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1. INTRODUCTION™*

In nearly all developing economies the agricultural sector has
been subject to extensive government intervention taking various
- forms, including price policy, investment policy and tax policy. The
consistency and success of the policy measures are, however, highly
dependent on the reaction of the econornic agents to various incen-
tives. In many cases, the mixed household is the relevant economic
agent towards which the policy measures are directed.

The mixed household is a complex economic agent, uniting the
features of both the household and an enterpnise. In order to under-
stand the complexity of simultaneous economic decisions made by
the mixed household, and to prepare the ground for a theoretically
based set of consistent policy measures, it is useful to model the
household choice problem. In doing so, the rationality of household
behavior is assumed. This assumption simply means that the house-
hold makes the best possible wuse of scarce resources subject to
certain economic or institutional constraints. Empirical evidence of
this rationality is a subject to be investigated.

Questions often arise about whether rationality can serve as a basis
for understanding the behavior of a sector in which tradition plays
an important role. But, tradition and rationality can be mutually
consistent in the sense that the traditional reaction (or lack of reac-
tion) by the houschold may be a rational response to the household’s
environment. Elaborating this assumption of rationality in a con-
sistent manner, this study attempts to provide a comprehensive mod-
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el of the economic behavior of the Yugoslav mixed household, as
an eoonomic agent sui generis. The analysis may serve as a departure
point of the formulation of practical policy measures reganding the
expansion of agricultural output, one of the basic macroeconomic
goals of a developing society.

The plan of the paper is the following: In the next two sections
we present a brief literature survey and outline of the significance
and reasons for growth and persistence of mixed households in Yu-
goslav agriculture; In the fourth section, we present an eclaborate
model of the economic behavior of the mixed household, taking into
account its economic, technological and institutional constraints; The
fifth section summarizes the results of the comparative static analysis
of selected parameters; Finally, the last section contains policy impli-
cations of the theoretical model and conalusions.

2. THE TREATMENT OF THE MIXED HOUSEHOLD
IN DEVELOPMENT ECONOMICS

Development economics has already recognized the important
role of mixed households in world agriculture. By mixed household
we mean a semi-commercial type of family farm eaming income from
several different sources. Most of the farm households, especially
those in developing countries, belong to this category, "which is lo-
cated on a continuum between a wholly commercial farm employing
hired labor and marketing all output, and a pure subsistence fanm
using only family labor and producing no marketed surplus,’' Speci-
fically, the mixed household is a type of farm, producing agnicultural
ocutput, but also participating in the free labor market and, perhaps,
renting out a portion of the land it owns. It is this mixed character
of the sources of income that makes the mixed household an ex-
tremely interesting and complex economic agent. However, the exami-
nation of the economic behavior of the mixed households is far from
being just an academic exercise. It has direct practical and policy
relevance since many Third World countries display the typical dual
structure of the economy that is often associated with the emergence
and growth of mixed households. Furthemmore, the concept of a
purely agricultural household, earning imcome exclusively from agri-
culture, is but a special case of the mixed household. Consequently,
recognition of the reaction of the household to different changes in
its institutional and economic environment is a cruocial question for
the successful design of policy measures in the agricultural sector,
of a developing country.

The extensive literature on the theory of the famm household
has recognized the complexity of ecomomic effects within the house-
hold generated by changes in the economic environment. For exam-
ple, a single exogenous change in the prices of agricultural output of
the household would have far reaching consequences on the economic

! Barnum and Squire (1979), pp. 79—102.
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behavior of the household. Namely, it could induce a change in the
total farm output, marketed output, and the own consumption of agri-
cultural output. However, these changes do not necessarily follow
the strict logic of neoclassical production theory, according to which
an increase in the price of output, ceteris paribus, results in the ex-
pansion of output. As noted by Behrman (1968, p. 9), "Produced
quantities and marketed quantities need not respond identically to
various incentives.”

The relevant determinants of the output response to price
changes are the share of own-consumption in the total output, the
household’s extent of self-sufficiency in agricultural products, house-
hold members’ preferences, as well as the number and the age of
household members. The greater the share of the own-consumption,
the greater is the possibility of mnegative pr.ice«md;uced changes of
the total and marketed output. The lower the self-sufficiency in agri-
cultural products the greater 1s the chance for a price-induced in-
crease in own-consumption, rather than only the marketed part of
total output. The stronger are the household’s preferences towards
leisure, the lower will be the total output and marketed output re-
sponse to the increase in prices of agricultural products. In addition,
a price change may induce no change in total output but rather a
recomposition of the total household’s output, Also, the household’s
output response to price changes in the short rm depends on the
share of the one-year crops in the total output.

Finally, the size, seX and age characteristics of the household
substantially affect the productive capacity of the household, the
structure of preferences, and, hence, the consumption patterns. As
a result, the final outcome of a price change with regards to the
household’s total output, marketed output and Own-consumption is
ambiguous and depends heavily on the characteristics of the house-
hold, but also on the macro features of the agrioultural sector, such
as the level of commercialization of agriculture, the level of tech-
nology and the amount of social overhead capital.

Through this simple example it seems clear that, in order to
understand, explain and predict the behavior of mixed households,
one cannot use the tools of the production theory alone, but must,
instead, combine them with the tools of consumer choice theory,
without ignoring the peculiarities of the economy in question.

The development economics literature contains a large number
of models of household behavior with one aim: to understand and
predict the economic reactions of the household to exogenous chamges.
Theoretical models vary from models of the representative household
(Barnum 1979) to models of the whole agricultural sector in an a-
grarian economy (Hymer, Resnick 1969). Other authors focus more
deeply on the empirical cONtroversy about the supply response of
households to price changes (Nerlove 1958, Krishna 1963, and Behr-
man 1968), while only a few authors have successfully tested the
farm household model?

o2 Farm households have been extensively treated in Chayanov (1966),
Krishna (1969) and Nakayima (1969).
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Models of the agricultural household often are used as a basis
for modeling the whole sector or even the whole economy of the
LDC. Yutopoulos and Lau;? for example, have developed a methodology
for construction of general equilibrium models of the agricultural
sector which are flexible enough to be applied to different institution-
al frameworks. The starting point of this type of model is again
the model of the household, based on the assumption of rational
maximizing behavior.

A common feature of the most  theoretical models of house-
hold behavior is the postulation of an objective function of the house-
hold, which typically contains the consumption of various goods and
leisure. The constraints facing the household are usually recognized
as the lime constraint and the income-expenditure identity. The land
constraint has been only occasionally taken into account, depending
on the binding or non-binding character of this limit in countries
under consideration. The production function of the household, if
taken as a specific function, is usually assumed to be a Cobb-Douglas
form with labor as a variable input while land and capital are held
fixed (Yotopoulos, Lau 1974).

In comparative static analyses many authors focus on the exog-
enous change in agricultural prices and its effects on the pro-
duction and consumption decisions of the household. Very little
acount has been taken of taxes and their impact on the household’s
behavior. In development of both theoretical and econometric models
of the agricultural household, two major difficulties arise, First,
"predictions on the basis of comparative statics are nearly impossible
because of the large number of interactions implicit in a model that
incorporates both production and consumption behavior. Second, at
the empirical level, the need to collect data covering the spectrum of
major household activities (expenditures, farm management, and
labor utilization) has severely limited the number of actual appli-
cations.”* Consequently breakthroughs in this field are still expected.

In this paper we present a theoretical model of the miixed house-
hold, that differs from other models in several respects. First, we
used the specific functional form (Cobb-Douglas) for the utility
function and the production function, so as to derive the comparative
static results about the impacts of changes in parameters on the
variables of the model. Second, the model explicitly features three
different types of taxes: wage tax, agricultural income tax and excise
tax on nonagricultural goods. Third, and foremost, the model in-
corporales the alternative sources of incomes (from farm, from the
work outside the farm, and from leasing the land), available to the
mixed household, a crucial feature in understanding the reaction of
the mixed household to various stimuli. The Yugoslav agrioultural
sector, in which private households represent the great underutilized
resource for the expansion of agricultural output, has not been
subject to extensive research based on this type of modeling approach.

3 Yotopoulos and Lau (1974), p. 135.
* Barnwm and Squire (1979) p. 4.
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3. THE DEVELOPMENT OF THE MIXED
HOUSEHOLD IN YUGOSLAVIA

Most authors dealing with the postwar economic development
in Yugoslavia describe the tremendous structural changes within the
economy over the last forty years. The most striking changes occured
between the agricultural and industrial sectors of the economy. Rapid
industrialization of the economy was adoptod as a major development
strategy. This strategy resulted in investment - and price policies
favouring the industrial, as opposed to the agrnicultural, sector of the
economy. On the one hand, industry was viewed as an engine of
economic growth and development, and consequently was given the
highest priorities in all planning documents. Agriculture, on the other
hand, was perceived as a supplier of inexpensive food and low-cost
labor to the growing industrial sector.

Ideological and economic reasoms have contributed to the im-
position of a number of institutional constraints on peasants during
the pasl several decades: tight restmictions on individual holdings of
land, sharp taxation, price ceilings on agrioultural products, ete. The
negative effects of collectivization in the immediate postwar years
on agricultural output have forced the government to find altermative
mecans of bringing private farms under the umbrella of the social
sector of the economy, Various forms of cooperatives have, however,
not shown long-term viability. At the same time, the rise in ecomomic
and social amenities such as jobs, housing, education, health insur-
ance and the social status, in the cities have worked as strong "pull”
factors in the rapid rural-urban migrations in Yugoslavia. As a result
of these trends, Yugoslavia experienced one of the most rapid trans-
fers of rural population to urban areas. The agricultural share of
the total population has dropped dramatically in little more than a
generation’ The pural-urban migration was only one consequence of
the changing structure of the Yugoslav economy. The share of the
industrial output in the total social product. grew from 18 percent in
1947 to 43 percent fin 1985. At the same time, the share of agricultural
output decreased from 39 percent to 13.percent in the same perniod.®
Thus, the economy has taken the itypical dual structure of the rapidly
growing LDCs, with a dominant, growing industrial sector and an
underdeveloped agricultural sector.

The agricultural sector also displayed a speaial duality. A highly
capitalized sodial sector, organized ithrough large-scale agroindustrial
enterprises or combines (kombinati), produces 30 percent of the total
social product in agriculture, using only 17 percent of the total arable
land. On the other hand, individual farmers, who town 183 percent of the
arable land in Yugoslavia, produce slightly less than 70 percent of the

* The agricultural share of the total population has deoclined from
73 percent (12 million) in 1945 to only 199 percent (45 million) in
1981. (SGJ 1987, p. 124.). The extent of this change becomes clearer when
one considers that the matural rate of lincrease of the rural population was
higher than ithat ‘of the urban population.

¢ Jugoslavija 1945—1985 (1986), p. 1l
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total social product of agriculture’ The following table provides a
glimpse of the dual structure of Yugoslav agriculture in 1986.

Table 1

THE STRUCTURE OF THE YUGOSLAV AGRICULTURE IN 1986

SHARE IN THE SOCIAL PRODUCT (%)
Agroindustrial enterprises 30
Private farms 70

SHARE OF THE ARABLE LAND (%)
Agroindustrial enterprises 17
Private farms 83

SHARE OF SALES AND PROCUREMENTS (%)
Agornindustrial enterprises 51
Private farms 49

SHARE OF THE LIVESTOCK (%)
Agroindustrial enterprises 17
Private farms 83

Source: Calculated from SGJ 1987, tables 114—1 (p. 238) and 221—2 (p. 509).

The fact that the yields on pprivate fiarms are on average 25 to 50
percent lower than those in the sodial combines was often intenpreted
as a proof that the sodial sector fis inherently more productive than the
individual farmers. However, if the institutional constraints under
which iprivate fanmers have operated, are properly taken linto account
one may easily arrive at the opposite conclusion.?

The structural changes of the entire Yugoslav economy involving
rural-urban migrations, and the rapid shift from an agricultural towards
an industrialized sodiety, have induced changes in the socio-economic
composition of households. In jparticular, the emergence and igrowth
of mixed households stands out as @ remarkable characteristic of this
change. The following table shows a steady increase in the percentage
of mixed households in the total number of agricultural households.

7 SGJ 1987, p. 509.

* D. Veselinov has argued that the only reason for the higher pro-
ductivity of social combines lies in the fact that they have been systemat-
ically supported by government policies over the entire postwar period.
See Veselinov (1986), p. 26.

9 The offical statistics in Yugoslavia distinguish between two main
groups of land-owning agricultural households, according to the structure
of income sources. First is the category of purely agricultural households
who have no members that are permanently employed outside household.
This means that income from the farm is the only permanent source of
income for the household. Second is the category of mixed households
who have at least one member permanently earning income (pensions
included) outside the household.

[T P
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Table 2

GROWTH OF MIXED HOUSEHOLDS

Percentage Share of
Mixed Households in

Year Total Num. of Agr. H.
1931 9
1949 19
1955 32
1969 43
1986 54

Source: Stipetié, cited by Horvat 1976, p. 263 for years 1931 through 1969,
and caloulated from Pavlovi¢ 1987, p. 65 for 1986.

More recent studies indicate that this category of households has
continued to increase its relative share in the total mumber of agri-
cultural households, and that they already constitute more than 60
percent of all households owning land in Yugoslavia.? In addition, in
the regular review of farm households for 1986, 72.3 ipercent of the
households reviewed are mixed households.! These figures suggest
that mixed households are not a temporary category that will quickly
disappear over the course of economic growth. Consequently, better
understanding of this important economic agent can contribute to the
more efffective selection and use of measures of agrarian policy.

The emergence, growth, and ppersistence of mixed households in
Yugoslav agriculture can be explained by at least three groups of
factors. First, "push’” factors that narrowed the economic power of the
purely agricultural households have played an important role. Amomng
these, forced collectivization in the immediate postwar years, a low
land maximum,? absence of legal restrictions on fragmentation of
agricultural land,® shanply progressive taxation,* long absence of

v "From total number of farm households only about 32 fpercent are
'purely’ agricultural, while the rest are 'mixed’ (64" percent) and nonagri-
cultural (4 percent).” (Ilijin 1988, p. 20). The similar figures can be found
in Ekonomska enciklopedija 1984, p. 17.

1 Calculated from Anketa o potroinji domadinstava u 1986 -— seoska
domadinstva 1987, table 2—1, p. 11.

2 The land maximum had been set at 25 hectares (61.7 acres) in
1945, and then reduced to 10 hectares (24.7 acres) in 1953. Recently, the
land maximum has been relaxed again in Slovemia to 20 hectares, and
proposals have been heard from some economists and politicians that it
should be relaxed for the whole country.

6 See Dirlam and Plummer (1971), p. 113, and Miler (1987), p. 24.

" See Horvat (1976), p. 223. Also, it is worht noting that in 1986
the average agricultural household paid 65 percent more taxes and con-
tributions than its mixed counterpart. In Vojvodina, the single most -
portant agricultural region in Yugoslavia, purely agricultural farms paid
131 percent more taxes and contributions than the mixed farms! (cal-
culated from "Anketa o potrodnji domadinstava u 1986 — seoska doma-
éinstva”, 1987, p. 13.).
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pension (introduced in 1972) and health insurance (introduced in 1959)
plans for peasants, and the government’s favouring social combines,
as opposed to the indiviidual farmers, have been -among the most
prominent factors. The second group of "pull” factors were associated
with the industrial (and often urban) sector of the economy. The pull
factors include the rapid growth of the university centres, and various
economic and social amenities offered by ithe dcities (jobs, housing,
pensions, health dnsurance, gocial status etc.). Finally, the peasants’
own rational instinct worked in favour of the mixed households.
Peasants quickly realized that several sources of lincome (from the
fanm and from work outside the farm) can provide a more stable and
higher stream wof income than oomplete reliance on gither the heawily
constrained agrioultural income ‘0T nondfayrm earnings. This strategy
was rdinforced by the growing unemployment fin the economy, which
showed the inability of the social sector to absorb the growing supply
of labor. Therefore, rising mncertainty about economic [pProspeats in
either a purely agrioultural or purpely urban life-style, encouraged
peasants to take advantages of both, in perfect correspondence with
the prinoiple of risk idiversification. The matunal consequence of ithese
trends fis that agriculture has ceased being the omnly source iof inoome
for most rural houscholds. A special type of household has emerged:
the mixed household, still owning land but earning fincomes from
several different sources (leasing of land, work in the sodial sector,
and sale of agrioultural produocts).

The emergence lof mixed houscholds iin Yugoslavia has been

recognized in the economic literature. Puljiz (1970, pp. 92—104) de-
scribes in detail the socioeconomic roots, position, and characteristics
of mixed households, while KraSovec (1965, pp. 5—23) and Livada
(1965, pp. 25—43) womment ON the sodial desirability and the future
of this ecomomic agent. The same authors reveal oontroversial charac-
teristics of worker-peasants (members of the mixed household) who
tend neither to work efficiently in industry, nor to cultivate land
intensively. , -
] However, worker-peasants often appear as the carrier of econom-
ic progress to the village, bringing new knowledge and moderm
methods of cultivating the land. Horvat insists that the exodus of
peasant from the willage and the creation of the mixed househlds is
proof that peasants do niot have 2 conservative, unentenprising men-
tality. "When the opportunity is offered him, the peasant either
improves his famm lor accepts @ TOTe rewanding ocaupation.’’

1f one looks only at the money income from the farm productiomn,
the income fis 130 percent higher in the purely agricultural household
than in the mixed household® However, multiple sources of income
produce a higher standard lof living for mixed households. In 1986, the
total income of an average ymixed household was 130 percemt higher
than that of a |purely agricultural household. This difference is more
striking when one takes into account the fact that an average mixed

5 Horvat (1976), p. 17. :
™ Calculated from "Anketa o potrosnji domacdinstava u 1986 —
scoska domadinstva” (1987), p. 13. ‘ : '
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household has:only 3.3 members versus 4.5 for the purely agricultural
household. This itself may prove to be a powerful factor contributing to
the continued shift away from the purely agricultural farms towards
mixed households.

Saving and linvestment patterns of the mixed households were
found to be different from those of other socio-economic categories
of households. In & recent paper, Miller, using ithe woffiicial data, shows
that mixed farms tend to save less than the purely agricultural farms.
Since saving is related to investment, Miller concludes that the propen-
gity for imvestrent in the farm will be tower in the mixed households.”
This conclusion may seem lintuitively correct, but the data do not sup-
port unambiguously.such an assertion. In 1986, the mixed farms were
investing 139 percent.more than the purely agrioultural farms. A closer
look at the different regions reveals ithat in only two of six republics,
namely in Slovénia and in Bosnia and Herzegovina, purely agricultural
farms fimvested miore than the mixed farms.’ The explanation for this
paradox may. lie in the idifferent abilities of different oategonies of
farms to obtain bank loans for financing investments. This hypothesis
would have to be tested using more disaggregated data on bank loans
to various categomies of households. However, .such data may not be
readily available.

. Although many controversies about the mixed households in Yu-
goslavia are unresolved, policy makers should recognize their existence
and offer methods for raising the productivity on mixed fanms. Their
significance in Yugoslav agriculture, as well as a mumber of distinct
characteriistics, are sufficient reasons for a more migorous theoretical
analysis of the mixed household. This ipaper s an effort in that direc-
tion. In the following section we present a mathematical model iof the
mixed household 'that attempts to capture its crucial features. Having
solved the model, we performed comparative static analysis so as to
trace the impact of warious parameters wand policy vaniables on the
economric behavior of the mixed household. Finally, a number of policy
implications are summarized and disoussed in the last section.

4. THE MODEL

s 'Various tinquires into the character and working of ithe mixed
household carried out in different countries suggest that the mixed
household fis a product of the historical process of economic develop-
ment, regardless of the ingtitutional framework of a igiven society. The
relative economic limportance of this economic agent, however, varies
substantially across countries and in the economic history of the same
country. Economic development, at least in stages that are relevant
for developing countries, occurs through the iprocess of a widening gap
between a modern (typically industrial sector) and a lagging tradi-

' 7 Miller (1987), p. 14. e , _
~ “ Calculated from "Anketa o potronji domacinstava u 1986 —
seoska domadinstva” (1987), p. 19. ‘ -
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tional (typically agricultural) sector of the economy. The wider this
gap, the greater the ppossibility for the land-endowed households to
diversify their potential and actual sources of income, thus becoming
neither purely agricultural, nor strictly urban households, but rather
a mixture of the two. Therefore, it is fairly clear that the inevitable
emergence of the mixed household is dictated by economic develop-
ment in general. However, the actual . size and specific form of the
mixed household sector in a developing economy depenid heavily on
the rate of economic wdevelopment, geographical and demographic
characteristics, and the actual type of development strategy pursued
by the particular country.

In certain countnies, as in Yugoslavia, the economic importance
of mixed household sector forces the policy makers to adjust policy
goals to tap the potential in this sector. However, virtually all authors
treat the problem of mixed households partially, foousing on the
general features of agricultural development and its relationship with
the overall development of the society. Attempts are being made, from
the macroeconomic point of view, to deduce readyimade prescriptions
for fincreasing productivity in agriculture and, hence, for the increasing
prioductivity fin the mixed households.

Macroeconomic policy measures, however, can yield desired out-
comes only if the "reaction function” (i. e. the economic behavior of
the economic agent) is sufficiently known to policymakers. For this
reason, an understanding of the mixed household’s economic response
to changes in the ecomomic environment can be a clue to the design
of successful policy measures. Conversely, misunderstanding the eco-
nomic agent’s reaction function can be a basis for the implementation
of an entirely wrong set of policy measures.

In the well-known thesis about Feuerbach, K. Marx states that
it is mot at issue to explain the world, but to change it. However,
being a social analyst par excellence, he would probably agree that
the former is the necessary condition for the latter.

A mixed household is a special type of economic agent for many
reasons. It is an entenprise per se. It controls a limited amount of
capital, labor, and land and combines them in the process of agmioul-
tural production, subject to the current state of technology. Hence,
part of the household’s economic activity is characterized by the
production function, a technical relationship between inputs and the
total agricultural outiput of the household. At the same time, the house-
hold represents a family-unit, and as such it consumes various products.

In both processes, the production of agricultural output and the
consumption of vanious goods (both agricultural and nonagricuitural
ones), the household is assumed to act as an economic (i.e., @ rational)
agent. This simply means that the household produces and consumes
products in the most advantageous way, given its goals and the eco-
nomic and institutional constraints on its behavior.

In modeling the mixed household, several more constraints amust
be taken into account. Household members are lLimited in number and
time and, hence, will distribute tthe total time available to agricultural
production by the household, to leisure, and to work outside the
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household, depending on the nature of the economic environment and
on their own wealth and preferences. In much the same way, the
household will distribute its total endowment of land to arable land,
tand devoted to leisure, and land leased to other uses. Also, total agni-
cultural output of the household is allocated to a "marketable” output
and the part of the total output consumed by he members of the
household \('ownaoomscwrmption).

The relationship between incomes and expenditures of the house-
hold can be taken as an identity. This assumption greatly simjplifies
the mathematical solution of the problem without abandoning the
realistic framework of the model. Saving is a ipostponed consumption.
1f the relationship between savings and investment is mot the primary
focus, it may be assumed that the total income of the household from
the sale of the »marketable surplus”, the provision of labor services to
the industrial sector, and the leasing of land to other uses, 18 spent on
various nonagrioultural goods bought by the household. Obviously, an
implicit assumpiion of the postulated income-expenditure identity is

that the household is self-sufficient in agriocultural products.

4.1 THE MODEL: FORMULATION

Assume that the household maximizes an objective function of
the following form:

U = B Tuo Qb qco Lda Zg R (1)

where ab,cd €(0,1) and B is a oonstant; Ty is the daily mumber of
hours that household members spend in leisure and non-work activities
(leisure time); Q is the quantity of nonagricultural goods bought and
consumed by the household; qo stands for the part of the total agri-
oultural output of the household which is consumed by members of
the household; Ly represents the part of the land endowment of the
household which fis mot msed for income-yielding activities. This vari-
able, which can be called non-farm land is the household’s land that
is msed for housing, yards, other unproductive uses, and unused land.
Finally, Z denotes the amount of public goods cdonsumed by the house-
hold. Z is assumed to be exogenously determined by the government.

The model contains a set of constraints facing the household,
first of which is the time constraint.

The time constraint simply states that the household members
distribute their total daily time to different uses:

T:T0+T1+Tz 2

where T is the daily time limit of the household; T, is the time devoted
to leisure; T, is the time used for agrioulfural production on the farm;
and T, is the daily number of hours that the household members.
work outside the househiold.”

® T is not 24 hours, rather, it is a product of the daily time limit
of the individual (24 hours) and the number of household members.
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The land constraint, in a similar manner, states that the land
endowment of the household is distributed among different mses:

L=IL,+ L+ L 3

where L is the household’s land endowment; L, dis the land devoted to
leisure; L, is the part of the land endowment wused for agricultural
production; and L, denotes the part of the land endowment leased by
the household to other msers of land.

The pproduction identity states that the total agricultural output
of the household consists of the part -of the output consumed by the
household members and the part of the output sold in the market:

g = ¢y + q; “@

where q stands for the household's total agricultural output; g
represents the part of the output consumed by the household mem-
bers and q, denotes the "marketable surplus” sold in the market. It
is assumed that the household is self-sufficient in food, but must earn
additional income to cover other thousehold outlays (personal consump-
tion, capital goods, taxes, loan charges, etc.).

The fourth constraint facing the housechold is the income-expend-
iture identity stating that the entire amount of after-tax earnings of
the household must equal the total monagricultural expenditures by
the household. More concisely:

(1 —t,)wl; + (I —1t)Pg, + sL, = (I + tq) PQ (5)

where t,, t; and t; stand for the wage tax, agricultural income-tax and
sales tax, respectively; w denotes the wage rate; P, is the pnice index
of agricultural products sold by the household; s is the lease price of
land and ‘P, iis the price index of nonagricultural goods bought by ithe
household. The equation (5) states that the household earns three dif-
ferent kinds wof indome (income from work woutside the household,
income from marketing the agnioultural output of the farm, and in-
come from leasing the land), and spends everything on nonagricultural
goods ‘it buys in the market. The implicit mssumption in «5) is that the
household iis self-sufficient in food.

It ds assumed rthat the household transforms the dnmputs into a
given amount of agricultural cutput through the following production
function of the Cobb-Douglas type:

g=AKCT,Br Y ©)

where A is a technology pavameter, K is the amount of capital -stock
(fixed in the short run); T, and L, are defined, as in the constraints, as
time and land devoted to agricultural production; and the exponents
a3,y represent elasticities of output with respect to capital, labor,
and land, respectively. It is assumed that o + f + vy <'1, which means
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that the production function displays decreasing returns to scale. This

assumption ensures the existemce of a determinate level of output.
Combining the objective function and the set of constraints, the

household’s choice problem ds to maximize (1) subject to constraints

(2)—(6). ‘

42 THE SOLUTION

Combining the constraints (4) and (6), the Lagrangian function
becomes:

E =BT4%Qbq% L% Z¢ (7)
+ M [T —Ty,—T,—T,]

+n[L—L,—L,—L,]

+ % [AKY szh Y —qg,—q,]
+ N[ =2, ) WT, + (I — 1) Pyg; + sL,— (1 4+ t,) P,Q]

The model contains nine endogenous variables (T, Ty, T,, Ly, L,,
L,, q¢ qi, Q) and four Lagrangian multipliers (A, A2, A3y Ae). The total
agricultural output is implicitly defined as a sum of g, and q,. Exogenous
variables are T, L, w, Z, and all tax rates and prices (t,, t;, t,, s, P;, P,).
The first-order conditions fior the solution of (7) follow readily:

J0E :

=aBTy Qb qy LY Ze— ) =0 3)
3T,
oF _ )

= — )+ W BAR TR —
aT,
oFE

3""‘)\,1 + )\,4(1_tw)w =0
o7,
oE

= dBTaoqucoLo _!Zg — XZ = 0
aL,
JoE _ )

=+ MyAR* 1, B Y1 20
aL,
JoFE

=+ hes =10
oL,
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JoE

= CBTaOquOC_ILdozg—“ Xg = 0
9q,
JFE

=Mt M —1)P =0
9q,
oE

= bBT%Q g, L4Zs — ), (1 + ) P, = 0
Q
JdE

= T—T{)“—"TI‘—‘TZ = 0
N,
JdE

== L—LO_LI'—LZ - 0
N\,
oE _

= AK“ 718L1Y —Gy—q; =10
N3
dE

=(1—t)wl+ (1—1t)Pq,+ sL,— (I +1)P,Q =0
)V

The system (8) can be solved for each of the endogenous variables
as a function of the model parameters.?
The solution of the theoretical model thus comsists of the fol-
lowing behavioral equations:
€)

S

oy

T* ={[A(I—1t) P] K‘“l
w({l—t,)

S

B r( Y )‘B}(I—;—y)

w(l—t,)

L*,={[A(1—ti) P)IK“

el

q* = {[A (1—1t)P)]

® See Appendix.
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d 1
L* = I+ (1 —1t,) wT + sL]
a+b+c+d s
1
q* = [F + (I —t,) wI + sL]
a+b+c+d LP}(I*"'ti)
] 1
T, = [I' + (1—t,)wT + sL]
a+b+c+d [| wi—t,)
| 1
Q* = [T+ (I—t,)wT + sL}
a+b+c+d Pz(l'*'tq)
q*lz X
P, (1—1t)

— r+(1—t,)wrT + sL]
I-—-—B——Y a+b+c+dr

1

][T + (1—1t,) wT + sL]
wi(l—t,)

1
l_—Y Y ( 1— - )
—{{A(I—t;)P;]K_a{'“_{i_“] (_Y—) } o
w(l—t,) s

d 1
L* =L — (I'+ (1—t,)wT + sL)
a+b+c+d\ s

1
—dta(t—t)P1 K" —B—S r F (I_B_Y>
W(I_tw) S

a1
1
AVir=aBa+b+c+d)a—bbccdt | —— X
w(l—t,)
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1 ’ 1 “f 1\ :
: 78I+ (1 —t wT + 5S¢
(1 + tq) p, (I1—t) P, s :
_[ a
2 =dB (a + b+ c + d)eas bb co d—1| — ,
w(l—t,)
I b 1 [ I d—1 ‘ -
7&[T + (I =t wT + s8]
(1+1t)P, || (1—1)P, s
. o 1 a
*3=cB(a+b+c+dFabc—di|———| X
w(l—t,)
b 1
1 1 1 -
Z8 [T + (1 —t )WT + s8]
(1+1,)P, (1—1)P, s
bB o o 1 ‘
r\y=-———--—-a+b+cH+drarbt1ccdt | —} X
(1+1t)P, w(l—t,)
{ b—1 1 1 1 d
YA
(1+1)P, (1—1)P, s

wheree=1—a—b—c—d, and

| L
“1 8 Pl Y(I—B—Y)

I‘:(z—g——-y){[A(J—ti)P,]I%" '

w(l—1t,) s

These equations descirtibe the pattern of behavior of the household
under the assumjptions of the model? The actual way in which changes
in the parameters of the model affect the behavior of the household
can best be understood means of comparative static analysis.

2 The model contains four Lagrangian multipliers. The int%?re-

tation of these artificial variables “is straightforward. Since A - o ,

M represents the marginal benefit to the household resulting from a small
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5. COMPARATIVE STATIC ANALYSIS

The comparative static analysis is carried out for certain parame-
ters that possess direct economic meaning. These include prices of agri-
cultural goods, prices of nonagnicultural goods, the lease price of land,
taxes, and the land Limit.

The comparative static analysis of exponential parameters in the
objective function (a, b, ¢, d, g) s not included in the analysis since
these parameters reflect the structure of household preferences, which
are assumed to be given in the short run. Also, comparative static
analysis of the partial output elasticities of the production function
(a, B, v) is mot undertaken. An additional reason for excluding from
consideration the effects of changes in these parameters is the extreme-
ly limited possibility for econometric testing of these effects.

Comiparative statics 'of the technology parameter A reveal the
impact of the state of technology on production and consumption
decisions of the household. Comparative static denivatives for T, the
total time available in the household, capture the influence of family
size on the household’s economic behavior.

The comparative statics of the relevant parameters can be ex-
pressed in the form of the following table2

relaxation of the time constraint due, for example, to an increase in
oE
is the marginal benefit to the house-

family size. Similarly, X\, =

hold resulting from a small increase in the land limit of the household;

oE
Ay = is the marginal benefit to the household resulting from a
9q
: JdE
small dncrease in the total agricultural output; and M= el where
d

Y stands for the left-hand side of (5), is the marginal benefit to the
household resulting from a small fincrease in the total income.

Each of these variables will be positive if constraints on time, land,
production, and income are binding.

% Derivations of the comparative statics are available from the
author. A sign + refers to a positive partial derivative of the variable at
the optimum with respect to the corresponding parameter; the sign —
signals a negative partial derivative; and 0 refers to apartial derivative equal
to zero. The term am. is an ambiguous partial derivative which can take
any sign.
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Table 3
THE SUMMARY OF THE COMPARATIVE STATICS

Parameter P, w s t i t P, L A T
variable
T*l -+ e . s -+ 0 0 0 -+ 0
iL*z + - —_— — + 0 0 0 = }]
q* + — — — -+ 0 0 0 + ]
qQ* + — — am. + 0 0 —_ + -
'T*z -_ -+ + + — 0 0 —_— —_— +
. T*, + — am. — + 0 0 + + +
. L%, + am. am. —  @am, o 0 . + 4
q* + am. am. — @ am. 0 0 + + +
O* 4+ am. am — am. — = + —+ +
L*, — am. am + am. 0 0 + — =

The effects of a change of prices of agricultural goods (P;) on
vaniables at the optimum are as might be expeoted. An increase in the
price of agrioultural goods, ceteris paribus, yields an increase in the
time devoted to agnicultural production (T,). In the same way, an
increase in the price of agrioultural goods causes an increase in the
time devoted to leisure (T,), other things being constant. However, an
increase in the price of agricultural :goods results in a decrease in the
time devoted to work outside the household (T,). The increase in the
price of agrioultural goods, while nonagricultural wages (w) are
constant, works as an incentive for the household to reduce T, for
more T, and T, The vanious uses of time, thus, follow the logic of
economic rationality: more time ds devoted to activities yielding higher
benefits for the household (psychic or monetary).

A similar substitution, resulting from an inarease fin prices of
agnioultural goods (P oocurs in the household’'s distnibution of land
to different mses. Namely, an dincrease in P, is an incentive for the
household to reduce the land leased (L,) and to increase the land used
for production (L,) and for leisure (Ly). In both cases (bime distribu-
tion and land distnibution) the household reallocates its time and land
toward the activity with the nising value. '

The offects of the prices of agricultural goods on the total agri-
oultural output (q), on the part of the total output flowing to the
market (q,), and on the total amount of nonagrioultural goods consumed
(Q) also follow economic logic. An increase in P, vyields an increase in
q, and q, g, and hence, through the income expendituredidentity (5),
an increase in Q. This is a familiar result in neodlassical economics,
and the one that is often miisintenpreted. Namely, the mere statement
that an increase in prices leads ito an increase in output dis, some-
times, interpreted that the only thing needed for stimulating output
is an increase in prices. The latter, obviously, does not follow from the
former. Moreover, to use this result for design of policy measures,
additional information on the degree of the household supply response
to changes in relative prices must be known to policymakers. The
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experience of the developing countries, however, suggests that, in
general, liberalization of agnioultural prices is mot sufficient to stimulate
the agrioultural output substantially. Price policy, therefore, must be
combined with credit policy, investment policy etc.

An increase in mon-farm wages (w) works as an incentive for the
household to decrease the amount of time (T;) and land (L,) used for
agricultural production, as well as to decrease the total (q) and market-
able (q,) agricultural output. Also, an increase in non-farm wage (w)
increases the time devoted to outside work (T,), but decreases the time
for leisure (T,). Therefore, as non-fanm wages increase, the household
redistributes the time available away from the agricultural production
and leisure towards more work outside the household. However, partial
derivatives of land for leisure (L,), own consumption (q,), nonagricul-
tural goods (Q), and land for lease (L,;) with respect to non-farm wage
(w) are ambiguous. A

The negative relationship between the price of land (s) and T,, L,
q, q,, suggests that, in general, an increase in the lease pnice of land
will decrease the productive use of land by the household and, there-
fore, will decrease ithe agricultural outiput of the household. This rela-
tionship strongly coincides with the observed fact that in Yugoslavia
parcels of land with nising prices, due to the expansion of urban areas
and infrastructure, are very often withdrawn from agricultural use.
Indeed, it stands to reason that the household, the primary owner of
land, will prefer to build houses or simply to sell the wmore valuable
land rather than umse it for agricultural production.? The model predicts
that an increase in the iprice of land will result in an increaase in the
time for leisure (T,). The impacts of the change in the price of land {(s)
on T,, Ly, qo L, and Q are ambiguous.

The income tax (t;), i.e., the tax levied on the agrioultural output
sold in the market, reduces the agricultural use of time and land (T,
L) and the total agricultural output of the household {q). However,
the marketable output (q,) can either increase, remain constant or
decrease as t; is increased. The smpacts of an increase in the income
tax on the own consumption (q,) and land for leisure (Lg) are megative.
If the income tax is increased, ceteris paribus, Q may decrease, in-
crease or remain the same, depending on changes in (5). The effects of

3L,
change in t; on the remaining variables (L, T,) are definite: — < ©;
at,
T, aL,
<0, —>0.
at; at;

2 *In the last two decades there has been a continuous decline in
agricultural and arable land. Moreover, land is unarranged and parceled
while existing hereditary law and trade have been continuously enhancing
further parceling. Agricultural and arable land are diminished also be-
cause of the permanent and unorganized building of roads and ainports,
plants and towns, weekend-houses and other objects on the highest quality
arable land”. — Dugorodni program razvoja agroindustrijske proizvodnje
(1983), p. 15.
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Therefore, the impact of the agricultural income tax on the
behavior of the household can be summarized as follows: An increase
in the income itax works as an incentive to reduce the productive use
of time and land, the total agnicultural output, and own consumption.
It may, however, increase, decrease or leave marketable output
unchanged.

A wage-tax increase induces an .increase in the productive use of
land (L,) and time (T,) and both total (q) and matketable output (q,).
As expected, an increase in t, reduces the time that the household
members devote to work outside the household (T,). While the relation
between t, and T, is positive, an increase in i, can have various im-
pacts on Ly, q Q, L, Therefore, the increase in non-fanm wage-tax
reduces income earned outside the household, and stimulates the
greater use of land and time for agricultural production in the house-
hotd (L,, T).

An interesting outcome of the model is that various uses of time
(Ty, T,, Ty) and land (L,, L;, L,), as well as the agricultural output and
the product distnibution of the household (q, qy, '\q;) are entirely neutral
with respect to the sales tax (t,), and the price of nonagricultural goods
(P;). An increase lin the sales tax (ty), or an increase in prices of non-
agricultural goods (P;) has the same effect: a decrease in the quantity
of monagrioultural goods bought by the household (Q), leaving terms
on the leftshand side of (5) intact. This result stams from the constant
(post-tax) expenditure share properties of the Cobb-Douglas wutility
functiomn.

The most interesting result of the comparative statics is certainly
the impact of the change of the land limit (L) on different uses of
land and agrciultural production by the household. The model predicts
that the productive use of time and land (T, L), as well as the total agri-
cultural output (q) are entirely neutral with respect to the endowment
of land. More simply ;the size of the farm does not matter. An increase
in the land endowment will, however, cause a redistribution among
different uses of land and output. Namely, the increase in L results in
a decreasec of the marketable agnioultural woutput (q,), but also an
increase of the agnioultural output consumed by the household mem-
bers {qg). This surprising result, however, may be dependent on the
specific functional form of the wtility function, as well as the produc-
tion function in this model?*. The time and the land for leisure (T, L)
increase and the amount of land leased (L,) also increases as a result
of the increase in the land endowment.

Improvements in technology work as a clear incemtive for the
household to utilize the land for agnicultural production, and to reduce
the amount of land leased (L,) and the amount wof time devoted to

* On the other hand, it is not entirely clear that a mere relaxation
of the land maximum is sufficient for stimulating the output on private
househelds. See. for example, Ilijin (1988), p. 22 or Miller (1987), p. 24.
Fragmentation of the land holdings into small parcels, and the absence
of legal restrictions on the abandonment of the use of land for agri-
cultural production, may have been more detnimental for the agricultural
production on private farms. :
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work outside the household. (T,). The relaxation of the time con-
straint (T), which could be viewed as an increase in the size of the fam-
ily, leaves the total agricultural output (q) intact, but increases the
own consumption (qe) at the expense of the marketed output (q,).

6, POLICY ' IMPLICATIONS AND CONCLUSIONS

This model of the economic behavior of the mixed household as
an economic agent sui genenis tllustrates the household’s response to
changes in its environment. These changes are symbolized by changes
in selected parameters, and their impacts on the household response
are defined by comparative statics. Some of the parameters can be
affected by economic policymakers. Prices of agricultural products
(P} can be affected by various means such as eliminating prnice ceilings
or even subsidizing the prices of agnicultural products.

The model predicts that the household responds to the increase
in prices of agrioultural products (P;) by expanding total output and
marketable sunplus. Comparative static analysis, unfortunately, cannot
give the answer to another, equally important question: how much
will the household increase the production as a result of the price
increase? The answer to this essentially empirical question would be
very useful in evaluating the efficiency of the agricultural price policy
with respect to its effect on the supply response of mixed households.
Another direct imiplication of the model is that the total agricultural
outiput of the household could be increased by reducing income taxes.
It is worth noting that taxes (t;) and pnices (P,), simultaneously affect
the level of the marketed output (q,). That is why changes in marketed
output (q;) are the result of a change in the combination of taxes and
prices [(1 —1t,) P,] rather than just the change iin the price level. The
policy should combine income tax policy and ipnice policy in order to
affect the agnicultural output in the households.

The model implies that an increase in the land limit (L) of the
household does mot yield any increase in the total agricultural output
(q) and the productive mse of land (L,). Instead, the additional land is
used .for leisure and to increase the amount of land leased to other
uses. This suggests that the key to increasing household productivity
is not necessarily in relaxation of the land limit, but rather in more
efficient use of the existing land endowment. Again, this result may
not hold for the more gemeral functional forms.

An increase in nonagricultural wages (w; decreases the productive
use of land (L,) and the agricultural output of the household. At the
same time, it causes an increase in the household’s willingness to
work outside the household (T,). The wage-tax works in exactly the
opposite direction. An increase in the after-tax wage inocome from
work outside the household provides incentives for the households to
increase the use of land for agricultural production, and consequemntly
to increase total and marketed output of the household. This suggests
that the current economic crisis with declining real wages and high
wnemployment, that has hit especially hard the social (industrial and
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agroindustrial) sector, may provide some incentives for the mixed
households to turn to the greater use of land for agricultural produc-
tion.

The model states that ithe rising lease price of land works as a
clear disincentive for the expansion of agricultural output in the
household. Since the nising pnice of land can be considered as a igen-
eral tendency, supported by the construction of infrastructure and
broadening of the metropolitan areas, i.e., by economic development
in general, policy makers should at least be aware of this fact. One
way to avoid the loss of the high:quality arable land in the vicinity of
the urban areas is to mse a comprehensive system of urban planning
in which the preservation of the productive wmse of the high-quality
agricultural land would be one of the planning targets. In practice this
could be achieved by placing restrictions on the use of this land
(zoning). Also, tax incentives for the agricultural use of land, or im-
plementing newer landuse controls which compensate owners for
relinquishing their development rights, may prevent decline in the use
of land for agnioultural production.

The agricultural sector in developing countries has always been
a bottlenedk of overall economic development. Part of the reason for
the stagnation of this sector of the economy lies in the lack of knowl-
edge about the actual workings of the farm household as producer
and consumer of goods and services. As a result there has been a
considerable discussion among economic theoreticians as well as prac-
titioners about the actual way in which the household responds to
various incentives.

The discussion, at the theoretical level, has fooused on the gues-
tion whether or mot the household is a rational economic agent, as
well as on the formulation of models explaining wvarious aspects of
the houschold’'s behavior.

The importance of the mixed household sector in Yugoslav agri-
oulbure creates the meed for a better understanding of the economic
behavior of these households. More migorous, wersus purely desonip-
tive, analysis seems to be necessary in onder to explain the complex
reaction function of the households. The practical relevance of such
an analysis is in dts «direct policy implications for the desired expan-
sion of agricultural output.

The theoretical model ideveloped in this study has attempted to
present the economic objectives, constraints and reactions of the
household in a more mgorous manner, so as to derive gualitative
conclusions about the household economy, which would, in turn, serve
as a basis for the promotion of successful policy measures. This anal-
ysis does not pretend to give final answers to the questions addressed.
The results of the theoretical model are tentative and should serve as
a basis for future thooretical and empirical research. Further explora-
tion of the degree of the household response, on the basis of more
disaggregated cross-section data, would certainly throw more light on
the empinical puzzles concerning the economic behavior of Yugoslav
mixed households.
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The model developed in this study also may serve as a basis for
the construction of a more complete, multisectoral model of the econ-
omy, which could address questions concerning the origin, directions,
and magnitudes of structural changes in the €conomy,

APPENDIX

Derivation of Reduced Form Equations

After suitably rearranging the equations, the system (8) becomes
system (10) :

A = aBT~1Qbq L Z¢ (10)

A = A3 BAKG Tiﬁ_— ILJ
XI = )‘4 (-I_- tw) w
ho=d BTaaquoc Lod—lzg

he = AyAR® 7,8 [y

de = hus

h; = cBT Qg —ILdZ¢

=M (l—1) P,

(1 t,) P, = bBTQv—lqyrLAZx
T=T,+ T, +7,
L=L,+L,+L,

Go = —q, + AKY TIBLIY
(1—1t,) Wl + (I —t)P,g, + sL,— (1 + t) PO =20

. In order to solve the system (10), we shall first divide the third
equation in (10) by sixth and eight equations, respectively,

A (1—t,)w _
. (11)
Az s

and

)\«I (I"'_tw) w
= (12)
Az (I—t) P,
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Then from the third equation in (10):

M ‘
=(l—t,)w (13)
As
From the sixth equation in (10):
A2 ;
=3s ’ : (14)
and from the eighth equation in the (10):
A3
= (I—1) P, (15)
A+
Therefore:
)\12 )&z )Lj S

Az MM (I—1t)P,

Also, dividing first equation in (10) by the fourth, seventh, and
ninth equations, we get:

M aL,
= 17

A2 dT,

M aqy
= (18)

A cT,

A aQ

= {19)

Ml +1)P, bT,

and substituting (11) into i(17), (12) into (18), and (13) into (19) respec-
tively, we get:

(I —t,)w al,

= (20)
S ’ dTo '
(I—t,)w aq, :
= (21)
(I—t)P, cT,
(1 - tw) w aQ
= | @2)

(I +t,)P, bT,
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Let us divide now the second by the fifth equation in (10), and
substitute (11) on the left hand side to get:

(1 — tw w BL}

= (23)
S ‘YT!
Therefore, we have:
(1 —t,) wyT,
L= (24)
s

A'fte} substitution of (24) in the second equation of (10), we get:

A _ (1—t,)wyT, |Y
* _ gaR" 7,f—! : (25)
s sB

Finally, after substitution of (12) in (25) and rearranging, we get
the reduced form equation for T,:

w(l_tw) S

s

T*1={[A(I—ti)P1]Ea-—————— —_—

(26)

By making use of (24) the reduced form for L, follows readily:

( : )

B B\ 1—_p—

L* ={[A(I1—1t)PIK" b ! S
w(l—t,) s

27

Upon the substitution of (26) and (27) in the twelfth equation of
(10) we get:

1
; Y(—__:“)
Q*={A[(I—t,.)P,]B+Y7‘(Ct[ 8 J ( Y )} I—f—x

w(l—t,) s
(28)

Substituting (26) and (27) in the tenth and eleventh equations of
(10), making use of (20), (21), (22) and the twelfth equation of (10), the
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income-expenditure identity (thirteenth equation in 10) can be ex-
pressed in terms of T, and parameters only. After rearrangement, the
reduced form equation for T, follows:

a 1
a+b+c+d w(l—t,)
29

where
1
o8 Plr\\1—8—v
r=(1——-6—-'y) [A(]_ti)Pl]K I —
W(-l_tw) S

Upon substitution of (29) in (20) and solving for L, it follows that:

d 1 (30)
L = [T + (1 — t,) WT + sL]
a+b+c+d s

Also, after substitution of (29) into (21) and solving for q, we get:

c 1
Qo* = [T+ (I —t,)wT + sL]
a+b+c+d || P(1—1)
(31)
Substituting (29) into (23) and solving for Q:
b 1
Q* = [l +1—t)wT +sL]
a+b+c+d Py(1+1)
(32)
Making use of the third constraint (3),
g% = g*—q%
we get.
1
= x
P (1—t)
: r c (33)
‘ — [T+ (1—t,)wT + sL]
§ I—B—vy at+b+c+d

The remaining two reduced form equations follow readily from
the two constraints in (2) and (3):
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a 1
T*, =T — ( tr + (1 —t,)wT + sL]
a+b+c+d W(I—tw)

1A —1)PIK"

ey

w(l—t,) s
(34)
and
d / 1
L*, = L— (r+ (1—t,) wrl + sL]
a+b+c+d \ s

R

H{MU—MHHW

w(l—t,) S

1
B B( Y 1”3}( 1“8—*()
(35)

The optimal values of Lagrangian multipliers follow from the first
order conditions. Upon substitution of T*, Q*, q*, and L%, into the
first equation in (10), we get:

a—1
1
* —aB(a+ b+ c+dfa—"bcfd?| ——m—— X
w(l-—t,)
I b 1 c 1 d
28 [+ (1—1,)wT + sL]—
(I+tq)P2 (Iﬁ't,)Pl S
(36)
From fourth equation in (10) we also get:
1 a
*,=dB(a+ b + ¢ + d)¢a*b? ¢° A | ————| X
w(l—t,)
b ¢ d—1
1 1 1
Z8(r + (1 —1t,) wT + sL1—
(1+1t)P, || U—t)P |\ s
@37

By the same token, from the seventh equation in (10):
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u

1
AMs=cBla+b+c+d)easbre—tge
' w(l—t,)
1 b 1 c—1 ] d
/T + (1 —t,) wT + sL]~—e
(1 +1t,)P, i (1—1t)P, s
| . 68
Finally, from the ninth equation in (10):
bB Vi
Ay = (a + b + ¢ + d)e a2 bv—1 ¢ ga X
(1 + 1) P, w(l—t,)
I hH—t 1 ¢ I o
Zg
(1 -+ tq)Pz (I'—t,) PI S (39)
where e = l—a—b—c—d, and
1
8 B v \Y]\7—g—
I’:(]—B—-—y) [A(I—ti)P,]I"{_(C By
w(l—t,) S
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