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Abstract

This study offers a two-step interpretation for the response of internal prices in an
agricultural household model with missing markets for both food and labor. Responses
of the internal prices depend exclusively on their responses in the case of one missing
market for either commodity, which may be called the initial effects, and on cross price
effects between food and labor which cause the interactions between the internal
markets for the two commodities. This intuitive interpretation reveals not only how the
“internal instability” of agricultural households arises but also which assumptions are

crucial to produce it.
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1. Introduction

De Janvry, Fafchamps, and Sadoulet (1991) highlighted two anomalous features
commonly observed for agricultural households, called “internal instability” and
“external stability”, and investigated them using an agricultural household model with
missing markets for food and labor. In case the markets for some commodities are
missing, changes in exogenous variables such as market prices make the houschold
adjust its demand and supply of the commodities within the household, which causes
their virtual or “internal” prices to fluctuate. Since the fluctuation of the internal prices
is unobservable from outside the household, it may be referred to as internal instability.
On the other hand, changes in exogenous variables influence the household’s factors
and commodities in two ways. One is their direct effect with the internal prices being
fixed, and the other is their indirect effect via changes in the internal prices.! Since the
indirect effect often makes the observable response of the factors and commodities
inelastic, the inelastic response may be referred to as external stability.

The simulation analysis by de Janvry et al. succeeded in producing the marked
internal instability and external stability for some cases, but they did not show how
their results are derived from the assumptions in their simulation. In other words,
their analysis is ambiguous about which assumptions are crucial to produce the two
anomalous features. Search for such assumptions requires a detailed analysis of the
response of the internal prices as well as the factors and commodities. Most studies
applying agricultural household models, however, have limited their analysis to the
case of one market failure. One reason for this limitation may be their lack of interest
in dealing with two or more market failures, but there are some other important cases
as well as the case of missing markets for food and labor. For example, Ellis (1993)

mentions for peasant households in some regions that males are engaged in more

! Sonoda and Maruyama (1998) provide a detailed account of this decomposition in an agricultural
househeld model with constrained off-farm wage employment and refer to the indirect effect as the
“internal wage effect”. Sonoda and Maruyama (1999) estimate the supply response of Japanese rice
farmers and find that the internal wage effect associated with their supply response of rice exceeds
the corresponding direct effact to yield downward sloping supply function.
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productive tasks such as cash crop production while females are engaged in less
productive tasks such as food crop production, which is endorsed by a number of studies
reviewed by Quisumbing (1996). Then, the behavior of self-employed peasant
households may be better described by a model with two market failures for male and
female labor. Another more basic reason for the limitation may be the absence of
intuitive interpretations for the response of the internal prices in the case of two
market failures.2 Since the indirect effect of changes in the internal prices is
responsible for the anomalous response of quantity variables, or the external stability,
we will have a better grasp of the anomalous features of agricultural households by
understanding how the internal prices respond.

This study offers a two-step interpretation of how the internal prices respond in an
agricultural houschold model with missing markets for both food and labor, First, we
examine the response of the internal prices in the case of one missing market for either
food or labor, which gives the “initial effects” of changes in exogenous variables. More
specifically, we examine the shifts and slopes of the demand and supply functions in the
“internal market’ for each commodity just as in the traditional studies applying a
model with one missing market. Starting from the initial effects, cross price effects
between food and labor cause the interactions of the two internal markets to change the
internal prices continually, Then, the response of the internal prices in the case of two
missing markets is thought of as the sum of the changes in the internal prices in the
continual interactions. For illustration, we use the values of elasticities and shares
assumed by de Janvry, Fafchamps, and Sadoulet (1991) to evaluate various elasticities
required for the interpretation, This intuitive interpretation will reveal not only how
the internal instability arises but also which assumptions are crucial to produce it.

The following section introduces an agricultural household model with missing
markets for both food and labor. The third section gives a detailed account of the initial
effects as well as the interactions between the two internal markets to illustrate how

the internal prices respond, The final section concludes the paper.

2 Besley (1988) makes a comparative statics analysis of agricultural household models with two or
three market failures and directly examines the response of the virtual prices expressed in form
similar to equation (7) of this study.
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2. The Model

It is assumed that the peasant household uses labor, xi, and other variable inputs, xv,
to produce a cash crop, xe, and a food crop, x1.3 Its production technology is described by
g(x) <0, x = (Xe, X, X1, Xv). (D
The household consumes food, ¢, leisure, ), and manufactured goods, cm, and its utility
function is of the form u(e), ¢ = (cr, ¢, cm). The implicit production function g(-) and the
utility function u(+) are assumed to be well-behaved in the usual sense.

The household sells cash crop, and buys other variable inputs and manufactured
goods at their market prices px (k = ¢, v, m), while it is self-sufficient in food crop and
labor, so that the demands for them are equal to their respective supplies.

ci=xi#+Ty, ieNT={1}, (2)
where T denotes the endowment of commodity i (T1 > 0 and Ti = 0 for i # ) and NT
denotes the set of nontradable commodities. Quantity xi is defined to represent x; for i
=¢, E—xifori=1 v;and O fori=m.

The household is assumed to maximize its utility function u(c) with respect to ¢i and
(e C={f L, m},jeP={cf 1 v}) subject to the budget constraint (3) below as well as
the constraints (1) and (2).

FierDii = Zierbi (xf +Ty), 3
where ¢. = ¢v = Xm = 0 by assumption and T = {¢, v, m} denotes the set of tradable
commodities. Define p; = pi/A for i € NT and p; = pifori e T, where i and A denote
the Lagrange multipliers associated with the constraints (2) and (3), respectively. Then,

the optimality conditions for an interior solution to this problem are written as

¢égi=Api", ie€P, - (4.1)
gt =0, (4.2)
w=Api*, ieC, (4.3)
Yiecbi¢ = Y, (4.4)
ci=x2+ T, ieNT, (4.5)

3 Unlike de Janvry et al., factor inputs are defined to be positive quantities.
*
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where gi and u; respectively denote the first derivatives of the functions g(*) and u(+),
and ¢ denotes the Lagrange multiplier associated with the technological constraint (1).
Y =3, ponrPi & +T;) represents the full income evaluated at the price pi*. The prices
pr* and pr* are endogenous variables which equilibrate the demands for food and labor
with their respective supplies in the internal markets within the household and may be
referred to as their internal prices. If the household participates in the competitive
markets for food and labor, their internal prices pi* are identical to their exogenous
market prices pi and the model becomes separable (Singh, Squire, and Strauss, 1986).
The separability of agricultural household models means that the household’s
determination of production organization affects that of consumption choice via
changes in the full income, but the latter does not affect the former.

The optimality conditions (4.1) and (4.2) are formally equivalent to those in the
corresponding separable model. Hence, they yield the factor demand and output supply
functions xi = xi(p*) (¢ € P), p* = (p;) (@ € T u NT), with the two endogenous internal
prices being included in their arguments.t Similarly, the optimality conditions (4.3) and

(4.4) yield the uncompensated commodity demand functions ci = ¢i(p*, Y) (i € C).
3. Comparative Statics Analysis under Two Missing Markets

This section illustrates how the internal prices of foed and labor respond to changes
in the market prices using the assumptions made by de Janvry, Fafchamps, and
Sadoulet (1991). Before starting the analysis, we need to obtain some price elasticities
from Table 1 of their paper which presents the values of full income shares and various
elasticities. The price elasticities of production factors and outputs in the table
correspond to dlnxi/dlnp; (i, j ¢ P). Furthermore, the price elasticities of consumption
commodities in the table correspond to 8lnhi/dlnp; — (/) (@lnci/dInY) (i, j € C), where
hi denotes the compensated demand for commeodity i defined in a way similar to Strauss
(1986). Then, the elasticity dlnci/dlnpj is obtained using the values in the table as well as

a Slutsky-type equation in our model;

4 For convenience of expression, all prices associated with both preduction organization and

consumption choice are included in the price vector p*.
[ ]



Blnci/dinp; = dlnhi/dlnp; + {pi(Ti + x;= — ¢)/Y}(Alnci/SInY).
Note that changes in the internal prices of food and labor have no income effects
because of the condition Tj + xj2 —¢; = 0 for j = f, 1. Thus, the price elasticity dlng/dlnp of
quantity q with other prices being fixed is evaluated in Table 1.6 Furthermore, the
values in Table 1 are substituted into equations (6) and (7) below to yield the values of
the elasticities of the internal prices with respect to the prices of cash crop, other
variable inputs, and manufactured goods, which are presented in Table 2,

Now, we first examine the elasticity (Qlnpi*/dlnpi)1 ( € NT; k € T) of the internal price
pi* in the case of one missing market for either food or labor. Expression (6lnz/dlnp)a
denotes the elasticity of z with respect to p when the number of missing markets is
equal to n (= 1, 2), or when n internal prices are allowed to change. For convenience of
expression, rewrite equation (4.5) as |

qP =g @ e NT), , (5)
where qi° = ¢r and qP = xi represent the demands for food and labor respectively, while
q® =xr and % =T — a1 represent their respective supplies. If we substitute the demand
and supply functions ¢ = c(p®, Y) and x5 = xi(p*) (€ NT) into equation (5) and
differentiate both sides of it with respect to px with the other internal price p; G #1;j e
NT) being fixed, then we obtain

(@Inpi*/lnpi): = —Du/Di, ©)
where Dj = dlnqiP?/8lnp; — dlnqiS/8lnp;.

The response of the internal price in equation (6) results from interactions between
the demand and supply functions in the internal market for commodity i. From Table 1,
the slope of the demand function, dlnq;P/dlnp;, is evaluated at —0.50 for i = f and -0.60
for i =1, while the slope of the supply function, 8lnqiS/8lnp;, is evaluated at 0.80 for i =
and 0.68 for i =1. These relatively steep slopes tend to make the internal prices unstable
but the quantities demanded and supplied stable. The shifts of the demand and supply

functions, dlnqiP/dlnpx and dlnqiS/Slnpx, are somewhat large for changes in the price of

® The price elasticities of labor supply are evaluated using the relation 8lnqS@lnp; = —
(Olnci/Blnp;) (pie/ Y} {pix/Y), where pie/Y = 0.383 and pixifY = 0.255 can be obtained {rom Table 1 of de
Janvry et al.
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cash crop but are not for thoée in the other prices. Thus, the elasticity (Slnpi*/@Inpk): of
the internal prices is of moderate size for changes in the price of cash erop but is not for
those in the other prices as shown in Table 2.

Next, these results are used to examine the response (flnpi*/Blnpx)z of the internal
prices in the case of two missing markets. If we substitute the demand and supply
functions of food and labor into the equations in (5) for i = f and i =1, and differentiate
both sides of them with respect to px, then we obtain

(@lnpi*/dlnpx)2 = DsDjk — DyDad 1D (1, je NT; k e T), (N
where D is a 2 x 2 matrix of Dj (4, j = £, 1). To explain this response of the internal price
in an intuitive way, it is helpful to consider an interactive process between the internal
markets for food and labor. A change in the market price px has its initial effects
(@lnpr/dlapk): and (Blnp1*/lnpx)1 on the internal prices of food and labor, respectively,
just as in the preceding analysis of one missing market. Due to cross price effects
between the two commodities, such a change in the internal price of commodity j shifts
the demand and supply functions of the other commodity i to change its internal pric;a.
Recalling equation (6), this change in the internal price pi* may be expressed as (-
Dy/Di)x (Blnpi*/dlnpy)1. Let o = -Da/Dir and 8 = ~Du/Da, which are evaluated at 0.32 and
0.55 respectively for the values in Table 1.

Repeating this interaction between the two internal markets gives an expression for
the response of the internal prices in the case of two missing markets.

(Slops*dlnpr)2 = (Blnp/Blnpeh + o (@lnpr/Zlnpi)r + ae(B1(Glnpeinp) ) + ...,

(@lnpr*/Elnpx)z = @lnpr*/lnp) + B1{@lnpr/dlnpxh + Pe(c (Blnpr*/Slnp)i) + ..., ®
where om=oa and Bm = (m =1, 2, ...). For example, the initial rise (Slnps*/dlap) = 0.57
in the internal price of food for changes in cash crop price p. raises the internal price p1*
of labor by p1(@lnpr/dlnpe)1 = 0.55x0.57 = 0.31 in the internal market for labor, which in
turn increases the internal price ps* of food by az(B1{dlnpr*/dlnpe)1) = 0.32x0.31 = 0.10 in
the internal market for food, and so on. Since am = a and Bm =P for all m, the equations

in (8) are rearranged as
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(@Inpr/Blnpr)2 = o@lnprfdlnp)1 + ac(@lnp*/dlnp),

(Glnp1*/dlnpx)z = o @npi*/dlnpk)1 + Po@npr/dnpk)s, : )]
where o=3, (f)* and op > 0. The infinite series o converges if aff < 1, or
equivalently, if ID| = DgDn — DaDi > 0, which should be satisfied for well-behaved
production and utility functions. Hence, o converges to 1/(1 — af) and the equations in
(9) are rewritten as

(@lnpi*/dnpk)z = (DsDji/ | D 1)6Inp;*8lnpx) + (<DiDji/ | D |)(@np;*/@lnpi, (10)
which proves to give another expression for the elasticity of the internal price in (7).

The multipliers o and B in the interactive process are positive and the two initial
effects of changes in the price of cash crop are also positive under our assumptions.
Hence, starting from the initial effects, the internal prices pi* continue to rise by
gradually diminishing amounts and their responses eventually converge to the
magnitudes shown on the right-hand side of equation (7) or (10). Similar arguments
apply to changes in the other market prices, since the two initial effects (Olnp*/@lnpi
and (PInp1*/dlnpx): have the same sign for each of the cases k = v and k = m. The
intuitive interpretation above illustrates how the relation |(@lnpi*/Gloph!| <
! (Blnpi*/&lnpx)z |, or the intensified internal instability, occurs in the simulation study
by de Janvry et al.

Based on the interpretation above, we can summarize which assumptions produce
the intensified internal instability of the household assumed by de Janvry et al. For one
thing, the two initial effects, (Glnpr*/élnpx)1 and (6lnpl*/ainpk)1, in equation (10) have the
same sign for each of the three cases k = ¢, v, m, which results from plausible
assumptions on the household’s price response.t For example, since the difference Dii is
negative in equation (6), the positive initial effects of changes in the price of cash crop
depend on the signs of the shifts 8lnqiP/dlnp. and dlngiS/Slnp. of the demand and supply
functions. These shifts reflect assumptions that food and leisure are normal goods, the

demand for labor increases with the price of cash crop, and that the two crops are

6 Conversely, if the two initial effects have opposite signs as found by de Janvry et al. for the case of
an increased food productivity, the associated internal instability cannot be observed, given the

conditions Da > 0 and Dic> 0.
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competitive as shown in Table 1. For another thing, the differences Dn and Dy of the
cross price effects between food and labor are positive. These positive differences reflect
the substitutability between food and leisure as well as the naturally expected behavior
of producers, that is, their demand for labor increases with the price of food, while their
supply of food decreases with the price of labor as shown in Table 1.

Finally, we can also summarize the reasons why the internal instability is marked for
changes in the price of cash crop but is not for those in the other prices. For one thing,
the initial effects associated with the price of cash crop are of moderate size, while those
associated with the other prices are very small. The latter reflects the assumptions
made by de Janvry et al. that the demand and supply functions of food and labor hardly
shift in response to changes in the prices of other variable inputs and manufactured
goods. For another thing, the coefficients DuDj/ | D | and —DyD;i/ | D | of the initial effects
in equation (10) are evaluated at 1.21 and 0.39 fori=f, j =1, and at 1.21 and 0.67 fori =
1, j = f, respectively. The magnitude of these coefficients depends on that of the
multipliers o and B in the interactive process introduced above, which in turn depends
crucially on that of the cross price effects dlnqi®/dlnp; and dlnq:S/BInp; (4, j € NT; j = 1i).
This is a natural consequence because no cross price effects between food and labor
imply that Dn = Dir = 0 hence a = 3 = 0. In this case, no interactions occur between the
two internal markets, so that the elasticity of the internal price in equation (7) or (10) is
reduced to the one in equation (6). The cross price effeéts between food and labor are
not elastic as shown in Table 1. However, they are large enough to expand the initial
effects (Blupi*/8lnpr)1 and (Blnp;*/8lnpr)1 into 1.21x(Olnpi*/8lnpx) and 0,39x(Blnp;*/Elnpih
for i =1 j =1, and into 1.21x@npi"/Blnpr)1 and 0.67x(Blnp;*/élnpy for i =1, j = f,
respectively, through the interactions of the two internal markets. Thus, the moderate
initial effects of changes in the price of cash crop are expanded markedly, while the

very small initial effects of changes in the other prices are not.



4. Conclusion

This study offered a two-step interpretation for the response of internal prices in an
agricultural household model with missing markets for both food and labor. It is found
that the response of their internal prices depends exclusively on the sign and
magnitude of the initial effects of changes in exogenous variables and on those of the
cross price effects between food and labor.

The initial effects are identified with the response of the internal prices in the case of
one missing market, so that they are determined by the slopes and shifts of the demand
and supply functions in the individual internal markets. Under the assumptions made
by de Janvry et al., both the demand and supply functions are relatively steep for food
and labor, so that their internal prices tend to be unstable. In addition, changes in the
price of cash crop cause relatively large shifts of the demand and supply functions,
while those of the other market prices do not, which makes a large difference between
the associated initial effects.

On the other hand, the magnitude of the cross price effects between food and labor
determines how much the initial effects are expanded by the interactions of the two
internal markets. Under the assumptions made by de Janvry et al, the cross price
effects are not so elastic but are large enough to expand markedly the initial effects of
changes in the price of cash crop. It is this expansion of the initial effects that describes
the mechanism producing the intensified internal instability of agricultural

households.
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Table 1. Price and [ull income elasticities with (other) internal price(s) being fixed

Elasticity with respect to

Y pr Pe pv p! Pm
Production
Food crop (xp) 0.80 -0.54 -0.04 -0.22 -
Cash crop (xc) --- -0.77 1.00 -0.08 -0.15 ---
Other inputs (xv) 0.15 0.22 -0.50 0.13 ---
Labor demand (x1) 0.37 0.17 0.06 -0.60 ---
Consumption
Food crop (cr) 0.70 -0.50" 0.21 -0.07 0.20* 0.17
Leisure (c1) 0.90 0.22 027 010 -046 0.06
Manufactured goods {cm) 1.87 0.68 0.66 -0.20 0.47 —1.50
Labor supply (Tt — ¢1) -1.35 —0.34~ —0.40 0.14 0.68 " -0.09

Note: The values of elasticities with an asterisk do not include income effects.
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Table 2. Elasticities of the internal prices under three types of market fatlures

Number of missing n=2 n=1 n=1
markets (Labor) (Food)
Internal price of food pr

dlnpr/dlnpe 0.87 0.00 0.57
dlnpi/dlnpy —0.06 0.00 -0.03
Anpi/dnpm 0.19 0.00 0.13
Internal price of labor pi '

Olnpi/olnpe 0.92 0.45 0.00
dlnpifdlnpy -0.11 -0.07 0.00
Alnp/lnpm 0.17 0.07 0.00

Note: “n = 1 (Labor)" represents the case of one missing market for labor, while “n = 1
(Food)” represents a similar case for food. In the case “n = 2", both of the two markets

are missing.
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