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ABSTRACT

In this paper a two period life cycle model of the farm household is constructed allowing
for production and restrictions on debt in which the consumption and production decisions
of the farm household are smultaneous. It is shown that the farm household’s production
responses to exogenous changes may be qualitatively different to that predicted by the profit-
maximizing model when all markets are perfect. In particular, when the household is debt
constrained, ‘ perverse’ output effects are possible with output increasing in response to output
price decreases. Further, for such households, compensation payments will have production
effects. Finally, the financial situation of the farm has an impact on production for debt

constrained farms.

1. Introduction

Despite the tremendous technical changes which have occured in the last few decades, the ma-
jority of farmsin EU agricultureare still (residually) owned and operated by farm households.
This combination of ownership and control may, from abehavioural perspective, be potentially
important as farm capital represents both a source of finance for the farm business and aso a
store of wealth for the household. Hence, there exists a potential tradeoff between current farm
household consumption and farm investment (and hence production). In terms of agricultural

policy, the existence of such interactions has implications for the household’s responses to



exogenous changes, e.g. output price changes. Further, in terms of compensation paymentsfor
output price cuts, if there are interactions between consumption and production then thisraises
the question as to whether such payments are ‘decoupled’. Finally, if such interactions exit,
they permit farm production to be influenced by a far wider range of factors, e.g. household
preferences, farm financial structure, than is permitted under the profit-maximizing view of
farm behaviour.

The existence of this potential tradeoff between farm consumption and investment haslong
been recognized (Chayanov, 1925), and although a number of recent studies have applied
models which alow for interactions between farm consumption and investment (Lifran, 1994;
Phimister, 1993; Roe and Graham-Tomas 1986; Shalit and Schmitz, 1982), the main body
of analytical work on farm household behaviour has concentrated on the interactions between
labour demand and supply on the farm (Dawson, 1984; Nakajima, 1986; Singh et al., 1986).
The main purpose of this paper isthereforeto show analytically how potential interactionsmay
arise between consumption and investment (and future production) on the farm household.
A smple two period life cycle model of the farm household is constructed which alows for
production but where borrowing by the household may be quantitatively restricted. This latter
aspect isjustified by the presence in practice of alarge number of quantitative restrictions on
farmersaccessto credit, e.g. collatera requirements(Miller et a., 1993; L El/Rabobank, 1987).

The plan of the paper isasfollows. Inthe next section the basic lifecycle model of thefarm
household is presented and its solution characterized and interpreted. Finally, in section 3, the
response of the model to a number of exogenous parameter changes is considered, namely, its

response to changes in the output price, the level of exogenous payments and initial debt.



2. Farm Household Life Cycle Model

The model is atwo period version of the modern life cycle model formulated by Modigliani
and Blumberg (1955) with extensions to allow for agricultural production and restrictions on
borrowing. Perfect foresight is assumed for al prices, yields etc. in the second period.? As
in the general model, it is assumed that at the beginning of the first period the household
must plan its consumption and production levels for al periods, i.e. for both the current
and future periods, so as to maximize lifetime utility. The household's intertemporal utility
functionis assumed to be additivewith astrictly concave subutility function, U (-), defined over
consumption in each period. The farm household’'s own production is determined by astrictly
concave function, f(-), defined over capital in each period.> The household's possible choices
are further restricted by a series of equality and inequality constraints defining consumption,
capital stock and maximum permissible debt in each period. The formulation of the model is

asfollows;

2Uncertainty can, in principle, be introduced fairly easily in this version of the life cycle model. However, in

this context the extra insights gained do not compensate for the loss of analytica tractability which occurs.
3While the model can be extended to allow for labour supply and demand decisions, these aspects have been

excluded in order to focus on the potentia tradeoffs between consumption and future production.
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Exogenous variables

R, - output price periodt, r - interest rate, p - capital good price periodt, o - depreciation rate,

p - rate of time preference, d* - maximum permitted debt level period 2, d; - initial debt, K; -

initial capital stock, E; - exogenous income period t.



Endogenous variables
C; - consumption periodt, K1, capital stock at beginning of periodst +1, I; - investment period
t, d1 - debt owed at beginning of periodt + 1.

Constraints (2) and (3) define consumption in the two periods as the value of production,
minus interest payments on existing debt, plus new borrowings, minus investment, plus exoge-
nous payments. Constraints (4) and (5) define the evolution of capital stock for the beginning
of periods 2 and 3 which is the depreciated value of existing stock plus investment from the
previous period. The inequality constraints (6) and (7) define the permissible debt levels for
the start of periods 2 and 3; (7) isastandard end of period constraint preventing the household
from holding positive debt at the end of its planning horizon (without such a constraint the
household would be ableto consumewithout limit); (6) preventsthe household from borrowing
freely, which captures capital market imperfectionsin the model. This constraint reflects the
quantity restrictions which farm households face in the capital market (Miller et a., 1993;
LEI/Rabobank, 1987). Theoretically, such quantity constraints can be justified in a perfect
foresight model by the presence of imperfect information in the capital market (Jaffee and
Russell, 1976), where, given the possibility of default and the presence of ‘ dishonest’” borrow-
ers, lending ingtitutions cannot only rely upon the interest rate to alocate credit. Aswill be
shown below, (6), plays an important role in determining the extent of the interactions between
consumption and future production in the model.

If a solution exists then the optimal solution to the problem of maximizing (1) subject to
the constraints (2)—(7) can be completely characterized using the Kuhn-Tucker Theorem. The

following equations, derived from the Kuhn-Tucker conditions, determine the optimal values



of the endogenous variables.*
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wherer = (u1/2) — 1 isthe household's endogenoudly determined rate of discount, while i
and i, are the dual variables associated respectively with the two consumption constraints (2)
and (3). Therole of T in coordinating the production and consumption sides of the model can
be seen from (8) and (9), as it determines the marginal rate of substitution in consumption in
the former, while also affecting the effective marginal cost of capital in the latter.
Theimportance of therestriction on debt in determining theinteracti onsbetween production
and consumption decisions can be seen from the complementary slacknesscondition (10). From
thisequation it followsthat the solution of the model can be characterized by two distinct cases
or ‘regimes . For exposition purposes these regimes are also illustrated in Figure 1 using the
overall budget constraint for consumption in periods 1 and 2, XYZ. In the first regime the
debt constraint (6) isnot binding, i.e. d, < d*, and the household’s internal rate of discount is

equal to the market rate, i.e. T =r. Thisisrepresented by the linear portion XY of the budget

4Under the additional assumptionsthat lime_.o 258 — e and limk_o 25 — o



constraint. Preferences of theformUU’ place the household in this regime with the (absol ute)
dope of the indifference curve, i.e. the marginal rate of substitution, equal to the (absolute)
dope of the linear segment, i.e. (1 +r). For this case the model can be solved recursively with
the solution collapsing to that obtainable by first maximizing (discounted) profits® and then
maximizing utility subject to asingle lifetime budget constraint. The recursivity followsfrom
(9), aswith T = r, the value marginal product is smply equated to the marginal cost where
thisis composed of the interest cost, depreciation cost and capital ‘loss’, asin the model of the
profit-maximizing producer (Keyzer, 1988).

FIGURE 1

Preferences of the form VV’ place the household in the second regime, i.e. d, = d*,
with T simultaneoudly determined by equations (8)—(12). Here the household's preference for
first period consumption means that the optimal consumption allocation occurs on the non-
linear portion YZ of the overall budget constraint, with the shape and position of this section
determined by the farm’s production possibility curve and the maximum level of debt d*. At
the optimal solution for this regime the slope of the tangent to the indifference curve (and
the budget constraint) is equal to (1 +T1). Aswill be shown below it isin this case that the
household’s production responses to exogenous changes may be qualitatively different to those

predicted by the profit-maximizing mode.
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3. Compar ative Statics

In this section, the response of the endogenous variables to changes in a number of key
parameters will be analyzed. The discussion focuses on the production responses of debt
constrained farm households (that is those within the second regime) to changes in the output
price, exogenous income payments, and initial debt level. These are compared to those of
the unconstrained farm household, where, because of the equivalence with the simple profit
maximization problem, the behavioural responses are well known.

To smplify the exposition, the function h(C,, C,) is defined to represent the marginal rate
of substitution function. From the strict concavity of the subutility functions this function is

decreasing with respect to C; and increasing with respect to C,, i.e.

dU(Cy)/9Cy

(13) h(C1,C2) = (1+p) m,

where

oh(Cy, Cy) <0 oh(Cy, Cy) >0
0Cy ’ 0C,

Substituting for rin (9) using (8), and d* for d, in (11) and (12) generates, after rearrangement,
the following three equations which determine the optimal levels of capital stock K, and

consumption C; and C, when the household is debt constrained.

(14) PLI(Ky) — (1+1)ds +d" = p (Ko = (1= 8)Ky) +E1 ~Cy = 0

(15) Pf(Ky) - (1+1d +p§(1- 0K, +E,-C, = 0
o0f(K

(16) R e cypira-a)p = o

0K,



Changein the Future Output Price

Here the effect of aforeseen change in the output price of the second period, P, is considered.
Given the implementation of the MacSharry reformswith pre-announced phased reductionsin
support prices, the assumption of a known change in the output price isnot unrealistic.

First, consider the unconstrained farm household (or equivalently the profit- maximizing
farm). For thisregime the effect on capital stock can be derived directly from (9) by applying
theimplicit function theorem (Varian, 1992) and then differentiating with respect to P,. Hence,

the effect of the output price changeis

17) OKa _ _ lp dzf(KZ)]_l AIGOIN

9P, IK2 K>

Hence, in the context of foreseen output price decreases, as in the MacSharry reforms, the
unconstrained household (and the profit-maximizing farm) will react in a ‘standard’ way,
namely, by reducing current investment and hence future capital stock and output.

The analysis of the effect of a foreseen output price increase on debt constrained farmsis
complicated by the fact that the solution is simultaneously determined by equations (14)—(16).

Applying the implicit function theorem and differentiating with respect to P, gives:

- - aKz_ - -
—p! -1 0 P, 0
I (Ky) ac.| _
18 K(1 - - oGl - | _
(18) |P, I, +py(1-9) 0 1 P, f(K2)
2
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oK ac: oc; "z ok
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Using Cramer’s rule one obtains:

oK, 1

0K _ 1 ONCLCy) | 1 9f(Ky
P, |Z|

(19 aC, "7z oK,

f(K»)

where Z is defined as the coefficient matrix on the left hand side of (18). The determinant of

thismatrix is
(20)

1zl = (P>

Oh(CLC) o 0f(K) . o <] [9hCuCy) ] . o 02F(Ky)
aC; Pk, PO e, P TR0

However, given that df(K;)/dK, > 0 and dh(Cy, C,)/dC, > 0, the overal effect on second
period capital stock is ambiguous. Hence, there is the possibility of a so-called ‘perverse
output response when the household is debt constrained, with capital stock (and therefore
output) actually decreasing (increasing) in response to a signalled increase (decrease) in the
future price. Further, even if the overall sign of (19) is positive, giventhat |Z| < 9%f(Ky)/dK?2
the effect on capital stock in the debt constrained regime is always strictly less than the effect
in the unconstrained regime (and hence the profit-maximizing firm).

This result can be explained intuitively as follows. While the overall effect on household
utility of an increase in the output price is positive,® as the debt level is fixed, capital stock in
the second period can only be increased at the expense of first period consumption. This can

be seen directly from the first equation in (18), i.e.

aC]_ - _ kaKz

P, - Pigp,
As aresult of this tradeoff any increase in the second period capital stock must, given its

effect on first period consumption, decrease the utility obtained from thefirst period, i.e. from

5This is a straightforward application of the envelope theorem, i.e. it can be shown by differentiating the

lagrangian function for the original optimization problem with respect to the second period output price.
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U(C,). This negative effect is captured by the first term on the right hand side of (19). Of
course any increase in the capital stock in the second period will also increase second period
consumption and thiswill have a positive effect on household utility. Whether the household
reacts to a foreseen price increase by increasing or decreasing the second period capital stock

will therefore depend on the balance of these two utility effects.

Change in Exogenous Income

When compensation for farmers for support price reduction is discussed by policy makersit
appearsthat itisimplicitly assumed that they will generally be* decoupled’ from production, i.e.
the production effects are neglected. 1n the household model compensation payments appear
most naturally as exogenous income, i.e. through E; and E,. Hence, to consider whether these
types of payments are decoupled in the household model it is useful to examine the effect of
changesin these values.

For simplicity, initially only a change in E; is considered. This can be interpreted as
capturing the effects associated with a single lump sum compensation payment (or bond), a
scheme which has been analyzed by a number of authors (Folmer et a., 1987, Tangermann,
1991, 1992).

First, consider the effect of a change in E; on the unconstrained household (profit-

maximizing farm). From (9) it followsthat in this regime

oKy

o5, 0

i.e. that any compensationthrough E; istruly decoupled and has no production effect. Applying

thetechniques used inthe previous section it can be shown that the eff ect on the debt constrained

12



household is

0Kz _ 1 9h(C1,Co)

2D 0B [zl ac, ™

>0

which, as indicated, has an unambiguoudly positive effect on capital stock and therefore on
future production. Hence, it follows that for debt constrained households any compensation
payment of this type is not decoupled. In the context of the MacSharry reforms, while the
overall package may (depending upon the sign of (19)) have a negative effect on capital
stock and hence future output, the ‘ compensation’ production effect does provide a source of
‘dippage’.

Given that exogenous payments can have production effects, it raises the further question
of how much the manner in which the payments are made matters. In the case considered, the
compensation was given in the first period only. An aternative scheme is to make payments
every period as, for example, in the new CAP arable regime. To consider the potential
production effects of thistype of scheme simultaneous changesin E; and E; can be examined.

To smplify the exposition let the household receive an identical payment in each period, i.e.
El = E2 =E

Asbeforeit followsfrom (9) that such changes are decoupled from production if the household

isunconstrained. However, in the debt constrained regime the effect on capital stock is

0Kz _ 1 0h(C,Co) |, 1 Oh(CLC)

22 oKo _ 100(Cy,C) o,
(22) JE |Z| oc, Mz ac, ™

In contrast to the effect of ssimple changesin E; the overall effect isnow ambiguousas athough

the first term (identical to (21)) is positive the second is negative. It follows from (21) and

13



(22) that, for the borrowing constrained farm household, the output effect of a compensation
scheme will be less if the payments are made over a number of periods. Thus, at least for

borrowing constrained farms, the timing of payments matters.

Changein theInitial Debt

The final effect to be considered is the impact of changes in initial debt, d;. This can be
interpreted as illustrating the impact of the farm’s financia position on production in debt
constrained households. It is of particular interest asin the standard profit-maximizing model
of the farm, financial variables play no role in explaining farm investment and growth. Thisis
problematic as the empirical evidence indicates that afarm’sfinancial situation is a significant
determinant of farm investment (Brase and LaDue, 1989; Elhorst, 1993).

First, consider the effect of changesin d; for the unconstrained household (or equivalently
the profit-maximizing farm). As for exogenous payments it follows directly from (9) that
0K,/0E; = 0inthiscase. Thisisequivalent to the standard result from the profit-maximizing
model, namely, that financial variables play no role. For the debt constrained case it can be

seen from (11) that an increase in (1 +r)d; is equivalent to adecrease in E;. Hence, from (21)

oKy

IKe 1 9h(CL,Co)
ad;

(23) 1Z] T:l P1

—(1+r

i.e. theoverall effect of anincreaseininitial debt on capital stock and production is unambigu-
ously negative. Thus, for debt constrained farms, higher initial debtslevelswill ceterisparibus
induce lower investment and (therefore ultimately) lower production. Hence, the possibility

that some farm households are debt constrained provides one theoretically consistent expla-
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nation as to why farms with identical technical conditions may, nevertheless, invest different

amounts.

4. Summary and Conclusions

In this paper a two period life cycle model of the farm household has been constructed
and analyzed. Under the assumption of the existence of constraints on debt, it was shown
that the household’s production and consumption decisions are simultaneously determined.
The solution of the household model is characterized by two distinct regimes. In the first
the household is not debt constrained and therefore appears ex-post to be profit-maximizing
with production and consumption decisions being recursive. In contrast in the second debt
constrained regime, household production and consumption decisions must be simultaneously
determined. In terms of behaviour, if the household is in the unconstrained regime it responds
to exogenous parameter changes in a standard way, i.e. consistent with the profit-maximizing
model of the farm and the life cycle model of the consumer without production. However if it
is debt constrained, its responses can be qualitatively different.

The nature of these latter responses was examined by considering the effect of exogenous
parameter changes including those relevant to current agricultura policy in the EU. It was
shown, for debt constrained households, that there is the potential for a ‘perverse’ output
response to announced price drops (such as in the MacSharry reforms), where the debt con-
strained farm increases future output despite the anticipated drop in price. Further, for these
farms, compensation in the form of exogenous payments are not decoupled, i.e. there will be
output effects. The exact nature of the output effects was al so shown to be dependent upon the

form of the compensation scheme, with a single lump sum payment having a larger positive
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output effect than a scheme where payments were spread over both periods. Finaly, it was
shown how the level of initial debt on the farm influences production for the debt constrained
regime. Thisresult providesone possible theoretically consistent explanation for the empirical

evidence which shows that financial variables are important in farm production.
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