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“[ T]he tendency of these measures to focus directly or indirectly on price, which, as
stated, is the greatest source of uncertainty, has led economists to regard the
management of prices as being of unique importance. And they have far more frequently
related such management to the maximization of profits than to the minimization of risks.
That is unfortunate, for the development of the modern business enterprise can be
under stood only as a comprehensive effort to reduce risk.”

— John Kenneth Galbraithhe Affluent Society (1958).
1. Introduction
The effects of price risk on the behavior of contpet firms have been well-explored in
the theoretical literature (Baron, 1970; Sandm@,1)9Yet, when it comes to individuals
and households, economists have largely ignoredeffexts of price risk, focusing
instead on income risk. To be sure, the analysicashmodity price risk has been
extended to agricultural households both theongticg@Newbery and Stiglitz, 1981;
Finkelshtain and Chalfant, 1991) and empiricallpii@tt, 1996), but these analyses have

only focused on one staple good. In this paper,deeeclop and test the theory as it

applies to the more general — and realistic — oaseultiple commodities.

We use the general framework of agricultural hookkmmodels (Singh et al., 1986)
because it allows for households to be net buymissellers, or autarkic with respect to
goods, relaxing the stronger assumptions of the pheories of the consumer or firm.
Because a household’s indirect utility functiordefined over theector of prices for the
commodities it produces or consumes and the holdshecome, in theory it is possible
to derive and estimate a matrix of price risk angrscoefficients, i.e., a matrix that
reflects how price risk premia with respect to goed change with respect to changes in
the variance of any other good. Such a matrix gi¢fe usual (own-) price risk aversion

coefficients for each of the commodities observgdhe econometrician (the diagonal



elements), but also the cross-price risk aversaefficients (the off-diagonal elements).
These off-diagonals have thus far been overlookete literature, as best as we can tell,
although they have an intuitive interpretation andy be important to understanding

behavior with respect to price risk.

Based on an extension of Barrett's (1996) workhe multiple commodity case, we
derive the matrix of price risk aversion as wellitgsproperties and establish its formal
relationship with the Slutsky matrix in sectionl@.section 3, we discuss the data and
present some descriptive statistics. We then dpvatoempirical framework to estimate
the price risk aversion coefficients in sectionlad.section 5 we then estimate several
marketable surplus equations, use their resultestonate own- and cross-price risk
aversion coefficients, use these coefficients tostroict the matrix of price risk aversion
coefficients, and, finally, conduct hypothesis ¢est the structure implied by the theory,
progressively imposing more structure as a wayarfdacting robustness checks. We

conclude by discussing the policy and researchigatbns of our findings in section 6.

2. Theoretical Framework

This section develops a simple unitary agricultin@aisehold model (AHM) and derives
the household’s matrix of own- and cross-price askrsion coefficients for the multiple
commodity case. We then derive some key propediethis matrix, which yield the

implications that we test in section 5.



2.1 Agricultural Household Model

The derivations in this section closely followeddk in Barrett (1996), which followed
Finkelshtain and Chalfant's (1991) extension to thEIM of the Sandmo-Baron
framework for analyzing firm behavior under priagcartainty. Consider a representative
agricultural household whose preferences are repted by a von Neumann-

Morgenstern utility function U() defined over consumption of a vector
C, =(Cy,Cyyy--Cy ) OF all goods whose consumption and/or product®observed by
the econometrician; a composite of all goods whose consumption and/or productson i

unobserved by the econometriciaand leisure/ . The functionU [ )is quasiconcave but

: : . .. 0U .
concave in each of its arguments, with the Inadadition 6_|X=°: o with respect to
X

each argument

All K goods observed and the good unobserved by themsirician can, in principle,
be produced and/or consumed by the houséh®he household has an endowméit

of time and an endowmenE” of land. The production of each of tlie observed

commodities is denoted by

Fo(Lo Ay), i O{L.K], )

® In order simplify the exposition, we refer to thector of commodities whose consumption and/or
production is unobserved by the econometriciarttzs tinobserved good” in what follows.

® For example, it is quite common in developing ddies for rural household to grow a staple crop.(e.
barley, wheat, maize, etc.) and many other nonesteqops (e.g., cooking oil, coffee, soap, onicets,)
For a specific crop, it is also common for somededwlds to be net buyers of it, for some householde
autarkic with respect to it, and for some househdddbe net sellers of it. Finally, households reajtch
from one category — net buyer, autarkic, or ndesel to another from one period to the next.



where L, denotes the amount of labor used in producingrebdecommodityi and A,

denotes the amount of cultivable land used in produobserved commodity The

production of the unobserved good is denoted by

Fo (Lo, A, (2)

where L, and A, denote the amount of labor and cultivable landpeetively, used in
producing the unobserved commodity. BoH)} and F, are strictly increasing but

weakly concave in each argument.

Agricultural labor is a function of household lalmr the farmL" and of hired labor.",
but note that those are imperfect substitutes gitiah monitoring of hired workers may

be imperfect, with the usual moral hazard consecpidfreder, 1985; Frisvold, 1994).
The household can also sell a quantity of labor on the market at parametric wage rate

w. Furthermore, the household’s endowment of cullizdand E* is a fixed factor of

production, and the markets for land and creditaté missing.

The household’s time constraint is such thit+/+L' +L' <E" , where L' is the

amount of household labor devoted to productioahsferved commodityand L is the

amount of household labor devoted to productiothefunobserved good. Finally, let

denote the household’s unearned income, i.e., irdoom transfers or remittances.



In what follows, we consider a two-period modell pdoduct prices are unknown when
labor allocation decisions are made, but post-lsiry@rices are revealed before

consumption decisions are made. The household’snieation problem is thus

max EmaxU(c.,c ,/ 3
(o hax, B ma (Co.Cy0 1) (€))

subject to

P.C, + P.C, <Y, (4)

Y* EV\’{Lm _ZOi Lgi _LE]+zi poiFoi(Loi'Aai)+quu(Lu’AJ)+I DI ! (5)

L, =h(Ly)+L, i, (6)
L, =h(Ly) +L,, (7)
L™+ 0+ Ly +L, <E', 8)
h(Lh)O[o, L], and 9)
h(L?)d[o,L"]. (10)



Given that the household’s utility function is etly increasing, preferences are locally
non-satiated and, as a result, the constraintgjirateons (4) and (8) — the budget and
labor resource constraints, respectively — are ibgndThe household allocates labor

conditional on its expectations regardingetgost optimal choices ot_, c,, and /.

By Epstein’s (1975) duality result, we can use lioeisehold’s variable indirect utility
function V (), which is homogeneous of degree zero in prices iandme, i.e., the
measurement unit chosen to measure prices and endonmot matter. Thus, we can set

the price of the unobserved commodity, as numéraire, so thap, = p,/p, and
y=Y"/p, . Finally, assume that the household is (incomsR-aiverse, in the sense that

RY,
ay?

— 7
=V,, <0.

Using the household’s (variable) indirect utilityniction, we can rewrite the household’s

maximization problem as

max EV(/,p,y) (11)

(L L0

subject to

Y=wE"-/-> Lg-> Ly —Li L+

" In a slight abuse of notation, we use subscriptienote the partial derivatives of the functi¢p.



Zi P Fo (Lo Av) + R (L AD +I (12)

The first-order necessary conditions (FONCSs) fas groblem are then:

with respect tol” : E{Vy(pi ZE?' —w}} <0 (=0if L) >0), (13)
. f aFO . f

with respect toL,;: E3V,| p, 6Lf| -w|[r<0 (=0if L; >0), and (14)

with respect to/ : E{\/( —Vyw}s 0(=0if £>0). (15)

Intuitively speaking, equations (13) and (14) mehat the household will set the
expected marginal utility of its marginal produéthired farm labor and of its own labor
applied to the farm equal to the parametric wagde, l@nd equation (15) means that the
household will set its expected marginal utilityleisure equal to the marginal utility of
the income derived from working on the market. Thilés set of FONCs is in itself
similar what is usually derived from the basic agltural household model (see Bardhan

and Udry, 1999 for an introductory treatment).

This framework was used by Barrett (1996) to expthie existence of the inverse farm
size—productivity relationship as a result of stafdod crop price risk. We now extend

this framework to the case of multiple goods witbchastic prices. As such, the next



subsection shows how to derive the household’s ixnafr 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 functiowhich has the usual
properties. The vectop =(p,,...,p) is the vector of commodity prices faced by the
household over the observed commodities, and takarsg denotes household income.
Let p, denote the price of commoditynd p; denote the price of commoditywithout

any loss of generality. We know from Barrett (198&)t
sign[Cov(V,, p)] =sign(V, ), (16)

and that, by Roy’s identity, we have that

V Ve Y (17)
M, M

Additionally, note that

Voo, Vo oM, _ 1 oM,

— PP i i — i

Vin, =31 —M"? o M Vi ==V, (18)
i ] i

From Barrett (1996), we also have that



! Pi oy

A
M, = =V, =MV,
Vy

which implies that

oM,
Vpipj = Mivypj +VY ap !
]

which, in turn, implies that

oM, _
Vpiy = MiVyy +Vy ay _Vypi !

where the last equation is simply the result oflgpg Young’'s theorem

by equation (21) in equation (20) yields

oM . .
Vpipj :Mi{MiVW +Vy ayj}-'- Y%I\p/ll )
i

Then, we have that

oM . i
Vp»p' :MiMijy'i'MiVya—]‘FVy?.
i y P;

(19)

(20)

(21)

. Replacing,,

(22)

(23)
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Multiplying the first term bV, y/V, y yields (24)

M. M. RV oM i
-y — 4V M (25)

V» - + i ’

whereR is the household’s Arrow-Pratt coefficient of tela risk aversion. Multiplying

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

MM, RV, M, M,
= 4+ Mlvy”] _+Vy€ij _I) (26)
y y P

Pi pj

Wherer, is the income-elasticity of the marketable surmifisommodityj and ¢; is the

elasticity of commodity with respect to the price of commodjtyEquation (26) is thus

equivalent to

=MV, | -——+np,—L+g,—|. (27)

But then, multiplying the first two terms in thealoketed expression by, / p; yields

v =MVlg ] 28
poy =y L By +11,8; + & | (28)
J

11



in which B, is the budget share of commodjtyWhen simplified, equation (28) is such

that

Pi Pj

M .V
a0 -Rve ] (29)

But then, note that we have a strong testable @afiin, since applying Young's

theorem again yields the following equation:

M.V
P;

Pi Pj

y[ﬂj(’]j_R)+£ij]:%[ﬁi(,7i_R)+£ji]zvpjpi' (30)

In other words, th&/, matrix is symmetric. Finally, note that thlg, matrix is such that

Vp1p1 Vp1p2 Tt VP1PK
Vpp = p:2p1 p:z P2 ) P? Pk , (31)
VPK P VPK P VPK Pk

and that from thé&/,, matrix, we can derive matri of price risk aversion coefficients:

12



Vplpl Vp1p2 VP1PK
_ 1 _ 1 szpl szpz szpK
A—_V_pr—_v_ : : : :
y y
Vprl VPsz VprK
(32)
Ar Ay o A
— A21 Azz A2|<
AKl AKZ AKK

This matrix of price risk aversion coefficients Gas a reasonably straightforward
interpretation. The diagonal elements are, as Baft896) notes, analogous to Pratt’s
(1964) coefficient of absolute income risk aversibat for pricesA; > 0 implies that
welfare is decreasing in the volatility of the riofi. This is the classic concern of the
literature on commodity price stabilization (Newypeand Stiglitz, 1981). The off-
diagonals meanwhile, reflect how variation in one good’s praffects the household’s
marginal utility with respect to variation in théher good’s price. Consequenth; > 0
implies that greater volatility in pricg reduces welfare associated with the net
consumption of good The price risk aversion coefficient matrix trapeaks directly to
the welfare effects of and household preferencel wispect to price risk. Intuitively,
these coefficients provide information on how thargmnal utility of a price change in

goodi is impacted by a price change in ggod

13



This can be seen by defining a rescaled versioof the price risk aversion coefficient

ﬂ _6Iani

matrix A as a; = A =
M, dIn p,

. The coefficients ino are precisely the elasticity

of the marginal indirect utility from a price changn goodi with respect to a price
change in googl. Because the first-order utility effects of priceanges map directly to
marketable surplus by Roy’s Identity, it is not miging that one can then express
elasticities of substitution—which provide unitdremeasures of first-ordedemand

effects of price changes—in terms of the price rmslersion elasticitiesy;, which

provide unit-free measures of tsecond-order utility impacts of price changes. More

aIn(M, /M)

precisely, the Morishima elasticity of substitutior) = 3(p I D)
P/ P

(Morishima, 1967,

Blackorby and Russell, 1981) between goodsand j#i can be written as

m, =a; —aj.

The theory clearly implies a strong and testabl@mragtry restriction on the estimated
price risk aversion coefficients. With adequateadaine can test the following null

hypothesis:

H, :Vpipj :ijpl foralli#j, (33)

D

which consists ofK(% testable restrictions. We pursue this test in éhwirical

application below.

14



2.3 Relationship between A and the Slutsky Matrix

The derivations above and their result culminatmghe price risk aversion coefficient
matrix A raise the natural question: What is the relatignsletween matriXA and the
Slutsky matrix? That is, what can knowledge of aidathold’'s Walrasian demand
functions — whether positive in the case of netdssyr negative in the case of net sellers

— tell us about its attitude with respect to pric&?

Let x (p,y) be the household’'s Walrasian demand function &mdg as a function of

the prices the household faces and its incomeaasdme for now that the household is a
net buyer of all commodities. We know from firstrmiples that the Slutsky matr&is

such that (Mas-Colell, Whinston, and Green, 1995)

()¢
S (py)=—+—x =B, +C.. 34
g (p,y) Gpj ay j i (34)

ox : — . .
WhereB; Eﬁand o E%xj. Based on the derivations of the previous secti,
j y
J

can show that

A =x{icjj ——+Bij}. (35)

15



That is, a household’s marginal utility with respéx a change in the price of goad
changes as a result of a change in the price ad goe what we called cross-price risk
aversion — and that effect is a function of the swdity’s own-income effect as well as

the cross-price effect between goddsnd . In this sense, since the cross-price risk
aversion between goodsand j is linked both toS; and toS;. There does not exist a

one-to-one correspondence, even in sign, betweealéments of matricesandsS. thus,
the sign of any cross-price risk aversion coeffitidoes not depend on whether two

goods are complements or substitutes.

2.4 Certainty Equivalent for Price Stabilization Policy
Suppose that a policymaker wanted to eliminatgdle uncertainty. In order to do so,
one would first need to compute the total certafpivalent (CE), i.e., the certainty

equivalent for the entire price risk aversion matfihen,

CE=V (E(p).y)-E(V(P.Y)), (36)
so that
CE=V(E(p).y)-E(V(p.y) =E[V(E(p).y)-V(p.¥)]. 37

A Taylor series approximation arount{ E(p),y) vields

16



CE=E{-VP(E(p)'y)(p-E(p))-%(p-E(p))'Vpp(E(p)'y)(p-E(p))] (38)

in other words,

CE=-ZE[(p=E(P))Vin (E(p).¥)(P~E(p))]
| _Vplpl VplpZ VplpK | p]__/j]_ ]
1 e —
= —E E [pl _/'ll pZ_/'IZ pk _/'Ik] p.Zpl p.zpz . P.sz p2 /'12
L _Vprl Vprz VprK_ P = ]
1 [ k k ‘
S (GO LIS RIS S CR T EA) S LR

1[& 3 k
:_E{Zamvm ;Jpzﬂvmpz zapkp.vp.pk}

i=1 i

If instead one wishes to stabilize only one pribe,above derivations become such that
CE=V(E(p). p..y)-E(V(p.P.Y). (39)
so that

CE = E(V(E(pu)’ p~i'y))_E(V(p|'p~i ,Y)): E[V(E(pi) P4 ’y)_v(ﬂ P4 ,Y)}-
(40)

Again, a Taylor series expansion yields

17



CE=E

—(p| _E(pu))%vnp-i (E(p)’y)(p“ _E(p~i))
CE=- Uizvnp. tE 1
~(P=E(p4)) 5 Ve,a (E(P).¥) (P ~E(R))
CEz—%UiZVQp, _zaijvnpi' D

j#i

This last equation thus provides the transfer paygragoolicymaker would need to make
to the household in order to compensate them fer uhcertainty overp,, and the

previous derivations provide the transfer paymepoblecymaker would need to make to

the household in order to compensate them for ticertainty oveall prices.

3. Data and Descriptive Statistics
In the remainder of the paper we demonstrate thima&son of the price risk aversion
coefficient matrix and test the symmetry restrictimplied by the theory. We use data

from the Ethiopian Rural Household Survey (ERHS)ede data are made available by

18




the Department of Economics at Addis Ababa UnivgréAAU), the Centre for the
Study of African Economies (CSAE) at Oxford Universand the International Food
Policy Research Institute (IFPRI). Funding for datalection was provided by the
Economic and Social Research Council (ESRC), thed&h International Development
Agency (SIDA) and the US Agency for Internationaév@lopment (USAID). The
preparation of the public release version of thedERlata was supported, in part, by the
World Bank. It goes without saying that AAU, CSAEPRI, ESRC, SIDA, USAID, and
the World Bank are not responsible for any errorsthese data or for their use or

interpretation.

The publicly available ERHS data include resultsrfrfive rounds: 1989, 1994a, 1994b,
1995, and 1997, although the latter round is lsélhg processed. The survey instrument
and sampling strategy changed significantly betwEg80 and 1994a, with the addition
of nine peasant associations (PAs) to the originasurveyed in 19889 Because of these
significant differences, we exclude the 1989 rodwmin our sample. See Dercon and
Krishnan (1998) and Dercon (2002, 2004) for detaifs the survey instrument and

sampling strategy.

We chose this dataset because it records housatwmidumption and production
decisions over multiple years and seasons, andubectnere is low attrition and a

standardized survey instrument across the roundsetan for analysis. The sample

8 Ethiopia is subdivided into eleven zones subditiiteo woredas, which are roughly equivalent to US
counties. Within eackvoredas are PAs. Random sampling occurred at the villagellwithin these PAs.
Other differences between 1989 and subsequentysuimeluded (i) a longer list of consumption items
starting in the 1994a round; (ii) a lack of pricatal in the 1989 round which were collected in fetur
rounds; and (iii) a war that ended between the E3#D1994a rounds (Dercon 1998).

19



includes a total of 1477 households with an atimitirate of around 2 percent of

households across the three rounds selected ftysanéDercon and Krishnan, 1998).

Table 1 presents descriptive statistics for the roonlities we consider in this paper.
Given that many of the households in our data veerarkic with respect to several
commodities due to the presence of transactiondsctsat prevents them from
participating in the market either as net buyera®net sellers (de Janvry et al., 1991),
for every time period in which a household is neith net buyer or a net seller of a given
commodity, this household has a marketable surmfiszero for that particular
commodity. In fact, there are only seven commoslitier which the proportion of
observations with a marketable surplus that diffesen zero is greater than five percent
(i.e., cooking oil, coffee, maize, soap, wheatJdyarand onions). We thus focus on these

seven commodities in what follows.

Table 1 also introduces descriptive statisticstii@se seven. A positive (negative) mean
marketable surplus indicates that the average holses a net seller (buyer) of a
commodity. On the one hand, the average houselsol met buyer of cooking oil,
coffee? soap, and onions. On the other hand, the averagsehold is a net seller of

maize, wheat, and barley. This is consistent vinthlatter three commodities being staple

° It may be surprising that the number of net bugérsoffee far exceeds the number of net sellertfee

in our data set. As it turns out, the average bbygs about 16 kg of coffee per year, and the aecsaller
sells 87 kg of coffee per year (both statistics sigmificant at the 1 percent significance lev@lhese
numbers are consistent with the net buyers buyaftpe purely for household consumption, and the net
sellers selling much larger quantities at markdth@ugh the 16 kg figure for net buyers may seeghhi
note that a can of llly coffee contains 0.25 kdrofsted) whole coffee beans. This means thatvbmge

net buyer household would have to consume abowu64 cans per year (i.e., a little more than ore pe
week), which is far from unlikely considering theeseage household size as well as the frequenchiahw
coffee is consumed in Ethiopia.

20



crops produced by the households in our data sethenformer four commodities being
non-staples. As a result, for all non-staples exceffee, no household is a net seller of

cooking oil, soap, or onions.

Table 2 lists the mean price for each of the ses@nmodities under study in bif?,
along with the mean budget share for each commodibte that maize and barley
represent the highest budget shares, at 43.5 aBdp8cent of the average household’s
budget, and that wheat and cooking oil — which lathe negative budget shares because
the average household is a net buyer of these calitie®— represent the lowest budget

shares.

The income measure used in this paper is the supnockteds from off-farm labor, off-
farm business activity and land rentals, giftspcsales, and other sources of incorftes.
That said, average income from the aforementioredcss is different from zero in
about 56 percent of cases, which explains why tlegage annual income of $54 may

seem low.

4. Empirical Framework

We estimate the following marketable surplus fundi for the seven commoditiesor

the seven commodities discussed in the previougsec

M, =Bo+ B, InW +S,InP +B,InP, +A+71+¢, (42)

10 As of writing, US$1= Birr 9.43.
1 Recall that we omit own-crop revenue from incomeach marketable surplus equation estimated below
so as to avoid biasing our estimates below dukg@hdogeneity of income to marketable surplus.

21



where i denotes the commodity rather than the observatitn;denotes household
income net of income from commodityP is a household-specific measure of the price

of commodityi; P, is a household-specific measure of the pricesllofodserved)

commodities other tham (including j); A is a regionworeda-peasant association-
household fixed effectr is a time period fixed effect which allows contireg for the

price of the unobservable composite good; ands an error term with mean zero. Note

that since the household is a price-taker for athmodities, then all prices are fully
exogenous to the dependent variable in equatioa® household income is exogenous

by virtue of net of the household’s income from coodlityi.*?

Given the panel nature of our data, we estimatatemu over a total of 1,412 units of
observation spread out over three rounds and #easons. No household was observed
over all three years and three seasons, as the emuaibobservations per household

ranged from one to five with an average of 3.8 ol&@®ns per household.

Computation of own- and cross-price elasticitiesth® income-elasticity, and of the
budget share of marketable surplus follows fromagign 42. For example, given the

functional form of equation 42, to derive the estied cross-price risk aversion

12 Because the theoretical model does not yield actstral form for marketable surplus, we chose to
estimate marketable surplus as a Walrasian demamctién (for net buyers) and its inverse (for net
sellers). Moreover, given the number of equatiossmated in this paper — seven marketable surplus
equations each estimated for three assumptionsdiegarelative risk aversion — we chose not to udel
interaction terms.

13 By controlling for household unobservables, the aifixed effects controls for the possible setett
problem posed by households for which we only hae observation through time, which are dropped
from the fixed effects regressions we estimate.
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M;Pp, Bs
W

coefficient Aj , one would first need to compuﬁj = i

17, = and g, =

Bu
|v|j’

A

where £, is the estimated coefficient for the price of coaodlity j in marketable surplus

equation for commodity. Then, one could combine these estimates to olitairpoint

estimate
~ M, 5 . R
Aj :?[,Bj (’7] —R)+£ij], (43)
j
where 3, =V'V—p’, n, =%, and &; :%. Given that marketable surplus is often
J_ _

zero, we use the mean bf; and M; so as to compute elasticities at means. Althotigh i

might be preferable to use mean elasticities, ginsply not possible to do so in these

data’® The standard errors can then be computed usingrefie delta method or through
bootstrapping, given thaAA\j is a nonlinear combination of estimates. The d¢oiefit of

relative risk aversiorR can either be directly estimated — if the datavedl it — or
assumed to be equal to a certain value. Givenadtlvatiata do not allow direct estimation

of R, we estimate the¥;, coefficients forR=1, R=2, and R=3, which provides an

additional robustness check.

4 |ikewise, given that we use the household’s incdroen non-agricultural sources as a proxy for total
incomeW, so as to avoid endogeneity problems, many holdelave an income of zero. Table 2 shows
that income was different from zero in 2969 obstows out of 5667. In this case, we compute the
estimated budget share by dividing WY+ 0.001 (MaCurdy and Pencavel, 1986). We also@@1 to
each observation for the variables for which lotans are taken so as to not drop observations in a
nonrandom fashion and introduce selection bias.
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As shown in table 1, many households have a mdleturplus of zero for several
commodities, so we estimate several version of rtrerix of price risk aversion
coefficients. We first estimate th#e matrix for the top three commodities consumed and
produced by the households in our data (i.e., capkil, coffee, and maize), and then
estimate it for the top four, and so on for theefigix, and seven top commodities (i.e.,
cooking oil, coffee, maize, soap, wheat, barleyd anions). We stop at estimating the
matrix of price risk aversion coefficients for thep seven commodities because the
percentage of nonzero marketable surplus obsensatoes not exceed five percent for
the remaining commodities. Finally, note that weiadk each coefficient of price risk
aversion by its standard error so as to standattez® and make them comparable with

one another, given that it would be otherwise insfiie to compare different crops.

5. Estimation Results and Hypothesis Tests

This section first presents estimation resultstifier marketable surplus equations. Given
that these results are ancillary in the sense tthet represent an intermediate step in
computing own- and cross-price risk aversion cogffits, we only discuss them briefly

and devote the bulk of the analysis to the estichatatrices of price risk aversion as well

as the tests of the hypothesis that these matigesymmetric.

Tables 3 to 7 present estimation results for theketable surplus equations when
considering anywhere from three to seven commaditiée present this wide array of

results so as to offer a robustness check on @uwltse The first thing to note is that

5 For more on the impossibility to compare differembps without standardizing price risk aversion
coefficients, see Bellemare (2005).
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although own- and cross-price elasticities are usletlg with income elasticities of
marketable surpluses in computing coefficients wh-oand cross-price risk aversion,
what matters for the estimated marketable surpjuattons are the estimated coefficients

themselves. In other words, one should normallyeekgthe estimated coefficient o)

to be positive in the marketable surplus equat@nM,, even though the elasticity will
flip signs depending on whether the meanhf is positive or negative since we are
relying on elasticitiesit means rather than mean elasticities when computing coeffts

of price risk aversion. Consequently, one shoutdi$oon S, in equation 42 in order to

determine whethep, has the expected effect o, .

Intuitively, one would expectB, to be positive, i.e., as the price of commodity

increases, the household buys less and less & swlle and more of the same
commodity. But given that we are studying agria@dtuhouseholds, and not pure

producers or pure consumers, however, it is egtpeksible that3,, be negative. Recall

that within an agricultural household, there exiatprofit effect on top of the usual

income and substitution effects (Singh et al., J986s thus entirely possible that, gs

increases, the household increases its producfieoromodityi (which would increase

M, ), but that it also decides to increase its congionpf it via an increased profit due
to the increase iM; . If the latter effect dominates, thgh, will be negative. Obviously,
one would expectS, to be more likely to be negative for goods tha actually

produced by the households in the data, i.e., dadg for which there is a profit effect.
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Such counterintuitive results have been reportethenmarket participation studies of

Goetz (1992), Bellemare and Barrett (2006), anglgins and Barrett (2006).

Turning to the estimation results, own price hgsositive and significant effect on the
marketable surplus of cooking oil in every speaifion in tables 3 to 7. The price of
coffee, although it has a positive effect on therketable surplus of coffee in every
specification, is only statistically significant imable 7, which considers seven
commodities. Likewise, the prices of maize and saapst always have a positive effect

on their respective marketable surpluses, but teffisets are never significafft.

The prices of barley and wheat always have a negatffect on their respective
marketable surpluses, and the effect is alwaysfgignt for wheat. As one would expect,
along with maize, barley and wheat are staple ciopisese data, and so the profit effect
dominates for staples, i.e., the commodities thatpaoduced by the households in these

data, which is consistent with our intuition.

As discussed above, we use the results of table 3 to compute standardized
coefficients of own- and cross-price risk aversiand we use these coefficients to
construct matriXA of price risk aversion. Looking at tables 8 to @ first thing to note
is that the households in our data are price ngkse over most commodities except
maize and soap, whose own-price risk aversion wpefts are never significant. In

addition, the average household is most priceaiskse over cooking oil and coffee, and

16 Note that the low overal®’ measures likely come from the measurement ertozdnced by our use of
prices at the village level.
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least price risk-averse over maize and soap. Similthe average household is risk-
averse over co-fluctuations in the prices of cogkai and the other goods and over co-
fluctuations in the prices of coffee and the otheods, as witnessed by the off-diagonal

elements in the matrices reported in tables 8 to 12

Turning to our main testable hypothesis, i.e., sgpnmetry of the matrix of price risk
aversion coefficients, for matriks (the matrix of price risk aversion coefficients the
top three commodities in the data, i.e., cookin ooffee, and maize), the null
hypothesis of symmetry cannot be rejected, wiphvalue of 0.90. Thus, even though the
test of symmetry has low power, given that mosthef probability mass rests on non-
rejection of the null hypothesis, thgevalue gives us confidence in the outcome of the
test. Likewise, symmetry cannot be rejected forrioes A4 to A, with p-values of 0.98,
0.89, 0.98, and 0.96, respectively. Thus, as wamdpnatrixA to cover more and more
commodities, the core result of this paper remasgmmetry of the matrix of price risk
aversion coefficients cannot be rejected, and ¢lrengh the test does have low power,
the increasing number of commodity and the tpglalues offer strong empirical support
for the theoretical framework. Note that these Itesare not due to the fact that the
coefficients included in matriceds; to A; are not statistically significant: for every
matrix, the null hypothesis that all coefficiente &qual to zero is rejected witlpavalue

of 0.00, and more than half of the coefficientseacth matrix are significantly different

from zero, except in matriA;. Finally, table 13 shows that the symmetry resales
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consistent whether we assume that relative risksawe is such thaR=1, R=2, or

R =3, which provides an additional robustness chéck.

Our results thus seem to indicate that (i) the Bbakls in our data are significantly risk-
averse over the price of specific commodities; the households in our data are
significantly risk-averse over co-movements in tpeices of specific pairs of
commodities; and (iii) the households in our dathdve exactly as theory predicts, in the
sense that their risk preferences over co-movementke prices of specific pairs of

commodities are symmetric.

A caveat is in order, however. Recall that the proportidmnon-zero observations for
marketable surplus was at most 25 percent for dinentodities considered, and that only
six commodities exhibit 10 percent or more of nemez observations. This high
proportion of zero-marketable surplus observatioay introduce a significant amount of
noise in the data. Evidently, this would entailglistandard errors around our estimates
for the coefficients of own- and cross-price riskemsion, which would make non-
rejection of the symmetry of the A matrix more likeWe take comfort, however, in the
high p-values obtained when testing for symmetry as wasglin the fact that given the
high transactions costs faced by households inldewvg countries (Key et al., 2000;
Renkow et al., 2004; Bellemare and Barrett, 2006§ would be hard-pressed to find a
data set without such a large number of zero-valleskrvations for the marketable

surplus of many commodities.

" Note that because these coefficients are treatemmastants in the price risk aversion coefficietitey
do not introduce any noise in these coefficients, so changing risk aversion should have an effeciur
point estimates, but not on our standard errors.
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6. Conclusion

Based on the observation that the indirect utilityction of a unitary household allows
computing coefficients of risk aversion over mdmart just income or wealth, this paper
has modestly extended microeconomic theory so alldw studying price risk aversion

over multiple commodities. Specifically, we haveided a pseudo-Slutsky matrix that
measures the curvature of the indirect utility fimT in the hyperspace defined by the
vector of all commodity prices faced by the hou$eéhdhen, based on the method
developed by Newbery and Stiglitz (1981) and ex¢endh turn by Finkelshtain and

Chalfant (1991) and by Barrett (1996), we havenestied the aforementioned matrix of
price risk aversion coefficients using well-knownonsey data on a panel of rural

Ethiopian households. In order to ensure robustribes matrix of price risk aversion

coefficients was estimated for subsets of the {Hoeg, five, six, and seven commaodities,

as well as for three different assumptions overghegive risk aversion of households.

We then tested the paper’'s main testable implinafiee., symmetry of the matrix of
price risk aversion coefficients) on these samessighof commodities. In no case could
we reject symmetry of the matrix of price risk aien coefficients, and thg-values of
the tests were always high enough so as to givéaitis in the results and obviate

concerns regarding the low power of our test.

Above and beyond the technical results presentetthign paper, our results also have

important policy implications. First off, the avgmhousehold in these data is not only

adversely affected by the price fluctuation of mosthnmodities in the data, but also by

29



co-movements in the price of the commodities weselto include in our analysis. Based
on this finding, we have shown that it is possitdlecompute certainty equivalents for

each commodity or for all commodities, dependingvdmether policymakers want to

compensate households for the price fluctuationa ¢déw select staple crops or of a
number of commodities taken as a whilés such, not only does our method allow
computing average transfer payments, it also allommputing such transfer payments
conditional on certain household covariates, sisclmeome and the prices faced by each

household.

That said, acaveat is in order. Many of the households in our dataenautarkic with
respect to all the commodities considered in owlyens, and even for the households
whose marketable surplus was non-zero for one catitypgheir marketable surplus of
other commodities was often equal to zero. Thismaehat we had to rely on elasticities
at means rather than on mean elasticities when wtingp coefficients of price risk
aversion, and so the variation exploited in commqmuthe typical coefficient of price risk
aversion came from marketable surplus, price, amdgét share, rather than from the
same variables augmented with price elasticity, ambme elasticity. As such, the
standard errors around our estimated coefficieh{zrioe risk aversion are smaller than
they would be under ideal circumstances, i.e., #reysmaller than they would be if we
had data for whiclall households have a nonzero marketable surplad cbmmaodities.
This could in turn lead to our not rejecting symmetdf the matrix of price risk aversion

coefficients. It would thus be of interest to bdtleoretical and applied microeconomists

18 Giving such a transfer payment to American taxpaye compensate them for fluctuations in the price
of gasoline in 2008 resulted in the Bush adminigtnaeconomic stimulus checks.
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to estimate matrices of price risk aversion cogdfits using data from industrialized
countries, testing for symmetry for both singledanultiple-person households, much
like Browning and Chiappori (1998) did in their seal study of efficient intrahousehold

decisions. For now, such an investigation is leftftiture research.
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Table 1: Descriptive Statistics for the Dependent Variables

Crop Mean (Std.Dev.) Observations Nonzero Net Net
Observations Buyers Sellers
Cooking Oil (Kg) -7.21 (27.48) 5334 1333 1333 0
Coffee (Kg) -1.18 (49.85) 5334 1353 1194 159
Maize (Kg) 39.66  (886.71) 5334 1329 895 434
Soap (KQg) -2.80 (18.51) 5334 625 625 0
Wheat (Kg) 2494  (290.56) 5334 833 664 169
Barley (Kg) 56.23  (481.79) 5334 1044 518 526
Onions (Kg) -3.55 (25.95) 5334 411 411 0

Table 2: Descriptive Statisticsfor the Independent Variables

Crop Mean (Std. Dev.) Observations
Prices

Cooking Oil (Birr/Kg) 0.33 (0.45) 5334
Coffee (Birr/Kg) 2.52 (0.42) 5334
Maize (Birr/Kg) 0.11 (0.27) 5334
Soap (Birr/Kg) 2.24 (0.24) 5334
Wheat (Birr/Kg) 0.53 (0.19) 5334
Barley (Birr/Kg) 0.31 (0.25) 5334
Onions (Birr/Kg) 0.49 (0.55) 5334
Budget Shares

Budget Share of Cooking Oil -0.004 (0.10) 2977
Budget Share of Coffee 0.203 (3.61) 2977
Budget Share of Maize 0.435 (20.21) 2977
Budget Share of Soap -0.003 (0.06) 2977
Budget Share of Wheat -0.173 (15.58) 2977
Budget Share of Barley 0.328 (7.77) 2977
Budget Share of Onions -0.003 (0.07) 2977
Income (Birr) 509.06 (4694.90) 5334

Note: Income (i.e., the sum of off-farm income aildcrop revenues) was different from zero for 2977
observations only.
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Table 3. Marketable Surplus Equationsfor Three Commodities

Cooking Oil Coffee Maize
Cooking Oil Price 7.690%** 5.555* -84.032
(1.891) (3.293) (57.432)
Coffee Price 2477 2.774 40.115
(2.120) (3.692) (64.294)
Maize Price -1.345 -26.204*** -14.520
(2.436) (4.240) (73.978)
Income 1.153*** 0.456*** 5.202**
(0.075) (0.130) (2.266)
Round 3 -7.846*** 8.462*+* 92.317**
(1.498) (2.599) (45.384)
Round 4 -8.459%** -3.937* 16.069
(2.371) (2.386) (41.535)
Intercept -9.289 -6.390 -58.314
(5.730) (9.985) (173.738)
N 5334 5334 5334
p-value 0.00 0.00 0.00
Overall R 0.06 0.01 0.00
p-value (Fixed Effects) 1.00 0.00 0.00

Note: Standard errors in parentheses. The symbl$* and * indicate significance at the 1, 5,&A40 percent level, respectively. Coefficients ahdoface
denote own price.



Table4: Marketable Surplus Equationsfor Four Commodities

Cooking Oil Coffee Maize Soap
Cooking Oil Price 8.423*** 3.332 -58.418 -0.093
(1.934) (3.368) (58.731) (1.299)
Coffee Price 2.077 3.978 25.700 2.659
(2.131) (3.709) (64.644) (1.431)
Maize Price -0.483 -28.716*** 15.448 -0.962
(2.482) (4.315) (75.356) (1.668)
Soap Price -7.006* 20.811*** -245.317** 1.622
(3.915) (6.797) (118.714) (2.630)
Income 1.170*** 0.414%* 5.720** 0.456
(0.076) (0.130) (2.279) (0.051)
Round 3 -4.977* -0.104 193.172%* -3.280
(2.194) (3.817) (66.633) (1.474)
Round 4 -8.054*** -5.121** 29.932 -2.846
(1.389) (2.415) (42.056) (0.933)
Intercept 6.304 -52.744* 488.907 -10.669
(10.428) (18.130) (316.676) (7.006)
N 5334 5334 5334 5334
p-value 0.00 0.00 0.00 0.00
OverallR? 0.06 0.01 0.00 0.02
p-value (Fixed Effects) 1.00 0.00 0.00 0.85

Note: Standard errors in parentheses. The symbl$* and * indicate significance at the 1, 5,&A40 percent level, respectively. Coefficients ahdoface

denote own price.
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Table5: Marketable Surplus Equationsfor Five Commodities

Cooking Oil Coffee Maize Soap Wheat
Cooking Oil Price 8.386* ** 3.184 -59.213 -0.148 16.304
(1.936) (3.371) (58.786) (1.300) (20.241)
Coffee Price 2.198 4.457 28.346 2.842** -49.937**
(2.147) (3.737) (65.141) (1.442) (22.444)
Maize Price -0.750 -29.764*** 9.626 -1.364  75.968***
(2.549) (4.429) (77.377) (1.712) (26.664)
Soap Price -7.657* 18.230** -259.550** 0.637 -3.448
(4.163) (7.229) (126.228) (2.796) (43.514)
Wheat Price 1.443 5.700 31.540 2.179 -198.375***
(3.127) (5.439) (94.995) (2.101) (32.712)
Income 1.169*+* 0.4171%** 5.694** 0.455*** 1.605**
(0.076) (0.130) (2.280) (0.051) (0.792)
Round 3 -4.656** 1.162 200.174*** -2.796* 93.119%**
(2.302) (4.004) (69.898) (1.546) (24.064)
Round 4 -7.855%** -4.335* 34.264 -2.546%** 3.772
(1.454) (2.529) (44.038) (0.977) (15.200)
Intercept 6.566 -51.694*** 494.624 -10.272  228.995**
(10.445) (18.157) (317.180) (7.016) (109.216)
N 5334 5334 5334 5334 5334
p-value 0.00 0.00 0.00 0.00 0.00
OverallR? 0.06 0.01 0.00 0.02 0.01
p-value (Fixed Effects) 1.00 0.00 0.00 0.85 0.06

Note: Standard errors in parentheses. The symbl$* and * indicate significance at the 1, 5,&A40 percent level, respectively. Coefficients ahdoface

denote own price.
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Table6: Marketable Surplus Equationsfor Six Commodities

Cooking Oil Coffee Maize Soap Wheat Barley
Cooking Oil Price 7.756*** 0.528 -128.401** 0.004 -10.287  93.574***
(2.074) (3.613) (62.888) (1.393) (21.655) (34.842)
Coffee Price 1.530 1.650 -44.849 3.004* -78.134**  133.682***
(2.288) (3.982) (69.291) (1.537) (23.879) (38.462)
Maize Price -0.598 -29.108*** 26.624 -1.401 82.313*** -70.126
(2.555) (4.439) (77.492) (1.717) (26.692) (42.940)
Soap Price -7.867* 17.337* -283.687** 0.688 -12.387 -41.437
(4.170) (7.240) (126.336) (2.802) (43.533) (70.118)
Wheat Price 0.129 0.200 -113.036 2496  -253.717*** -23.682
(3.491) (6.071) (105.909) (2.345) (36.450) (58.666)
Barley Price 2.269 9.497* 249.738*** -0.548 95.777*** -58.403
(2.681) (4.663) (81.243) (1.801) (27.985) (45.070)
Income 1.164** 0.390*** 5.270** 0.456*** 1.4088* 0.893
(0.076) (0.131) (2.282) (0.051) (0.793) (1.280)
Round 3 -4.161* 3.228 254.615*** -2.915* 113.984***  117.594%**
(2.375) (4.129) (72.034) (1.595) (24.792) (39.901)
Round 4 -7.927%** -4.640* 26.795 -2.528*** 0.752  70.690***
(1.457) (2.532) (44.058) (0.979) (15.205) (24.474)
Intercept 8.837 -42.135** 745.434** -10.821 324.869*** -243.500
(10.785) (18.747) (327.176) (7.245) (112.607) (181.254)
N 5334 5334 5334 5334 5334 5334
p-value 0.00 0.00 0.00 0.00 0.00 0.00
OverallR? 0.06 0.01 0.00 0.02 0.01 0.01
p-value (Fixed Effects) 1.00 0.00 0.00 0.86 0.07 000.

Note: Standard errors in parentheses. The symbtl$* and * indicate significance at the 1, 5,&A0 percent level, respectively. Coefficients atdoface
denote own price.



Table7: Marketable Surplus Equationsfor Seven Commaodities

Cooking Oil Coffee Maize Soap Wheat Barley Onions
Cooking Oil Price 7.780*** 0.932 -129.796 0.032 -9.111 93.871*** -1.416
(2.074) (3.600) (62.888) (1.393) (21.629) (34.850) (1.838)
Coffee Price 2.067 9.092** -76.779 3.624 -51.887** 140.322*** 6.709***
(2.407) (4.179) (72.858) (1.617) (25.085) (40.460) (2.132)
Maize Price -0.851 -32.539*+* 41.735 -1.693 69.990*** -73.241* -2.834
(2.579) (4.463) (78.213) (1.733) (26.906) (43.346) (2.285)
Soap Price -7.717* 19.223*** -292.852 0.862 -5.057 -39.593 8.049**
(4.176) (7.219) (126.486) (2.805) (43.530) (70.211) (3.700)
Wheat Price -0.594 -9.630 -69.913 1.661  -289.042*** -32.612 -7.856**
(3.633) (6.291) (110.186) (2.440) (37.878) (61.050) (3.219)
Barley Price 2.131 7.524 257.850 -0.707 89.053*** -60.108 5.619**
(2.688) (4.657) (81.435) (1.805) (28.019) (45.190) (2.381)
Onions Price 1.349 18.374*** -80.422 1.557 65.865*** 16.653 5.165%**
(1.872) (3.247) (56.791) (1.258) (19.522) (31.466) (1.659)
Income 1.165%+* 0.428*** 5.291 0.456 1.424* 0.898 0.207***
(0.076) (0.130) (2.282) (0.051) (0.792) (1.280) (0.068)
Round 3 -4.500* -1.394 274.771 -3.306 97.462*** 113.417%** -7.122%**
(2.421) (4.193) (73.418) (1.626) (25.239) (40.678) (2.145)
Round 4 -7.673*** -1.073 11.752 -2.235 13.167 73.833%* -0.924
(1.499) (2.600) (45.315) (1.007) (15.625) (25.187) (1.328)
Intercept 6.852 -69.156*** 863.847 -13.111 228.010** -267.983  -35.935***
(11.131) (19.274) (337.651) (7.477) (116.065) (187.081) (9.862)
N 5334 5334 5334 5334 5334 5334 5334
p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00
OverallR? 0.06 0.00 0.00 0.02 0.01 0.01 0.05
p-value (Fixed Effects) 1.00 0.00 0.00 0.87 0.05 000. 0.00

Note: Standard errors in parentheses. The symbtl$* and * indicate significance at the 1, 5,&A0 percent level, respectively. Coefficients atdoface
denote own price.



Table8: Price Risk Aversion Matrix with Three Commoditiesand R=2

0069 00527 0.045"
A3={0067" 0.0477 0.025
0046 0022 0.018

Joint Significance F(95333 = 799
p-value = 0.00

Symmetry F(3533) = 020
p-value = 0.90

Note: Rows and columns denote cooking oil, coféee maize, respectively.

Table9: PriceRisk Aversion Matrix with Four Commoditiesand R=2

0.069"° 0.052" 0.045" 0.045
0067 0.047" 0025 0.044"
0046 0022 0.018 0018~
0044 0030° 0010 0.021

4=

Joint Significance F(@65333 = 569
p-value = 0.00

Symmetry F (65328 = 019
p-value = 0.98

Note: Rows and columns denote cooking oil, coffeaize, and soap, respectively.

Table 10: Price Risk Aversion Matrix with Five Commoditiesand R=2

0069 0052 0045 0045 0022 |
0067 0047 0025 0044" 0032
As=|0046" 0022 0018 018 -0021
0044 0030° 0010 0021 -0003
10029° 0025 0012 0018 0044" |

Joint Significance F (255333 = 438
p-value = 0.00

Symmetry F @05329 = 051
p-value = 0.89

Note: Rows and columns denote cooking oil, coffeaize, soap, and wheat, respectively.



Table 11: PriceRisk Aversion Matrix with Six Commoditiesand R=2

[0.069™ 0052”7 0045 0045 0022 0026 ]
0067 0.0477 0025 00447 0032° 0024
0046 0022 0018 0018 -0021 -0.015

Ag = " .
0.044 0.030 010 0.021 -0.003 0.017
0.029° 0.025 013 0.018 0.044™ 0.012
| 0017 0024 -0011 0017 0020 0.0327 |
Joint Significance F 365333 = 360
p-value = 0.00
Symmetry F(@55319 = 038
p-value = 0.98

Note: Rows and columns denote cooking oil, coffeaize, soap, wheat, and barley, respectively.

Table12: Price Risk Aversion Matrix with Seven Commoditiesand R=2

0.069™ 0052 0045 0045 0022 0026 0.033"]
0067 0.0477 0025 0044”7 0032° 0024 0.038°
0046 0022 0018 0018 -0021 -0015 0.019

A;=|0044" 0030° 0010 0021 -0003 0017 0018

0.029° 0025 0012 0018 0044 0012 0017
0017 0024 -0011 0017 0020 0.032" -0.014

| 0019 0019 0015 0015 0018 0010 0.026 |

Joint Significance F@495333 = 309
p-value = 0.00

Symmetry F (15313 = 053
p-value = 0.96

Note: Rows and columns denote cooking oil, coffeaize, soap, wheat, barley, and onions, respegtivel
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Table 13: Analysis of Sensitivity of the Symmetry Teststo Relative Risk Aversion

R=1 R=3
Number of Commodities  F-statistic  p-value  F-gtatistic p-value
Three 0.20 0.90 0.20 0.90
Four 0.19 0.98 0.19 0.98
Five 0.51 0.89 0.51 0.89
Six 0.38 0.98 0.38 0.98
Seven 0.53 0.96 0.53 0.96

Note: The reporte#-statistics angb-values are for tests of symmetry of thenatrix.
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