Let M,(z,p,y) be the household’s

marketable surplus of commodity i as a function of the prices the household faces and its

12



income. We know from first principles that the Slutsky matrix S is such that (Mas-Colell

etal., 1995)
M, oM,
S,(py) =T+ M, - B, +C, 0)
p; Oy
oM, oM, o . .
where B; = 2. and C; =———M,. Based on the derivations of the previous section, we
P;
can show that
1 R
A :Mi|:_c"__+Bi':|' (21)
] M j I} y ]

That is, a household’s marginal utility with respect to a change in the price of good i

varies as a result of a change in the price of good ] (i.e., Vpipj ), and this change is a

function of the commodity’s own-income effect as well as the cross-price effect between

goods i and . In this sense, since the cross-price risk aversion between goods i and |
is linked to both S;; and S, there does not exist a one-to-one correspondence between

the elements of matrices A and S. This can be seen by rewriting the last expression as

(oM, aM ) (oM, aMm,
M0 0 oy & | | op opy
A=| 0 . 0 TR
0 0 MM MM M,
oy oy op, Pk
R R)]
y y
- : (22)
R R
y y )]
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In other words, one cannot recover the Slutsky matrix from the matrix of price risk

aversion coefficients. The two, however, are related, and the derivations above lead to the

following result.

Proposition 1: Under the preceding assumptions and if the cross-partials of the

household’s indirect utility function exist and are continuous at all points on some open

set, symmetry of the matrix of price risk aversion coefficients is equivalent to symmetry

of the Slutsky matrix.

Proof: Symmetry of the Slutsky matrix implies that

: : oM; oM,
8M,+8M,Mj: M (23)
ap; oy ap; oy

By Roy’s Identity, the above statement can be rewritten as

i(V_JQ(V_J Vo i[V_]Q[V_J 7Y PO
op; | Vv, ) oyl v, vV, | apl Vv, ) oyl Y, v,

which, once the second-order partials are written explicitly, is equivalent to

_ Vp.p,vy _Vypjvp. n Vpiyvy _Vyyvpi .ij _
Vy2 Vy2 Vy

_ Voo Vy _ZVyinpj + You¥y —ZVnypj : V—p . (25)
v vy v

y

This last equation can then be arranged to show that

(Vpipj _ijpi }‘/y =V, V _ijpri _Vypivpj +Vi, v (26)

yPj " P piy " pj°

14



By Young’s Theorem, we know that Vpipj :Vp;pi , that Vyinpj :Vpiyvp; , and that

Vypj =ijy, so both sides of the previous equation are identically equal to zero. In other

words, symmetry of the Slutsky matrix implies and is implied by symmetry of the matrix

A of price risk aversion coefficients.m

The symmetry of the Slutsky matrix and the symmetry of the matrix of price risk
aversion coefficients have the same empirical content in that they both embody the
rationality of the household. But symmetry of the Slutsky matrix should be easier to
reject than symmetry of the matrix of price risk aversion given that it imposes much more
structure on the data than symmetry of the matrix of price risk aversion. Indeed,

symmetry of the matrix A of price risk aversion coefficients only requires that Vpipj not
be statistically significantly different from ijpi . Symmetry of the Slutsky matrix,
however, requires (i) that Vpipj not be statistically significantly different from ijpi ; (i)
that Vyinpj not be statistically significantly different from Vpiprj ; and (iii) that Vypj not

be statistically significantly different from ijy. As a result, it should be easier to reject

symmetry of the Slutsky matrix than it is to reject symmetry of the matrix of price risk

aversion coefficients, simply because the former imposes more restriction on the data.
2.4 Willingness to Pay for Price Stabilization

Policymakers routinely try to stabilize one or more staple good prices, but what are the

welfare effects of such efforts? This subsection derives the appropriate WTP measures

15



necessary to establish the welfare gains from partial price stabilization, i.e., from

ge . . . 6
stabilizing one or more commodity prices.

In order to tackle this question with respect to K prices, one first needs to compute the

total WTP, i.c., the WTP for K commodities. Then,

wrp < Y (E(D). y)v— EV(p.y) _ E[V(E(p),\y) -V(p.y)| @

y y

A Taylor series approximation around V (E(p),y) yields

E[—vp(E(p), y)p- E(p))—;(p ~E(P)V,, (E(P), yXp - E(p))}
WTP ~ )
Vy
(28)
In other words,
wrp < L E(P—E@Xp-Em)V, (E(P).yNp~E(p) 29)
2 Vy
and so
1 «—k K Vpipj 1 —k K
WTP ~ _EZMZJ:I ij v, - EZi:IZj:I o Ay (30)

where o is the covariance between prices i and j and A; is the coefficient of price risk

aversion, as defined above. By symmetry of matrix A, the above is equivalent to

l K K
WTP zgzizlzﬁaﬁAji : (31)

® The measures derived in this section are partial in the sense that they only stabilize prices for a subset of
the (potentially infinite) set of commodities consumed and produced by the household, as it is essentially
impossible to stabilize prices completely since the costs of stabilization increase exponentially with the
degree of stabilization pursued (Knudsen and Nash, 1990).

16



These derivations provide the transfer payment a policymaker would need to make to
the household in order to compensate it for the uncertainty over (p,,..., Py ). If instead

one wishes to stabilize only one price i, the above derivations reduce to
1 K
WTP, ~ E[GiiAii + ZM Oji Aij ]» (32)

and, by symmetry of matrix A and of the price covariance matrix, the above is equivalent

to

WTP, z%[a”/sﬁi +y _ajiA..]. (33)

j#i i1

Because equations 32 and 33 are equivalent, the WTP for commodity i can be computed
in two ways, i.e., via either the rows or the columns of matrix A. This provides the
transfer payment a policymaker would need to make to the household in order to
compensate it for the uncertainty over p,. Finkelshtain and Chalfant (1997) introduced a
similar measure, but their framework considered only one stochastic price, de facto
ignoring the covariances between prices. Realistically, however, even the WTP for a
single commodity i depends on the covariance between the price i and the prices of other
commodities J. In other words, a price stabilization policy focusing solely on the price of

commodity i would bias the estimated WTP for commodity i, unless o; =0 or A; =0

forall i = j.

17



3. Data and Descriptive Statistics

We empirically demonstrate the core theory developed in the preceding section by
estimating the price risk aversion coefficient matrix and household WTP for price
stabilization. In order to do so, we use data from the publicly-available Ethiopian Rural
Household Survey (ERHS),” which includes results from four rounds: 1994a, 1994b,
1995, and 1997. The ERHS data record both household consumption and production
decisions over multiple years. The ERHS has a low attrition rate as well as a standardized
survey instrument across the rounds we retain for analysis. The sample includes a total of
1494 households across 16 districts (woredas) with an attrition rate of only 2 percent
across the four rounds selected for analysis (Dercon and Krishnan, 1998).® The average
household in the data was observed 5.7 times over four rounds and three seasons;” only 7
households appear only once in the data. The estimations in this paper thus rely on a

sample of 8556 observations. '’

Given that many of the households in our data were autarkic with respect to several

commodities (i.e., they neither bought or sold those commodities), for every season (i.e.,

7 These data are made available by the Department of Economics at Addis Ababa University (AAU), the
Centre for the Study of African Economies (CSAE) at Oxford University, and the International Food Policy
Research Institute (IFPRI). Funding for data collection was provided by the Economic and Social Research
Council (ESRC), the Swedish International Development Agency (SIDA) and the US Agency for
International Development (USAID). The preparation of the public release version of the ERHS data was
supported in part by the World Bank, but AAU, CSAE, IFPRI, ESRC, SIDA, USAID, and the World Bank
are not responsible for any errors in these data or for their use or interpretation.

¥ Ethiopia is subdivided into eleven zones subdivided into woredas, which are roughly equivalent to US
districts.

? Within-round variation in seasons occurred only in 1994a and 1997. Because the season was not specified
for the 1994b and 1995 rounds, we cannot control for seasonality in the empirical analysis of section 5.

' The original data included several outliers when considering the marketable surpluses of the seven
commodities retained for analysis, and these outliers caused certain percentage values (e.g., the WTP
measures below) to lie far outside the 0 to 100 percent interval. As a remedy, for each of the seven
marketable surpluses used below, we kept only the 99 percent confidence interval (i.e., + 2.576 standard
deviations) around the median, the mean being too sensitive to outliers. We thus dropped 188 observations.

18



the time period we consider in these data) in which a household is neither a net buyer nor
a net seller of a given commodity, this household has a marketable surplus of zero for
that particular commodity. In what follows, we focus on coffee, maize, horse beans,
barley, wheat, teff, and sorghum, i.e., the top seven staple commodities when considering

the proportion of observations with a nonzero marketable surplus.

Table 1 presents descriptive statistics for these seven commodities. A positive
(negative) mean marketable surplus indicates that the average household is a net seller
(buyer) of a commodity. The average household is a net buyer of every staple, and table 2
further characterizes the dependent variables by focusing on the nonzero marketable
surplus observations and by comparing descriptive statistics between net buyers and net
sellers. Except for maize and wheat, the purchases of the average net buyer household
exceed the sales of the average net seller household. For every commodity, there are
many households in both the net buyer, autarkic, and net seller categories, reflecting
potentially heterogeneous welfare effects with respect to commodity prices in rural

Ethiopia.

Table 3 lists the mean real (i.e., corrected for the consumer price index) price in
Ethiopian birr for each of the seven commodities we study,'' the average seasonal
household income, and the average seasonal nonzero household income in the full
sample. The income measure used in this paper is the sum of proceeds from crop
revenues, off-farm income, and livestock sales. That said, average income from the

aforementioned sources is different from zero in about 82 percent of cases, which

" As of writing, US$1 ~ Birr 9.43.
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explains why the average seasonal income of about $94 may seem low. When focusing

on nonzero income, the average seasonal income increases to about $106.

Table 3 also presents the budget share of each staple commodity retained for analysis.
Purchases of teff and coffee represent the largest budget shares in magnitude, with 21 and
15 percent of the average household budget, respectively. The purchases of staple crops
such as maize, barley, and wheat come close, however, with 13, 12, and 11 percent,
respectively, of the average household budget. The purchases of beans and sorghum

come last, with 7 and 6 percent, respectively, of the average household budget.

Finally, because price covariances play an important role in computing household
WTP for price stabilization, table 4 reports the variance-covariance matrix for the prices

of the seven staple commodities retained for analysis.

4. Empirical Framework
As defined previously, a household’s marketable surplus of a given commodity i,

M.(z,p,Y), is the quantity harvested of that commodity net of the quantity purchased

and the household’s consumption of its own harvest, a reduced form function of input
and output prices and household income. Our data include commodity prices and allow
us to compute household income, but include only village-level average wage as an input
price. Given that all households in an area face common market prices at the same time,
however, we use woreda-round fixed effects to control for the vector of input prices

faced by each household in each location in each period. Time invariant household fixed

20



effects provide further control for household-specific transactions costs related to
distance from the main woreda market, social relationships that may confer preferential

pricing, etc.

We estimate the following marketable surplus functions for the seven commodities i
discussed in the previous section:

My = +6; Iny, + ¢ In Py + @ In Py + Ay, + T + Vi » (34)

where i denotes a specific commodity,12 k denotes the household, ¢ denotes the woreda,

and t denotes the round; y denotes household income net of income from commodity i,

p; is a measure of the price of commodity i; p; is a vector of measures of the prices of

all (observed) commodities other than i; A is a household-woreda fixed effect; 7 is a
woreda-round fixed effect that controls for the price of the unobservable composite
consumer good as well as for input prices, among other things; and v is a mean zero, iid

error term.”’14

We estimate equation 34 over 1,494 households across four rounds and three seasons,
clustering the standard errors at the woreda level. No household was observed over all

four rounds and three seasons; the number of observations per household ranged from

12 Subscripts on coefficients thus denote coefficients from specific commodity equations.

" We also add 0.001 to each observation for the variables for which logarithms are taken so as to not drop
observations in a nonrandom fashion and introduce selection bias (MaCurdy and Pencavel, 1986).
Robustness checks were conducted during preliminary empirical work in which 0.1 and 0.000001 were
added instead of 0.001, with no significant change to the empirical results.

' We do not estimate the marketable surplus equations using seemingly unrelated regression (SUR) since
SUR estimation brings no efficiency gain over estimating the various equations in the system separately
when the dependent variables are all regressed on the same set of regressors.
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one to six."”” We also include as explanatory variables all commodity prices available in
the data (i.e., coffee, maize, beans, barley, wheat, teff, sorghum, potatoes, onions,

cabbage, milk, tella, sugar, salt, and cooking oil.)'®

Computation of own- and cross-price elasticities, of the income-elasticity, and of the

budget share of marketable surplus follows directly from equation 34. For example, to

derive the estimated cross-price risk aversion coefficient Aij, one first computes budget

share ,é ; =M;p,;/y from the data; income elasticity 77; = 5 ; /M from the data and the

marketable surplus equation parameter estimate for commodity j; and cross-price

elasticity &; =@, /M; from the data and the marketable surplus equation parameter

estimate for commodity i. One then combines these estimates to obtain the point estimate

M.~ A
A =B 0 =R)+ ). (35)

Given that marketable surplus is often zero, we use the mean of M; and M; so as to

compute elasticities, and later compute WTP, at means. Although it might be preferable
to use mean elasticities, it is simply not possible to do so in these data.'” The coefficient
of relative risk aversion R can either be directly estimated, if the data allow, or assumed
equal to a certain value. Given that our data do not allow direct estimation of R, we

estimate the A coefficients for R=1, R=2, and R =3, which covers the range of

1> By controlling for household unobservables, the use of fixed effects controls for the possible selection
problem posed by households for which we only have one observation through time (Verbeek and Nijman,
1992).

' Tella is a traditional Ethiopian beer made from teff and maize.

' Likewise, given that we use the household’s income from non-agricultural sources as a proxy for total
income Y so as to avoid endogeneity problems, many households have a residual income of zero. In this
case, we compute the estimated budget share by dividing by y + 0.001 (MaCurdy and Pencavel, 1986).
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credible values found in the literature (Friend and Blume, 1975; Hansen and Singleton,
1982; Chavas and Holt, 1993; and Saha et al., 1994). This provides additional robustness

checks on our empirical results.

4.1 Identification

Identification of ¢ and ¢ comes from the variation in own-price both within each

household over time, since each household retained in the estimation is observed more
than once, and between woreda-round, since prices are common to all households in the
same region within the same woreda in the same round. Identification of & comes from
the intertemporal variation in income both within each household and between

households within a round and woreda.

Since households are price takers for all commodities, all prices are exogenous in
equation 34. Income, however, is likely endogenous, if only because a positive
marketable surplus implies an additional source of revenue for the household.
Unfortunately, the data do not include a credible instrument for income. Including both
household and woreda-round fixed effects should purge the error term of a great deal of
its prospective correlation with income, however, since a household’s status as a net
seller is primarily driven by preferences and by the transactions costs it faces (de Janvry
et al., 1991; Goetz, 1992; Bellemare and Barrett, 2006), which are accounted for by the
household fixed effect, as well as by climatic and other environmental fluctuations that
effect production (Sherlund et al., 2002), which are largely accounted for by the woreda-

round fixed effect. Finally, as discussed above, the potential endogeneity problem caused
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by the absence of input prices from the data is accounted for by our inclusion of woreda-

round fixed effects, which control for local market conditions.'®

Because many households have a marketable surplus of zero for several commodities,
we test several estimates of the matrix of price risk aversion coefficients. We first test the
A sub-matrix for the top three commodities consumed and produced by the households in
our data (i.e., coffee, maize, and beans), and then test the sub-matrices defined by the top
four, five, six, and seven commodities. With three different assumptions on relative risk
aversion R and six different sub-matrices in each case, we conduct a total of 15 tests of
the null hypothesis of symmetry of the matrix of price risk aversion. The consistency of
results — which is mirrored by associated qualitative consistency in estimated WTP for
price risk stabilization — provides some assurance of the robustness of the empirical

findings.

5. Estimation Results and Hypothesis Tests

This section first presents estimation results for the marketable surplus equations. Given
that these results are ancillary, we only briefly discuss them so as to devote the bulk of
our analysis to the estimated matrix of price risk aversion and, more importantly, to the

estimates of household willingness to pay to stabilize prices.

Table 5 presents estimation results for the seven marketable surplus equations.

Intuitively, one would expect the ¢ (i.e., own-price) coefficients to be positive. That is,

'8 Alternatively, input prices are predetermined in the theoretical model of section 2.
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as the price of commodity I increases, the household buys less or sells more of the same
commodity. Indeed, own price has a positive and statistically significant effect on the
marketable surplus of all commodities except wheat, for which the point estimate is
statistically insignificantly different from zero. The results that are consistent indicate that
some goods are substitutes for one another (e.g., coffee and barley; maize and sorghum;
beans and sorghum; and wheat and sorghum) while others are complements (e.g., coffee

and wheat; teff and coffee; beans and barley; barley and teff; wheat and teff).

5.1 Price Risk Aversion Matrix
We use the results of table 5 to compute coefficients of own- and cross-price risk
aversion and use these coefficients to construct sub-matrices A3 to A; of price risk

' The ERHS households are significantly own-price risk-averse over all

aversion.
commodities (Table 6a). In addition, the average household is most significantly own-
price risk-averse over barley, maize and teff — the staples for which net buyers’ net
purchase volumes are greatest (table 2) — and least price risk-averse over coffee and

20
beans.

The statistical significance and magnitude of the off-diagonal elements of the
estimated A matrix underscore the importance of estimating price risk aversion in a

multivariate context. All 42 off-diagonal point estimates are statistically significantly

' We use the term “sub-matrix” given that the number of commodities produced and consumed by the
household in theory goes to infinity. This is similar to Turnovsky et al. (1980), who only consider a subset
of commodities in their theoretical analysis.

% The coefficients in table 6a are directly comparable between one another given that the marketable
surpluses are all expressed in kilograms, and prices are all expressed in Ethiopian birr. Should either
measurement unit differ between commodities, these coefficients would no longer be comparable.
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different from zero, all of them positive, indicating aversion to positive cofluctuations in
commodity prices. Single price approaches to estimating price risk aversion would
neglect these effects, leading to biased estimates of own-price risk aversion. In particular,
they would fail to capture how they routinely dislike covariation in multiple prices that

limits households’ capacity to substitute among crops in response to price shocks.

Recall that the standard theory employed in section 2 implies symmetry of the A
matrix. We reject the null hypothesis of symmetry for sub-matrices A; to A7, as shown in
table 6b under the assumption that R = 2. This result is robust to alternative assumptions
about the coefficient of income risk aversion R (see Appendix A). Rejecting the
hypothesis of symmetry of the matrix of price risk aversion is equivalent to rejecting the
symmetry of the Slutsky matrix, as per proposition 1 above. Deaton and Muellbauer
(1980) and Browning and Chiappori (1998), among others, likewise rejected the null

hypothesis of Slutsky symmetry.

Our results so far thus indicate that the households in our data (i) are averse to
fluctuations in the prices of specific commodities; (ii) are risk-averse to cofluctuations in
the prices of specific pairs of commodities; but (iii) do not behave in a manner fully
consistent with the canonical model that implies Slutsky and price risk aversion

symmetry. We now turn to how price fluctuations affect welfare.
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5.2 Willingness to Pay Estimates for Price Stabilization

Recall from section 2.4 that the WTP for stabilization of a single commodity price can be
estimated by considering either the rows or columns of matrix A of price risk aversion,
but that both values coincide by construction for total WTP. For our three relative risk

aversion assumptions (i.e., R e {1,2,3}), tables 7a and 7b show the estimated average

household WTP, expressed as a proportion of household income, to stabilize the prices of
individual commodities as well as to stabilize the prices of all seven commodities
considered in this paper. In what follows, we only discuss the results for R = 2, but the

interpretation of the results for R =1 or R = 3 is straightforward.

Estimating WTP with the rows of A in table 7a, the average WTP estimates are all
statistically significantly different from zero. The commodity for which the average
household would be willing to pay the highest proportion of its budget to stabilize the
price is coffee (14.2 percent). Barley and teff come far behind as second and third (1.6
percent), and wheat is fourth (1 percent). Alternatively, estimating WTP with the
columns of A in table 7b, the average WTP estimates are all statistically significant, but
while coffee remains the commodity for which the average household would be willing
to pay the highest proportion of its budget to stabilize the price (13.4 percent), sorghum
and teff now come second and third (1.9 and 1.8 percent), and barley comes fourth (1

percent).

The average household’s WTP estimate to stabilize the prices of these seven

commodities is about 19 percent of its income (6 percent for R = 1; 32 percent for R = 3),
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a proportion that is statistically significant at the one percent level. By way of
comparison, we compute the WTP measures derived by Finkelshtain and Chalfant (1997)
in the case of a single stochastic commodity price, ignoring the covariances between
prices (Table 7c). We reject the null hypothesis that either of our total WTP measures
equals the analog measure ignoring the covariance between prices, with a p-value of 0.00.
In these data, covariances between prices matter; ignoring them underestimates the
average welfare gain by more than one-fifth, dropping estimated WTP to stabilize the

prices of the seven most important commodities from 19 percent of income to 15 percent.

In order to be more specific about the distribution of the welfare gains from price
stabilization, figure 1 plots the results of a fractional polynomial regression of the
household-specific WTP to stabilize the prices of all seven commodities on household
income, along with the associated 95 percent confidence band. Three different features
immediately jump out from this regression. First, a significant share (31%) of households
are price risk-loving (i.e., the households whose WTP for price stabilization is
statistically significantly negative) while a somewhat larger share (39%) are price risk-
averse (i.e., the households whose WTP for price stabilization is statistically significantly
positive). Thus the population is roughly equally divided among those who favor, oppose

or are indifferent about price stabilization.

Second, the significantly price risk-loving households are markedly poorer than the

significantly price risk-averse ones. Table 8 shows the income percentile ranges for

which households are, on average, price risk-loving, price risk-neutral, and price risk-
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averse. Households in the top 39 percent of the income distribution (i.e., the households
whose seasonal income lies between 442 and 10,000 birr) are expected to gain from price
stabilization, while the poorest 62 percent of the income distribution lose out from price
stabilization, on average. This suggests that price stabilization would be a regressive
policy in Ethiopia, benefiting the better off at the expense of poorer households.
Turnovsky (1978) discussed various theoretical predictions regarding the winners and
losers from price stabilization between consumers and producers. His results depended on
whether price uncertainty stems from random fluctuations in supply or in demand; on
whether price uncertainty is additive or multiplicative; and on whether supply and
demand functions are linear. Our approach is free from such assumptions and lets the

data speak for themselves.

Third, the magnitude of price risk preferences is far higher among the price risk-
averse than among the price risk-loving, hence the sizable average WTP for price risk
stabilization although the population is roughly evenly divided among the price risk-
averse, price risk-loving and price risk-neutral subpopulations. Given the generally
greater political influence of wealthier subpopulations in determining food price policy
(Lipton 1977, Bates 1981) and the greater incentives for political mobilization among
subgroups with a larger personal stake in the outcome (Olson 1965), together these three
observations may help partly explain some of the political economy of food price
stabilization in spite of heterogeneous preference for food price stability. These

observations correspond relatively well with the “developmental paradox”, i.e., the
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empirical regularity that the more developed the country, the more its government

subsidizes agriculture and favors stabilizing crop prices (Lindert, 1991; Barrett, 1999).

5.3. Ex Ante Changes in Social Welfare under Three Policy Scenarios

As is well known, pure price stabilization through price fixing regulations or buffer stock
management would introduce considerable distortions in the economy. Therefore, in this
subsection we briefly consider a price risk compensation scheme, i.e., a policy that fully
compensates those households who incur a welfare loss from price fluctuations but offers
nothing to households who gain from price fluctuations. Although we have just shown
that WTP for price risk reduction is greatest among those in the upper half of the income
distribution, thus such a policy would be explicitly regressive, it may merit consideration
as an alternative to full-blown price stabilization where political pressures, perhaps from
economic elites, effectively compel the state to act in some fashion to reduce price

fluctuations.

We begin by considering full price stabilization, i.e., a policy in which the households
who gain from price fluctuations are fully taxed for their gains and in which the
households who lose out from price fluctuations are fully compensated for their losses.
This represents the naive benchmark of pure price stabilization without general

equilibrium effects.

Table 9a characterizes the in-sample winners and losers from such a policy. Under an

assumed relative risk aversion R = 2, in this Ethiopian sample, those who would lose out
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from price stabilization vastly outnumber those who would gain (5216 versus 3060
households). But those who would lose out would incur a welfare loss from price
stabilization that is on average much smaller than magnitude than the welfare gain of
those who would benefit from nonstochastic prices (53 birr versus 660 birr). This echoes

the point made in the previous section.

Table 9b then characterizes the social welfare changes for three policy options. The
first is a laissez-faire policy (column 5) where nothing is done about commodity price
volatility. The second is the pure price stabilization policy discussed above (column 6).
The last column reflects a price risk compensation scheme in which the households who
are price risk-averse are compensated for their exposure to price fluctuations but in which
the households who are price risk-neutral and price risk-loving are unaffected. Under
laissez-faire, the change in social welfare is equal to zero by construction. The change in
social welfare is highest under a price risk compensation scheme, with the pure price

stabilization policy falling between laissez-faire and price risk compensation.

Ignoring fiscal costs and general equilibrium effects, both of which cannot be
quantified with the data at hand, it thus appears that only price risk compensation is
Pareto-improving given that it improves the welfare of the subpopulation of price risk-
averse households while leaving price risk-neutral and price risk-loving households
unaffected. By contrast, pure price stabilization would make a majority of households

worse off, even though average welfare gains are positive because the average gains to
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the price risk-averse subpopulation are an order of magnitude greater than the average

losses to the price risk-loving subpopulation.

6. Conclusion

This paper has modestly extended microeconomic theory so as to enable the empirical
study of price risk aversion over multiple commodities. Specifically, we first derived a
matrix measuring the curvature of the indirect utility function in the hyperspace defined
by the prices faced by agricultural households. The elements of this matrix describe own-
and cross-price risk aversion. We also show how testing for the symmetry of the matrix
of price risk aversion coefficients is equivalent to, but imposes less structure than, testing
the symmetry of the Slutsky matrix. In the empirical portion of the paper, consistent with
a vast literature that tests the symmetry of estimated Slutsky matrices, we reject the
hypothesis that household behavior manifests this symmetry in the matrix of price risk

aversion.

We estimated this matrix of price risk aversion coefficients using well-known survey
data on a panel of rural Ethiopian households. We find these households are, on average,
significantly price risk-averse over the prices of specific commodities and over
cofluctuations in the prices of the same commodities, with an average willingness to pay
to fully stabilize prices of 6 to 32 percent, depending on one’s assumption about Arrow-
Pratt relative income risk aversion. Hence governments’ interest in price stabilization; on
average, households stand to benefit from it. Nonparametric analysis of household-

specific WTP estimates, however, suggests that the welfare gains from stabilizing prices
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at their means would accrue to households in the upper half of the income distribution
and that a significant proportion of the households in the bottom half of the income
distribution would actually be hurt by price stabilization, suggesting regressive benefit
incidence from price stabilization policy as well as an explanation for the “developmental
paradox. Finally, when the political economy of price stabilization effectively compels
some government activity, we suggest a price risk compensation alternative to outright
price stabilization and demonstrate that this might prove a Pareto superior, albeit
distributionally regressive, policy response to the welfare costs associated with

commodity price volatility.
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Nonparametric Regression of WTP on Household Income
Fractional Polynomial Regression (n=8323)
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Figure 1: Fractional polynomial regression of household WTP to eliminate price
fluctuations among seven staple commodities on household income for households
whose seasonal income does not exceed 10,000 birr.
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Table 1: Seasonal Descriptive Statistics for the Dependent Variables (Full Sample)

Crop Mean (Std. Dev.) Observations  Nonzero Observations
Coffee Marketable Surplus (Kg) -13.36 (87.37) 8556 6744
Maize Marketable Surplus (Kg) -121.57 (364.54) 8556 3966
Beans Marketable Surplus (Kg) -40.39 (95.63) 8556 3030
Barley Marketable Surplus (Kg) -88.76 (367.04) 8556 2825
Wheat Marketable Surplus (Kg) -64.82 (279.28) 8556 2796
Teff Marketable Surplus (Kg) -100.92 (335.37) 8556 2666
Sorghum Marketable Surplus (Kg) -38.82 (204.00) 8556 1712

Table 2: Seasonal Descriptive Statistics for the Dependent Variables (Nonzero Observations)

Crop Net Buyer (Std. Dev.) Net Buyer Net Seller (Std. Dev.) Net Seller
Mean Observations Mean Observations
Marketable Marketable
Surplus Surplus
Coffee (Kg) -23.44 (95.64) 6206 57.92 (95.02) 538
Maize (Kg) -397.18 (438.32) 3115 231.55 (388.10) 851
Beans (Kg) -127.14 (122.91) 2848 90.70 (95.32) 182
Barley (Kg) -459.27 (553.31) 2097 279.81 (329.47) 728
Wheat (Kg) -296.70 (337.00) 2420 434.74 (620.52) 376
Teff (Kg) -471.03 (453.10) 2136 269.06 (432.08) 530

Sorghum (Kg) 34956 (320.29) 1313 317.96  (290.27) 399




Table 3: Seasonal Descriptive Statistics for the Independent Variables (n=8556)

Crop Mean (Std. Dev.)
Commodity Real Prices

Coffee (Birr/Kg) 13.32 (5.20)
Maize (Birr/Kg) 1.29 (0.38)
Beans (Birr/Kg) 1.88 (0.43)
Barley (Birr/Kg) 1.50 (0.41)
Wheat (Birr/Kg) 1.74 (0.33)
Teff (Birr/Kg) 2.28 (0.40)
Sorghum (Birr/Kg) 1.52 (0.42)
Potatoes (Birr/Kg) 1.52 (0.74)
Onions (Birr/Kg) 1.97 (0.78)
Cabbage (Birr/Kg) 0.92 (0.68)
Milk (Birr/Liter) 2.09 (0.88)
Tella (Birr/Liter) 0.69 (0.25)
Sugar (Birr/Kg) 5.85 (2.08)
Salt (Birr/Kg) 1.70 (1.02)
Cooking Oil (Birr/Liter) 9.14 (2.60)
Income

Income (Birr) 886.17  (9869.70)
Nonzero Income (Birr) 1087.35  (10922.88)
Budget Shares

Budget Share of Coffee -0.15 (1.05)
Budget Share of Maize -0.13 (0.40)
Budget Share of Beans -0.07 (0.16)
Budget Share of Barley -0.12 (0.52)
Budget Share of Wheat -0.11 (0.43)
Budget Share of Teff -0.21 (0.69)
Budget Share of Sorghum -0.06 (0.33)

Note: Income (i.e., the sum of off-farm income, all crop
revenues, and livestock sales) was different from zero for
only 6973 observations, so budget shares are computed for
that sub-sample. Because of the presence of nonzero
incomes, budget shares were obtained by dividing
marketable surpluses by mean nonzero income.

Table 4: Seasonal VVariance-Covariance Matrix of Commodity Prices

Coffee Maize Beans Barley Wheat Teff Sorghum
Coffee | 27.05
Maize 0.46 0.15

Beans 0.25 0.05 0.19
Barley 0.29 0.03 -0.04 0.17
Wheat 0.13 0.04 0.05 0.05 0.11
Teff 0.00 0.06 0.06 0.06 0.06 0.16

Sorghum 0.18 0.05 0.00 0.06 0.06 0.03 0.17




Table 5: Seasonal Marketable Surplus Equations

Dependent Variable:

)

Coffee Marketable Surplus

()

Maize Marketable Surplus

©)

Beans Marketable Surplus

(4)

Barley Marketable Surplus

Coefficients Coefficient (Std. Err.) Coefficient (Std. Err.) Coefficient (Std. Err.) Coefficient (Std. Err.)
Coffee Price 40.273*** (0.092) 96.297*** (0.688) 15.471%%* (0.051) -178.545%** (0.500)
Maize Price -6.344 (3.703) 389.529*** (27.526) 36.811%** (2.043) 118.277*** (20.027)
Beans Price -9.567* (5.359) -115.378** (39.841) 39.952*** (2.957) 257.049%** (28.988)
Barley Price -27.499%** (3.585) -53.697* (26.648) 7.396%** (1.978) 305.961*** (19.389)
Wheat Price 30.689%** (5.884) 137.883%** (43.738) 146.613%** (3.246) 254.879%** (31.823)
Teff Price 104.537*%*  (7.905) -66.515  (58.761) -94.449%*% (4.361) -326.964%** (42.754)
Sorghum Price -68.434%*%  (2.637) -73.385%**%  (19.603) -95.320%*%* (1.455) -445.863%** (14.263)
Potatoes Price 12.659%*%*  (1.007) 7.845  (7.488) 26.723%%% (0.556) 37.081%%%* (5.448)
Onions Price -24.624%** (3.258) 59.407** (24.220) -51.082%** (1.798) -275.690%** (17.622)
Cabbage Price -10.344%%F  (0.563) 52.844%%%  (4.182) 5.462%% (0.310) 73.095%%% (3.043)
Milk Price -13.161%%%  (1.182) 290.977*%*  (8.790) -26.748%*% (0.652) 18.605%* (6.395)
Tella Price 28.556%*%  (4.217) 131.295%%*  (31.345) 75.795%*% (2.326) 307.160%** (22.806)
Sugar Price 11.445%%%  (3.310) -151.995%**  (24.602) 5,659 (1.826) 21.166 (17.901)
Salt Price 6.754%** (1.944) 121.660%** (14.449) -36.798%** (1.072) -264.330%** (10.513)
Cooking Oil Price -5.634%%  (2.350) -15.989  (17.470) 91.614%%* (1.297) -362.422%%x (12.711)
Income 0.721 (0.499) 7.242%  (3.708) 0.302 (0.275) 6.861%* (2.698)
Intercept -151.799%*%*  (15.180) -304.647**%  (112.841) 187.358%** (8.374) 1448.533%* (82.102)
N 8556 8556 8556 8556

p-value (All Coefficients) 0.00 0.00 0.00 0.00

R? 0.33 0.44 0.44 0.37

Household FEs Yes Yes Yes Yes
Woreda-Round FEs Yes Yes Yes Yes

Note: *, ** and *** denote significance at the 90, 95, and 99 percent levels. Bolded coefficients and standard errors are for own-price effects.
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Table 5 (continued): Seasonal Marketable Surplus Equations

©) (6) ()
Dependent Variable: Wheat Marketable Surplus Teff Marketable Surplus Sorghum Marketable Surplus
Variable Coefficient (Std. Err.) Coefficient (Std. Err.) Coefficient (Std. Err.)
Coffee Price 2.688%** (0.290) 113.406%** (0.632) 22.879%:%* (0.369)
Maize Price -85.97 1 #** (11.603) 48.316* (25.306) -36.271%* (14.774)
Beans Price -35.692°%%* (16.795) -63.054 (36.628) -68.184%*%* (21.383)
Barley Price -46.119%*%* (11.234) -58.085°%* (24.499) 50.331%** (14.303)
Wheat Price 17.469 (18.438) 38.188** (40.211) -144.397%%* (23.475)
Teff Price 235.372%%* (24.771) 123.266** (54.022) 84.194%* (31.538)
Sorghum Price -45.5477%%% (8.263) 3.172 (18.022) 39.693%** (10.521)
Potatoes Price 31.551%** (3.157) 10.700 (6.884) -34,192%** (4.019)
Onions Price -64.140%** (10.210) 103.915%%* (22.267) 61.417*** (12.999)
Cabbage Price 21.528%%* (1.763) 29.668%** (3.845) 8.517%** (2.244)
Milk Price -134.989%** (3.705) 111.745%%%* (8.081) 25.43 ] #** (4.718)
Tella Price 106.587%** (13.213) -0.722 (28.817) -80.962 % (16.823)
Sugar Price 43.907%%* (10.371) -175.316%** (22.619) -22.747 (13.205)
Salt Price -3.396 (6.091) 140.199%:#* (13.284) 8.750 (7.755)
Cooking Oil Price 8.577 (7.364) 12.020 (16.061) 75.466%** (9.376)
Income 0.626 (1.563) 4.950 (3.409) 2.861 (1.990)
Intercept -130.943%* (47.568) -396.577*** (103.741) -300.241%*** (60.564)
N 8556 8556 8556
p-value (All Coefficients) 0.00 0.00 0.02
R? 0.39 0.45 0.37
Household FEs Yes Yes Yes
Woreda-Round FEs Yes Yes Yes

Note: *, ** and *** denote significance at the 90, 95, and 99 percent levels. Bolded coefficients and standard errors are for own-price

effects.

41



Table 6a: Matrix of Price Risk Aversion for Relative Risk Aversion R =2

Coffee
Maize
Beans

Barley

Wheat

Teff

Sorghum

Coffee Maize Beans Barley Wheat Teff Sorghum
18.148*** 10.091*** 3.427%** 17.293%** 6.894*** 11.056%%** 2.510%**
(5.229) (1.983) (0.663) (2.758) (0.997) (1.879) (0.783)
10.063*** | 620.421*** 15.567*** 58.287*** 45306*** | 134.083%** | 22 676%**
(1.978) (72.300) (2.035) (12.732) (11.961) (24.918) (6.237)
3.507%%* 15.969%** 51.661*** 96.571%%* 42.830%** 57.995%%%* 10.821%#*
(0.679) (2.088) (4.387) (10.278) (6.383) (6.444) (1.952)
17.098%#* 57.788%** 93.324%%* 893.913*** 125.214%%* | 112.650%** | 28.062%**
(2.727) (12.624) (9.933) (101.013) (17.033) (19.065) (8.739)
7.046%%* 46.433%%* 42.7785%** 129.431*** 275.618*** | 136.169%** | 16.764***
(1.019) (12.258) (6.376) (17.606) (60.152) (26.187) (4.529)
11.083%** | 134.770%** 56.819%%* 114.203%*** 133.552%** | B14.857*** | 28.438%**
(1.883) (25.046) (6.314) (19.327) (25.684) (58.887) (4.839)
2.486%** 22.52] %% 10.476%%* 28.108*** 16.246%** 28.099%** 94.009***
(0.776) (6.194) (1.889) (8.754) (4.389) (4.781) (13.201)

Note: All coefficients are divided by 100,000. Standard errors are in parentheses, and *, ** and *** denote
significance at the 90, 95, and 99 percent levels. Bolded coefficients are own-price risk aversion coefficients.

Table 6b: Tests of Symmetry of the Matrix of Price Risk Aversion for Relative Risk Aversion R = 2

Sub-Matrix Test Statistic p-value
Symmetry of Sub-Matrix A; (Coffee, ..., Beans) F(3,8553)=24.48 0.00
Symmetry of Sub-Matrix A4 (Coffee, ..., Barley) F(6, 8550) =26.53 0.00
Symmetry of Sub-Matrix As (Coffee, ..., Wheat) F(9, 8547)=22.33 0.00
Symmetry of Sub-Matrix A¢ (Coffee, ..., Teff) F(14, 8542) =16.59 0.00
Symmetry of Sub-Matrix A; (Coffee, ..., Sorghum) F(27,8529)=13.61 0.00
Joint Significance (All Coefficients) F(29, 8527) = 18.62 0.00
Joint Significance (Diagonal Coefficients) F(7, 8549) =47.52 0.00
Joint Significance (Off-Diagonal Coefficients) F(22, 8534) =22.85 0.00

Note: Constraints were dropped due to collinearity in every test.
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Table 7a: WTP as Proportion of Household Income (Rows)

R=1 R=2 R=3
Commodity WTP (Std. Err) WTP (Std. Err) WTP (Std. Err)
Coffee 0.052***  (0.019) 0.142%%* (0.039) 0.231%%%* (0.060)
Maize 20.013%%*  (0.001)  -0.003%%* (0.001) 0.007%*%* (0.001)
Beans 20.002%%*  (0.000)  -0.001%%* (0.000) 0.000 (0.000)
Barley 0.005***  (0.001) 0.016%** (0.001) 0.027%%* (0.002)
Wheat 0.005***  (0.000) 0.010%** (0.001) 0.016%** (0.001)
Teff 0.007***  (0.000) 0.016%** (0.001) 0.026%** (0.001)
Sorghum 0.003***  (0.000) 0.007%** (0.000) 0.010%** (0.001)
All Commodities 0.056***  (0.019) 0.187%** (0.040) 0.318%** (0.060)

Note: Standard errors are in parentheses, and *, ** and *** denote significance at the 90, 95, and 99

percent levels.

Table 7b: WTP as Proportion of Household Income (Columns)

R=1 R=2 R=3
Commodity R=1 (Std. Err) R=2 (Std. Err) R=3 (Std. Ern)
Coffee 0.045**  (0.019) 0.134%%* (0.039) 0.224%%* (0.059)
Maize -0.014***  (0.001) -0.004*** (0.001) 0.007%%** (0.001)
Beans 0.005***  (0.000) 0.006%** (0.000) 0.007*** (0.000)
Barley -0.002***  (0.001) 0.010%** (0.001) 0.021*** (0.002)
Wheat -0.001%**  (0.000) 0.004 %% (0.001) 0.009%** (0.001)
Teff 0.008***  (0.000) 0.018%%** (0.001) 0.028%%** (0.001)
Sorghum 0.015%**  (0.000) 0.019%%** (0.001) 0.022%%* (0.001)
All Commodities  0.056***  (0.019) 0.187%** (0.040) 0.318%** (0.060)

Note: Standard errors are in parentheses, and *, ** and *** denote significance at the 90, 95, and 99

percent levels.

Table 7c: WTP as Proportion of Household Income Ignoring Covariances

R=1 R=2 R=3
Commodity R=1 (Std. Err) R=2 (Std. Err) R=3 (Std. Err)
Coffee 0.045**  (0.019) 0.133%%* (0.039) 0.222%** (0.059)
Maize -0.015%*%*  (0.001) -0.006%** (0.001) 0.003** (0.001)
Beans -0.001***  (0.000) 0.000%*** (0.000) 0.001*** (0.000)
Barley -0.007***  (0.001) 0.003*** (0.001) 0.013%** (0.001)
Wheat 0.003***  (0.000) 0.007*** (0.001) 0.011%*** (0.001)
Teff 0.005***  (0.000) 0.013%** (0.001) 0.021%** (0.001)
Sorghum 0.001***  (0.000) 0.004*** (0.000) 0.008*** (0.000)
All Commodities 0.030  (0.019) 0.154%*** (0.039) 0.278*** (0.059)

Note: These measures are derived following Finkelshtain and Chalfant (1997). Standard errors are in
parentheses, and *, **, and *** denote significance at the 90, 95, and 99 percent levels.
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Table 8: WTP for Price Risk Stabilization Across the Income Distribution

Income Range (Birr) Income Percentile Range Sign of Fitted WTP
0.00 - 3.24 0.00 - 18.84 0
3.24 - 267.66 18.84 - 49.82 -
267.66 - 441.92 49.82 - 61.49 0
441.92 - 10,000.00 61.49 - 100.00 +

Note: These numbers reflect the regression plotted in figure 1. A negative sign in the
third column means that households in this interval are statistically significantly price
risk-loving; a 0 means that households in this interval have no statistically significant
preference for or against price variability; and a positive sign means that households in
this interval are statistically significantly price risk-averse.
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Table 9a: Welfare Gains and Losses from Eliminating Price Fluctuations

Coefficient (1) (2 (3) 4)

of Relative Average Welfare Gain  Number of Households ~ Average Welfare Loss ~ Number of Households
Risk Aversion (Birr) Who Would Benefit (Birr) Who Would Lose Out
R=1 439.37 2134 67.23 6142

R=2 660.41 3060 52.96 5216

R=3 836.28 3778 43.35 4498

Note: The average welfare gains and losses are derived from the “All Commodities” estimates in tables 7a and 7b and reflect the
effect on household welfare of completely eliminating price fluctuations, i.e., keeping the prices of coffee, maize, beans, barley,
wheat, teff, and sorghum fixed at their means.

Table 9b: Ex Ante Marginal Changes in Social Welfare under Three Policy Scenarios

Coefficient (5) (6) @)

of Relative Change in Social Welfare Change in Social Welfare Change in Social Welfare

Risk Aversion under Laissez-Faire under Price Stabilization under Compensation
D) x(2)-@)x(4) D) x(2)

R=1 0 524,689 937,616

R=2 0 1,744,615 2,020,855

R=3 0 2,964,478 3,159,466

Note: Values in columns 5 to 7 are expressed in Ethiopian birr. Column 5 describes the change in social welfare under
no policy. Column 6 describes the change in social welfare under a price stabilization policy, i.e., a policy in which
prices are kept equal to their means and do not fluctuate, i.e., the product of columns 1 and 2 minus the product of
columns 3 and 4. Column 7 describes the change in social welfare under a price risk compensation policy, i.e., a policy
in which prices fluctuate but transfers are made to compensate those who suffer from price risk, i.e., the product of
columns 1 and 2.
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Appendix A

Table Ala: Matrix of Price Risk Aversion for Relative Risk Aversion R =1

Coffee Maize Beans Barley Wheat Teff Sorghum

Coffee | 4.657*** 2.596%** 0.860%*** 4.484% %% 1.732%%* 2.830%#* 0.650%**
(1.342) (0.510) (0.166) (0.715) (0.250) (0.481) (0.203)

Maize | 2.582%** 159.592*** 3.907%*** 15.115%%* 11.381%** 34.324%** 5.871%**
(0.507) (18.598) (0.511) (3.302) (3.005) (6.379) (1.615)

Beans | 0.900%** 4.108%** 12.964*** 25.043%*%* 10.759%** 14.847*** 2.802%%*
(0.174) (0.537) (1.101) (2.665) (1.603) (1.650) (0.505)

Barley | 4.387*** 14.865%** 23.418%** 231.808*** 31.455%%%* 28.840%** 7.267***
(0700) (3.247) (2.492) (26.193) (4.279) (4.880) (2.263)

Wheat | 1.808%%** 11.945%** 10.737%** 33.564%** 69.239*** 34.858%** 4.340%**
(0.261) (3.153) (1.600) (4.565) (15.110) (6.703) (1.173)

Teff | 2.843%** 34.667%** 14.259%** 29.616%** 33.549%** | 131,799*** 7.362%**
(0.483) (6.443) (1.584) (5.012) (6.452) (15.074) (1.253)
Sorghum | 0.638%%** 5.794%** 2.629%** 7.288%** 4,082%** 7.193%** 24.339***
(0.199) (1.593) (0.474) (2.270) (1.103) (1.224) (3.418)

Note: Standard errors are in parentheses, and *, **, and *** denote significance at the
90, 95, and 99 percent levels. Bolded coefficients are own-price risk aversion

coefficients.

Table Alb: Tests of Symmetry of the Matrix of Price Risk Aversion for Relative Risk Aversion R =1

Sub-Matrix Test Statistic p-value
Symmetry of Sub-Matrix A; (Coffee, ..., Beans) F(3, 8553)=24.44 0.00
Symmetry of Sub-Matrix A4 (Coffee, ..., Barley) F(6, 8550) = 26.55 0.00
Symmetry of Sub-Matrix As (Coffee, ..., Wheat) F(9, 8547)=22.24 0.00
Symmetry of Sub-Matrix A (Coffee, ..., Teff) F(14, 8542) =16.58 0.00
Symmetry of Sub-Matrix A; (Coffee, ..., Sorghum) F(20, 8536) = 13.65 0.00
Joint Significance (All Coefficients) F(33, 8523) = 88.54 0.00
Joint Significance (Diagonal Coefficients) F(7, 8549) =47.52 0.00
Joint Significance (Off-Diagonal Coefficients) F(26, 8530)=110.23 0.00

Note: Constraints were dropped due to collinearity in every test.




Table A2a: Matrix of Price Risk Aversion for Relative Risk Aversion R =3

Coffee
Maize
Beans

Barley

Wheat

Teff

Sorghum

Coffee Maize Beans Barley Wheat Teff Sorghum
13.493*** 7.496%*** 2.567*%* 12.809%*** 5.162%** 8.226%** 1.860%**
(3.887) (1.473) (0.497) (2.043) (0.746) (1.398) (0.581)
7.482%** 460.839*** 11.661%** 43,1 74%** 33.926%** 99.761%** 16.806%**
(1.470) (53.702) (1.524) (9.431) (8.956) (18.539) (4.622)
2.607%** 11.862%%* 38.699*** T1.534%%% 32.072%%* 43,151 %% 8.020%**
(0.505) (1.551) (3.286) (7.613) (4.779) (4.795) (1.446)
12.712%%% 42.924%%* 69.909%** 662.159*** 93.766%** 83.822%%** 20.798%**
(2.027) (9.376) (7.440) (74.820) (12.754) (14.184) (6.477)
5.239%%%* 34.490%** 32.050%%* 95.875%%* 206.392*%** | 101.315%** | 12.424%**
(0.757) (9.105) (4.776) (13.041) (45.042) (19.484) (3.357)
8.240%** 100.104%** 42.563%** 84.598%#* 100.007*** | 383.074*** | 21.077***
(1.400) (18.603) (4.729) (14.316) (19.232) (43.813) (3.586)
1.848%** 16.729%*%* 7.847%** 20.819%** 12.166%** 20.907%** 69.675***
(0.577) (4.601) (1.415) (6.484) (3.287) (3.557) (9.783)

Note: Standard errors are in parentheses, and *, ** and *** denote significance at the 90, 95, and 99
percent levels. Bolded coefficients are own-price risk aversion coefficients.

Table A2b: Tests of Symmetry of the Matrix of Price Risk Aversion for Relative Risk Aversion R =3

Sub-Matrix

Test Statistic p-value
Symmetry of Sub-Matrix A; (Coffee, ..., Beans) F(3, 8553)=24.44 0.00
Symmetry of Sub-Matrix A4 (Coffee, ..., Barley) F(6, 8550) =26.55 0.00
Symmetry of Sub-Matrix As (Coffee, ..., Wheat) F(9, 8547)=22.24 0.00
Symmetry of Sub-Matrix Ag (Coffee, ..., Teff) F(14, 8542) =16.58 0.00
Symmetry of Sub-Matrix A; (Coffee, ..., Sorghum) F(20, 8536) = 13.65 0.00
Joint Significance (All Coefficients) F(29, 8527) = 18.61 0.00
Joint Significance (Diagonal Coefficients) F(7, 8549) = 47.52 0.00
Joint Significance (Off-Diagonal Coefficients) F(22, 8534) = 18.38 0.00

Note: Constraints were dropped due to collinearity in every test.
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