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ABSTIACT

Block-recursiveness of the housshold production model is
a-convenient property to have in the analysis of household production
relations. We show here that, with perfectly competitive rural
markets, block-recursiveness holds when production risk is additive

but not when it is multiplicative. Block-recursiveness does not hold

under price risk, additive or otherwise. This has some troubling

jmplications for approaches that require homogeneous functions.



BLOCK—RECURSIVENESS OF THE HOUSEHOLD PRODUCTION
MODEL UHDEFR RISE

Faul V. Fabella

It is difficult teoexazgerate the role ‘block-recursiveness
pihya in recent major studies of farming households (see Lau and
Yotopoulos{1979) for a susmary of some recent works). Indeed it is
hardly possible nowadays to find an anaiysis of rural household pro-
duction ralations with mo explicit reference to this property. Two
main currents have contributed to the widespread popularity of the
concept: (a) the popularity of the household production model which
recognizes that decisiomsinvolving producticn and consumption by
farming households are made in one and the same spatio-temporal
continmmm and thus are intimately related; (b) the extensive use of
duality theory in the analysi#i of the production relations of agri-

cultural enterprises.

In peneral, the interdependence of the deniﬁinu blocks
{consumption and production) that is inkerent in the spirit of the
household production model remders duality theory's cost and profit
function approaches less than theoretically appropriate. If house-
holds allow consumption concerns to detract them from seeking maximum
profit from their commercial operations, the estimated profit and cost
functions would ¢nrr&:p¢nd.ta decision problems different from those

of concern te the household. The approaches could however be used to



investigate whether profit maximizing exists. This latter use is

of importance to this particular paper.

Consider a rural farming household with consumption and
production decisions to make. The set of decisions concerning con-
sumption we call the “consumption block."™ The set that has to do
with production we call the "production block." The intersection of
the two blocks may or may not be empty. I the intersection between
the two sets iz nonempty, we call them 'dependent;" otherwise they
are "independent.” If the solution of second (production) block should
first be determined (independent of the decisions in.the first bleck),
before first block sclutions are found, we have a "block-Tecursive
system." The important comsideration is that the subsequent first
block decisions do not feed back inte the second block to induce an
adjustment in the second block. Thiz “absence of feedback™ charac-

terizes block-recursiveness.™

The conditions for “block-recursiveness' zre the concern of
this paper. Sasaki and Haruyama (1966) and Jorgenmson and Lau (1969
both independently found the existence of a perfectly competitive =
labor market gufficient for the existence of block-recursiveness
in the rural household model under deterministic conditioms. Furoda
and Yotopoulos (1980} considered = household production model with

child labor. If child labor ig utilized in adult-specific production




activities, block-recursiveness no longer obtains. If however, child
labor is utilized for child-specific productiom activities only.
block independence will hold. This is the extent of the literature
in this area. Surely 2 festure so important deserves more attention.

e

Block-Recursivenessin a Simple Household lodel: Diifferent Market
Repimes

Consider a rural household with the following well-behawved

twice cootinpously differentiable utility functicm

{1} B = Dz, T, LT = 1]1:'

¢ = the domestic conmmption of farm-produced commodity,
BEY, Tice
X = the market purchased commodity
L~ = the total svailable household time
L, = the household labor time used for home production

I.T-T..h-l = legjsure

The household production function which is assumed strictly

concave twice continuously differentiazble over K and L is:

(2} Q@ = £(X, L)



K = the amount of capital used; we assume perfect competi-
tion in the capital market
L = the amount of labor used: L = Lh + 1. where Ih is
&

household and L. is bought in labor market
The profit function is:

{3 I = pE(E, L) - wL - K

Hote that it is possible for household labor to be sold in the labor
market, Lin < 0. The budget comstraint in the purchase of market

comodities is then
{(4) PX = P/T(x, L) - cf - WL - I

where:
~wl. = cancels nu; since this smopnt é;ta £ank to the
household
B o= pre X
w = ywage of lsbor
r = price of capitel =

P = price of the home produced farm product




Hote that by the way we wrote the production relition, hired labor
and household labor are perfect substitutes. There are no {ree riding
and motivation problems and so no extra cost to hired lsbor. Haximi-

zing (3) subject to (4) gives the following first order conditions:
3y W =~ AP =79

(ii) Ex = lPK s HEN

(311} P{f-:}—u{.m—ﬂ{-r_'x]{ = )

(iv) S APfL =

A

(vl l{PfL ol SRl s S

Gl WlRE_ s i B

where 3 1is the Lagrange undetermined multipiier. Note that the
consumption decision block ((i), (ii), (ifi), (iv)) is not indepen-
dent of the production block ((v}, (vi)). ¥e see from (iv) that

fL enters the determmination of leisure consumption and this would
thus be affected by solutionsin the production block. Likewisze,

£, Lm and K enter (iii}. The two equations (v) and (vi) cam not
be solved for optimal 1* and K* without regard to the solutions
of the consumption block. In other words, the production block is mot

independent of the consumption block, and the twe blocks must be

solved simultaneously for the miknowns,



It iz ¢clear from (v} amd (vi} above that the crucial
expressicn for block recursiveness is the labor market description
(dw/dL). (i) Imperfect Labor : (dw/dL) + O, ZLet the household
find % apd F* that gatizfy (v} and (Fi). LI* implies a
certain level of hired labor 'LE which fixes Lg. 'L: = 0,

I.”I:'L > 0. Suppose to start with that L*h = 0, How solve (i) -
{iv) for (X*, C*, Lg, ¥ IF L’ﬁ = ) from the consumption block,
then the svstem iz solved. But this coincidence ig rare. Let

Lﬁ > 0 from the consumption block, i.e., household would want
family labor utilized in production. Then =some I..; should be bumped
off to accommodate I.;‘_Fl Then inflox of hired labor intoc the market
now lowers the wage rate via (dw/dL) and a2 new L¥*, F* has to be
foomd to satisfy the new (v) and (vi). This new L*, B will
induce a new I* and the solutioms for (i) — (iv) will now arain
chapge which:will feed back into the productien block. In other
worde the two decision blocks have to be solved simultaneously.

There is no block-recursiveness.

(ii)} Perfectly Cocpetitive Labor Market: (dw/dL) = D
Conditions (v) and {vi) will now become -

£ wt) PEL“w =« 0

il | FfK--r = 0




Let the household find 12, I¥* satisfying (v') and (vi'). Let
us suppose, without loss of gpenerality, that L:':' = 0. Ler: (i}
to. (iv) be golved for (EY, ¥ Lﬁ}. Lat L:E > § from the
congumption block. To accommodate L;E > O, sone Lg is bumped
eff to the market. But (dwfdL) = 0, so the market wage rate is
mchanged. The potential feedback from consumption to production
dissipates in the market. Dlock-recursziveness is the order of the

day. Thus a perfeptly competitive market acts as a sinkhole af, <=

feadbaclk via wapes.

{111} Imstitutionally Fixed Hape

The wape rate is now fixed by socioculturak. forces (Ranis
and Fei, 1964) beyond the control of the farmer. Again the condition
{dw/dL = 0) holds. It is now the sociotultural emviromment that
acts ag the infinite sinkhole apd prevents the feedback mechanism to
operste. This third case is meant to correct the impression given

by current literature that blodk-recursiveness is possible only under a

perfectly competitive lsbor market and thus wonld never obtain where

there is surplus labor and positive wage.

Risk and the Farming Household

In the foregoine, we will assume that either there is perfect

competition in the labor market or'that there is sn institutionally



fixed wage. We will however introduce a consideration orzanically
part of the farmer's life — risk. The element of risk is doubly
important for the famer as (a) the nature of the operation EXPOSES
the production process to the vagaries of nature, (b) crov insurance
is either absent or primitive, and (<) farmers in LDCs . are generally
too dangerously close to subsistence to ignore risk. To make the
structure manageable we mssume that (1) the risk is sufficiently
reflected by random variables of nmormal distribution. e

will congider two risk regimes: risk in production and risk in

product price.

Ao Bleck-Becursiveness Under Production Pisk

Let ?{K, L) mean that production is a random variable with
a normal distribution and a finite mean and variance. From €1, )
and (4), we have

(5 W = 0(C, PR(E; 1) - vL -tk - Pe LL- - L,)-

.

Taking the Taylor series expansicn of (5) around the mean of f, T,

~and taking the ewpectation of the expansion pives:




o 3 = " 5 T,
Ay Eu Ofc, PE(E, E) mlh K = Pe, L Lh} +

i - i 2
LTH (e, Pf-wLm-rK—P:,L "I.:h} ﬁx

the higher moments disappear under the normslity assumption.

lote that

S u: = @’ - @7 - ¢ Ee’ - el

There are now still four choice variablas ©, Ih’ Ih and . The
farmer is assumed to maximize expected urility (6)®. The first

order conditions are:d

2
o
= i =
CORE HIP+—2—[ﬁ'm=—u P 0

2
a
s % = :
(iii) U, {PEL w) + 3 U:xx{PfL - w) + EEKEE cov (ffL} 0
2
= 2

. s % o 2
Gv) U Cf -1 + - O ¥ -/ + U_P° cov (£, £)

II!T'I:L‘i.!i assumption does nmot sit well with a lot of people. Even if
U < 0 so that the farmer is risk averse and views gains and losses
d:l.fferently. the v:!:u:rlce rule may not be strong enough.
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since

= = Pt 2EE) - B BT = P cov (£ £)

S F 2
= e el g - A,
h L, K. Pewriting (ii), we hawve (iii") (P']EL W}Ex + o T o)

2 cov (£, £)PF, ~w) = RP cov (5, L)
'_2 2

=M
XX

i = E+4:r::215
X %, v

ST

is a varisnce-dependent index of risk aversion. Pewriting (iv) we have

—_ 2
T —_ =
{iv") Pf.“ E Iiv F-convr [, fE.:'
o

Decreaging Absolute Fisk and R‘f: & Curiosum

e will first focus on thiz new and rather wnfemilisr riek

T

aversion measure R.v. It has the following properties:

a) If absolute risk aversion is nonincreasing, i.e.,

?EAJ’EI < 0, them R < R,- This is so since ©__ > 0




G 5 4

z0 the denominator of Eiir is strictly greater than that
of R, -

b} If abselute risk aversion is ooaincreasing, then E? +

i 0, as GIE + m, Thig is so0 since “::x > 0,

2
= -
Yy If § 0 with U _>|o " U

them B rises
oo d :11!’ i

Az uxz becomes large.

The Arrow assumption of decreasing sbsolute risk aversion (DAZA) is
very much a part of the literature gn behavior vunder risk. Unlike
his assimption of "increasing relative risk aversiom' (IARA), DARA is
leas cnutruweraiai and enjovs a larpe following. How the necessary
condition for DARA is ltm * O, If thiz iz the case, then we have
a curious case where the larger the variance becomes, the more the

farmer throws cagtion inte the wind.

The difference between Fﬂ and R, is that R, s
also affected by the risk structure of the decision problem besides
hein§ sffected by the utility structure. It is one viewpoint to say
that cne's attitude towards risk is independent of the risk structure.
It is not necessarily the only nor the true one. That one becomes

more conservative the greater is the variability seens to be a very

innocuons observatrion. Heither the absolwte risk aversion index nor
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the relative risk sversion index displaw this property. These
indices did gain prominence in the wake of interest inm risk but this
is not the same as savine that they are wedded to attitudeg~ . =~
towards risk. For example the name "‘Arrow-Pratt measure of absolute
risk aversion"” is used to identify the expression U (CY /O (Cy 4in
the sclution

i = -
to the optimal control problenm maximizing the wtility of the con-
sumption stream. But no risk iz involved in this class of croblems,
Hore properly R, should be called "measure of directiomal
assymetry, " av on the other hand is properly a measure of risk

BVersion.

He can now easily show the following results:

Proposition 1-:

If production risk is additive, then given our assumpticons,

the household production model is block-recursive. -~

- £ -

let £ = g+e, e isnormally distributed with E(e) = 0




13

L 2 :
The variance ﬂ:: is then

cr: = PEE+HT - @&z +chi 7
= PZLE[EZ + 23; + ;_2} - irE'EE]E + ZEgE; + {EE}IET
% '312 = ?Iﬁ.‘_gz - {Egiz + 2g E{e) - 2g £()” + E{E}z,* fﬂﬂi?

P B - ®eT

gince g is noorandom. Differentiating with respect to L we have

Thus (iii") reduces to

k] ®
and L and K are reached independent of considerations in the
consumption side of the household. Furthermore, since the labor market
is either perfectly competitive or institutionally constrained any

potential feedback dissipates in the market OLE.D.

Additive randomness is a common assumption in econometrics.

Host all linesr estimation models assume additive error term. For the
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farmer, additive risk comes in the form of vaparies of nature

(typhoon; floods, drought, worm and insect infestarion) and man-made
disasters such as social unrest, wars, etc. The farmer has absolutely
no control over these chance events. The random compoment of production

does not covary with the productivity of the varisble inputs.

Fropoaition Z:

If the production risk is moltipliecative of finite wvariance,
then wnder our assumptions, the household prodoction =model is non-block—

TECUrsE1Ive .

E.S

le £ = .EE{E, L) 5o that pf = pEg(R, L)

It iz clear that

2 2 2 2
Crx P gm- L} GE "
3”12 9 -
= = p o Ig + 0 =
2
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Thus the right-hand side of (iii') and (iv¥') =wdill not be zero with
x x
finirte warisnce and the optimm—m (L , K } will be determined simnlts-

necvsly with the congumpticon variables. . 2.I

Multiplicative riask comes in the form of new seed varieties,
new-~fertilizer packages, new cultivation methods with innovation in
general and lasbor disturbasnca. Productivity may be demonstrably higher
buL &0 mey risk. Thus the model has something very specific to say
about farm household cocszervation: farmers resist innovations not
because of the natural risks ordinarily associated with faming; they

resist Inoovations bedause these Irmovations are perceived to increase

the farming risks.

Proposition 3z

If the fare bhovsehold exhibits DARA, then the household pro—
duction model pecomes more approximately block-recursive as risk

increases.

Proof:

Z z Y
It is cleaxr that as o rises R falle if © > 0 which
X 4 Kk
is a necessary condition for DARA. Thus the right—hsnd side of (iii")

and (iv') will spproach zero as aIE rizes indefinely. 0.E.D.

This is the corious result when DAPA is assumed. Thiz can be

mderstood in this way. As variability rises indefinitely, the capacity
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of the farmer to affect the risk diminishes so that beyond a certain
peint he won't care. Thus the crucial link here is the farmer's

belief in his capacity to devise a homemade insurance in the form of
conservation in the use of inputs. If he believes wery little can be
done in this area, he will seek insurance somewhere else (viz., extended

family system, share tenancy arrangements, otc.).

IT. Block-PBecursiveness nmder Price Risk

We now congider the situation when price is a random variable.
How price umncertainty is also an issue of great importsnce to farmers.
He know that price covaries with aggregate production and price. support
schemes are desigoed partly to alleviate problems arising from this
covariation. There are other risks which are wmrelated to this
covariation. Demand may be disrurted due to wars, technical innmovationm,
natural calamities (such as the disruption of the anchovy cycle due to
the disappearance of pyroplanktens in certain waters off Cemtral
America). In the following, we will be desling more with price mmcer-

tainty generated from the demand =zide.

Let P be the random price realized by the farmer from the

sale of 2 mit of farm produce. The equation corresponding to (1) ie

= T
() U = BC.P(f-c)-L ~K, L -L) 7




1F

Corresponding to (6) we have

0

Uxx _ 2
2 x

®) E( = T, PE(X, L) - wi_ - rk - PC, T

where crx‘? = (f{E, L} - -:}2 E{Pi} - [EP}E.?' = (f - mrz sz

-

Corresponding to (iii') and (iv')} are

z
Rv{f - c}fL G’p

2

< Z
(f ='¢) fl( o
_ A - p
{wi) PfL r E\r %

() PfL - w =

> .
gince o is assumed independent of levels of L and [ usec, by

the farmer.

Proposition 4:

Under price uncertainty, block-recursiveness cbtains for the

household production model if either:

@) f = ¢, i.e.. the production of =x is for subsistence consumption

) s
b) the household exhibits DARA and R e,

Proof:

Obvious from right—hand side of (v) =and (vi) 0.E.D.
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It is clear that these situstions are not wvery interesting. In cage
(a) price variabilicy is pot relevant. Price wmcertainty in every
form tramslates into smitiplicative risk for production so the
interesting cases wash out. Let ; - p-r:l -+ ;. Then pe = pﬂﬁ': + :g
ot P T A e e dRan., TRE 3 = epC then B =n eE

which is again multiplicative in producticn.

Block-Recursiveness and Profit Maxinization: An Empirical Consideratiom

e have clear’y showm that the comditionz for block-recursiveness
are identical to the conditions for profit maximization. This means
that the test for profit maximization is also a test for block—recur—
siveness if we assume that farmint mder any circumstance is a risky
business. This tie-up is significant because in effect the model
FEneTates hypathesnaabnﬁt risk behavior the empirical tests of which
have been already done extensively by meny different authors in many
different countries. Specifically, if farmers are seen to maxinize
profit with respect to variable inputs, then famming risks are

-

perceived to be additive risks and not multiplicative ones.

Lau and Yotomoulos (1979) summerizing _si: gtudies on agricul-
tural resonrce allocation observed that at 0.01 level of significance the

hypothesis of profit maximization for farmers from Taiwan, Japan,
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alaysia, Thailand and Turkey cannot be rejected. Barnum and Squires’
(1980) well-known analysis of Muda padi agrieculture also fails to
reject profit maximization. Ali (1930) also finds that profit maxi-
mization cenpot be rejected for Misamis Oriental farmers. Thus it
appears that farming risks are perceived to be additive. Farmers
then do mot feel that they can fashiom a homemade insurance scheme

by being conzervative on the varisble inputs.

Homogeneity and Additive Risk

The presence of additive risk constraing the type of production
functions possible. It is clear that the most important class of
production functions that cannot allow additiwve risk is the class of

hemogenecus finctions. Let

I = g{E, LY + g

where g is homogeneous of degree r " and E is the raodom term: f it-
self fails to be homogeneous of any degree. This is problematic

since the Duality theorems (Diewart, 1974) assume constamt returns to
scale (homogeneity of degree 1) in the original production functiona.

If rigks are perceived to be additive, the original production

functions will have intercepts and would then be iuhnmgenmus. Likewise,
the Duality theorem for production assumes profit to be maximized.

If risks are not additive, profit maximization is not possible unless
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farmers are risk meutral. But the latter is rejected by Binswanger
(1980} in his study of Indian fammers. In fact, he finds that dec-
reasing absgolute risk aversion is the prevailing attitude. The

relation Between additive risk and homogeneous production function

needs to be investigated more closely.

Summary
In the foregoing, we have highlighted the following about the

household production model under risk:

{a) Additive production risk allows the household production
model to be block-recursive (Prop. 1) multiplicative risk

does not (Prop. 2);

(b) Price mmcertainty stemming from demand conditions does
not allow interesting block-recursive cases. This is
because price risktranslates into multiplicative risk in

o,

production:

(e} TFor all types of uncertainties, a decreasing absolute

tisk aversion effects approximate block-recursivencss -

ag I:IZ ==
=z
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{(d) We alzo introduced the idea of the risk-dependent risk

aversion smeasure

= T P
S 7
. & l.']':s+:rz'lb=::-::
2

and compared its properties to the index of absolute risk

aversion of Arrow and Pratt.

Co the whole, we conclude that farm households will be con-
servative with respect to input use when they can devise 2 homemade

ingurance thre input use.
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