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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 theoretically to individuals (Descham®,3t Hanoch, 1977; Turnovsky et al.,
1980; Newbery and Stiglitz, 1981) and to agric@tuhouseholds both in theory
(Finkelshtain and Chalfant, 1991) and in practBar(ett, 1996), but these analyses have
largely focused on one staple good. Turnovsky e{18180) considered price risk over
multiple commaodities, but they only did so thearelly. In this paper, we combine the
empirical Finkelshtain-Chalfant-Barrett and theaife¢ical Turnovsky et al. frameworks
to (i) derive an estimable matrix of coefficienfspoice risk aversion and relate it to the
Slutsky matrix; (ii) define and estimate absolutel aelative price risk aversion; and (iii)

test the implications of the theory as it appliesagricultural households and the more

general and realistic case of multiple commodities.

We use the general framework of agricultural hookkmodels (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 hoilgsshncome, it is possible to derive
and estimate a matrix of price risk aversion coedfits, i.e., a matrix that reflects how
price risk premia with respect to one good chanike mespect to changes in the price of
any other good. For each of the commodities obsebyethe econometrician, such a
matrix yields the usual (own-) price risk aversmoefficients on the diagonal, but also
the cross-price risk aversion coefficients off thagonal. To our knowledge, these off-
diagonal terms have hitherto been overlooked inetimgirical literature, although they
have an intuitive interpretation and are importantinderstanding behavior with respect

to price risk.

Based on the theoretical work of Turnovsky et #380) and on an extension of Barrett's
(1996) empirical work to the multiple commodity easve derive the pseudo-Slutsky
matrix of price risk aversion as well as its prd@srin section 2 and establish its formal
relationship with the Slutsky matrix. In sectionv@ discuss the data and present some
descriptive statistics. We then develop a simplpiaoal framework to estimate the price
risk aversion coefficients in section 4. In sectiowe estimate several marketable surplus
equations, use their results to estimate own- anskeprice risk aversion coefficients, use
these coefficients to construct the matrix of prisk aversion coefficients, and finally
test the restrictions implied by the theory, pregreely imposing more structure as a way
of conducting robustness checks. We conclude bgudgsng the implications 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 propedtfighis matrix and relate it to the

Slutsky matrix., which yields the implications thvee test in section 5.

2.1 Agricultural Household Model
The derivations in this section closely follow teom Barrett (1996), which built on
Turnovsky et al.’s (1980) work on individual consens and Finkelshtain and Chalfant’s

(1991) work on AHM.

Consider an agricultural household whose prefeenaee represented by a von

Neumann-Morgenstern utility functiotd () defined over consumption of a vector

C, =(Cy,Cyyy--Cy ) OF all goods whose consumption and/or product®observed by

0o

the econometrician; a composite of all goods whose consumption and/or productson i

unobserved by the econometriciaand leisure’ . The functionU [ )is quasiconcave but
: . : . 0uU .
concave in each of its arguments, with the Inadadition 6_|X=°: o with respect to
X

each argument

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



All K goods observed and the good unobserved by them@incian 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 tie observed

commodities is denoted by

F, (L, A), i0{... K}, (1)
where L; denotes the amount of labor used in producingrebdecommodityi and A,
denotes the amount of cultivable land used in peoduobserved commodity The
production of the unobserved good is denoted by

Fu (L 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 giliah 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, but the market for credit is missing.

® It is quite common in developing countries foraiuhousehold to grow a staple (e.g., maize) and
nonstaples (e.g., coffee.) For a specific crofg &lso common for some households to be net buwfdts

for some households to be autarkic with respedt,tand for some households to be net sellers.of it
Additionally, households often switch from one c¢gtey — net buyer, autarkic, or net seller — to haot
from one period to the next.
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The household’s time constraint is such th&t+¢+> L +L; = E", where ¢ is the

household’s leisure time.!, is the amount of household labor devoted to priduof
observed commodityand L is the amount of household labor devoted to prodoof

the unobserved good. The household’s land consisasuch thatA™ + A" = E*, where
A™ is the amount of household land leased out oret@ncy market at parametric rental

rater; and A" =)' Al + A/ is the amount of household land devoted to thelymtion

of the observable and unobservable commoditiepeatisely. Likewise,A) and A/ are
the amounts of leased in land devoted to the ptemlucof the observable and
unobservable commodities, so th#&, = A, +A} and A, =A' +A" are the total
amounts of land allocated to the production of thieservable and unobservable

commodities. Finally, let denote the household’s unearned income, i.e.mectsom

transfers or remittances.

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

consumption decisions are madehe household’s maximization problem is thus

max EmaxU (c,,c,,’) (3)
(AT LG A LG L LA™ {Co .00}
subject to
PoCo + PG, S, 4)

" In what follows, we assume nothing about the shafparice uncertainty. Turnovsky (1978) noted how
different theoretical results emerge depending dwther price uncertainty arises due to an addiive
multiplicative error term. Our framework allows e remain agnostic about the structure of price
uncertainty, which in turn allows us to let theadapeak for itself in section 5.



Y LT L LAY AL A

*+2 PaFa (Lo A +RFu (L A+ (5)
L, =h(Lh)+L. Oi, (6)
L, =h(Ly) +L,, (7)
L™ +0+ Ly +L, =E", 8)
Al =iZAL A 9
A" :Z‘A; +A (10)
A"+ AT = EA (11)
h(L})O[0,L"], and (12)
h(L")O[o,L"]. (13)

Given that the household’s utility function is stly increasing, its budget constraint is
binding. The household allocates labor and landli¢cmmal on its expectations regarding

its ex post optimal choices ot,, c,, and /.

By Epstein’s (1975) duality result, we can use lthesehold’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, 2 Finally, assume that the household is (incomé}aigerse, in the sense that

8 Relative risk aversion, which we rely on when cotig coefficients of price risk aversion belownist
affected by the choice of numéraire (Deschamps3)197



oV _
ay?

as

numeraire, the household’s Arrow-Pratt coefficiehiabsolute risk aversion is equal to

- p,V,,/V,, although its Arrow-Pratt coefficient of relativesk aversion remains

unchanged and equal toyV,, /V, .

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

max EV(/,p,Y) (14)

(A L5 A Lo L LA™ 1)
subject to

YEWE =Y L, - S L L LI I[EA T AL - T AL A - A

+Zi P Fo (Las A) + R (L, A) +IT (15)

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

w.r.t.L” E{Vy(pi ZE?' _wj} <0 (=0if L) >0), (16)

w.r.t Al E{V.

J <0 (=0if A} >0), (17)

0if Al >0), and (19)

w.rt. Ll E{Vy aLf WJ}S 0if L. >0), (18)

w.r.t. A E{Vy 0/%. ]

° In a slight abuse of notation, we use subscriptsamly to denote commodities but also the partial
derivatives of the functioN(-) in what follows.



wW.rt.l: BV, -V,wj<0 (=0if £>0). (20)

Intuitively, equations (16) to (19) mean that theusehold is a profit maximizer, and
equation (20) means that the household will seteixpected) marginal utility of leisure
equal to its marginal cost. This set of FONCs msilgir what is usually derived from the
basic agricultural household model (see Singh.et1l886 and Bardhan and Udry, 1999

for introductory treatments).

This framework was used by Barrett (1996) to expthaie existence of the inverse farm
size—productivity relationship as a result of stafgod 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 Commaodities
Let V(p,y) denote the household’s indirect utility functiowhich has the usual
properties. The vectop =(p,,...,px) is the vector of commodity prices faced by the
household over the observed commodities, and thiarsg denotes household income.
Let p; denote the price of commoditynd p; denote the price of commoditywithout
any loss of generality. We know from Barrett (19¢8&t

sign[Cov(V,, p)] =sign(V, ), (21)

Vv /ap,
oV /ay

and that, by Roy'’s identity (i.eM, = - whereM, is the marketable surplus of

commodityi), we have that



pi Vpi
V,=——P =B (22)

where M is the marketable surplus of commoditdditionally, note that

Vo, V ‘
Vyp = L - p.2 M, zi Vo = M, -V, (23)
’ M, M7 0p, M, b0,

From Barrett (1996), we also have that

M, =P =V, =MV (24)
! Pi oy
V,

which implies that

oM,
Vpi p; = M iVpr V ? (25)
J

which, in turn, implies that

oM,

V,, =MV, +V, — (26)
ay

ypi !

where the last equation is simply the result oflgpg Young's theorem. Replacing,,

by equation (26) in equation (25) yields

oM oM,
V,, =M MV, +V, — L4y ——L (27)
" ay op;

Then, we have that

B oM, OMi
Voo, MMV + MV, —L+V ——. (28)
' ay ap;
Multiplying the first term bV, y/V, y yields (29)
M;:M RV, 6M
V,, =—————2L+MV,— vyM (30)
o y ay op;

10



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

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

MM RV, M, M,
L sMVy, L+, —, (31)
y

y-i
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 (31) is thus

equivalent to

MR M, 1
n e —|. (32)
y y 'p

V,, =MV, |-

Pi Pj

Multiplying the first two terms in the bracketedpegssion byp, / p; yields

v =MVlg ] 33
PR ~RB +1,B; +&;], (33)
J

in which B, is the budget share of commodjtyWhen simplified, equation (33) is such

that

MV
Vor, = P, y [,5’,- @, _R)+5ij]- (34)

But then, applying Young’s theorem again yieldsftiilwing equation:

M.V M V
Voo, = o '[8,@, - R)+si,-]=f[ﬁi ", —R)+gji]:vpjpi. (35)

In other words, thévpp matrix, which is such that

Vp1p1 VP1P2 tt VplpK
Vpp — P:zpl P:2P2 N P?PK (36)
VpK [ VpK P VpK Pk

11



is symmetric. More importantly, from thé,, matrix, we can derive matrix A of price

risk aversion coefficients:

Vp1p1 Vplpz VplpK
_ 1 _ 1 szp1 szpz szpK
A__V_wpp__v_ : : . :
y y
Vprl VPsz VDKDK
A A, A
| @)
AKl AK2 AKK

Matrix A has a straightforward interpretation. Thgn of the diagonal elements is
analogous to Pratt’'s (1964) coefficient of absolmeome risk aversion (Appendix A
derives true price analogs of the Arrow-Pratt measue., measures of absolute and
relative price risk aversion, both theoreticallydaempirically), but for pricesA; > 0
implies that welfare is decreasing in the volatildf the price ofi. This is the classic
concern of the literature on commodity price siabtion (Deschamps, 1973; Hanoch,

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

The off-diagonalsmeanwhile, reflect how variation in one good’s priaffects the
household’'s marginal utility with respect to vaioat in the other good’s price.
ConsequentlyA;; > 0 implies that greater volatility in prigereduces welfare associated
with the net consumption of goad The price risk aversion coefficient matrix thus
speaks directly to the welfare effects of and hbakkpreferences with respect to price
risk. Intuitively, these coefficients provide infoation on how the marginal utility of a

price change in goodis impacted by a price change in gqod¢h other words, whereas

12



the diagonal terms can be interpreted as the effetibusehold welfare of the variance in
the price of a single good, the off-diagonal tercasm be interpreted as the effect on

household welfare of theovariance between the prices of two goods.

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:

Ho: A = A foralli#j, (38)

which consists of@ testable restrictions. A test of the symmetry oA test of

the rationality of the household and, consequeiatligst of unitary preferences. Among

other things, we pursue this test in the empirgadlication below.

2.3 Relationship betweerA and the Slutsky Matrix

The derivations above and their result culminatmghe price risk aversion coefficient
matrix A raise the natural question: What is thiatrenship between matrix A and the
Slutsky matrix? That is, what can knowledge of audahold’s marketable surplus

equations tell us about its attitude with respegirice risk?

Let M, (p,y) be the household’s marketable surplus of commaditya function of the
prices the household faces and its income. We Knaw first principles that the Slutsky
matrix Sis such that (Mas-Colell et al., 1995)

oM. OM.
S (py)=—-t+—~-x =B +C,. 39
(P, Y) op, oy  +C, (39)

13



oM, M, — : ,
WhereB; sa_'and Ci E%xj . Based on the derivations of the previous sectian,

P y

can show that

-m|tc -Rig
Ai_Mi{M_ij y+Bu:l' (40)

J
That is, a household’s marginal utility with respéz a change in the price of good

varies as a result of a change in the price of gppdnd that variation is a function of the
commodity’s own-income effect as well as the crpsse effect between goodsand j .
In this sense, since the cross-price risk averseiween goods and j is linked both to

S and to S,

,» there does not exist a one-to-one correspondegteecen the elements of
matricesA andS*° The sign of any cross-price risk aversion coeffitidoes not depend
on whether two goods are complements or substjtatesone cannot recover the Slutsky

matrix from the matrix of price risk aversion coeiénts.

Even though there does not exist a one-to-one sworalence between the Slutsky
matrix and the matrix of price risk aversion cogénts, the following results further

characterize the relationship between the two wesri

Proposition 1 Symmetry of the matrix of price risk aversion caménts is equivalent to
symmetry of the Slutsky matrix.

Proof See Appendix B.

19 |ntuitively, this is because the Slutsky matrixirived from an ordinal function, and the matrixpdce
risk aversion is derived from a cardinal functi@eschamps, 1973).

14



Corollary Symmetry of the Slutsky matrix imposes more strieeton the data than
symmetry of the price risk aversion matrix.

Proof See Appendix B.

Symmetry of the Slutsky matrix and symmetry of tmatrix of price risk aversion
coefficients have the same empirical content: theyh embody rationality of the
household. As such, failing to reject the symmaetdfyeither matrix corresponds to a

failure to reject that the household has unitagfgrences.

2.4 Certainty Equivalent for Price Stabilization
Suppose that a policymaker wanted to eliminate ittteme equivalent of all price
uncertainty. In order to do so, one would first chde compute the total certainty

equivalent (CE), i.e., the certainty equivalent fbe entire price risk aversion matrix.

Then,
CE=V(E(p).y)-E(V(p.Y)). (41)
so that
CE=V(E(p).y)-E(V(p.y) =E[V(E(p).y)-V(p.¥)]. (42)

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

e ~E| Y, (E(0).v)(p-E(p))~5(p~E(p)) Vi (E(R) Y)(p-E(p) | (49

in other words,

15



CE=~E[(p~E(p)) Vs (E(p).¥)(P~E(p))]
i Voo Vi, Voo [ o471
_ Von Vom0 Vaene LR H
=—%E(p1 ﬂl)il[ P =4 )Vyn] (Po- )il(ﬂ‘”)vﬂpz - (e ’“’k)i(p_”‘)v”"k}

If instead one wishes to stabilize only one pribe,above derivations become such that

CE=V(E(p).p:.y)~E(V(p.ps.Y)). (44)

so that

CE = E(V(E(pu)’ p~i'y))_E(V(p|'p~i ,Y)): E[V(E(pi) P :y)_v(ﬂ P4 ,Y)}-
(45)

Again, a Taylor series expansion yields

_V(E(p),y)+VpNi (E(p).¥)(Ps
~V(E(p),Y)-V,. (E(p).y)(

CE=E

16




CE —02V =Y gV o, (46)

j#i
This last equation thus provides the transfer payragoolicymaker would need to make

to the household in order to compensate them fer uhcertainty overp,, and the

previous derivations provide the transfer paymepolicymaker 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 thma&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 (ER&SJhe publicly available ERHS data
include results from five rounds: 1989, 1994a, 19¥D95, and 1997, although the latter
round is still being processed. The survey instmimend sampling strategy changed
significantly between 1989 and 1994a, with the &oldiof nine peasant associations

(PAs) to the original six surveyed in 1989.

M These data are made available by the DepartmeBtafomics at Addis Ababa University (AAU), the
Centre for the Study of African Economies (CSAEDaford University, and the International Food Bwli
Research Institute (IFPRI). Funding for data caitecwas provided by the Economic and Social Resear
Council (ESRC), the Swedish International Developmégency (SIDA) and the US Agency for
International Development (USAID). The preparatafrthe public release version of the ERHS data was
supported, in part, by the World Bank. EvidentlyAl, CSAE, IFPRI, ESRC, SIDA, USAID, and the
World Bank are not responsible for any errors gsthdata or for their use or interpretation.

12 Ethiopia is subdivided into eleven zones subdiviiteo 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 fatur
rounds; and (iii) a war that ended between the E3®D1994a rounds (Dercon 1998).

17



We chose this dataset because it records housatwmidumption and production

decisions over multiple years, and because thdosvisittrition and a standardized survey
instrument across the rounds we retain for analyigie sample includes a total of 1471
households with an attrition rate of around 2 petrod households across the four rounds

selected for analysis (Dercon and Krishnan, 1998).

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 what follows, we focus on maize, eeff barley, cooking oil, wheat,
beans, and sorghum, i.e., the top seven commodaitien considering the proportion of
observations with a nonzero marketable surplus.Weld have liked to also include
teff, which is used to makejera — a flatbread used to pick food out of a common-po
and is perhaps the most well-known Ethiopian stalplg since its price was dropped
from every marketable surplus equation due to redrity, we had to omit it from our

empirical derivations.

Table 1 introduces descriptive statistics for thesgen top commodities. A positive

(negative) mean marketable surplus indicates tiataverage household is a net seller

(buyer) of a commodity. On the one hand, the aweragusehold is a net buyer of

18



cooking oil. On the other hand, the average houdeisoa net seller of maize, coffee,
barley, wheat, beans, and sorghtinThis is consistent with maize, barley, wheat, and
sorghum being staple crops produced by the houdeholour data set and cooking ol

being a non-staple. Also note that no househotuliirdata is a net seller of cooking oil.

Table 2 lists the mean price for each of the se@nmodities under study in Ethiopian
birr,** along with the mean budget share for each commaNitte that maize, sorghum,
and barley represent the highest budget sharé§0atl08, and 80 percent of the average
household’s budget, and that wheat and cooking evhich both have negative budget
shares because the average household is a netdfupese commodities — represent the

lowest budget shares, at -0.2 percent of the aedragsehold’s budget.

The income measure used in this paper is the supnoskteds from off-farm labor, off-
farm business activity and land rentals, giftspcsales, and other sources of incores.
That said, average income from the aforementioredcss is different from zero in
about 65 percent of cases, which explains why tlegage annual income of $57 may

seem low.

13 It may be surprising that the number of net buysrsoffee far exceeds the number of net sellers of
coffee in these data. As it turns out, the avetager buys about 17 kg of coffee per year, anchtrerage
seller sells 87 kg of coffee per year (both stassare significant at the 1 percent significareesl). These
numbers are consistent with the net buyers buyoftee purely for household consumption, and the net
sellers selling much larger quantities at markdth@ugh the 17 kg figure for net buyers may seeghhi
note that a can of llly coffee contains 0.25 kdrobsted) 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 theesage household size as well as the frequenchiahw
coffee is consumed in Ethiopia.

% As of writing, US$1= Birr 9.43.

5 We omit own-crop revenue from income in each miathke surplus equation estimated below so as to
avoid biasing our estimates below due to the enaiggeof income to marketable surplus.

19



4. Empirical Framework

We define a household’s marketable surplus of a&mgicommodity as the quantity
harvested of that commodity net of the quantity chased and the household’s
consumption of its own harvest. Structurally spegkihen, a household’s marketable

surplusM; is such that

M; =s(z p)-x(p.Y), (47)
where s (z, p )is the household’s supply of commodityvhich depends on a vectoof
input prices and a vectgs of commodity prices; andx(p,w )s the household’s

Walrasian demand of commodity which depends on a vectprof commodity prices
and household income. This means that, at the very least, our marketablkplus
equations must include (i) commodity prices; (ijput prices; and (iii) household
income. Our data includes commodity prices andwallcomputing household income,
but includes only wage as an input price. And ewben wage is included, it is recorded
at the village level. Thus, to control for inputiges, which are common for every
household in a givemoreda at any given point in time, we incluagereda-round fixed
effects in each marketable surplus equation. Aoladigily, household fixed effects allow
us to partially control for input shadow pricesthAdugh the ideal data set would include
precise measures for all commodity and input pritias is the best we can do with the

data at hand®

'8 It could be argued, however, that input pricesndb need to be included in our marketable surplus
equations because the production of each commélipyedetermined, in which case tiereda-round
fixed effects would only serve as additional colstro
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We estimate the following marketable surplus fumwdi for the seven commodities
discussed in the previous section:

M, =8,+L,INW +5,InP +B,InP, +A+7+¢, (48)
where i denotes the commodity rather than the observatiin;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 pricesllo{odserved)
commodities other tham (including j); A is a regionworeda-peasant association-
household fixed effectr is a woreda-round fixed effect which allows cotling for the

price of the unobservable composite good as wefbasghe input prices; and; is an

error term with mean zero.

Since the household is a price-taker for all comitrex] then all prices are fully
exogenous to the dependent variable in equatioad@Bhousehold income is exogenous

by virtue of net of the household’s income from coodityi.

Given the panel nature of our data, we estimatatemu over a total of 1,471 units of
observation spread out over four rounds and theasans. No household was observed
over all four rounds and three seasons, as the euwibobservations per household
ranged from one to eight with an average of 5.%pkions per househotd We also

include all commodity prices available in our déta., barley, wheat, maize, sorghum,

7 By controlling for household unobservables, the atfixed 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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beans, coffee, potatoes, onions, cabbage, coolingpap, and three commodities found

in the data but for which we could not find corresging crop codes).

Computation of own- and cross-price elasticitiesth® income-elasticity, and of the
budget share of marketable surplus follows fromagign 48. For example, given the

functional form of equation 48, to derive the estied cross-price risk aversion

M;p

Bs
W

coefficient Aj , one would first need to compuﬁj = i

andég; =

,7,\ _ﬁ]l
’ j__’
Mi

A

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

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

estimate

Aj :%[ﬁj(ﬁ] _R)+‘§ij]’ (48)

and £ =55 Given that marketable surplus is often

. Mp . B
where §, =P =P
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, gimgply not possible to do so in these

data®® The standard errors can then be computed usingrefie delta method or through

18 | 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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bootstrapping, given thaf-\j Is a nonlinear combination of estimates. The ¢oefit 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 thed, coefficients forR=1, R=2, and R=3, which covers the

range of credible values found in the literatureigifd and Blume, 1975; Hansen and
Singleton, 1982; Chavas and Holt, 1993; and Sahal.et1994). This provides an

additional robustness check.

As shown in table 1, many households have a mdieturplus of zero for several
commodities, so we test several version of the imafrprice risk aversion coefficients.
We first estimate the A matrix for the top threentnodities consumed and produced by
the households in our data (i.e., maize, coffed,k@rley), and then estimate it for the top
four, and so on for the five, six, and seven topemwdities (i.e., maize, coffee, barley,
cooking oil, wheat, beans, and sorghum). We stogstitnating the matrix of price risk
aversion coefficients for the top seven commodibiesause the percentage of nonzero
marketable surplus observations does not exceeel fiercent for the remaining
commodities. Finally, note that we divide each @ioeint of price risk aversion by its
standard error so as to standardize them and nhake tomparable with one another,

given that it would be otherwise impossible to canepdifferent crops’

¥ For more on the impossibility to compare differembps without standardizing price risk aversion
coefficients, see Bellemare (2005).
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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.

Table 3 presents estimation results for the sevarketable surplus equations considered
in this paper. The first thing to note is that aligh own- and cross-price elasticities are
used along with income elasticities of marketahblgplsises in computing coefficients of
own- and cross-price risk aversion, what matterstlie estimated marketable surplus
equations are the estimated coefficients themseluesther words, one should normally

expect the estimated coefficient g to be positive in the marketable surplus equation
for M,, even though the elasticity will flip signs depermgdon whether the mean ofl,

IS positive or negative since we are relying orsttéies at means rather than mean
elasticities when computing coefficients of pricgkraversion. Consequently, one should

focus on B, in equation 47 in order to determine whethgerhas the expected effect on
M, .
Intuitively, one would expect3, to be positive, i.e., as the price of commodity

increases, the household buys less and less & s®lle and more of the same
commodity. But given that we are studying agric@dtuhouseholds, and not pure

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

increases, the household increases its producfiecoromodityi (which would increase

M, ), but that it also decides to increase its congiommf it via an increased profit due
to the increase iM, . If the latter effect dominates, thg®, 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., é@dg for which there is indeed a profit
effect. Such counterintuitive results have beentgol in the market participation studies

of Goetz (1992), Bellemare and Barrett (2006), tephens and Barrett (2006).

Turning to the estimation results, own price hgsositive and significant effect on the
marketable surplus of almost all commodities irléged The price of coffee, although it
has a positive effect on the marketable surplusofffee in every specification, is not

statistically significant?

As discussed above, we use the results of taldec8mpute standardized coefficients of
own- and cross-price risk aversion, and we useetl@eefficients to construct sub-
matrices A to A; of price risk aversiofi Looking at table 4, the first thing to note isttha
the households in our data are price risk-aversr owst commodities except maize,

whose own-price risk aversion coefficients is ngnhgicant at any of the conventional

%0 Note that the low overal®’ measures comes from the fact that fieneasure reported by Stata when
using thext r eg command with fixed effects is not directly comgadeato its analog in an ordinary least
squares regression, and should not be interprstedch (StataCorp, 2005).

ZL'We use the term “sub-matrix” given that the numbecommodities produced and consumed by the
household in theory goes to infinity. This is sinito Turnovsky et al. (1980), who only considesuhset

of commodities in their theoretical analysis.
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levels. In addition, the average household is mase risk-averse over cooking oil and
sorghum, and least price risk-averse over maize laahs. Similarly, the average
household is risk-averse over co-fluctuations ie grices of coffee and all the other
commodities and over co-fluctuations in the pricafs cooking oil all the other

commodities except wheat, as witnessed by the iaffethal elements in the matrix in

table 4.

Turning to our main testable hypothesis, i.e., sgnmetry of the matrix of price risk
aversion coefficients, for sub-matrix;Ai.e., the sub-matrix of price risk aversion
coefficients for maize, coffee, and barley) thel mylpothesis of symmetry cannot be
rejected, with agp-value of 0.65, as shown in table 5. Thus, everughothe test of
symmetry has low power because most of the prababilass rests on non-rejection of
the null hypothesis, thp-value gives us some confidence in the outcomenheftést.
Likewise, symmetry cannot be rejected for sub-ma#iA to A7 in table 5, withp-values

of 0.86, 0.69, 0.86, and 0.92, respectively. Trasswe expand sub-matrix A to cover
more and more commodities, our core finding remagmmetry of the matrix of price
risk aversion coefficients cannot be rejected, emen though the test does have low
power, the increasing number of commodity and filga p-values offer strong empirical
support for the theoretical framework. Note thaskn results are not due to the fact that
the coefficients included in matrices; A0 A; are not statistically significant: the null
hypothesis that all coefficients are equal to zercejected with g-value of 0.00, and

well over half the coefficients in matrix;Are significantly different from zero.
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Furthermore, table 6 shows that the symmetry resu consistent whether one assumes
that relative risk aversion is such th&=1, R=2, or R= 3, which provides an
additional robustness chetkOur results thus seem to indicate that (i) theskbolds in
our data are significantly risk-averse over thecgprof specific commodities; (ii) the
households in our data are significantly risk-agevger several of the co-movements in
the prices of specific pairs of commaodities; ani)l {ne households in our data behave as
theory predicts, in the sense that their risk pegfees over co-movements in the 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 inldewg 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.

22 Note that because these coefficients are treatemmstants 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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Having discussed above the link between the maifrigrice risk aversion coefficients
and the Slutsky substitution matrix, it is only uva to wish to compare the two. Table 7
shows the estimated Slutsky matrix for the hous#hoh our data based on the
marketable surplus equations in table 3. All of then-price Slutsky substitution terms
are significant, and all but one (i.e., cooking) adwn-price substitution terms are
negative, as microeconomic theory suggests for porsumers. Does this mean that
cooking oil is a Giffen good? Most likely not, givéhat we are not estimating demand
functions for pure consumers, but marketable ssrplyuations for agents that are both

consumersnd producers.

The evidence gets more interesting in table 8, ehex present tests of symmetry of the
various Slutsky sub-matrices. In every case, symmef the Slutsky matrix is

overwhelmingly rejected, and even though severatliaigonal equality constraints were
dropped due to collinearity, each individual regioin was found not to hold in the data.
This means that rationality of the household i®etgd when looking at the Slutsky
matrix, but not when looking at the price risk aren matrix. Deaton and Muellbauer

(1980) had also rejected the symmetry of the Syumséatrix.

Our result could be due to several reasons. Hfshouseholds are not pure consumers,
and their production behavior could contaminatanests of traditional consumer-
theoretic parameters. Second, it is entirely pésghat the theory of the consumer needs
to be adapted to the case where there is price asl that taking price risk into

consideration could lead to a non-symmetric Slutsiatrix. Our theoretical framework,
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however, shows that it is easier to reject symmefryhe Slutsky matrix than it is to
reject symmetry of the matrix of price risk aversi@o our rejection of the former and

our non-rejection of the latter are consistent witin theoretical framework.

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 allde studying price risk aversion

over multiple commodities. Specifically, we haveided a pseudo-Slutsky matrix that
measures the curvature of the indirect utility fim 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.

We then tested the paper’'s main testable implinafiee., symmetry of the matrix of
price risk aversion coefficients) on five nestethsris of 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.
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Above and beyond the technical results presentetthign paper, our results also have
important policy implications. First off, the avgehousehold in these data is not only
adversely affected by the price fluctuation of mosinmodities in the data, but also by
co-movements in the price of the commodities weselto include in our analysis. Based
on this finding, we have shown that it is possitdecompute certainty equivalents for

each commodity or for all commodities, dependingvdmether policymakers want to

compensate households for the price fluctuationa ¢éw select staple crops or of a
number of commodities taken as a whdlés 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 owlyesns, and even for the households
whose marketable surplus was non-zero for one cafitypgheir 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 conmmuthe typical coefficient of price risk
aversion came from marketable surplus, price, amtgét 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., tmeysmaller than they would be if we

% 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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had data for whiclall households have a nonzero marketable surplad cbmmodities.
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
to estimate matrices of price risk aversion cogdfits using data from industrialized
countries, testing for symmetry for both singled anultiple-person households, much
like Browning and Chiappori (1998) did in their seal study of efficient intrahousehold

decisions.

Finally, we have estimated the average househ@Htlitsky matrix, which relied on the
same estimates we used to compute the pseudo-glakix of price risk aversion.
Interestingly enough, whereas symmetry of the formmatrix could not be rejected,
symmetry of the latter matrix was overwhelminglyeoted. We speculate that this could
either be due to the fact that we are dealing agfnts that both produce and consume or
to the fact that symmetry of the Slutsky matrix nmay necessarily obtain in the presence

of price risk. For now, such an investigation i fer future research.
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Table 1: Descriptive Statistics for the Dependent &iables

Crop Mean (Std. Dev.) Observations Nonzero Net Net
Observations Buyers Sellers
Maize (Kg) 63.83  (895.00) 8722 1763 895 868
Coffee (Kg) 1.08 (44.70) 8722 1534 1194 340
Barley (Kg) 87.33  (553.69) 8722 1504 518 986
Cooking Oil (Kg) -4.41 (21.77) 8722 1333 1333 0
Wheat (Kg) 33.57 (325.15) 8722 993 664 329
Beans (Kg) 4.37 (178.43) 8722 733 576 157
Sorghum (Kg) 59.15  (503.34) 8722 625 236 389

Note: Although teff figures prominently in the averageusehold’s buying and selling behavior and 1089skbalds
had a nonzero marketable surplus of teff, we ohi# tommodity from our analysis given that its prizas always
dropped from each marketable surplus equationa@uellinearity.
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Table 2: Descriptive Statistics for the IndependenYariables

Crop Mean (Std. Dev.) Observations
Prices

Maize (Birr/Kg) 1.22 (0.34) 8722
Coffee (Birr/Kg) 12.21 (4.95) 8722
Barley (Birr/Kg) 1.43 (0.37) 8722
Cooking Oil (Birr/Kg) 1.65 (1.00) 8722
Wheat (Birr/Kg) 1.66 (0.312) 8722
Beans (Birr/Kg) 1.80 (0.42) 8722
Sorghum (Birr/Kg) 1.46 (0.40) 8722
Budget Shares

Budget Share of Maize 1.600 (44.62) 5632
Budget Share of Coffee 0.148 (2.69) 5632
Budget Share of Barley 0.797 (13.91) 5632
Budget Share of Cooking Oil -0.002 (0.07) 5632
Budget Share of Wheat -0.019 (11.58) 5632
Budget Share of Beans 0.211 (9.02) 5632
Budget Share of Sorghum 1.075 (19.39) 5632
Income (Birr) 542.438  (7344.269) 8722

Note: Income (i.e., the sum of off-farm income and atbp revenues) was different from zero for 5632
observations only.
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Table 3: Marketable Surplus Equations for Seven Comodities Over Four Rounds

Maize Coffee Barley Cooking Ol Wheat Beans Sorghum
Barley Price 76.679** 7.560%** 82.156*** 8.596*** -28.155%** 14.565*** 333.429***
(18.479) (2.021) (8.748) (1.390) (9.209) (1.409) (9.877)
Wheat Price 1081.445** 1.857 -138.941%** 15.722*** 54.445%* -6.517*** -663.934***
(26.591) (1.530) (12.776) (2.973) (13.243) (2.005) (14.603)
Maize Price 172.357%* -8.560%** -68.527*** -10.347*** 37.494%* -22.373*** -143.943%**
(4.731) (0.041) (0.641) (0.1112) (0.792) (0.108) (0.133)
Sorghum Price -405.314*** 0.218 44,929*+* -2.980*** 14.894*** -10.506*** 366.884***
(10.602) (0.529) (6.521) (0.753) (5.013) (0.760) (6.554)
Beans Price 421.756*** 4,939*** 52.811** -1.755%** -68.444*** 9.136*** 568.921***
(6.172) (0.050) (1.090) (0.027) (0.030) (0.036) (1.195)
Coffee Price 97.197** 0.951 103.669*** 21.483** 12.808 10.305*** 178.029***
(14.139) (0.879) (9.918) (1.141) (7.904) (1.185) (6.800)
Potatoes Price 328.824*** 2.422%** -2.274%** 0.378*** 17.089*** -6.677*** 123.830***
(1.622) (0.017) (0.481) (0.002) (0.000) (0.003) (0.944)
Onions Price -499,872%** 1.684*** 12.099*** 3.320%** 8.611*** 11.279%** 27.784%*
(4.436) (0.187) (1.758) (0.264) (1.895) (0.270) (0.937)
Cabbage Price -24.654*** 2.411%** 2.487 2.066*** -25.936*** 6.593*** 87.673**
(4.586) (0.330) (3.200) (0.424) (2.871) (0.436) (1.911)
Unknown Price 1 183.293*** 0.104 65.225%* 18.378*** 17.397 -2.206 98.553**
(17.405) (1.121) (12.070) (1.458) (10.030) (1.507) (8.435)
Unknown Price 2 381.839*** -4.171%** -104.729%** -23.207*** 3.123 -16.159*** 80.474%*
(16.501) (0.941) (9.839) (1.2412) (8.535) (1.282) (5.918)
Unknown Price 3 -102.821*** -4.838*** -146.075%** -3.517%** 89.826*** -46.658*** -192.020%**
(8.701) (0.466) (4.596) (0.629) (4.262) (0.645) (5.150)
Cooking Qil Price -287.472%** -8.637*** -49.383*** 8.300%** 22.433%* -2.429%** 64.487**
(10.633) (0.603) (6.767) (0.816) (5.320) (0.820) (3.816)
Soap Price -349.384*** -5.429%** 11.862* -8.420%** -24.892%** 11.094*** -71.504%*=*
(8.514) (0.590) (6.293) (0.802) (5.384) (0.823) (4.691)
Income 7.019** 0.511* 3.658** 0.788*** 2.501 0.456* 2.505*
(2.877) (0.185) (1.672) (0.233) (1.593) (0.240) (1.241)
Intercept 411.359*** 12.883*** 38.015 -70.607*** -84.467** 17.984*** -224.914%**
(45.637) (2.402) (27.232) (3.142) (21.804) (3.270) (21.972)
N 8722 8722 8722 8722 8722 8722 8722
p-value 0.00 0.82 0.01 0.00 0.00 1.00 0.00
OverallR? 0.00 0.04 0.00 0.06 0.01 0.01 0.05
Household FEs Yes Yes Yes Yes Yes Yes Yes
Woreda-Round FEs Yes Yes Yes Yes Yes Yes Yes

Note: *, **, and *** denote significance at the 90, 9:99 percent levels.
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Table 4: Price Risk Aversion Matrix for Seven Commadlities Over Four Rounds (N = 8722)

i Maize Coffee Barley CookingOil Wheat Beans Sorghum]
Maize 0.016 0019 0008 0035 0014 0012 0.022°
Coffee 0018 0.036" 0019 0.040™ 0020 0023° 0.025
A= Barley -0.011 0019 0.025 0.020 0010 0011 0.010
CookingQil 0.036~ 0.052” 0013  0.054" 0.023" 0024° 0025
Wheat -0.016 0.025° 0.022" 0.017 0.03777 0.007  0.013
Beans  -0.010 0.031" 0011 0029~ -0.006 0.019 -0.009
_ Sorghum 0015 0028" 0014 0015  -0006 -0.010 0.052" |

Note: Coefficients in bold are own-price coefficienfgpoice risk aversion, and *, **, and *** denoteggiificance at the 90, 95, and 99 percent levels.



Table 5: Symmetry of the Matrix of Price Risk Averson Coefficients and Significance of Diagonal and fbDiagonal

Coefficients Test Results

Matrix of Price Risk Aversion Coefficients Test Stéistic p-value
A3 F(3, 8719) = 0.56 0.65
Ay F(6, 8716) = 0.43 0.86
As F(10, 8712) = 0.74 0.69
As F(15, 8707) = 0.62 0.86
A; F(21, 8701) = 0.61 0.92
Joint Significance (All Coefficients) F(49, 8721) = 3.29 0.00
Joint Significance (Diagonal Coefficients) F(7,8721) =12.03 0.00

Joint Significance (Off-Diagonal Coefficients) F(42,8721) = 2.60 0.00

Note: The results of the symmetry tests were the sam@ absumindR = 1 orR = 3.
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Table 6: Robustness Checks for Symmetry and Signtiance Under Different Assumptions for Relative RiskAversion R

Matrix of Price Risk Aversion Coefficients

R=1

R=3

Test Stdistic p-value Test Statistic p-value
A3 F(3, 8719) = 0.56 0.65 F(3, 8719) = 0.56 0.65
Ay F(6, 8716) = 0.43 0.86 F(6, 8716) = 0.43 0.86
As F(10, 8712) =0.74 0.69 F(10, 8712) =0.74 0.69
As F(15, 8707) = 0.62 0.86 F(15, 8707) = 0.62 0.86
Az F(21, 8701) = 0.61 0.92 F(21, 8701) = 0.61 0.92
Joint Significance (All Coefficients) F(49, 8721) = 3.28 0.00 F(49, 8721) = 3.29 0.00
Joint Significance (Diagonal Coefficients) F(7,8721) =12.03 0.00 F(7,8721) =12.03 0.00
Joint Significance (Off-Diagonal Coefficients) F(42, 8721) = 2.59 0.00 F(42,8721) = 2.60 0.00

Note: The results of the symmetry tests were the sama awhsumindk = 1 orR = 3.
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Table 7: Slutsky Matrix of the Household for SeverCommodities Over Four Rounds N = 8722)

i Maize Coffee Barley CookingQil Wheat Beans Sorghum |

Maize -620.37° -10480" -68970°° 31844  -131705" -45446~" -991"

Coffee -2403" -151" -5215" 1089™ -1900"  -7177  -3043"

S (pw) = Barley -16497" -10763"" -401.65" 6552"" 16.15" -6882" -26133"

’ CookingOil -3993" -2234" -7739" -4.82" -4216" -169 2137
Wheat  -19711" -1552"° -19025~ -1140"  -138.39° 5750 -16283"
Beans -675 -1080" -54427 444" -880" -11.137 -1649"7
| Sorghum  -1597 -18074"" -55224"" -53437 57984 -57988" -515.09" |
Note: Coefficients in bold are own-price Slutsky suhgiiin terms, and *, **, and *** denote significaneg the 90, 95, and 99 percent levels.
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Table 8: Symmetry of the Slutsky Matrix and Signifcance of Diagonal and Off-Diagonal Coefficients TéfResults

Slutsky Matrix Test Statistic p-value
S,(p,w) F(2, 8720) = 97.00 0.00
S,(p,w) F(3, 8719) = 4145.96 0.00
S, (p,w) F(4, 8718) = 4590.82 0.00
S (p,w) F(5, 8717) = 3905.92 0.00
S, (p,w) F(7, 8715) = 1.2¢ 0.00

Joint Significance (All Coefficients) F(7,8715) = 6478.15 0.00
Joint Significance (Diagonal Coefficients) F(7, 8715) = 366.82 0.00

Joint Significance (Off-Diagonal Coefficients) F(7, 8715) = 6468.04 0.00

Note: Several constraints were dropped in each testimif $ignificance due to collinearity.
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Appendix A — Arrow-Pratt Measures of Price Risk Avesion

In section 2, we have derived the matrix A of ciméfhts of price risk aversion over

multiple commodities, which is such that

\/
Ai =-—22 z_%[ﬂj(”j _R)+£ij]' (A.1)

y j

Although the sign ofA, has an interpretation that is analogous to thelustrow-Pratt
coefficients of absolute and relative risk averdioe., A; > 0 indicates the household is
price risk-averse/; = Ondicates it is price risk-neutral; and < ildicates it is price
risk-loving), the coefficientA, itself cannot be interpreted as analogous to trevk
Pratt measures. In this section, we derive (i)rtfarix of coefficients of absolute price

risk aversion (APRA); and (ii) the matrix of coeifnts of relative price risk aversion

(RPRA).

To construct a measure of price risk aversion thaanalogous to the Arrow-Pratt

measures of absolute or relative (income) risk siwar one should first divid®,, by

V, . For the diagonal terms (i.eV,, , ), this poses no problem, since APRA is given by

i Pj
Voo d RPRA is gi bV‘”’i For the off-di | t i.eV h
IVl p, an IS given yV— or the off-diagonal terms (i. i P ), however,

b b
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. . V p; Vp»p» . .
the choice of denominator matters a great deaies+§1 % V—’ Likewise, for RPRA,
Pi Pj

The solution for APRA, then, is to post-multiply,, by a vectora=[1/V ,..1/V |

such that, with two commodities:

Vpl Py Vp1 P2
V. v Tuv V. Vv
APRA=V_[a=| Pk PP }{ pl} =, "™ P2 1. (A.2)
i |:sz P sz b2 llvpz sz P sz P2
Vp1 sz

Likewise, the solution for RPRA is to post-multiplyv,, by a vector

b=[p,/V,,...Pc /V, ] such that, with two commodities:

VP1 Py p1 VP1 P2 p2
RPRAZ V. p=| e Ver | PIVe ) VTV
» sz Py sz P2 p2 /sz sz Py sz P2
Vv By Vv P>
Py P2

At this point, it should be obvious that the masmf APRA and RPRA will generally

not be symmetric.
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Empirically, however, how can the matrices of APRAd RPRA be recovered from

knowledge of the parameters estimated above? &r atbrds, how to recover, ?

The short answer is that it is not possible to d@iwen thatV, is unobservable. But

recall that

1
A =_V_ op, = Vop, = Vy LA (A-3)
y
By Roy'’s Identity,
Vpl — —
_V__Mi =V, =7 V,M;, (A4)
y
which implies that
Vor, _ 7V O A (A5)
Vv, -V, M, M;
so that
Voo, V
APRA, =% :p_y[ﬂj (7, -R) +£ij] (A.6)
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and

Voo v,
RPRA; :#Epi :?[ﬁj (’7] _R)+‘gij]pi (A'7)

P
are the true price analogs to the usual Arrow-Rradffficients of absolute and relative

(income) risk aversion. Our framework thus allowesiding three distinct matrices of

price risk aversion: () A; (i) APRA; and (iii) RRA.
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Appendix B — Proofs of Propositions

Proof of Proposition 1 We know from first principles that symmetry of ti&utsky

matrix implies that

)¢ ax
%, 9% X, Tt X (B.1)
6p, 0y op, oy

By Roy’s Identity, the above statement can be rtevrias

i( V_],Li( QH_ Pl]:i(_vi}i(-viﬁ- p} (B.2)
op; | V ay( V, y oV, ay( Vv, y

Which, when writing out the second-order partiadplieitly, is equivalent to

_(Vpi Pij _VYPjVPi ] (prvy -V V jEEVPJ :| =
2 2
Vy Vy Vy

\Y V V V V.V -V V \/
PR . + Pjy "y . b . (83)
Vy VY VY

This last equation can then be arranged to shoiv tha

<
<

<
<

(\/M —vpjpi}/y =V, Vy =V, V, =V, V, +V, Vv (B.4)

Bi Piy " B By " pj°
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By Young's Theorem, we know tha‘ﬁ*/pipi =V that V, Vpi =V_V_, and that

PP ? yp; piy " pj?

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

words, symmetry of the Slutsky matrix implies asdmplied by symmetry of the matrix

A of price risk aversion coefficientd.

Proof of Corollary Symmetry of the matrix A of price risk aversionefftcients only

requires that/, p, DOt be statistically significantly different froij o - Symmetry of the
Slutsky matrix, however, requires (i) thd, p, NOt be statistically significantly different

from V (i) that vmvpj not be statistically significantly different froM_ V_; and

PR’ Py " p;?

(i) that Vypi not be statistically significantly different froijy. Clearly then, symmetry

of the Slutsky matrix imposes more structure ondag than symmetry of the matrix A
of price risk aversion coefficient does. As a rgsitilis easier to reject symmetry of the
Slutsky matrix than it is to reject symmetry of theatrix of price risk aversion

coefficients «
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