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THE USE OF ECONOMIC MODELS IN EVALUATING THE
 
IMPACT OF RURAL_ DEVELOPMENT AND INCOME 
REDISTRIBUTION PROGRAMS IN THE LDC'S
 

Introduction
 

At the present time, there is a great deal of interest in
 
improving the distribution of income in LDCs. This is due to the
 
realization that the industrialization and import substitution
 
policies of the past, while leading to reasonable rates of growth,

have not led to the improvement of the lives of the majority of
 
citizens in these countries. This is particularly true for Latin
 
America [Thiesenhusen, 1968]. It has been argued that, at least
 
in the beginning stages of growth, an unequal disgribution of in
come may be a necessary price to pay in order to achieve a high
 
rate of growth. In other words, it has been assumed in much of
 
the development literature that there is a trade-off between eco
nomic growth and equity in the distribution of income [Baster, 1970;
 
Land and Soligo, 19711. The rationale for this argument lies in
 
the assumption that savings are scarce and that the marginal pro
pensity to save increases as income increases; therefore, a redis
tribution of income will decrease the total volume of savings avail
able for investment and, therefore, act as a limiting factor in
 
growth. Recent empirical studies, such as that done by Cline [1972],

have tended to support this argument. In a more recent effort,
 
Applegate and Fletcher [1975] looked at both the effects of a re
distribution of income within economic sectors and between sectors
 
(i.e., between the traditional agricultural sector and the rest of
 
the economy). The effect on GDP of a redistribution of income within
 
sectors was measured as negligable, while the effect of a redistri
bution between the traditional agricultural sector and the rest of
 
the economy was substantial but )depended upon the relative levels
 
of technology between traditional agriculture and the rest of the
 
economy. In other words, the trade-off in terms of reduced income
 
in the rest of the economy of increasing income in the traditional
 
agricultural sector gets smaller as productivity increases in 
the
 
traditional agriculture sector.
 

Recent empirical efforts have been directed to the effects of
 
redistribution of income, primarily on the composition of demand
 
as well as the total volume of demand [Soligo, 1974]. The effect
 
of redistribution of income on the composition of demand is 
impor
tant because changes in the composition of demand changes aggregate

factor intensities employed to satisfy that demand. Changes in
 
factor intensities have an effect on employment and, consequently,
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the distribution of income. 
 It is hypothesized that the consumption bundle of higher income people is more capital intensive than
the consumption bundle of lower income people [Land and Soligo,
1971]. If this 
is the case, then a redistribution of income in
favor of the poor would 
lower the capital requirement of aggregate
demand and, therefore, the savings effect would be partially or

total ly mitigated.
 

The studies ref,'erred to above consider the effects of changesfn the distribution of income. What may be even more important isthe determinants of the distribution of income. In many LDCs, theinequality of the distribuition of income can be largely explainedby the ex i:stence of economic and cultural dualism [Adelman andMorris, 19-1]. the thatTo extent the traditional sector consistsof traditional agriculture, rural development will improve
overall 
 di.str ihtion of income. Therefore, rural development 
the 

and
the distri hution of income are closely related. The purpose of
this study is to sy'nthesize some important trends of thought in thedevelop~ment l iteratore that have a bearing on the distribution ofincome and/or on rural development. More specifically, we will examine the use of oconomic models and other quantitative tools inevaluating the impact of rural development and income redistribution programs. In Part 1, we discuss theoretical two-sector dualismmodels such thoseas developed by Lewis, Fei-Ranis, Jorgenson andfinally Mellor. These models will be discussed with respecttheir impl ications tofor innmproving the distribution of income betweenagricultuire and nona1griciultural sectors and the implications foragric ltural development policy. In Part IJ, the use of quantitative techniques to measoure the effects of changes in the size distribution of income is examined. The total effects as reflectedby the savings and demand cffects as well as the effects on relative
factor intensities due to changes in the composition of demand are
discussed. 
 In Part 111, some recent attempts to measure the effectsof certain kinds of rural programs, such credit technicalas andassistance, or Attempts to employ different kinds of technologies
will be discussed,. In Part IV, a dynamic multi-sectoral model ofGuatemala is presented which is used to measure (a) the effects ofallowing technological change in the traditional agricultural sector, and (b) the effects of a proposed land reform.
 

PART I: TWO-SECTOR MODELS OF ECONOMIC DUALISM 

Models Assuming "Unlimited Supt]lies of Labor'' 

Models, which assume that labor can be supplied to the industrial sector at a constant wage rate due to surplus labor in theagricultural sector, essentially began with W. Arthur Lewis [1954]and were elegantly 
that 

formali:d by Ranis and P'i [1961]. Lewis feltit was fairly obvious that in many underdeveloped countriesthere was a certain amount of disguised unemployment that could be
 



3 

absorbed in the industrialization process. In other words, indus

trialization could take place with labor supplied at 
a constant
 
wage rate and also output in the agricultural sector would not
fall. 
 Since Fei and Ranis elaborated on Lewis' work, we will only
look at 
their model in any great detail.
 

Like Rostow and othqrs who saw the development process takingplace in stages, Fei and Ranis also envisaged three phases in Which a developing would pass its toeconomy on way maturity. This first
phase is characterized by redundant labor in the agricultural sec
tor.
 

In other words, the marginal productivity of labor is zero inagriculture during this stage. This, of course, implies that labor
could be removed from the agricultural sector at no sacrifice inagricultural output. It is assumed that an institutibnally deter
mined wage would prevail, which is equal to average productivity
in the beginning of the phase. In other words, total product is
assumed to 
be divided equally among the agricultural labor force.
This doesn't seem to be an unreasonable assumption inrthe context
of traditional agriculture which depends primarily on family labor.
In a family, everyone will get a share regardless of marginal productivity. Phase II is characterized by Fei and Ranis the "takeas 

off stage." In this phase, the same 
institutional wage is assumedto prevail and the marginal productivity of labor is assumed to bepositive but less than the institutional wage. The implication hereis that removal of agricultural labor wi'lJ reduce agricultural output. Phase'III is reached when agriculture has been fully comercial
ized, i.e., labor is now paid a wage equal to its marginal produc
tivity. These phases have important implications with respect to
the supply curve of labor to the industrial sector. During Phase I,
labor is redundant in agriculture so 
that there will be a perfectly

elastic supply of labor to 
the industrial sector.
 

Since the wage rate in agriculture is assumed constant during

both Phase I and Phase 
II, a surplus is generated in agriculture

which is used to feed the industrial labor force. 
 The agricultural

surplus per industrial worker is equal to the institutional wage

prevailing in agriculture. Therefore, as Lewis puts it, it is as

if the workers carried this surplus with 
them when they leave the
agricultural sector. 
During Phase II, the supply curve of labor
 
to the industrial sector is upward sloping. This is 
due to the fact
that now, as labor leaves agriculture, agricultural output will 
fall.

The agricultural surplus per industrial worker now begins to

cline. This implies that the terms of trade will turn in 

de
favor of
agriculture so that the wage rate 
in terms of industrial goods in
the industrial sector will have to increase in order to 
induce workers to leave the agricultural sector. In Phase III, the upward

sloping supply curve 
of labor is given further emphasis because now
agriculture is fully commercialized so that labor is paid it's marginal product. Therefore, the industrial sector now has to Compete

for labor with the agricultural sector according to a neoclas' ical
 
economy. Fei and Ranis call the beginning of Phase II, when ihe

supply curve of labor begins to 
slope upward, the shortage point.
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The 	 beginning of Phase II1 	 is callcd the turning point or commer
cialization point. 

According to this model, 
the process of development would go
something like the following: 

1. 	 Iinvestmeint in the industrial sector will increase
the margi wl productivity of labor in industry and,
there Fnre, increases the domannd for labor. 

'hIs.A:s lo11 .ls the economy is in 	 1I, r'loly i 	 laorth c _; h s 1, will be 
s uppl icd to t le i ndustrial sector at a constant wage. 

3. 	 As soon a: t he short; ge point is rca Thed, the terms 
of tride, .i.ilI ,i rn rnfavoi of aoriculture and the
nill; iiil wag~e ral te will have to be increased in or

der t, g t add i t iona I lI hor. This will have a damp
eil I 1i_ C oil e and the process 11. slowittcct 0111)1 oylient 

4. 	 1 ther i is techno 10 CI]I change in agri Cu] ture, the 
terms ade itnee; not change during Phase 11. AlI
thlough, otut i] ciii tiirew.i!1 tend to fall as aina ,ri
restlIt of orke.ris I a' ilo the sector, this can be made
ill) hoy n k Ii,, the ri iin iug worl,ers more product ive. 

t5sll It, :Ig ri cul. a the tur:l I surplus per industrial
rhko 1IIi I ris., %]hich wi 1 tend to turn tie terms

(0, trade i,ol l I-i cl 	 the;rI II S tuI'e so thlt supply curve 
of Ihor to the industrial sect ion will rotate counter
c.lock. ise. 

5. 	 This now hr in): us to the concept of balanced growth
do rived b Fei Cliid RPanis. In order for bal nced 
growt h to oc cur din-i ng Phi.ses I and II, two criteria 
have to he mCt. The first criterion is the output
criterion, wh ich reqii res the provis ion of mutual markOt 	 out ICt; for the roducts produced by the two sec
!ors . 1 ;is critrion requ i rCs that the terms of trade
betw,.,n ihe t\.o sectors should not deteriorate sub
,t ;III t I:I IIvl i,,:IiTist e ithe l sector. The second criter
ion 	 is t he inpu t cri tori on, which requi res that the
invo,;t mioeit 'tunid mtust he cl locaited such as to enable
Ithe 111J1 s t 1ii sector to d,.lld , at the constant wage

r1;, t k, t lhe ore cise lllihbc I o f worke rs released as a re 
suilt F) in1VOstICnI t in1 the Ig r i cIIItura I sector. 

6. 	 In sirmrma rv , the cne ie k,1ogrowth in this model is in
VC:4 t 	ci t in1 the i nIu t r i 3I1 SeC tor , which increases the 
i1dustriI I capial stock, and investment in the agri
cult ural sector, which increases agricultural produc-

Land is a ss'imed fixed and 	 labor is abundant, so the bindingconstraint on growth is capital or lack of increases in productivity. 



Unless there is continuing investment in the industrial sector,
the 	demand for labor will 
cease to grow. Given 
a high rate of
growth of the population in agricultural sector, lack of employment
opportunities is nonagriculture will imply serious deterioration
\,'in the standard of living in 
the 	agricultural sector. 
 However, un'less there is an 
increase in agricultural productivity, there will
become a shortage of food to 
feed the industrial l.ibor force and
-	 .- theterms,-o. ;tade 
wi-ll -turn in favor of agricultdre. The- conclu-..
 
--- cnemodel is that there mustof investment fund between the be a balance in the allocationtwo 	sectors. Implications for Agricultural Policy and Rural Development are:
 

1. 	To Jorgenson [1964], the assumption of a redundant

portion of the ae\icultural labor force implies that
the role of agriculture in this model is merely toprovide a physical location for the "industrial re..
serve army" which provides labor to the industrial 
sector. This characterization is probably accurate
with respect to Phase I. 
It will be recalled that
Phase 11 is characterized by zero marginal productiv
ity 	of labor so 
that removal of the redundant portion

of the labor force will not affect agricultural output or the terms of trade. Clearly the engine of
growth in the economy during this phase is 
industrial
growth or investment in industrial capital which cre
ates employment opportunities in the nonagricultural

sector. 
 In other words, investment in industry allows
the 	economy to move to 
the production possibility

frontier with full employment of resources. 
 It was
assumed that up to 
25 percent of the aigricultural

labor force in many underdeveloped countries was 
re
dundant. This would seem to 
imply that the correct
policy for a considerable length of time 
(the duration
of Phase I or as long as redundant labor existed) is
industrialization. 
This policy could be carried out

without any investment in agriculture.
 

2. In this model, the role of agriculture is to provide

an agricultural surplus which could be used 
to feed

the 	industrial labor force. 
 It is assumed that the
agricultural real wage will remain 
constant during

Phases I and II. 
This implies that as workers leave
the 	agricultural sector a surplus will 
be generated.
Of course, this 
implies that the living standard of
those who 
are 	left behind in the agricultural sector
would not improve. The big concern with respect to
this model is not that of increasing the standard living 	of the rural farmers, but how to extract the 
surplus and transfer it to 
the urban sector to feed the
urban labor force. An improvement in the standard of
living for the agricultural sector would have to wait
until Phase III has been reached, or the commercializa
tion of agricultural marked by a neoclassical world
where wages are equal 
to marginal productivity.
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3. 	Another implication of the model with respect to
the cistribution of income is 
a result of the assumption that all 
l'abor income is consued and that
all 	saving comes from industrial profits. 
 This
means that a redistribution of income in favor of
labor or traditional farmers who do not save would
decrease the total 
investment fund which would sac.
rifice growth. Therefore, built into the model is
 a trade-off between growth and equity.
 

The 	Jorgenson Version of the Two-Sector Model of Dualism
 

Jorgenson [1964] dropped the assumption of zero marginalproductivity of labor in agriculture. 
 This is consistent with the
overwhelming lack of evidence to 
support the hypothesis of a redundant portion of the agricultural labor force. 
 Jorgenson is able
to build two phases of development into his model by making an important assumption with respect to 
the 	growth rate of the population. He assumes 
that, at very low levels of income, the rate of
growth of the population is a positive function of per capita output of food, so that 
at low levels of income, increases in per
capita income lower the mortality rate and increase the net rate
of growth of population. 
 There is some minimum critical level of
income where the mortality rate reaches a minimum and beyond which
the rate of growth is growing at a constant given rate. This property of population growth permits the possibility of a low:level
euilibri.umn trap when per capita incomes will be constant at 
a very
low 	level.. Any increase 
in income will result in 
a proportionate
increase in the population. However, if the 
rate of growth of technological change is sufficiently high relative to the constant rate
of growth of population which would be attained at levels of per
capita income higher than the critical level mentioned above, then
the 	low level trap will 
never be reached and per capita income will
continue 
to rise as long as technical progress takes place.
model, 	 In this
the necessary and sufficient condition for sustained growth
is 
a positive and growing agricultural surplus.
met 	 This condition is
if a - fi > 0, where a is the rate of technical progress in agriculture, t is the elasticity of output with respect to
the agricultural sector, and 
land in
 c is the maximum rate of growth of thepopulation, a and F can be treated as policy parameters.
 

Tmplications with respect to 
agricultural policy and rural development are:
 

1. 
The 	most obvious implication with respect to agricultural policy is 
the 	importance of the behavior
of population growth. 
The 	higher the critical level
of per capita income before the rate of growth of
the 	population reaches 
its maximum, the more likely
will the economy fall in a lower level stationary

state or equilibrium "trap."
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2. 	In contrast to the Fei-Ranis model, technological
 
change in agriculture is essential for sustained
 
growth and the avoidance of the low-level trap,
 
The implication with respect to policy is that there 
is no phase of development where agriculture can be 
neglected in favor of all-out industrialization.
 

3. 	 The.-implicati.on.of -the model with respect. to income 
distribution is not clear, except that per capita in
come rises in both sectors. However, like Fei and 
Ranis, Jorgenson assumes that savings ar(. equal to 
industrial profits. The implication is clear that a 
redistribution of incomes at the expense of capital
in the industrial sector will slow down the rate of 
growth. 

The 	Mellor-Lele Model
 

The models that have been discussed thus far have the common
 
characteristic of assuming that capital is the binding factor of
 
production. Labor is assumed to be abundant and employment in the 
nonagricultural sector will grow only as long as investment in the
 
nonagricultural sector takes place. Mellor and Lele [1971] intro
duce the possibility that the binding constraint on growth is food
 
grain production. Their thesis is that in many LDCs labor may be 
abundant in numbers, and even if the capital is Lvailable, employ
ment may be constrained by lack of wage goods, primarily food grain.

More specifically: "In a low-income economy, aggregate food pro
duction is generally highly inelastic to changing terms of trade
 
between agriculture and industry, whereas the marginal propensity

of the laboring class to consume food is high. Because of these
 
two 	factors, the food supply available to the nonagricultural sec
tor 	constitutes a major constraint on growth of nonagricultural em
ployment in the case of a stagnant agriculture.
 

Mellor and Lele present a model which allows emphasis on the
 
food-transfer mechanism, which is ignored in the dualism models of
 
Lewis, Fei-Ranis, and Jorgenson. The model has two major distin
guishing features. First, the food and labor markets are treated
 
separately rather than assuming the labor is mobilized with in
creases in food production. The interaction between the food mar
ket 	and labor market is examined. Second, they explicitly allow
 
for 	a changing share of agricultural output between the labor and
 
landowning classes. The effect of changing relative shares on mar
ket supplies of food and hence on the rate of growth of unemployment
 
is also examined. The more important assumptions of the model. will
 
now be presented after which the logical implications of the model
 
are 	discussed.
 

To begin with, agricultural output is a function of only labor,
 
land, and technological change. Per capita agricultural output can
 

http:The.-implicati.on.of
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only be increased by introducing technological change. Technological change in agriculture is often highly biased among the factors
of production and varies greatly in the 
extent of the bias. 
A crucial assumption in the model is
of that owners of different factorsproduction have sharply,differing consumption functions.
assumed that there are It is
two classes in the agricultural sector,
.
 laborers and landowners. Laborers 
are assumed to,,have a positive
income elasticity of demand for food of less than one, while landowners are assumed to 
consume.a .fixed amount of agricultural'output
per capita regardless of its price or
owners do not increase their income. Since landtheir per capita consumption with increases
in agricultural output, the share of incremental output going to
landowners will be marketed and traded for commodities produced in
the nonagricultural 
sector. 
 Production in the nonagricultural sector is assumed to be 
a function of labor and capital. 
 In order to
emphasize the role of domestic agriculture in economic development,
it is 
assumed that the economy is closed, which precludes the 
importation of food grain which would relax this constraint without
 any attention to domestic agriculture.
could concentrate on In this case, the economy
industrial production and trade these goods
for food grain needed to feed 
the urban labor force. In the nonagricultural sector, the 
demand for agricultural output is assumed.
to be a finction of 
dustry and the 

the terms of trade between agriculture and inincome of the nonagricultural labor force. It isfurther assumed that the consumption behavior of agricultural laborsand nonagricultural labors is 
identical, which implies that nonagricultural laborers consume all theirof income as does the agricultural labor force. Therefore, as in previous ofdevelopment, ,ellor Lele 
models dualisticand make the assumption that all laborcome is consumed and that insaving is equal to profits in the industrial sector. Wh.ile the above discussion does not cover all ofassumptions theimplied by the structure of the model, it is hoped thatthe "flavor" of the model and approach conveyedis without duplicating the entire paper. 

Equilibrium in the food market requires that marketableplus be equal to the market demand food. 
sur

is to 
for Market demand forequal foodthe budget share allocated to food consumption out ofwage income by nonaglricultural workers. This equilibrium conditionprovides the link between nonagricultural

surplus. Since employment and marketablemarketable surplus is equal to agricultural production less the constant amount consumed by the landowners andsumtion oft-food by agricultural con
labors, the equilibrium conditionin the food markct provides the link between relative factor sharesin agriculture and marketable surplus and, therefore, nonagricul

tural employment. 

Equilibrium in labortle market requires that demand pricelabor in the nonagricultural sector of
in terms of nonagriculturalgoods is equal to the demand price of labor in the nonagriculturalsector in terms of nonagricultural goods. The supply price oflabor is equal to per capita income of agricultural laborers expressed in 
terms of nonagricultural goods, so that labor migrates 



9 

from agriculture to the nonagricultural sector unil wagethe ratein the nonagricultural sector is to .per incomeequal capita in theagricultural sector.
 

Utilizing the equilibrium conditions and interpretinl themin a dynamic context results in the 
following implications and conclusions which have because on agricultural development policy andthe compatibilit; of -economic-growth and 	equity in-the distribution 
of income. 

1. 	 The growth rate of nonagricultural emnplyment ispositive if the rate of growth of agricf lturalput is greater than the rate 	
out

of growth Cf the totallabor, force, and 	 the greater the rate of\>,growth ofagric',i'tural output, the greater will be the rateof growth of nonagricultural employment. The 	 importance of technological .change in agriculture in over
all development is clear. 

2. 	 A second important implication of the anolysis isthat the rate of growth of en'plo'mnent is inverselyrelated to the movement of laior's share in agricultural output. This follows from the fact that consumption of agricultural output by landowners isfixed and the consumption of agricultural outputagricultural labor increases as their income increa ses.The greater the consumption of agricultural outputby the agricultural labor theforce, smaller will bethe 	marketable surplus. 
 The 	smaller the marketable
surplus, the less employment will be allowed in 
non
agriculture.
 

3. 
A third important implication of the analysis is that
the 
larger the share of profits in nonagricultural,

output, the greater will be the rate of growth of em
ployment in that sector.
 

Given the above implications of the model, we 
can 	come to the
following policy conclusions.
 

1. 	To the extent that technological change in the agricultural sector is accompanied by increased labor's
share in output, it would provide a dampening effect
 
on 
the 	growth of nonagricultural employment. 
 What
we 
have here is a trade-off between long-run and shortrun 
equity. The assumption of Mellor and Lele is that
total economic development which includes significant
improvements in the distribution of income, will not
be achieved without substantial. increases in nonagricultural employment. HoweverI, there will 
not 	be substantial increases in nonagricultural employment unless there is an 
increase in the marketable surplus of

food grains. If the policy planners opt for policies
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which will 
improve the distribution of income in
the rural sector, there may be 
a short-run,improvement in the distribution of income at the expense of
nonagricultural employment which is 
the real way to
a long-run solution to 
the equity problem".
 

2. Mellor and Lele do not ignore the fact that while
iemploymentn-the nonagricultural sector-can- becon-......strainedoby lack of a marketable surplus of food
grains. Once 
this constraint is 
relaxed, employment
will increase only if there is 
also investment in the
nonagricultural 
sector. To 
the extent that laborers
 save less than owners 
of capital, a short-run improvement in the distribution of income will be 
at
the expense of investment 'and employment and, 
therefore, long-run equity. Again, we get 
a trade-off
between short- and long-run equity. Perhaps a point
should be made explicitly here, that short-run equity
means 
just that. If there 
is not growth in nonagricultural 
employment through increased investment inindustry and made possible by increasing the marketable surplus, then population pressures will negateany short-run gains which have been made in improving

the.distribution of income.
 

3. In short, what Mellor and Lele are arguing is thatthe apparent surplus 
or abundance of labor in many
underdeveloped countries 
cannot necessarily be taken
for granted. 
 The immediate constraint on growth on
the economy may be the shortage of a marketable surplus of food grains. (This is even more 
relevant now,
because it is becoming clear that this problem may no
longer be eliminated by importing food grains
broad.) Industrialization 

from a
at the expense of the agricultural sector is clearly not the ;answer to the development problem, nor all-outis emphasis on agricultural Output. All that may result from the latterthe turning of the terms of trade against 

is 
agriculture.Even if export markets could be found abroad, it isdoubtful that the world market would beto large enoughaccomodate all 
LDCs following this strategy for any
length of time. Ignoring this, given the rate
growth of population, it is doubtful 

of 
that with a fixedland supply, employment in agriculture could keep upwith the rate of growth in the population. Unlessthere is increased demand for labor in industry, unemployment. would increase and the distribution of incomes Would worsen. Therefore, what <'we come to, isa recommendat*ion for a balanced-growth strategy whichemphasizes both growth of agricultural output through

technological change and investment in the nonagri
cultural sector. 



4. 	 Finally, while it appears that growth and equity 
are competitive, growth and equity in the long run 
are clearly highly compaible and probably necessary
from the standpoint if providing markets for both 
agricultural and nonagricultural output. 



12 

PART II: 
 EFFECTS OF CHANGES IN THE SIZE DISTRIBUTION OF INCOME
 

Savings and Demand Effects
 

One aspect of the distribution of income which has received
 a great deal of attention 
is the effect that a redistribution of
income would 
have upon savings and consumption demand. Earlier
studies, such as that 
done by Cline [1972], focused on the "saving
effect" of a redistribution of income. Since it 
was assumed that
the marginal propensity to consume 
declinec as income increased,
a redi.stribution of income would result in an overall lower saving
rate. If one assumes 
that: the economy is always operating at fullcapacity, then a decline iin 
 the saving rate would reduce the longrun eqa i I i .,nrowth rate.gri 
 This approach, which concentrates onthe "saxvi n effect," presupposes that, at best, redistribution ofincome wilI have no effect on the rate of growth, and at worst,will have a serious negative effect on the long-run equilibrium
 
rate of g4rowth.
 

Clin(e's has ic approach was to estimate the overall consumptionfunction and apply a counterfactual 
income distribution to simulate
the change in tota l savings and, therefore, the overall saving rate
resulting fr om a redistribution 
of income. 
 Twelve income brackets
 
arc assumed, so 
that the marginal propensity to consume can be different for each income bracket. The average family income for each
bracket is calculla ted as: 

V. = y( -

Vw.
 

where: 
 X. = fraction of total disposable income going to the jth

j 
 income bracket,
 

w. = 
fraction of total population of families in the jth 
-j 
 income bracket, and
 

y = laft': i Titot I income. 

The level of consumption for each income level is given by either
 

c. = a + by. + cv. 

01. 

a

1The following notation is Cline's.
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Both of the above consumption functions allow for declining
 
marginal propensity to consume. The average per family propensity
 
to consume for income bracket j is given by
 

j= 1 - (j ) 

The overall saving rate will be the weighted sum of the aver
age saving rates for. all of the income brackets. The weights are 
the proportion of total disposable income accounted for by each 
income bracket, X . Therefore, total saving is given by 

= E S.. 

A change in the distribution of income can be simulated by
 
assuming that w., the fraction of families in income bracket j, re
mains constant,Jwhile the vector, X, is changed. Cline assumed two
 
counterfactual distributions, and applied these to four Latin
 
American countries: Argentina, Brazil, Mexico, and Venezuela. The
 
first counterfactual distribution was that of England, and the other
 
assumed "that enough income is taken from the upper brackets to en
sure a minimum income of one-half the total average family income
 
to all lower brackets."
 

If we assume a constant incremental capital-output ratio, y, 
and full capacity, the effects of a redistribution of income on 
growth can be measured using the familiar Harrod-Domar long-run 
equilibrium growth condition: 

6g -A
 
Y 

When Ag is the change in the growth rate, As is the change in the
 
overall saving rate, calculated by comparing the original saving
 
rate with the simulated saving rate.
 

The English distribution of income implies a more drastic
 
change than the second counterfactual distribution, so that the
 
effects on growth are greater for the former counterfactual. The
 
results showed that the sacrifice in the rate of growth, due to a
 
redistribution of income toward the level of equality with England,
 
would cause decreases in the growth rate of the order of 1 percent
 
in Brazil and Mexico, and smaller decreases in Argentina and
 
Venezuela. The sacrifice is less for the less drastic redistri
bution implied by the second counterfactual.
 

Cline also looks at the effects of a redistribution on the
 
composition of consumption demand as well as total consumption de
mand. A priori it might be expected that a redistribution of in
come in favor of lower income people would have a significant ef
fect upon the import content of consumption demand. It is hypoth
esized that higher income people consume more imported goods or
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goods with higher import content than lower income people, so 
that
a redistribution of income in favor of the poor would increase
total domestic demand and stimulate growth of the domestic market.
Cline was able 
to get data only for Brazil and Mexico and, as 
a
result of subsequent simulations, concluded that changing the distribution of income would have 
a very minor effect on imports and
 
"income redistribution could not be expected to help growth substantially through reduction of the import bill."
 

The approach, such as' the one by Cline, looks at the effect
of a redistribution of income on 
total aggregate demand and savings,
and 	the consequent effect on growth. 
A more disaggregated approach
has recently been used, which considers the effect of a redistribution of income on the composition of demand and, therefore,
composition of output. 	
the
 

Land and Soligo [1972] suggested that there
 may 	not be 
a trade-off between a more equal distribution of income
and growth, because, although a redistribution of income may result in decreased savings, the capital requirements for growth may
also be reduced. 
 Several studies have been done examining this
proposition. 
 The 	results of these studies were reviewed in a more
recent paper [Land and Soligo, 1974]. The purpose of this section
is to summarize these tentative findings. 
 The 	assumption is that
income classes differ in their consumption bundles and that the
different consumption bundles have different capital requirements.

The hypothesis is that the consumption bundle for lower income
 groups have lower capital output ratios than does the consumption
bundle of higher income groups. The studies reviewed by Land and
Soligo were applied to Pakistan, Colombia, Brazil, and Turkey.
The results of this review indicate the following findings:
 

1. 
A four country sample, consisting of Taiwan, Colombia,

Brazil, and Pakistan, show considerable differences

in the capital-output ratio among sectors of the 
same
 country and among the 
same sector of different coun
tries. 
 The 	authors suggest that the wide differences
in the capital-output ratio for the 
same sectors among

countries, aside from statistical error and differ
ences in measurement among countries which may be considerable, can be attributed to 
three factors: (1)

differences in coimmodity composition of output in
the highly aggregated sectors; (2) differences over
countries in importance of imported goods as intermediate inputs for each production sector; and (3)differences in technology and vintage of capital stock
 
among the countries. 

2. 	 The consumption bundle of the poor in each country
appears to require less capital than the 	 consumption
bundle of the rich. 

3. 	 The direct importance of manufactured goods is rela
tively small, and the data do not indicate that thecapital requirements for a bundle of manufactured goods 
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consumed by the poor is smaller than for the rich.
 
The authors are quick to point out that data in 
the
manufacturing sectors is highly aggregated and using
more disaggregated data may reverse these results.
 

4. 	Services, taken as 
a whole, do not appear to differ
greatly in their capital intensity over income class.
 

S. 	simulation experiments carried out in the studies

indicate that a redistribution of income would have
"relatively small consequences on capital require
ments."
 

6. 	The simulation studies also indicate that a redistri
bution of income would have little effect 
on the growth
rate of the ep,onomy or the incomes of the poor. 
Therefore, there does not appear to be a considerable trade
off 	between growth and equity.
 

Land and Soligo conclude by suggesting that there are data and
conceptual problems which may be important enough to 
turn around the
results reported above. Therefore, we are 
left with the original
hypothesis; that a redistribution of income will reduce capital 
requirements which can neither be accepted 
or rejected.
 

A Generalized Consistency Model
 

A generalized consistency model attempts 
to ensure the consistency of a model at different levels of aggregation. The consistency approach basically consists of an aggregate macro-economic
model which is used to 
generate projections of final aggregate demand. 
Final aggregate demand is then broken,"down into sectoral 
components which make up the final demand vector 
in an input-output
model. 
 Given the final demand vector, sectoral gross output is
then calculated using the input-output model. Sectoral gross output 	is then translated into sectoral value added. 
Sectoral employment is then usually calculated, assuming a proportional relationship between sectoral employment and sectoral value added. 
 Several
consistency checks can be made at 
this point.
 

The 	simplest consistency check is to 
see 	if the sum of sectoral
value added is equal to national income, calculated using the aggregate macro-model. If there is 
a difference, then projected national income has to be changed. This changes the final demand vector, and the model is worked through to a solution again. The process can be repeated until there is agreement on both levels of ag
gregation.
 

A more sophisticated consistency check is to 
see if the distribution of income, implied by sectoral output and employment of the
factors of production derived from the 
input-output model, is 
con



16 

sistent with the distribution of income which resulted in thefinal demand vector. This consistency check requires a much moredetailed model wnich incorporates the distribution of income. 

A "generalized consistency model" for the Philippines was 
recently 	developed INg, 1974]. This model. is a multisectoral general
equilibrium model which has the interesting feature of reconcilinga constant coefficient input-output matrix with sectoral Cobb-
Douglas production functiions of the form 

'3.•t (.. 

X (aje 3 j t j j IT 'kj r'kj cap.j 
j ir k Jjk 

where: x. = gross output from sector j in constant prices, 

xij = input from sector i to sector j in constant prices, 

91kj = 	employment of occupation level k in sector j in
number of people, 

capj = 	capital stock in sector j in constant prices, and 

(5 = 	rate of flicks neutral technical progress. 

This is dene 1w use the fact that a 	 promaking of 	 Cobb-Douglas
duction function allows substitution among the inputs in volume or
rea l terms, while the ratio hetween 
 inputs 	 or inputs and output isconstant in value terms or curren t prices. Therefore, if the variables in the inp u t-output model ,ire expressed i.n terms of current
prices, nd the prOk1.c t ion ftinctions are expressed in real terms,then a 	 constant cotri ci out Lentie - input-output model can be comb i no d w ith 1)o IIs uc t ion functionIs,Obb -- D p ro 	 which act as capacitycona.tra ints. The in,.rporal ion of rell and nominal variables enable price.,; to bc ,teoermIned endogenousIy. Because many sectionsof the model ae nonl 1n¢ear, it is necessary to solve the model by

ii torat i on us i np t he 
 folIlow ijp stops' 

StepL One. Step O)ne consists of calculating gross sectoral out
put given the X-ector of Fi inal demand. This is accomplished by usingthe fo 11 owi ng equL t i on• 

X = [I - :(I-r)] F, 

whore: X is an nxI vector of sectoral gross outputs, 

F is an nxI t1inal demand vector, 

I is an nxn identitv matrix, 

a is an nxn matrix of input-output elasticities, ai, and 
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T is an nxn diagonal matrix whose diagonal elements are 
the indirect tax rate for sector j. 

If we define
 

N. = P. x., and 
X Pi I an 

1 1 13XiJ = 
i xij'
 

then constancy of factor shares implied by the Cobb-Douglas produc-
Xii 

tion function iplis that X.- is constant. The form of the pro

x..
 
duction function, therefore, implies that X = (--, T where
 

Jis the elasticit of output j with respect to input i , or the
 
gross factor share (before indirect taxes). Similarly,
 

(2) -. ki 1- ,
3 k j 

where Wkj is the total wage bill paid to the kth occupation in sec
tor j, and 

GRC.
 
(3) _ _ = 

where: GRCj is the gross return to 
capital in sector j. Therefore, 
once X. is calculated, it is then possible to calculate the returns


3 
to the factors of production.
 

Step Two. Step Two consists of calculating the wage rate andemployment by occuption and sector. The labor market is interesting feature of the model. Perfect intermediate-input markets
 
are assumed, but no such assumption is made for labor markets. It
is assumed that the wage rate 
 for the same occupation is distorted
by a constant factor fcr each sector. theTherefore, wage rate for
occupation k in sector j in time period t is given by 

WIkj (t) = kj Zk (t), 

when, ®kj are constants and Zk 
is a wage index for occupation k. 
Since the @kj s are determined up to a constant multiple for each 
occupation, Zk(O) = for k = ... m.1.0 1, , Hence, okj can be inter
preted as the average wage for one man year in occipation k in sec
tor j at the base year. 



Due to the problems of incorporating demographic features into 
the model with labor force participation rates to determine the
supply of labor, Ng simply assumes that employment by occupation
is given. 
 The model will determine employment by sector for 
a
given occupation. Tiherefore, 
summing overall sectors we get:
 

j "k
 
where 2k
 = 

here 'k s is given exogenously. Multiplying by Zk, we get:
 

'Zk kj = Zk ks'
 

Now, since
 

Wkj Wkj 'kj = 0kj Zk Zkj
 

so that Z 9 
 = kII therefore, 

= 

Zk~kJ 0kj k
 
lkj has been calcuolated in Step One. 
 is a known constant,


kj 
k3

while "k5 is given. Therefore, Zk can be determined. Employment
 
by occupation and sector can be derived from: 

:kj  k 'ki-7° 

Step Three. Step Three consists of calculating sectoral pricesand real output. It can be shown that sectoral prices can be written as a function of the value of gross sectoral output, which wasdetermined in Step One, the rate of Hicks neutral technical progress,which is given, the capital stock, which is fixed and given for anypoint in time, and the wage index, ", which was calculatedTwo. Therefore, secto ral in Stepprices can be determined and also realsectoral output. 

Step Four. Step Four consists of' calculating the distributionof family-- 1isposable income, which is implied by the solution ofmodel. Since we calculated in Step TI1o employment and labor incomeby occupation and sector, and net return to capital by sector, thedistribution of earnings and the corresponding Lorenz coefficient,can LE,be calculated. Now the problem is to relate the distribution ofearnings to the distribution of disposable family income. This is 
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done by assuming the following relation between the Lorenz coeffi
cients of earnings and disposable family income:
 

cons tant
LDF Y =L E
 

Disposable family income is assumed to 
be distributed log
 
normally, i.e., FDY 
" A ("DFY a DFY). Since LDFY is known, DFY 

and - 21DFY can be calculated from the following formulas:
 
DFFD
 

LDFY -IN 2N(10, 1) -1,and 

F+ o2
 

e4Pry DFY = mean household income.
 

Therefore, the log-normal density function for DFY is now specified,

so 
that we now know the sectoral distribution of household income.
 

Step Five. Step Five consists of recalculating the final de
mand vector wh'ich is assumed to be 
a function of the distribution

of disposable family income. 
 The loop is now closed. The steps are
repeated until the distribution of.-income determined by the model
 
agrees with that implied by the vector of final demand assumed in
 
Step One.
 

Thus, the model, as specified, is static, where sectoral capital stocks are given at each point in time. 
 To make the model dy
namic, the following dyinamic equations are specified:
 

capj(t+l) = (1-6.) cap.(t) + invj(t) 

j = ... , n, 

where: 6. = depreciation rates of capital in sector j, andJ
 

invj = real gross investment in sector j in constant prices. 

Sectoral investment can be policy determined or some 
behavioral

mechanism can be specified. Ng outlines such a mechanism which as
sumes that entrapreneur's desire to maintain the 
same rate of re
turn to capital in the next period as 
in the present period, and

that capital is paid the value of its marginal product.
 

Summary of Empirical Results and Conclusions
 

The model was used to analyze certain policies for improving

income distribution, employment and growth performances of the
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Philippine economy. 
This was accomplished by projecting the model
from 1972 to 
1985 under the different policy assumptions discussed

below.
 

The 
first policy examined was a neutral policy or policy of
no change. 
The values of the exogenous variables were projected
at 
constant historical growth rates. 
 The results show that changes
in the composition of GDP are what one would expect from a growing
economy. 
 Shares of output of all primary sectors (agriculture,-"
fisheries, forestry and mining) and of food manufacturing declined.
Other sectors showing decline in their share of GDP are construction, trade and government.

GDP are 

Sectors which increased their share of
other manufacturing, utilities, transportation, finance,
services, and housing.
 

-The 
overall pattern of projected wage movements, with the exception of wages for manual workers, is for wages below average to
rise relatively and for wages above the 
average wage to drop relatively. Therefore, an 
improvement in the overall distribution of
income results. According to Ng,
 
"The pattern of wage movements is the result of complex
interactions between assumptions concerning labor supplied
by occupation, rural-urban migration, and pattern of sectoral demand and 
sectoral outputs.

sumption is The most crucial asthe implicit assumption of rapid rural-urban
migration, or, 
the explicit assumption of low growth rate
of rural employment." 

Even though the simulation resulted in 
an improved distribution,
poverty groups could still be identified.
laborers and tenant In rural areas, landless
 
areas, manual 

farmers will remain in poverty. In the urbanworkers can be singled out.
 

The 
or, 

second policy simulation assumed slow rural-urban migration,
a high growth rate of agricultural employment. 
 This experiment
illustrates the important relationship between decreasing employment 
in agriculture, and improvement in income distribution.
 
The assumption employed forced a sectoral reallocation of employment in favor of agriculture, fisheries, and forestry, while
sectoral employment in all


jections other sectors declined, compared to prounder a neutral policy. Because marginal productivitiesof labor are lower in agriculture
labor results and fishing, the reallocation ofin a lower GD1. Real growth rates allexcept agriculture, are of sectors,lower as compared to projection under aneutral policy.
 

Compared with 
distribution is 

the results under a neutral policy, the incomeworse. The more 
unequal distribution of income can
be attributed to worsening of rural incomes. 
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This exercise illustrates an important consideration in for
mulating agriculture development policies. Because of Engel's law
 

stating that the income elasticity of demand for food is less than
 

one, agricultural development and growth in agricultural per capita
 

incomes in the long run requires a reallocation of the rural pop

ulation in terms of rural-urban migration.
 

The third policy simulation assumed extensive labor, intensive
 
increasedurban development. This was accomplished by assuming 

growth rates in government investment, and increased growth rates
 

of exports from services and manufacturing sectors. An important.
 
element of this strategy is the ,promotion of tourism, which results
 

The results of this exercise showed
in high employment creation. 

that increases in demand for labor in the low-income occupational 

in an improvement in urban income distribution. Begroups result 
this development strategy neglects the rural agricultural
cause 


an
sector, the result was a widening rural-urban income gap and 


overall deterioration in the distribution of income.
 

The urban development strategy of encouraging exports provided
 

a positive stimulus to the economy in terms of demand, which stim

ulated investment and increased the growth rate of GDP.
 

The fourth policy simulation consisted of a balanced develop

ment program. This development strategy assumed increased growth
 

rates of government construction and increased growth rates of ex

ports from the services and other manufacturing sectors. As was
 

seen from the previous exercise, this will have desirable income
 

distribution and growth effect on the urban sector.
 

Since the major obstacle facing agricultural development is
 

the generation of demand, it was assumed that a policy of self
a long-run
sufficiency in food is pursued by the government as 


policy. As a result, agricultural imports were assumed to decline
 
By a decline of 90 percent, it is
by 90 percent by the year 198S. 


meant that actual imports, under a protectionist policy, will only
 

be 10 percent of imports under a neutral policy, at every level of
 

GDP. To avoid large increases in food prices, it was assumed that
 

labor productivity in agriculture increased.
 

The results of the experiment showed a growth rate of money
 

GDP, slightly 4igher than the projections under the extensive labor,
 

intensive ur'ban development program. The growth rate of real GDP
 
the positive rate of technical,progwas also higher, due mainly to 


Sectoral GDP share of agriculture
ress in the agricultural sector. 

import restrictions
and food manufacturing responded directly to 


on food.
 

a slight, but positive
The agricultural development program has 

impact on income equality. In fact, the Lorenz coefficients of dis

tribution for earnings, income, and consumption are lower than for
 

the corresponding coefficients projected under a neutral policy.
 

Since the program of labor intensive urban development resulted in
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a slight deterioration of income equality, it may be concluded
 
that the incorporation of the agriculture development program has
 
more 
than compensated for the undesirable income distribution ef
fects of the extensive labor, intensive urban development program.
 

Using the results of the above simulation exercises, Ng makes
 
the following policy recommendations:
 

1. 	 It encourages sustained rural-urban migration.
Migration results in the equalization of rural and 
urban incomes. Since the marginal productivity of 
labor is higher in the urban sector, rural-urban 
migration results in a more efficient pattern of 
output. Therefore, growth of total output is in
creased. 

2. 	 To compliment the policy of sustained rural-urban 
migration, an extensive labor intensive urban de
velopment p ro ,,ram is recommended to provide produc
tive emlE!oymeCt fo r the migrants. An important com
ponent of this program is accelerated industriali
zation. Low capital intensitv is desirable but not 
necessar if large export markets are opened up
which would allow extensification of industrializa
ti on. lhc emphasis of the program should be on ex
ports (especially tourism) and utilization of low 
skill workers. 'The savings problem can be solved 
by relying heavily on Foreign capital and multina
tional uo*porations. Foreign investment should, 
therefore, be encouraged." A major instrument in 
the urban development program is govcrament construc
tion, which is mainlv directed at the labor intensive 
construction sector. 

3. 	 In order to prevent an increasing gap between rural 
and urban incomes, an agriculture development policy
is needed. The usual agriculture development policies 
are recommended. They consist of improved seed vari
etie:, increased use of fertilizers and insecticides, 
irrigation projects, and agriculture research and ex
tension. These are designed to increase labor produc
tivities in tlhe agriculture sector. Given a slow 
growth of atgriculture employment, productivity in
creases imply increases in per capita income. Also, 
if imports of food are restricted, increases in food 
prices will redistribute income towards the rural sec
tor. [his, ove rall income distribution can be improved. 
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PART III: EFFECTS OF RURAL PROGRAMS ON EMPLOYMENT
 

AND INCOME DISTRIBUTION
 

Alternative Technologies
 

One important approach to the problem of income distribution
 
and.-rural development is illustrated in a study-by Dambe [1974).
 
The 	methodology was partially developed in the course of a Central
 
American study for Guatemala in 1971 by the UN-GAFICA1 team, of
 
which Dambe was a part. The approach was formalized in Rome at
 
FAO 	headquarters by Erik Thorbecke [1969]. The basic approach as
 
well as the conclusions will be presented below. This should ac
complish two objectives: (1) present a methodology which is use
ful 	in evaluating employment, income distribution, and rural devel
opment alternatives, and (2) indicate the kind of conclusions and
 
insights which can be obtained using this methodology.
 

When faced with evaluating a study using this methodology,
 
one 	is struck by the lack of a rigid mathematical model where all
 
variables are related by a set of simultaneous equations which can
 
be solved for the relevant policy variables required to achieve a
 
given objective. Instead, the approach takes the form of an iter
ative set of conputations which are subjected to various consis
tency checks to insure that the values computed are feasible and
 
consistent with other economic variables calculated in other steps.
 
The 	main value of this approach is that it can be done with little
 
or no computer capacity. This can be a very important considera
tion for many LDCs. While the approach lacks the elegance of a
 
formal mathematical model, it can be no less complex or no less
 
useful.
 

The basic proposition of the approach is that an improvement
 
in the distribution of income in most LDCs is a necessary condition
 
for 	any further economic development to occur if development means
 
that the entire population receives benefits from economic growth.
 
Given a high rate of population growth and growth unemployment, em
ployment creation is synonomous with an improvement in the distri
bution of income. While it is recognized that the long-run solu
tion to the employment problem lies in creating jobs in the nonag
ricultural sector, agriculture must play a major role in the short
 
run. The importance of agriculture is implied by the following pro.
positions.
 

1. 	Population and labor force are growing rapidly and
 
cannot be checked in the next generation or so.
 

2. 	Productive employment outside agriculture cannot be
 

1United Nations -- Grupo Asesor de la F.A.O. Para La 
Integracion
 
Economica Centro-Americana; F.A.O.'s advisory group for the economic
 
integration of Central America.
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increased at a rate which would absorb expected
increments to the urban labor force. 

3. 	 Expansion of nonagricultural output is limited by
the market, which can be greatly increased if income 
and employment in the agricultural sector were in
c reased. 

4. 	 Generation employment most successful ifof is 	 both 
agricultural and industrial development go forth in
 
a process of balanced growth 

S. 	 lechnology for nonagricultural production is gener
ally imported from industrialized nations where la
hor is scarce s: that the technology is labor-saving.
This r,'du .s the employment-generatin2 effects of in
ditrial ization while the technology of agriculture
is more flexible. In other words, intermediate tech
nologi ics which are yield-increasing as well as labor
using are possible in the case of agriculture. 

6. 	 'Ihere i!; a wide scope for structural change in Pgri
culture .,which cain be brought about by land reform, 
colo i ::'aI ion, cooperatives, etc. 

7. 	 :jnal lv, igiven world food ;hortages, agriculture is 
becoming more important to the entire world and there 
is less chance of importing food, so that it is im
portant that LlCs become self-sufficient 

Employment generation in agriculture is attempted in three 
maj or ways: 

1. 	 Stimulation of demand for agricultural output which 
in turn stimulates demand for laboor. 

2. 	 Changing the factor proportions so that more employ
ment is generated by a given level of production. 

3 	 Incrcasing nonagricultural employment in rural areas 

The basic logic behind the methodology being described can be
simply i llustrated by the following assumed cause-cffect relation
ship: income distribution determines demand, demand determines 
o0tput, tle production of output generates employment, which in turn 
alfecis the distrilbution of income and closes the loop. In summary,
the 	 basic assertion is that agricultural production and employment 
can achieve rapid growth if an effective demand is "stimulated by
sui table agricultural pol icies eliciting technological and institu
tional change, .hich brings about greater equality in the distri
bution of income." 

The overall framework of the approach is represented in Figure
1. The planning process can be divided into the following major
stages (referring to Figure 1). 
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1. 	An economy wide macro-economic model is used to ob
tain projections of the important macro aggregates

in the economy.
 

2. 	The projections obtained above depend upon the values
of projections obtained for the exogeneous variables.
 
Typically, the most important of these variables is
 
exports. Therefore, a range for target GDP for the
 
target year is obtained by substituting an optimistic

and 	a more pessimestic range for exports into the

macro-economic model. Comparing this range of GDP

with the base year values results in a range of GDP
 
growth.
 

3. 
The 	third stage consists of specifying a target size

distribution of income. 
 Since this specification is
rather arbitrary, three different redistribution schemes
 
are postulated representing less radical to more r'ad
ical changes in the distribution of income.
 

4. 	Once the macro-economic variables have been obtained

and income redistribution targets specified, demand
 
for agricultural products under the three income re
distribution alternatives can 
be estimated.
 

5. 	Specification of production supply plans are 
then
 
stated in terms of three technology levels, which have

different factor intensities. This is done in two
steps. First, the supply capacity and input require
ments of agriculture should be checked for overall consistency at the sector level. 
 The 	objective of this

overall check is to provide a rough check of the fea
sibility of satisfying the projected agricultural demand and 
the 	given changes in the overall distribution

of inc' me. This may also be used to provide a targetgrowth rate in agricultural production. The second step consists of specifying production alternatives
 
at the commodity level for the target year four supply

alternatives, or production plans, for each commodity.

The methodology, at 
this stage, yields a number of production alternatives and 	 growth rates to be matched
with corresponding projections on 
the 	demand side. A

feasibility check along these lines will help to eliminate supply alternatives which notare economically
feasible. Those that remain can be examined for em
ployment and income distribution implications. 

6. 	 Estimation of employment and income distribution effectsof the feasible production plans. Central to this stage
is a consistency check between income distribution tar
gets specified at 
the outset and actual income distri
bution, resulting from the proposed production plan.
This check consists of an iterative procedure until convergence is achieved and feasible production alterna
tives are obtained.
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The major conclusions arising from applying this methodology
 
to the Colombian economy are as follows:
 

1. 	Upn examining the labor absorptive capacity of the
 
in'dustrial sector, it is apparent that unemployment
 
will continue to increase. It was concluded that
 
no change in the distribution of income and no sig
nificant increase in employment would result from
 
increasing the size of the manufacturing sector.
 
"in fact, it was shown that the growth of manufac
turing output could not be expected to absorb the
 
increments to thel labor force, let alone the already
 
existing large backlog of unemployment." The con
clusion then, is that we must turn to the agricul
tural sector for any solution to the problem. The
 
study showed tihat there is a "sizable development
 
potential" in terms of productive employment in the
 
traditional sector. Dambe then concludes "that the
 
identification of an appropriate technology within
 
agriculture and supported by complementary policy
 
measures constitutes perhaps the sine qua non of
 
Colombia's future economic and social development."
 

2. 	What is needed to develop the potential of the ag
recultural sector is to transform production in the
 
traditional subsector by choosing a technology which
 
is both labor saving and yield increasing. If this
 
can 	be accomplished, incomes can increase and the
 
distribution of income will improve. The basic con
clusion of the study was that "significant" improve
ment was possible.
 

"Under the high growth alternative, the
 
growth of agricultural employment was, pro
jected to increase at about 8.5 percent per
 
year in contrast to only a 2.2 percent in
crease if present trend conditions (no change
 
in the structure of agricultural production)
 
were to prevail. The growth rate of output
 
would increase from 2.8 to 4.3 percent a
 
year. As a consequence, the growth rate of
 
labor productivity would increase from 0.4
 
percent a year under trend conditions to 1.3
 
percent per year under the high growth al
ternatives. In terms of income distribution,
 
the high growth alternative would change
 
the existing situation to a more equal dis
tribution quite drastically, although the
 
exact effects in the four income classes
 
could not be determined."
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Increasing the Incomes of Traditional Farmers
 

A typical situation found in most LDCs 
is one where a large
portion of agricultural activity (at least from the standpoint of
number of farmers) is carried out on extremely small plots of land
using traditional techniques and cultivating traditional crops........
._........It-is 
 clear that- the .major constraint on individual family income
is the smallness of the plots of land. 
 In many areas, agrarian
reform programs have dealt, or are 
dealing with, this problem.
However, in many countries, redistribution of land is either politically infeasible or proceeding at

is the case 

a very slow rate. The former
for Guatemala. A relevant question to ask is: 
 Given
the present distribution of land, how much can small 
farm incomes
be increased by applying new technologies and introducing new crops?
At the present time, 
a Basic Grains Program is being implemented
in the Guatemalan Highlands.

the 

The target group of the program is
large number of farmers who have to make a living by working
small plots of land. Seventy-five percent of farmers in "9 highland
departments live 
on 
farms smaller than 3.5 hectares [Merrill, 1974).
 

The Basic Grains Program has two basic objectives:
provide knowledge through (1) toextension activities, and, (2) the provisionof credit., 
A recent study attempted to 
evaluate the potential of
the Basic Grains Program [Johnston, 1974]. The purpose of this
section is to 
summarize Johnston's methodology results, and con
clusions.
 

The basic objective of the study was to 
determine the maximum
income a small 
farmer could expect to 
earn by employing a traditional 
set of crops and production activities, and how much income could
be increased by employing new activities embodying new high-yield
technologies. The methodology employed in 
the study consisted of
building a linear programming model where the activities and constraints were 
those of a "typical" small 
farm. The objective function to be maximized was net 
farm income. 
 The model is quarterly,
but production activities are constrained such that all 
farm jobs
and most resources 
are allocated to a specific quarter of the year.
,,,The model was constructed in such a way as 
to allow almost the entire analysis to be done using the same basic "A" matrix while
changing the 
available set of resources. 
 The primary resources
available were land, labor, capital (working capital, which was
sum of savings and the
credit), and knowledge. Knowledge was included
in the model by specifying additional production activities available to the farmer. As the farmer',s knowledge of new technologies
grows, he has a larger set of activities to choose from.
stricting the farmer to By rethe traditional set of activities, knowledge is built into the model as a constraint. Increased knowledge
can be simulated by adding activities to 
the model which embodies
higher level technologies.
 

The study is focused primarily on production of traditional
crops, such as corn, milpa, wheat, and potatoes. Because of the
many combinations of 
resource packages which could be made avail
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able, it 
was necessary to divide the set of resources into four
subsets. 
 Each of these subsets represents a different kind of
farmer, so 
that the effect of increased credit or increased knowledge is different for each one. Therefore, four different "typical"
farmers are examined: (1) the nonpotato farmer with one hectare
of land, (2) the nonpotato farmer with three hectares of land, (3)
the potato farmer with one hectare of land, and 
(4) the potato
farmer with three hectares of land. 
 The.reason for distinguishing

between a potato farmer and a nonpotato farmer is because potato
farmers are able to make substantially higher incomes than nonpotato

farmers.
 

Four different levels of crop knowledge were assumed.
level of crop knowledge is built into the model 
Each
 

as a constraint,
and each cropping activity requires a specific level of crop knowledge. 
These levels of crop knowledge are: (1) TLO, a traditional
technology used today characterized by a low use of chemicals, (2)
TLI, a present-day intermediate technology characterized by use of
some fertilizer but little else; and (3) TL2, a present-day high
technology in which farmers use more 
fertilizers, increase their
planting density, and use insecticides, herbicides, and fungicides
as recommended by extension agents and others, and currently used
on most demonstration plots; (4) TL3, 
an activity required by the
highest level of potato production.
 

The most important solutions resulting from the various permutations of the 
resources are summarized in Figure 2. Conclusions

based on these solutions are listed below.
 

1. 
Careful study of the results reveals the striking

complementarity of resources. For example, giving
a nonpotato farmer credit and an 
additional two areas

of land but holding technical knowledge at TLO (moving
from solution IA to solution 7) increases incomes by
only $37.00. However, if, in addition to the credit

and additional land, technical assistance is also provided, total farm increases to about $7.00. 
 All three
ingredients 
are needed if the farmer is to achieve a
substantial increase in income. 
 Solutions 1A and 4
show that giving a nonpotato farmer with just credit
of just technical assistance, or both, without land,

does little to increase income. Therefore, we conclude that the Basic Grain Program which provides
both credit and technical assistance will not significantly benefit a farmer with only 1 hectare of crop
land. This is particularly significant when one 
considers that 45 percent of the farmers in the 9 highland departments, which Merrill [1974] analyzed, lived
 
on farms less than 1.4 hectares.
 

2. The shadow prices on land for solutions in which the
farmer has crop knowledge TLI and TL2 are higher than

when the farmer only has crop knowledge TLO. This'iagain
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illustrates the complementarity of technical knowl
edge and additional land, but also indicates that 
the Basic Grains Program holds considerable poten
tial for helping farmners with'two, three, or more 
hectares. 

3. The results of Johnston's analysis indicate that a 
nonpotato farm family with less than-three hectares 
of land cannot earn $1000 per year, which is the tar
get level of income often mentioned in relation to 
the Basic Grain Program. According to Johnston,
farmers would have to have (1) adequate working cap
ital, (2) crop knowledge of TL2, and (3) four hec.. 
tares of land before the target level of $1.000 per
family could be achieved (for a nonpotato farmer). 

4. Referring to Figure 2, it is clear that working cap
ital is the major constraint for the potato farmer. 
Potato farmers with only one hectare of land can ben
efit substantially from credit assistance. Compari
son of solutions 3A and 6 also indicates that in
creased working capital enables the farmer to take 
full advantage of technical assistance, but the ef
fect is relatively small. However, if the potato
farmer is given two additional hectares of land, the 
effect of technical assistance is dramatic. 

5. One of the major goals of rural development is em
ployment creation. The results of this study indi
cate that provision of credit and technical assis
tance will have positive employment creation effects, 
even for a nonpotato farmer with only one hectare of 
land. Providing the nonpotato farmer with one hec
tare of land with credit reduces local labor sales 
by 33 man days and increases on farm employment by
the same amount. Giving the farmer more land causes 
the amount of labor sold locally to decline even more. 
However, one hectare of land is still not enough to 
fully employ a farm family throughout the year. Ac
cording to Johnston, "if farmers are to be fully em
ployed in traditional agriculture, the typical farm 
size will need to be expanded to three or more hec
tares. 

6. In conclusion, it appears that one of the major ef
fects of the Basic Grains Program will be to cause 
land to replace credit and knowledge as the primary
constraint on production on the traditional farms. 
Perhaps success in this program will create pressure 
for a meaningful land reform. In the absence of land 
reform, the only way to increase plot size in the 
traditional sector is a large volume of out migration 
to the other sectors, which implies the importance of 
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a balanced approach to development planning so 
that
jobs are 
created outside the agricultural sector.
 

A serious problem with this study, of which Johnston
is fully aware, 
is that what might be attained by
a single farmer might not be possible for all traditional farmers 
as a group. 
 In other words, one
needs to-look-at this problem from a general equilibrium perspective. 
 Implicit in Johnston's analysis
is the assumption that each farmer can 
sell as much
of his produce as 
he likes at a constant price. This
clearly will not be 
true for the 
sector as 
a whole.
Therefore, 
a possible result of programs like the
Basic Grains Program and/or land reform might be to
reduce agricultural prices to 
the point where individual farmers are 
left no better off. From the
analysis, 
one might be tempted to recommend that farmers produce more potatoes. However, only a limited
number of farmers have good enough land to produce
potatoes and, even 
if they all could, the price of
potatoes would undoubtedly fall. 
 The profitability
potato production in the model is 
due to the high

price resulting from the present limited potato production, so 
that only relatively few farmers can benefit from producing potatoes. In conclusion.then, when
considering the problem from a general equilibrium perspective, demand considerations become extremely important and should be endogenous in the model.
 

Another important assumption implied by this study is
that farmers and their families are fully employed
either on their own 
farm or outside the farm. 
Outside
employment can be obtained at 
a constant wage rate.
Again, the results obtained may be different for a
general equilibrium framework. 
 This study is an important contribution to understanding peasant agriculture 
but the result must be considered tentative, until a more general equilibrium model 
can be used to
 
test these results.
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PART IV: A DYNAMIC MULTISECTORAL LINEAR PROGRAMMING 
MODEL OF GUATEMALA 

Guatemala: The Problem
 

Guatemala is a small Central American country which lies just
 
south of the Yucatan Penninsula. It is bounded on the north and
 
west by Mexico, on the east by Belice, to the south and east by
 
Honduras and El Salvadore, and on the southwest by the Pacific Ocean. 
It is about the size of the state of Louisiana and has a population 
of about 4.3 million people. 

The economy of Guatemala has been characterized as the "pro
totype" of a dual economy. A dual economy is defined as one where 
a dynamic modern sector exists alongside a traditional or subsis
tence sector [Fletcher et.al., 1970]. The relation between dualism 
and the distribution of income is illustrated by a study by Adelman 
and Morris [1971] which finds that the allocation of income to the
 
poorest 60 percent of the population is related to the extent of
 
dualism. The greater the degree of dualism the smaller is the share
 
of income going to the poorest 60 percent of the population.
 

Dualism is most pronounced in the agricultural sector which is
 
characterized by the continual existence of traditional large land
 
holdings (latifundia) and numerous uneconomically small land hold
ings (minifundia). This system of latifundia-minifundia is one of
 
the continuing legacies of the old colonial system and subsequent
 
years under dictatorships. The following statement would seem to
 
apply to Guatemala.
 

in those regions where the colonial agrarian system took
 
far stronger hold, as in many Latin America countries,
 
and where export industries served mainly to strengthen
 
the position of the powerful urban classes, modern indus
trial development has, in many cases, been superimposed
 
on the traditional agrarian structure. The result is a
 
highly distinctive coloring to the resulting patterns of
 
income distribution, which are amongst the most unequal
 
to be found [Baster, 1970].
 

The traditional sector is made up largely of Indian farmers
 
who make a living by working small plots of land in the highlands
 
and supplement their earnings working on the large plantations or
 
in nonagricultural activities. The term "Indian" is more than a
 
racial designation but a cultural one as well. Indians are defined
 
as those descendants of the precolonial civilizations inhabiting
 
Central America who have not adopted the characteristic features
 
of modern western culture [Fletcher et.al., 1970]. People, although
 
racially would qualify as Indians but who have begun to adopt or
 
have already adopted modern ways in such areas as dress, religion,
 
customs, etc., are classified'with the rest of the population as
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"Ladinos." According to 
the 1964 census of population, Indians
constituted 43.3 percent of the total population, which is an indication of the extent of economic and cultural dualism in Guatemala.
 

The development problem in Guatemala has both cultural as well
as 
economic dimensions, but the statement that "development in the
1970s must include an improvement in the distribution of income"
would apply here. More specifically with almost 50% of the popula-.....
tion made up of Indians, who "'are defined as 
being outside the main
economy arid culture and poor ladino farmers who make up the rest
of the traditional sector, an improvement in the 
distribution of
income in Guatemala would have to include development of the tradi
tional sector.
 

The Size Distribution of Income
 

Data on the personal distribution of income in Guatemala are
scarce. 
 No official data are published by the government of Guatemala,
but GAFICA1 presents some data on the distribution of income which
were derived from data collected by the Social Security Institute
(IGSS) of Guatemala. These data only include people who are participating in the Social Security System. 
This would include salaried
workers and wage earners working for the government or larger companies. Self-employed people who do not choose 
to participate in
the program and many campesinos (peasants) who do not work on the
large fincas are excluded. Most likely both very poor people and
very rich people would be excluded from this sample. 
 It is, therefore, reasonable to expect that the information derived from this
data would underestimate the degree of income inequality. 
This is
because the poor that 
are excluded would earn a smaller percentage
of income than their percentage of the population, and the rich who
are excluded would earn a larger share of total income than their
share of the total population. 
Table 1 presents percentage per
capita income per docile of the population (deciles are ranked from
low to high income) and also cumulative percentage figures. 
According to the figures given, 
the lowest 50% of the population in terms
of per capita income receive only 12.7% of total income while the
richest 5% receive 85.2% of the total income.
 

In addition to the data presented by GAFICA it is possible to
derive an estimate of the distribution of income in Guatemala from
the income expenditure data reported in two budget studies carried
out by the Instituto do Investigaciones Economicas Y Sociales ofthe University of San Carlos in Guatemala. These two studies, onefor the rural population [Orellana, 1966] and one for the urban population 
[Orellana, 1972], provide the income consumption data for
 

1Grupo Asesor de 
la F.A.O. Para La Integracion Economica Centroamericana F.A.O.'s advisory group for the economic integration

of Central America.
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estimating the consumption functions of the model. These studies
 
will be discussed in more detail later.
 

TABLE 1. Distribution of income in Guatemala, 1968. 

GAFICA Data 

Decile of 
Populatio, 

0 Income 
in Decile 

Cumulative " 
of Population 

Cumulative 
of Income 

I 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0.5 
1.5 
2 5 
3.0 
5 .2 
5.3 
8.0 

10.5 
16.0 
47.5 

10 
20 
30 
40 
50 
60 
70 
80 
90 
100 

0.5 
2.0 

4.5 
7.5

12.7 

18.0 
26.0 
36.5 
52.5 

100.0 

Top S% 35.2 

The income distribution data resulting from compiling the data 
in these two studies are presented in Table 2. 

TABLE 2. Distribution of income in Guatemala, 1966-69. 

Derived From !-udget Study Data 

% Families Cumulative Cumulative 
(low income to high) % Income % Population % Income 

34.0 6.2 34.0 6.2 
16.3 6.7 50.3 12.9 
12.2 8.4 62.5 21.3 
9.3 8.9 71.8 30.2 

10.7 14.4 82.5 44.6 
6.9 13.3 89.4 57.9 
5.6 14.8 95.0 72.8 
1.9 7.2 96.5 80.0 
1.4 6.8 98.3 86.8 
1.7 13.2 100.0 100.0 

Using data from the budget studies gives very similar results
 
to those derived using IGSS data (used by GAFICA). The poorest
 
50.3% of the population receives 12.9% of total income. The simi
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larity of the results obtained by the two sets of data is 
even
 
more striking when the income distribution data is represented by

Lorenz curves, which are shown in Figure 3. The GAFICA data seems
 
to 
indicate a slightly more unequal distribution of income at high
er levels of income than the budget study data. 
 The fact that the
 
methods used to calculate these distribution (i.e., random sampling

and analysis of reported wage data) are different but give similar
 
results increases our confidence in these estimates.
 

The fact that 502 of the families in Guatemala receive only
about 132 of total income while the richest 52 of families receive 
about 301 indicates a high degree of income inequality. This is 
even more evident when income distribution data from Guatemala is 
compared with that of other countries. Figure 4 shows the Lorenz 
curves for Guatemala, G;reat Britain, the tln.:,ted States, Brazil and 
Mexi co. The poorest 500 of families in the United States and Great
Britain receive 23.02, ,and 26% of total income, respectively, while
the top 5, receie about].82 and 131 , respectively 

Another measure of inequality of income, which is related to
the Lorenz curve is called the ;ini Coefficient. The Gini Coeffi
cient is a sumnar\y statistic, which is used to measure the inequal
ity of income distribution, that is calculated by taking the ratio
of the area between the Loren- curve and the 450 line of perfect
income equal itv. The value of this coefficient ranges from 0.0 
1.0 where a value of 0.0 and 1.0 indicates perfect income equality
and perfect inequality, respectively. Table 3 presents the Gini 
Coefficients for Guatemiala and other countries which gives some
 
basis of, comparison.
 

TABLE 3. Gini coefficients of income concentration by country.
 

G
 

Guatemala 0.58 
Braz i 0. 5 -
Mcexi co 0.53 c
 
United Kingdom 040 
United States 040c 

Norway 0.36 

GAI I CA
 
1Cline
 
CTIlrcke and Sengupta
 

The Distribution of Land
 

Faced with the fact of a high degree of inequality in the dis
tribution of income in Guatemala, one turns to the question of what
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factors influence the distribution of income in Guatemala. This
 
question, of course, would be very difficult to answer completely
 
and indeed could be the subject of another dissertation. However,
 
one outstanding characteristic of Guatemala, which is not unique
 
among Central and Latin American countries, should shed consider
able light on this question. This characteristic is the highly un
equal distribution of land.
 

-.
''Distribution of land becomes even more 
important in explaining.
 
the distribution of income when one considers that 68.2% and 65.4%
 
of the total labor force was employed in agriculture in 1950 and
 
1964, respectively [Direccion General de Estadistica, 19641.
 

Table 4 presents the number and size of farms according to the
 
1964 agricultural census [Direccion General de Estadistica, 1968].
 

TABLE 4. Guatemala: number and size of farms, 1964.
 

Number of % of Percent Average
 
Farm Size Class Farms Farms Area of Land Size
 

Less than 0.70 haa 85,083 20.0 32,619.2 0.9 .38
 
From 0.70 to 6.99 ha 279,797 67.0 607,855.6 17.7 2.17
 
From 6.99 to 45.13 ha 43,656 10.0 648,900.2 18.8 14.86
 
45.13 to 902.51 ha 8,420 2.0 1,258,545.2 36.6 149.47
 
More than 902.51 ha 388 0.9 894,600.4 26.0 2,305.67
 

Totals 417,344 100.0 3,442,520.6 100.0 8.25
 

a1 ha (hectare) 2.5 acres
 

Farm sizes are grouped together in a classification scheme used
 
in the Agriculture Census and also United Nations reports. This
 
scheme classifies farm size relative to ability to fully employ an
 
average farm family productively during the year. The word produc
tivity is important here because obviously an entire family may work
 
on the finca when one man could handle the work alone. In this case,
 
the marginal productivity of the other family members would be equal
 
to zero.
 

According to this scheme, any farm less than 6.99 hectares
 
would be classified a subfamily farm, too small to sustain a family

(less than two laborers). 2 Farms of size 7 to 45 hectares are class

2There are exceptions to this rule. For example, one vegetable
 
farm of one hectare can generally fully employ a family. However,
 
much of the traditional agriculture can be characterized as "milpa"

farming, which is growing mainly corn and squash and beans planted in
 
the rows with the corn. Also, wheat is grown in many areas and is
 
vertually the only "cash crop" of the highland Indian. These crops
 
are less labor intensive than vegetable farming and much more common
 
so that classification scheme used is probably quite realistic.
 

http:2,305.67
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ified as family-size farms. 
 Farms of size 45.1 to-902.51 and grea
ter than 902.50 hectares are classified medium and large multi
family farms, respectively [Manger-Cats, 1966].
 

Subfamily farms, 
or what will be referred to as the traditional
 
or subsistence sector throughout this paper, account for 87.0% of
all farms, while accounting for only 18.6% of the land, while 388
 
or 0..9% of the largest fincas possess 26.0% of the land. 
 It is appar nt that the distribution of land is 
even more skewed than the
 
distribution of income.
 

Economic and Cultural Dualism
 

The most important economic sector of Guatemala is the export
agriculture sector which produces mainly coffee, cotton, and bananas.

There is strong evidence that the prime factor influencing invest
ment 
in Guatemala is the performance of this sector, and has led
 
to Guatemala's economy being classified as 
an "export led" economy

[Fletcher et.al., 1970]. 
 Most of the export products which are
produced come from the large plantation type farms. It is this
 
group which, though relatively small in number, takes a large share
of the land holdings. Over the period of 1950-1966 export crop pro
ducation grew at a rate 
of 6.6% while production of domestic con
suilption crops grew at a rate of 4.1%.
 

It is \,he existence of this dynamic modern agricultural subsec
totuexistin i side by side with the small traditional agricultural

subector, ihich enables Guatemala to be classified as the "proto
tyr'e" of a dual economy. With approximately 56% of the population

in the subsistence agriculture sector and many more extremely poor

in the large cities who came 
from this sector because of lack of

employment opportunities, one 
must conclude that the distribution

of ownership of land is an extremely important factor influencing
the overall distribution of income and wealth. 
According to Adams,
"whether one is a subsistence farmer on 
his own or rented land, an
agricultural laborer on 
a coffee or cotton farm, or an upper-sector

entrepreneur looking for a prestigious and profitable investment,
land is the base. One of the major problems of access to wealth 
is simply getting access to land" [Adams, 1970].
 

As in any capitalist economy, the distribution of wealth not

only affects the distribution of income directly through the rate

of return on wealth but also indirectly through influencing social

and cultural factors which have 
an affect on the distribution of
income in the larger run. It was hypothesized (and accepted) by
Manger- Cats 

... that most power is concentrated in the hands of

those who control the land or are intimately connected

with this group, and that this results in a social or
der in which primary producers have no effective oppor

http:to-902.51
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tunities for decision making or for acquiring the
 
capacities for making rational decisions.
 

He concludes:
 

... that the present land tenure structure of Guatemala 
is part of a complex matrix of social and cultural fac
tors which tend to obstruct the economic and social 
development of the country. 

In his study, Manger-Cats comes to two important conclusions
 
related to the relationship between land ownership and socio
political factors which have long-run effects on income distribu
t ion:
 

The access to public and private services, including
 
education, technical services, transportation facilities,
 
credit and the like increases with the size of holdings.
 

The majority of those with low incomes, little ed
ucation, limited resources and access to few services
 
are politically powerless, or at least inactive, partic
ularly at the national level but even largely so at the
 
local level ... [Manger-Cats, 1970].
 

We then have a vicious circle where the distribution of income de
termines access to more wealth, particularly land which in turn in
fluences the distribution of political power and the means of in
creasing human wealth such as education. Also the access to impor
tant factors such as credit and technical assistance are affected.
 
These factors then influence the distribution of income both in the
 
long and short run.
 

In light of the above arguments it seems reasonable to conclude
 
that any policy aimed at improving the lives of all Guatemalans and
 
at bringing about a more equitable distribution of income, at least
 
in the long run, will have to come to grips with the problems which
 
are associated with the land tenure system.
 

Identification of the Sectors
 

The model will include three sectors: traditional agriculture,
 
commercial agriculture, and nonagriculture. A sector will be more
 
than an income and production concept, but a cultural one as well.
 
Although the lines between these sectors are not distinct, the two
 
agricultural subsectors can be delineated geographically. The map
 
shown in Figure 5 shows five major geographical regions in Guatemala.
 
The north and northeast regions are lowland areas consisting of jun
gle. The approximate percentage of the total population for this
 
region in 1964 was 3.2. This region is relatively unimportant as
 
far as agriculture is concerned. The western highlands, which is
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often called the Indian Highlands, is comprised mainly of small
 
land holdings. The majority of the population is Indian, and in
deed several departments in this region have over 90 percent Indian
 
populations. The eastern highlands differ from the western high
lands in that the population density is much less. Instead of a
 
predominance of small land holdings, the eastern highlands have a
 
much broader spectrum of small, middle-sized, and large producers.
 
The percentage of Indians in this region is less than 50 percent

of the total population in the region. There are, therefore, sig
nificant cultural differences between these two regions. The cof
fee piedmont consists of an area along the south slopes of the
 
mountain range running through the central part of Guatemala. This
 
land is most suited to growing coffee and it is here where most of
 
the large coffee fincas are located. It is to this region that
 
most of the seasonal migration of farm laborers from the western
 
highland occurs. The south coast is tropical sea level alnd where
 
sugar cane and cotton are most important. The remaining region
 
consists of metropolitan Guatemala, Guatemala City being the cap
ital of the republic [Adams, 1970]. The three sectors of the model
 
will now be more precisely defined. It is necessary to delineate
 
the sectors as rigorously as possible in order to estimate the par
ameters of the model for these sectors.
 

The Traditional Sector
 

The traditional sector is defined as consisting of all families
 
who operate farms classified as subfamily size farms, which account
 
for about 87 percent of all farms in Guatemala (364,879 farms accord
ing to the 1964 agricultural census). It will be recalled that sub
family size farms are defined to be those less than 7 hectares in
 
size. Most of these small farms are found in the western highlands

of Guatemala. Indeed, if one were forced to locate the traditional
 
sector geographically, the western highlands would be the most ac
curate choice both because of the high concentration of small farms
 
and also because of the high proportion of Indians living in this
 
region. These two factors distinguish the western highlands in both
 
an economic and cultural sense.
 

In addition to these people, another group of families, who
 
have no land but would be of the same cultural class, are included
 
in the traditional sector. These families are officially denoted
 
"trabajadores sin tierra" or workers without land who work princi
pally on the large farms. There were about 68,700 families in this
 
category in 1964.
 

Obtaining an estimate of income per family for this sector is
 
very difficult. No data is published officially by the government
 
or its agencies, so the only information available is from surveys

taken by individuals or private groups. Manger-Cats estimates the
 
average per family income of the minifundista in the western high
lands at about Q520.00 per year. This includes income both in kind
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and in specie and also from sources outside the farm. 
He estimates
the income per family for traditional farms the coastal plain
on 

to be about Q967.00. Although the average 
area of the minifundia
in the lowlands was nearly twice that of those of the highlands,
the value of products is about three times as 
high on the coastal
farms. 
 He attributes this more than proportional difference to
better soils and good climatic conditions. However, according to
the 1964.census of agriculture, there were 
only about 30,000 subfamily size farms in the south coastal region accounting for about
12% of the total number of subfamily farms. Therefore, taking a
weighted average based on these weights gives an 
average per family
income of Q573 for the sector as 
a whole (takiag into account the
laborers without land, the average would be slightly less). 
 However, another study (IDESAC) [Ochier, 1971] presents a less optimistic estimite of Q258.00 per family for highland Indian families.
However, the average size of farms in this study was 
1.2 hectares,
while for the former study it was 
2.14 hectares (1.82 for highlands
and 3.23 for coastal plain). The national average size for subfamily farms was 
1.86 hectares. The sample by Manger-Cats seems
to be more representative of the actual farm size of this sector.
Therefore, with the difference in 
size of farms in the two studies
taken into account, the lower figure given in the IDESAC study is
probably not inconsistent with the Manger-Cats estimate. 
 For purposes of this study, 
the per family income for the traditional sector will be assumed to be equal to approximately Q500.00.
 

The traditional sector will be assumed homogenous with respect
to the marginal propensity to consume 
(i.e., marginal propensity
to consume 
will be assumed constant 
for all levels of income in the
 
traditional sector).
 

The Commercial Ariculture Sector
 

The commercial agriculture sector will be divided into three
subsectors by farm size income strata.
or These three subsectors
are: (1) family size farms, 
7.1 - 45 hectares; (2) small multifamily farms, 45.1 - 896 hectares, and (3) large multi-family farms,greater than 896 hectares. Average per-family income will be assumed to be Q1600.00, Q9700.00, and Q29,000 for each group, respectively.3 Also to be included in the 
income of this sector, will
be income derived from "produccion pecuaria" which includes such
products as 
eggs, milk, wool, honey, and bee's wax. 
Also, income
from cattle and other animals will be included. Because of lack
of data on the income distribution of these activities, we will sim
ply assume that income is distributed from these activities in the
same proportion as the income from crops. 
 While it is more difficult
to locate this sector geographically, it is 
safe to say that most
of the large farms producing export crops located in the coffee
are 

piedmont and south coastal regions.
 

3These estimates are 
consistent with the study by Manger-Cats.
 

http:Q9700.00
http:Q1600.00
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The Nonagricultural Sector
 

The nonagricultural sector will be defined as all nonagricul
tural sectors of the economy including'government and services.
 
This sector will be divided into ten income strata in accordance
 
with the urban budget study referred to earlier [Orellana, 19721.
 

There are three important interactions which take place among

these three sectors of the model: (1) seasonal movements of labor
 
from the traditional sector (mainly the western highlands) to the
 
large commercial farms, in the coffee piedmont or south coastal
 
plains, (2) mutual demand for goods produced by each sector, and
 
(3) interregional flows of savings.
 

Each year more than 200,000 cultivators of small plots supple
ment their incomes by working on the large farms on a seasonal basis
 
[Schmid, 1968]. In addition to the seasonal workers, are the per
manent workers which are 
the workers without land and the "mozos
 
colonos." Mozos colonos are permanent workers on the large fincas
 
who have been given small plots of land to work for themselves in
 
addition to working the large finca. Both of these latter groups
 
are included in the traditional sector.
 

According to Schmid, there is some complementarity between em
ployment in the subsistence sector and in the commercial agricul
ture sector, especially for the coffee harvest. By complementarity,
 
it is meant that the seasonal demand for workers by the commercial
 
sector does not conflict with planting or harvesting periods in the
 
traditional sector.
 

According to Schmid, if the average migratory worker has only
 
one hectare of land at his disposal, which was the case in his study,

he works about 52 days on his home farm. This would leave about
 
300 days per year available for non-farm employment. The workers
 
interviewed in his study worked an average of 101 days on the large

farms. This would appear to leave workers with 150 days for which
 
they do not take employment. If this conclusion is correct and if
 
workers are willing to work for longer periods of time at the set
 
wage rate, then as assumption of a perfectly elastic supply of labor
 
(at least over a wide range) in this market seems justified. To
 
quote Schmid:
 

... to the extent that the hiring of labor from the sub
sistence farms takes place during the slack season on the
 
farms, the supply of labor, in Guatemala can be considered
 
to be unlimited.
 

This assumption will be employed in the model.
 

The mutual demand relationships and interregional flows of sav
ings are of central importance to this study because the distribution
 
of income is both affected by and in turn affects these variables.
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Unfortunately, no data exists for these relationships but it is

hoped that the model and results to follow will shed some light on
 
these relationships.
 

The Model
 

A dynamic three sector linear programming model is presentedwhich allows the investigation of the effects of land reform, and/or
a redistribution of income upon important economic variables is pre
sented. The three sectors are: 
 (a) traditional agriculture, (b)
commercial agriculture, and (c) nonagriculture. The model assumes

five time periods where each time period lasts two years. 
Therefore,

the model spans a ten year time horizon.
 

Some important characteristics of the model are: 
 (a) Consump
tion functions are specified by sector, type of good (food or nonfood), and income level. (b) The traditional sector has a choice

of three different technologies. Each technology represents higher

income per hectare of land and also requires more credit or savings

in order to purchase the package of inputs associated with each tech
nology. (c) Capital is a binding constraint in,the commercial agriculture and nonagriculture sectors. 
 Land is a binding constraint
 
in the traditional sector, although the constraints can be relaxed

by technological change (i.e., putting more land under production
with a higher level of technology). However, since additional savings and credit is required to implement a more advanced technolog
ical package, savings and credit can ultimately be a binding con
straint for the traditional sector. 
 (d) Labor is assumed not to be
 a binding constraint. (e) Investment in the commercial agriculture

or nonagricultural sectors in time period t will increase capacity

of those sectors in time period t+l. (f) Intersectoral flows ofsaving can take place and savings are to be allocated optimally.

The total volume of savings to be allocated will be the sum of pri
vate savings, government savings, and net inflow of foreign capital.

Savings and investment are allocated in such a way as to maximize

income while satisfying demand and capacity constraints. Allocation of investment and savings not only depends upon the return to

investment in the sectors, but also depends upon demand for the products produced by the sectors. Changing the distribution of income

effects the total 
amount of savings available for investment, the
total demand for consumption goods, and the composition of consump
tion demand (at least between food and nonfood goods). 

The objective function to be maximized is given by the follow
ing expression:
 

5 5 
IV E 6 (lp) -t + + 1A 5+ 

t=l Tt t=l YRt + A + aNN 

where: 
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YTt - income in the traditional sector in time period t 

YRt - the sum of income in the commercial agriculture and 
nonagricultural sectors in time period t 

6it- increment to welfare resulting from a one unit increasein income for sector i in time period t.1 i = T,R 

P - the time rate of discount 

1. 5- 
1 

the value of gross
i =A,N 

investment in the last time period'l, ... 

i- the increment to welfare resulting from a one unit in
crease in investment in the commercial agriculture ornonagricultural sectors, respectively. 

The reason for putting the last two terms into the objective
 
function is to avoid "horizon effects" which may result due to the
 
fact that investment in the last time period increases capacity in
 
the next time period, which doesn't exist for the model. Therefore,
 
in the obsence of these last two terms, the optimal value of invest
ment in the last time period would be zero.
 

If the objective is to maximize the discounted present value
 

of GDP, 6it = 1, i = T,R. Otherwise, let 6Tt + 6Rt = 1. Optimizing
 

the model for various values of 6it will simulate different policy
 

emphases on the traditional sector vis-a-vis the rest of the economy.
 
Examining the resulting solutions to the model should give insights
 
to the trade-offs, in terms of sectoral incomes of reallocating sav
ings to )Le sector at the expense of the other sectors.
 

The programming model used can be expressed in the following
 
summary form:
 

Maximize W = C'Y subject to 

AY < X 

Y> 0
 

where:
 

C = 1 x n row vector of objective constants
 

1Since it is impossible to determine a welfare function for
 
society, it becomes the implicit welfare function of the people who
 
hold power, and the weights are determined by their preferences.
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Y = n x 1 vector of endogenous variables defined for the
 
model
 

= m x 1 vector of constants corresponding to the values
 
of the exogenous variables and autonomous components in
 
the model
 

A = m x n matrix of constant coefficients corresponding to 
the pa rae ters of the model. 

The variables and parameters specified separately for each re
gion are defined as follows:
 

Endogenous Variables
 

Y'it = total income for sector i (t will denote time period t=l,
2...5) i = T,A,N
 

where
 

T = traditional sector
 

A = commercial agriculture sector
 

N w nonagriculture sector
 

Y.P = total production in sector i
it
 

T = total income received from the commercial agriculture
sector y aricultural laborers in the traditional sector
 

yN
 
TN = total income received by the traditional sector from
nonagricultural sources 

L = total number of man days of agricultural labor requiredby the commercial ;griculture sector 

A = total demand of sector J for commodities of type iit
 

RNtN= portion of expenditures on food by the nonagricultural
sector which goes to the 
nonagricultural sector itself
 

CAt = total consumption demand for agricultural goods produced by the commercial agricul tural sector
 

CNt = total consumption demand for nonagricultural goods
 

Cgit government consumption of goods and services from sectors i 
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MAt = imports of agricultural commodities 

MNt = imports of nonagricultural consumer goods 

t = imports of investment goods by sector i 

=yit personal disposable income of sector i 

Cit = total. consumption demand h,- the ith sector for food 

i t = total investment demand 

it 
= total investment demand by sector

0o'd; produced in the i th sector 
j for investment 

Tnt = total net t-x revenue 

TI 
T. 

it 
= total net indirect taxes collected from sector i 

TD tot:-l net direct taxes collected from sector i 

Sgt total government savings 
i 

S t = total government savings allocated to sector i 

f it )(fit- net flow of savings to sector i 

Tkt = proportion of land in traditional sector under technology k, k = 0,1,2 

Exogenous or Predetermined Variahles
 

Z = total amount of land available to the traditional sector 

Yit = exports of goods and services from sector i 

Tr = net governmcnt transfer to sector i 

Ft= net inflow of foreign capital 

t. capacity output in period t-l of sector i 
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Parameters
 

w 
 = average wage rate paid to agricultural laborers working in the commercial agriculture sector per man day
 

eI = number of man days of agricultural labor (unskilled)
required to produce
of in the one dollar (in constant dollars)output traditional sector 

e 2 = 	proportion of total income in the traditional sector

which comes from nonagricultural 
sources
 

=autonomous consumption expenditures on food by the
 

i 
-.th income group of the ith sector
 

Cz = marginal propensity to consume 
food by the kth income
 
group 	in the ith sector 

= 
a autonomous consumption expenditures on
and services by the 	 nonfood goods.ithincome group of the ith 
sector
 

i
 c = 	 mar in1 j I1.penSity to consume nonfood goods and ser
vice,; by the ,th income group of the ith sector 

i proportion of total 
income of sector i which is 
in the
income l-vel 

U = 	proportion of total expenditures on food by the nonagrictiltural sector which accrues to the nonagriculture 
sector itse If 

mA = 	 proportion of agricultural goods consumed which are 
.iII[) o1 t Cd 

)N = 	proportion of nonagricultural consumption goods whichare imported 

I11 = 	proportion investmentof 	 goods which are imported 

It average indirect tax rate
 
tD = average direct tax rate
 

t D=average direct tax rate 

Yi = 	incremental output-capital ratio for sector i i = 	A,N 

Pk = 	yield per hectare in the traditional sector under technology k, k = 0,1,2
 
CDk worki.ng capital required to employ 
 technology k on one

hectare of land in the traditional sector in time period 
t.
 

http:worki.ng
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The Equations
 

Total income for the traditional sector is the sum of income
 

received from agricultural production, from agricultural labor in
 

the commercial agricultural sector, and from nonagricultural activ

ities.
 
Y ,P + yA + N [1] 
Tt Tt Tt 'Ft 

Income from working as an agricultural laborer is given by 
per man day worked on
Equation 2 where w is the average wage rate 


a commercial farm.
 
[21.A = w 

Tt Tt 

days worked, LT , is assumed to be a
The total number of man 


function of production in the commercial agricultural sector and
 
is the man days required to produce
is given by Equation 3 where e 


one dollar of output (in constant dollars).
 

LTt A
L"= eI YeP:t [31 

Equation 2 implies a perfectly elastic supply of labor from
 
the commercial agriculture sector. This
the traditional sector to 


assumption is consistent with the concept of a seasonal labor sur

plus where the peak demand for labor on the traditional farms does
 

.ith the peak demand for labor on the commercial farms.
not coincide 


to
Income received from the nonagricultural sector is assumed 

income for the traditional sector.
be a certain fraction of total 


This relaticnship, given in Equation 4, is not intended to b, a be

havioral function, but merely an accounting mechanism to account
 

for the fact that a certain percentage of the income of traditional 

farmers comes from nonagricultural sources. To the extent that these
 

traditional farmers spend their income differently than their urban
 

same level of income, this relationship will
counterparts at the 

left in the nonmake a difference. Otherwise, this income could be 


no net effect on total aggreagriculture sector and there would be 

gate demand.
 

A =0
Yft 2 YTt 

Equations 5 and 6 are accounting relationship to account for
 
income from the commercial agriculture and nonagrithe transfer of 


cultural sectors, respectively, resulting from the activities dis

cussed above.
 

A [5]
= yP -

At At 'ft 

141 
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NY,

Nt 
 Nt Tt 
 [6]
 
We will 
now assume that actual output in 
the three sectors is
equal to 
total demand. This is expressed by Equation 7.
 

Cg" + ci + Zl? + X. -Y Mi - 0 [7]

it .I.t gt j it it it mt 

i = T,A,N 

j = T,A,N
 

Note: When i 
 N, we add one additional component of demand
 
NNt. This accounts for the nonagricultural component
 

of food demand by the 
urban sector. This component of
demand is discussed below.
 

Changes in the distribution of income will have
effect on i;;ip tion their primarycon. Cassuming differences in the MPC between income levels or sectors). Therefore, the following consumption functions, given below, are 
critical to tho analysis. These are given
by Equations 8 and 9. 
;, in each sector, designates the income
strata of 
Pch sector. 
 To obtain the consumption function for the
entire sector, the consumption functions 
for the various income
st.ratu1111 arPe sumlmmed over 1.i. is the proportion of total sectoral
 
Yi t
income lound 
in the ,th income strata of sector i, i.e., 
Xi y. . 

Therefore, the vector NI = (Ax Xi. .in) reflects the distribution
 
of income in sector i. 
Assuming the distribution of the population
fixed , chungin,, rh , 's will assuming a differentbe equivalent to 

income distribhution. 
 It is through changing the parameters, X
 
that 
 intrasectoral
changes in distribution of income are 
simulated.
 

The consumption equations 
are given below. 
it = : tkN + n. Xt Y t 8] 

= R,N
 

j = T,A,N
 
)emand for food 
is allocated between the two agricultural sec

to rs by the .fo. lowi ng equa t ions. 
' F T T 

=
('Rt C't + At [9]
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cNt= cNc C10
C t CN+ 'N [i01 
R Tt At
 

Ct= At [11] 

Equation 9 implies that the traditional sector can augment its de
mand for food by purchasing food from the commercial agricultural

sector. Equation 10 implies that the demand for food by the nonag
ricultural sector can be 
satisfied by the traditional agricultural
 
or commercial agricultural sectors. Equation 11 implies that the
 
commercial agricultural sector is self-sufficient. Another problem

which must be dealt with is the problem of translating final de
mand for agricultural products, which is measured in 
terms of con
sumer's prices, into final demand measured at producer's prices. The
 
trade margin is assigned to the nonagricultural sector and is in
cluded in CN 
 which also includes such activities as processing
RNt'
 
of food. Value added by food processing or similar activities and
 
trade margins will be assigned to the respective agricultural sec
tor from which the demand for food originated. In the case of the
 
traditional sector, this is realistic in 
that the producer (or his

family) markets his own produce in the local market or is consumed
 
directly by the family. In the 
case of the commercial agricultural

sector, the assumption implies that value added to agricultural pro
ducts, if not kept within the same family, is at least kept within
 
the sector itself. Equation 12 expresses the portion of final de
mand for food which goes to the nonagricultural sector as a constant
 
proportion of total demand for food C,
 

CN : C [12]
RNt Rt
 

Therefore, we have for urban demand for products produced by

the agriculture sector at approximate producer prices the following

relation.
 

CN = fN CN 
 [13
Rt Rt RNt 

Disposable income is given by Equation 12.
 
TD
TI r[14 

it it it it 

Total government consumption expenditures is assumed to be a
 
function of GDP. Also, it is 
assumed that government consumption

demand is satisfied by the nonagricultural sector so that
 

'
Cg C N g(YTt + YAt + YNt [15]
 

Total investment demand is the sum of investment in the three
 
sectors. This is given by Equation 16.
 

II>
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It Nt = T,A,N [16] 

The demand for imports is 	assumed to be 
a constant proportion
of consumption and investment expenditures. Further, we will assume that the proportion of total demand for a good that is satisfiedby imports depends 
on 
the type of good. We distinguish between
three types of goods: (1) agricultural goods, (2) nonagriculturalconsumer goods, and (3) investment goods.
 
Assuming that imports of food do not 
 compete with products produced by the traditional 	sector (i.e., MT 0), let 

CAt CAt J = T,A,N [17]
 

so 	that
 

MAt = mA CAt. 
 [18]
 

Let total consumption of nonagricultural goods be given by
 

C Ct + CRNt 	 =j TA,N 
 [19]
 

so that 

MNt = mNt CNt' 
 [20]
 

The import functions for 	 investment goods is given by Equation 21. 
1 1t = III I. i = T,A,NIItt 	 [ 1[21]
 

Indirect 
 taxes and direct taxes are assumed to be proportionalgross income. !ndirect and direct tax 	
to

functions are given by Equations 22 IILd 1 , res 

Ti1t = t Y i = T.A,N [22] 

T t = ti 	 i = T,A,N [231
itj 

The following identities 	express total net taxes and governmentsavings, respectively,. 

T r= [T It+ 1T'7 - i = TAN 241 
nt i i t it 

Sgt = nt i gt i = T,A,N 
 [23]
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Private savings by sector are defined by the following-expressions.
 
-2 a
 

S P i = T,A,N [25]
it = Yit j j 

The programming model allocates total government savings among
 
the three sectors. Therefore, let
 

S =S i = T,A,N [26]
i gt gt 

Total gross production in the commercial agriculture and non
agricultural sectors is less than or equal to capacity in each sec
tor. Capacity will be determined by the capacity of the previous
 
period plus any addition to capacity resulting from investment in
 
the previous period. The increase in capacity resulting from in
vestment will be equal to the incremental output-capital ratio for
 
each sector multiplied by the total amount of gross investment that
 
takes place in that sector. This relationship is expressed by the
 
following inequality.


P-i 

Yiit -1t i i t-1 i = A,N- i t- [27] 

It will be assumed that the traditional agricultural sector
 
has available to it, three alternative technologies. All available
 
land or a portion of the total available land can be farmed under
 
technology k. Output in the traditional sector is less than or
 

equal to capacity, which depends on the total land available,
Tt'
 
Zt, the yield per acre under technology k, Pt, and the proportion
 

of land under technology k, Tk. These relationships are expressed
 

in Equations 28 and 29.
 

"Tt 
YP 

- YTt 
PC [28] 

YPC 
Tt 

= 
k 
PkT 
t 

Z 
kt t 

[29 

where 

z T = 1 
k 

and 

POt < Plt < 2t" 

aEquation 25 is slightly modified for S t, in 
that an additional
 

term, CRNt, is substracted from disposable income, YNt"
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Equation 29 implies that capacity in the traditional sector can be
increased by increasing the total amount of land available, as
a land reform or by allocating more land to 	
in
 

a higher level of technology. 
 It will be further assumed that once a technology is adopted,
it will not be replaced by a lower level of technology. 
 In other
words, assuming the available land is constant
 

PC_ PC
Tt+l > ¥Tt"
 

It is assumed that the fixed capital stock is neglible in the traditional sector. However, in order to employ a certain level of technology a certain level of working capital is required to purchase
intermediate inp)uts 
or improved seed. 
 Working capital will come
 
from savings and credit. 
 Therefore, "investment," 
IT in the tradi
tional sector, will be interpreted as working capital.
 

Let
 

t 	 ZCD Tkt Z30 
k 

who re 

CDkt = working capital required to employ technology k on
one 	hectare of land in time period t.
 
It is assumed that higher levels of technology require more


working capital.
 

There are three sources of savings for the economy as
These are: 	 a whole.
(a) private savings expressed by Equation 25,
savings given by 23, and (c) 	 (b) public
net 	foreign flows of capital, F. For a
particular sector, the 
sources of savings are private savings generated within the sector itself, public savings that are allocatedto that sector, and net 	 inflows of savings from the other sectors. 
Investment in each sector must be less than or equal to
total amount of savings available for that sector. 

the
 
Inequality 31
expresses this relationship.
 

P + i ++it S t (f(it - fitf! ) >- I it i = T,A,N [31] 
The term, f - f' , found in the investment constraint, requires


it itadditional explanation. These terms are important becauseintersectoral flows of For 	
they allowsavings. example, (ft- flt) is positive,

then the net flow of savings to the traditional sector isLikewise, if the 	 positive.term is negative, savings are 
flowing out of the
sector to the rest of the economy.

The 	 sum of the flows of savings to the various sectors must beequal to zero, plus the net inflow of foreign capital. This con

straint is given by Equation 32. 
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f f! )a= i T,A,N [32]
it it ' 321
 

Total imports must be less than or equal to the amount of for
eign exchange earned by exports, plus the net inflow of foreign cap
ital F. This is expressed by 33.
 

(Mit+ mt) F + X- i = A,N [33]
1 t 1.iti i mt 


Foreign capital, F, and exports, XA + XNP are assumed to be
 

exogenously determined and not determined within the model.
 

Since the sum of excess sectoral demands must be equal to zero,
 
the following equation must hold.
 

Ci
EY( =t 0i t + CN + t + E I. E X. T iMi I'mti zt CRNt + it + t 

i = T,A,N j = T,A,N [34] 

This forces total savings (private, public and foreign) to
 
equal total investment, which is an accounting identity.
 

The model allocates savings and investment among the various
 
sectors in a way that maximizes the objective function subject to
 
the total level of savings, which comes from abroad, or is generated
 
by savings behavior and taxation policy within the country itself.
 
Because the marginal propensities to consume are different for each
 
sector and for each level of income within a sector, a change in
 
the distribution of income will affect both the total level of sav
ings and the level of savings generated within each sector. This,
 
in turn, will affect both total funds available for investment and
 
the intersectoral flows of savings required to satisfy investment
 
requirements in each sector, resulting from changes in demand for
 
goods produced by each sector. Therefore, a redistribution of in
come, which will change both the total amount and the composition
 
of consumption demand, will also affect both total investment re
quirements and sectoral investment requirements. The model, there
fore, captures both the savings and demand effects of a redistribu
tion of income simultaneously.
 

aThe use of (fTt- fit ) , instead of a composite variable say, fTt' 

which could be either negative of positive, is due to the nonnegativity
 
constraint imposed by the linear programming model. Therefore, when
 
the net flow of savings to a sector is negative, the program will
 
choose a positive value of f!, and f. will not enter the optimal basis,
 

making f! negative. f and f! will never enter a basis together bit- it- i a it it

gether because each is a linear combination of the other.
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Assumptions and Estimation of Parameters
 

In order to account for conditions and data limitations
specific to Guatemala, the following assumptions are made 
[Applegate,

1973].
 

1. The traditional 
sector does 
not export any of its 
output to the rest of the world (i.e., XT = 0). 
2. 
Imports of agricultural goods 
are assumed to be
peting with comoutput produced by the commercial agriculture sector only and not that of the traditional sector (i.e., M.T= 0).1


3. AM. investment goods are produced by the nonagricul
tural sector (i.e., T = [ = 0, j = T,A,N). 

4. National Iaccount datai does not break governmentsumption expenditures coninto its components. Thereforethere is no way to allocate this demandthree sectors. among the 
consuimpt ion 

Since a large portion of governmentexpenditures is for the purchase of services, it is assumed that total government consumption demand goes to the nonagricultural sector (i.e., 
CACT = 0).g g• 

5. The traditional sector pays no direct taxesTD (i.e.,

" 
 .
Tt 

Before beginning the discussion of the estimationmeters of the model, note of the paraa regarding the generalproblem of estimating nature of thethe parameters
in of this particular modelorder. seemsThe data requirem,,ints
aggregated data time 

of the model call for fairly disin series 
not form. In general, this
exist in G.uatema a;. The parameters 

data does
 
sol'CeS cl'Oss were estimated using suchas section budget
and studies for consumption parametersresults of studies done by other people usinghasi.c probhlem was to sample data. Thefind reasonable estimateswhich are not from 

for the parametersonly reasonable
appl a "micro" standpoint,Ii ed in the model , result in estimates but when 
when aggregated together, of values of the variables,are consistentcount data. with national income ac-It was impossible to use twoother s imultaneous stage least squares ores tima ti on techniques usingsistent with data, which is connational income data beginof the to with andparameters which would derive estimates assureconsistent with the 

that the model be reasonablynational account data. However,to derive estimates it was possibleof the parameter;in the model of the model, whichgiving results which resultare reasonably in line with theofficial national account data. 
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Production and Capital Requirement Coefficients for the Traditional
 
Agriculture Sector 

The yield per hectare for technology k, Pk' and the working
 
capital required to employ technology k on one hectare of land, CDk,
 
are 
calculated from data provided-by Johnston in his study of small
farmer agriculture in the Guatemalan highlands [Johnston, 1974].

Three levels of technology are defined: 
 (1) k = 0. This is the
lowest level of technology, which is the traditional or present day
lower technology characterized by low use of agricultural chemicals,

(2) k = 1. This is a present day intermediate technology in which
farmers use some fertilizer but little else, (3) k = 2. This is a
present day hj->technology in which farmers use fertilizers,
more

increase their planting density, and use insecticides, herbicides

and fungicides as recommended by extension agents and others.

level of technology is used on most demonstration plots. 

This
 

The above technology levels are defined by Johnston for corn,
milpa (combination of corn, squash, and beans), 
and wheat activities.

Other technologies are defined which 
are applicable to potato and
other vegetable production. These other technologies were ignored,
however, because a small portion of agricultural production in the
Guatemalan highlands is potato and vegetable production. This leads
 
us to the important problem of aggregation. The model treats the
traditional sector (as well 
as the other sectors) as if one homogen
ous good is produced by that sector. 
 If the yield per hectare (in
value terms assuming constant prices) for all crops were the same,
there would be no problem in obtaining the aggregate yield per hectare for the traditional sector as a whole. 
 Unfortunately, this
is not the case, because yields not only differ between crops but
 vary according to the type of land. 
Adding to the problem, is that
Johnston associates technological levels with the type of crop and

the type of land. For example, the highest level of technology is
applied to crops grown on valley land. 
 The model treats land as
homogeneous and, therefore, does not distinguish between types of
land. 
The explicit assumption of the model is that technological

change allows 
a greater proport"on of land in the traditional sector
to be utilized under a higher level of technology, which implies

that hilly land can be transformed into valley land. To the extent

that valley land is limited, the model will overestimate the impact
of technological change on the traditional 
sector. A further extension of the model will be to distinguish between types of land and
 
also the type of crop.
 

To obtain the production coefficients from the data available,
the following procedure was used. 
Johnston defines the production
activities associated with each technological level and specifies

a net yield (return) per hectare for each activity. The aggretate
yield for a technological level is 
found by taking a weighted average
of yields of the activities associated with a given technology.

Table 5 shows the activities and corresponding yields under each
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technology. 
 Johnston ran many solutions which assume different
resource endowments, which supposedly represent the range of possible "types" 
of farmers in the Guatemalan highlands.
the crude assumption that these "types" of farmers 
If we make
 

are equally distributed in the traditional sector, the proportion of land in each
crop activity can be 
found by taking the average of total land under each crop activity 
for all of the Johnston solutions. These
average proportions provide us 
with the weights we are seeking.
 

TABLE 5
 

Technology Return to Land, Labor

Croo Activitya Required and Savings per


k 
 Hectareb
 
milpa Mii 88.45mi lpa N1112 0 

0 
124.60mil pa MV1 0 112.01
corn alone 
 CV2 
 0 
 66.59
wheat WItV1 0 83.65wheat W1iV2 0 84.35mi lpa MV.2 1 163.44corn alone CV3 1 88.43wheat WVr3 141.69mi Ipa MV3 2 

1 
216.05corn alone C%4 2 247.98wheat WV4 2 186.15 

Source: Johns ton (1; 4) 

aCrolp activi ties are identified by crop, by type of land theyrequire, and theby relative amount of working capitalaccording to the following code: M = 
they require 

P = inilpa; C = corn alone; W = wheat;potatoes; II hilly V = = land; valley land; IV = a combinationhilily and vailey land; ofI = very little working capital;mediate 2 = an interamount of' working capital; 3 = a high amount of working capital; 4 = a very hi.gh amoun of working capital.
 
1)This 
 is a net return. It is calculated by multiplying theyield per ha for eachthe valuC crop by its average price andof inputs, plus defpreciation subtracting outon fixed capital required toproduce one hectare of that crop. 

Table 0 shows the activities entering Johnstonthe solutionsat each level of technology, along with the corresponding weight.(Note that agiven certain lievel of technology does notmean activities necessarilythat requiring lower levels of technology excluded. For example, M112 appears 
are

in solutions when technology level2 is allowed, even 
activity requires 

though it only requires technology 0). Each cropa different level of working capital so that thecapital requirement coefficients for each technological level are 
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calculated identically as the production coefficients using the 
same
PkP 

set of weights. Table 7 shows the production coefficients, 

TABLE 0. 
Weights Assigned to Crop

Grown Under Each Level of 
Activities 
Technology 

Technology Level 0 

Act ivtv Wekiht 
UMV2 .4165 
MI12 .2061 
MV I .3315 
CV2 .0451 

Technology Level 1 

Act ivi tv Weight 
WV 3 .4101 
MV 2 . 1672 
M2 .4 146 
Mil! .081 

Technolog l.eve1 2 

Activity Weight 

CV11 .51 
MV3 . 046 
M'V2 .062 
AM 2 .382 

and the capital requirement coefficients, CDk, for each level of 
technology.
 

TABLE 7
 

Level of Technology
 

k P k CD k 
0 101.02 58.58
 
1 137.81 81.93
 
2 194.07 107.58
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The Consumption Functions
 

Data, to estimate the consumption functions, was 
obtains from
two budget studies carried out by the Instituto de Investig&..±ones
Economicas Y Sociales 
(IIES) at the University of San Carles in
Guatemala City. During September 1966 to January 1967, 
a rural budget study was 
carried out which had a sample size of 1759 families
and consisted of families where the head was 
defined as an agricultural worker [Orellana, 1966]. 
 The study included rural families
with incomes from $100 
to $3000 per annum. In 1969, 
a more extensive budget study, in that the sample size was 
larger and the sampling tecl,.niques improved, was carried out by the 
same institute,
which included urban families from the five largest cities of
Guatemala, Guatemala City, Quezaltenango, Puerto Barrios, Jutiapa,
and Esquintla [Orellana, 1972]. 
 The study included urban families
with incomes that ranged from $100 
to more than $10000 per year.
 
It was 
felt that using both of the studies would give 
a representative sample of people at 
all levels of income, as well as the
rural and urban components of the population. 

Thi: basic methodology used to estimate the parameters of the
consumption functions by sector and level of income 
is as follows.
It was 
assumed that income in the traditional sector 
and the bottom
sector (family size farms) of the commercial agriculture sector was
spent as rural :i.ncome. Income from the rest of the commercial agricultural 
sector and the nonagricultural 
sector was assumed to be
spent as urban income. Therefore, the ruralwere used to and urban budget studiesestimate consumption functions for these two basicgroups. 
 The budget studies give family consumption expenditures
and average income for 23 and 20 income groups thefor rural and urban studies, respectively. Consumption functions for food and nonfood were estimated using income and consumption data at differentlevels of income, giving 23 observations for the rural functions
and 20 observations for urbanthe functions. The consumption functions fit were of the form = aC + by + cy-. Since the marginal
propensity to consume

for is given by b + 2cy, the sufficient conditiona falling marginal propensity to consume as 
income rises is that
c be negative. 
However, since the model is linear, it was necessary
to 
express the quadratic consumption function as 
a series of linear
segments. 
 This was done by dividing rural and urban income intoincome groups ,cori'esponding to the different levels of income specified for incomL distribution purposes. The marginal propensityto consume and intercept term was calculated at the mean income forthat particular income group. This resulted in the estimates of 

a jCj and for all i j andam id fo l , ndZ • 

The original raw data thefor budget studies was not available.The consumption and income data were in terms of group averages for
each income level. This would not necessarily present a problem but,in this case, the number of observations in each group is different.
Therefore, the model is of the form: 
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y--BN:+U 

where:
 

y and Y are group means of the dependent and independent var
iables, respectively.
 

U is the average error for each group. 

Therefore, if 11 (0, 1 2-l 

then U - (0, V
 

where:
 

1
 

1
 

ni
 
1
 

When the ni are not the same, heteroschedasticity results and 
I

ordinary least squares will result in biased estimates of the stand
ard errors of the coefficients. To eliminate this problem, weighted

least squares was used. The variables of the model were transformed
 
by preinultiplying by the following diagonal matrix:
 

/n9 0
 

0 /ni 

The results of fitting the above polynomial, using the rural
 
data for food and nonfood, respectively, are given below. The stand
ard deviation of the estimate of a coefficient is given :in parenthe-,
 
ses below the coefficient. The t statistic is reported below the
 
standard deviation.
 

For total consumption we have:
 

2
 
C 90.36 + 0. 9 2 7 9y - 0.00014y
 

(18.07) (.0249) (.00001.1)
 
7.68 19.52 -6.40 a
 

aIndicates the estimate is significantly different than zero at
 

the 0.01 level.
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For food we have: 

=
CR 77.86 + .4 863y - 0.000073y2.
 

Since the same independent variable appears in both equations,
the consumption of nonfood goods and services 
can be found by subtracting the 
values of the parameters of the consumption function
for food from the respective parameters in totalthe consumption
function. Therefore 

CN = 12.50 + 0.4416Y - 0.00013Y2 ,
 

The results of fitting the polynominal consumption function
 
for the urban data are presented below.
 

For total consumption we have:
 

C = 4 .16 + 1.0299Y - 0.00002Y 2 

(4.53) (0.1182) (0.000008)

10.18 8.71 
 2.291
 

For food we have:
 

CR = 278.49 + 0.2673Y - 0.00001Y2
 

(50.27) (0.0233) (0.000001)
 
5.54 11.49 -5.991
 

Therefore, for nonfood we have: 

CN = 232.53 + 0.7626Y - 0.00001Y".
 

Since 
 the coefficient, c, is significantly different from zeroand negative in all cases, we reject the hypothesis that c is equal
to zero and that the marginal propensity to is at
consume constant
all levels of income. 

Table 8 presents the calculated marginal propensities to consume and corresponding intercepts by sectors and income groups with
in the sectors. 

Deriving the marginal propensity to consume food and nonfoodgoods and services for rural urbanthe and populations and plottingthese on the same graph indicates some interesting differences inconsumption behavior between the rural and urban piopulation, as wellas between groups of people and different income levels. Comparisonof rural and urban total marginal propensities to consume is presented in Figure 6. Comparison of rural and urban marginal propensities to consume food and nonfood at various levels of income is 
presented in Figure 7. 

From Figure 6 it appears that the difference in consumptionbehavior between rural and urban people is, at least, as great as 
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TABLE 8 
Average Income, Marginal Propensity to Consume and Autonomous 
Consumption Expenditure by Sector and Level of Income Within 

Each Sector for Food and Nonfood per Family 1 

Sector and Income 
Strata -

MPC 
Food 

at Y 
Nonfood 

Intercept at Y 
Food Nonfood 

Traditional sector 500.00 .4133 .3116 96.11 45.00 

Commercial agriculture
Family farms 1,600.00 .2527 .0256 264.74 345.30 
Small multi-family 9,700.00 .0733 *5Q86 1,219.39 708.57 
Large multi-family 30.00 0 .01a 0.0 2,064.72 14,306.64 

Nonagricultural sector 
0  500 411.50 .2591 .7544 280.17 -230.65 

501 - 1000 737.76 .2516 .7469 284.65 -226.17 
1001 - 1500 1,249.07 .2424 .7377 293.99 -216.83 
1501 - 2000 1,749.77 .2324 .7277 308.93 -201.88 
2001 - 3000 2,441.62 .2185 .7138 338.03 -172.80 
3001 - 4000 3,458.16 .1982 .6935 397.86 -112.96 
4001 - 6000 ,,33.14 .1707 .6660 511.78 0.96 
6001 - 8000 6,828.66 .1308 .6261 744.29 233.48 
8001 -

10000 + 
10000 8,788.73 

13,998.99 
.0916 

0 0 c 
.5869 
.4827 

1,047.25 
2,064.72 

539.43 
1,726.27 

MPC = 0 at Y = 13,365 
bMPC = 0 at Y = 38,130 
cMPC = 0 at Y = 13,365 

These represent per family autonomous consumption expenditures. To
 
find the intercept for each level of income, the estimated number of fami
lies in each income level was multiplied by the above per family inter
cepts.
 

the difference in behavior between people at different levels of
 
income. At any given level of income, the marginal propensity to 
consume is higher for urban people than for rural people. A glance
at Figure 7 indicates that the difference in total marginal propen
sities to consume for the rural and urban population is mostly made 
up of the difference in the marginal propensity to consume nonagri
cultural goods. 

1It should be noted that consumption data is not net of in
direct taxes.
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To provide 
a more rigorous 
test 	of the hypothesis that the
urban marginal propensity to 
consume is greater than the rural marginal propensity to consume, the urban and rural data were pooled
and dummy variables were added to 
test for a significant difference
in b and c between rural and urban populations.
 
To test for a shift in the parameter, b, the following equation
 

was 
fit using the pooled urban-rural data.
 

C = a + b Y + b'Y' + C Y2
 

where:
 

Y' = 
0 for urban observations
 

Y' = Y for rural observations
 

If b' turns out to be significantly greater than zero, the
null hypothesis, that the parameter, b, is not greater for rural
income than for urban income, will be rejected. Similarly if b'
is significantly less than zero, 
the null hypothesis, that the parameter, b, is not less for rural income than for urban income, will
be rejected. 
 The results of fitting the polynomial consumption
function over the pooled rural and urban data are presented below.
 

a = 	148.53 
 t = 	3.53

b = 0.9905 t = 	36.93 c = 	 -0.2754 t = 	-4.97
d = 	-0.000017 
 t = -7.73
 

b' is significantly less tha± 
zero at
with 	16 the 0.001 level of significance
degrees of freedom. We, therefore, reject the hypothesis
that 	the parameter, b, is not less for rural income.
 
The same procedure was applied to 
test 	for a shift in the parameter, c, between urban and rural income. The following equation

was fit. 

C = a + b Y + c Y2 + c'(Y2 )' 

where: 

(y2), = 0 for urban observations 

(Y2)I = Y2 for rural observations. 

The results of fitting this equation are presented below. 

a = 60.89 t = 	 1.82b = 	 1.0224 
 t = 	38.75
 c = 	-0.000019 
 t = 	-8.64
d = 	-0.00016 
 t = 	-5.34
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c' is significantly less than zero at the same level of significance

leading to the rejection of the hypothesis, that the value of c is
 
not less for rural than for urban income.
 

Since MPC = b Y + 2 c Y and b and c seem to be less for rural
 
income, we conclude that the-marginal propensity-to consume is
 
smaller for rural than for urban people at any given level of income.
 

There are factors which may help explain this result. One fac
tor has to do with the structure of the rural sector itself. Approx
imately 88% of all farms in Guatemala were classified as subfamily

size in 1964 [Direccion General de Estodistica, 1964]. The distri
bution of the population should correspond roughly to the distribu
tion of farms. The largest share of this population is made up of
 
highland Indians whose consumption behavior is determined, at least,

partly by tradition. For example, Indian women in the highlands

pretty much still wear their traditional costumes. Corn is still
 
the staple as it has been for centuries. Sol Tax, in his classic
 
study of a Guatemala Indian economy, "Penny Capitalism" [Tax, 1963],

makes the observation that while among the Indians the richer Indians
 
live better than the poor, the differences are "strictly limited -
i.e., in degree not proportional to wealth and always within the
 
bounds of the culture." More specifically:
 

variations among rich and poor (Indians) are held 
strictly within bounds. The richer families could cer
tainly afford to plaster their adobe-brick house; they 
do not. They could afford windows which they do not 
have. They could have limemortar or even brick floors,
but they do not. The could have raised fireplaces (as 
the Government demands), and do not. And so on. They
lack such things not because they are unfamiliar with 
them - for Ladin. homes they they frequent have them 
but because they do not want them ..., it is obvious 
that so-called "cultural factors," as opposed to eco
nomic, are involved. 

Another factor, which may be contributing to the observed dif
.ference in consumption behavior between the urban and rural popula
tion, is related to the availability of goods and knowledge of new
 
products. A look at any Guatemalan map with reasonable detail 
re
veals literally hundreds of towns in the highlands with only a dirt
 
path linking them to the outside world. A peasant who moves to the
 
city is faced with a much greater variety of goods to purchase than
 
perhaps would be found in his home market. The urban dweller is
 
not only faced,'with a wider selection of goods, but his attitude
 
toward purchasing them may change as a result of a "demonstration
 
effect."
 

It was mentioned earlier, that income received by owners of
 
multi-family size farms would be assumed to be consumed as urban
 
income. This assumption seems consistent with the factors discussed
 
above. These people have high mobility and many of them live in the
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city much or all of the time. It seems reasonable to expect that
 
their consumption habits would be better depicted by the urban con
sumption function rather than the rural consumption data, which
 
was derived from interviewing mostly campesinos.
 

In order to estimate autonomous consumption expenditures by

type of good and sector of demand, we need to know, in addition to
 
the distribution parameters, xj.,, the population of each income 
level for every point in time. This is required, because the con
sumption functions derived above are in per family terms. Table 9
 
presents estimates of the number of families by sector, income level,

and time period. Given the estimates of autonomous per family con
sumption hy income level found in Table 8, the following autonomous 
Consum)tion parameters were derived. 

Parame Ier Time Period
 
Millions of 1970 $s 2 41 3 5 

A 
R, 'A;- 66.13 68.98 71.16 73.35 75.60
 
N 

iR. z N 318.03 333.46 349.65 366.73 384.35 

T 
X'N T 58.20 61.75 65.51 69.49 73.72
 

A 
'Az
A'LN 79.21 82.44 85.33 88.20 91.11 

M
 

(N 'Nz -66.96 -70.30 -73.68 -77.22 -81.14 

TABLE 9 
Number of Families in 1000s by Sector, 

Income Level, and Time Period 
Time Period 

Sector 1 3 52 4 

Traditional. 605.0 641.8 680.9 722.3 766.2 

Commercial Agriculture 54.5 56.0 57.7 59.4 61.2 
9.3 9.9 10.2 10.5 10.8 
2.5 2.6 2.7 2.8 2.9 

Nonagricul ture 4.8 5.2 5.85.0 5.5 
50.8 53.3 55.9 58.6 61.5 
65.9 69.1 72.4 75.9 79.7 
55.9 58.6 61.5 64.5 67.6
 
65.7 68.9 72.3 75.8 79.4
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Time Period
 
Sector 1 2 3 4 5
 

Nonagriculture 43.2 45.3 47.5 49.8 52.2
 
34.8 36.5 38.2 40.1 42.0
 
13.3 14.0 14.7 15.4 16.1
 
8.7 9.2 9.6 10.1 10.6
 
9.4 9.8 10.3 10.8 11.3
 

Source: GAFICA
 

The Distribution Parameters, \
 

Data for calculation of the distribution parameters is presented
 
below. It will be recalled that the traditional sector is treated
 
as one income group. The commercial agriculture sector contains
 
three income levels or classes, while the nonagriculture sector con
tains ten income levels or classes.
 

Average Number of Total Distribution
 
Income Sector and Income Families Income Distruo
 
Level Income Group (per farm) (1000) (1000000)
 

0 - 800 Traditional 500.00 c 605 a 302.50 1.0
 

Commercial Ag. a 
801 - 2000 Family size 1600 54.5a 87.20 .3489 

2001 - 15000 Small Multi-Family 9700 9.3 90.21 .3610 
15000 + Large Multi-Family 29000 2 5a 72.50 .2901 

Nonagricultureb
 

0 - 500 1 411.50 4.8 1.98 .0020
 

501 - 1000 L 7,87.76 50.8 40.02 .0401
 

1001 - 1500 L3 1],249.07 65.9 82.21 .0823
 

1501 - 2000 L4 1749.77 55.9 97.81 .0979 

2001 - 3000 L 2441.62 65.7 160.41 .1606
 

3001 - 4000 L 3458.16 43.2 149.39 .1496

6
 

4001 - 6000 L7 4833.14 34.8 168.19 .1684
 

6001 - 8000 L8 6828.66 13.3 90.82 .0909
 

8001 - 10000 L9 8788.73 8.7 76.46 .0765
 

10000 + L10  13998.99 9.4 131.59 .1317
 

aGAFICA
 
Orellana 
(1972)
 

http:13998.99
http:1],249.07
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The Incremental Output-Capital Ratios for the Commercial Agriculture
and Nonagriculture Sectors
 

The incremental output-capital ratio, yi, 
for sector i is de
-fined as the increment to- output resulting from one unit of investment. It is different from the marginal product of capital in that
the 
latter assumes other factors constant while the incremental outputcapital ratio assumes that other factors may be increased along with
capital, in accordance to least cost combination of resources. 
 In

mathematical terminology, dK is the incremental output-capital ratio.,

while the marginal product of capital is 
given by the partial deriva
tive rather than the total derivative or - .
 

The incremental output-capital ratios for the commercial
culture and nonagriculture sectors agri
were estimated by fitting the
lowing equations for each sector. 

fol-


Yt Yt-i = (It-I i = 0,1,2,3
 

The equation was 
estimated with investment in the current year
as the independent variable and also lagged one, two, and three years.
Unfortunately, investment data, broken down into investment in agriculture and investment in nonagriculture, was only available for nine
year, giving only eight degrees of freedom. On the basis of t tests
and goodness of fit statistics, estimates of y with investment in
the current year were 
chosen. 
 The estimated incremental outputcapital ratios for the commercial agriculture and nonagrictiltural
sectors are presented below with their standard errors 
and t values.
 

0.747
A (."2 
 YN = 0.4770(.2612) A
 
(0.0398)


2.9 
 12.0
 
A.
 

significance, while YN is 
significant at 
the 0.0001 level.
 

Estimates w, e, and e
 

The average wage rate, 
w, earned by agricultural laborers working in the commercial agriculture sector was estimated by Schmid
for different plantation crops, coffee, sugar cane, and cotton [Schmid,
1968]. 
 Taking the weighted average with the weights corresponding
to the proportion of the unskilled labor force employed in the production of each crop, 
an average of QO.88 per man day was determined.
 

47 
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e is the number of man days required to produce one unit of
 
output (measured in constant prices) in the commercial agricultural

sector. Using data provided by Schmid, el, for export crops 
was
 
estimated to be approximately 0.43 [Schmid,1968]. Using Table 3.5

of [Fletcher et.al.,
.... 1970], the proportion of export crops to total ...
commercial production was estimated to be 0.57. It was assumed that
 e = 0 for non-export crops, which implies that all seasonal laborers
 
work only on fincas producing export crops. This, of course, is
 
not completely accurate but it is true that the 
large fincas are almost exclusively export crop oriented, and it is these fincas which

hire the great bulk of seasonal labor. This assumption, therefore,
is probably not too extreme. 
At any rate, it should be recognized

that L may be underestimated because of this factor. 
The final estimate of e1 was taken to be the weighted sum of the value of e
 
for export and non-export crops. The weights were 
the proportion

of export crops and non-export crops in total commercial agricultural production, respectively. The estimated value of e1 
is, there
fore, taken to be 0.2438.
 

According to Gollas [Gollas, 1970], 
income from employment in
nonagricultural activities makes up, 
on the average, about 28% of
total income of the subsistence farmer. Therefore, e2 was 
estimated
 
to be equal to 0.28.
 

Estimate of a
 

a is,the proportion of total expenditures on food by the nonagricultural sector which actually accrues to 
the nonagricultural

sector itself. This measures value added by the nonagricultural

sector as 
a proportion of the total value of agricultural production
at final demand prices. A crude measure of a is given by taking

the ratio of the difference between total agricultural production
net of exports and the value of final consumption of food (domestic)

and the value of final consumption of food. The estimates of a,
for the years 1958-1966, ranged from 0.6320 to 0.6423. 
 a was, there
fore, assumed to have a constant value of 0.64.
 

Estimates of mA, mN, mI
 

The import parameters were obtained from simple ratio estimates

using national account data. 
Ordinary least squares regression was
not used, because looking at the estimates for these parameters revealed that they changed over time but were fairly constant for sev
eral years at a time.
 

The estimates for the import parameters are given below.
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mA = 0.03 
 mN = 0.27 
 mI = 0.40 

Estimates of tI and tD 

The average indirect and direct tax rates were estimated using
generalized least squares resulting in the following functions.
 

t 0.0727 Y R2 = 0.9794 
(0.0027) d = 1.72 
26.73 

tD 0.0206 Y R2 = 0.8361 
(0.0024) d = 1.59 
8. 45 

where: 

tT = total indirect taxes 

Dt = total direct taxes 

Y = gross domestic product. 

Table 9 presents a summary of the parameters and their estimates. 

TABLE 9
 
Summary of Parameters and Their Estimates 

Pz r amcter Estimate
 

P 101.02
 
1 

137.81
 
P2 194.07
 
CD0 58.58
 
CD1 
 81.93
 
CD2 107.58
 

X TR, .4133
 

X T'r 
 .3116
 

X CA .2837Az NQ 
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Parameter Estimate
 

x
Z 

N .6564 
A. X 

A .1397 

NCR;NZy N .1632 

1.0
T 
xAl 0.3489
 

XA2 0.3610
 

'A3 0.2901
 

xNl 0.0020 

XN2 0.0401 

xN3 0.0823 

AN4 0 .0979 

XNS 0.1606 

XN6 0.1496 

AN7 0.1684 

XN8 0.0909 

xN9 0.0765 

xNl 0 0.1317 

0 .747'(A 
0 477
*fN 


w 0.88 

e1 0.24 

e 2 0. 28 
C4 0.64 

MA 0.03 

MN 0.27 

MI 0.40 

t I 0.07 

tD 0.02
 

Table 10 presents the values of the exogenous or autonomous
 
components of the model, which make up the right hand side of the
 
constraint equations.
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TABLE 10
 

Values of Exogenous Components of the
 
Model by Time Period in 1970 Prices
 

Time Period
 
Variable 1 2 3 4 5
 

720.62 771.07 825.04 882.29 944.59
 

XA 377.28 395.01
 

XN 343.34 376.06
 

RxT 124.30 131.88 139.90 148.41 157.44
 

F/A x 66. 13 68.98 71.16 73.35 75.60
 
A Z
 

NAI N 318.03 333.46 349.65 366.73 384.35

R
 

Zi A , 58. 20 61.75 65.51 69.49 73.72 

A 
 79. 21 82.44 85.33 88.20 
 91.11
 

N 
AN -66.96 -70.30 -73.68 -77.22 -81.14
ANz 


QTr t-1 145.89
 

923.50
QA t-1 


2840.90
QN t-i 


All other exogenous components were assumed to be equal to zero. 

Empirical Results 

The model was used to investigate the effects of wider spread
adoption of more advanced techniques in the traditional sector, as 
well as the potential effects of land reform. Because the objective
function is the weighted sum of income in the traditional sector 
and income in the rest of' the economy, it was possible to use para
metric prograllming to obtain solutions under the assumption of dif
ftrent policy weights on the two sectors. Table 11 presents the 
different objective ftunctions and the corresponding weights assigned 
to each of" the sectors. Objective ftunction, OBJ2.5, assumes a strong
policy,emphas is on the traditional sector, while objective function, 
OBJ5.0, aISSlimeS a1Strollg policy emphasis on the rest of the economy.
Objective fiunction, OBJ3.5, assumes neutral policy emphasis in that 
the weights are equal for both sectors. Table 12 shows the value of 
GDP, Y' and YR for each of the five time periods, for each of the 



Objective 
Function 

1 2 

TABLE I1 

Objective Function Weights Assigned to 
Yr and YR by Time Period for 
Alternative Policy Emphases 

b 

1 ,sTt 
(1+. 0 4 )t t = 

3 4 5 1 2 

1 
( 1 +. 0 4 )t 

3 

RT 
t = 

4 5 

OBJ2.5 .6866 .6347 .588 .5,125 .5020 .2942 .2720 .2515 .2325 .2158 

OBJ3.0 .5885 .5,140 .5030 .4650 .4305 .3923 .3627 .3353 .3100 .2875 

OBJ3.5b .4904 .4534 .4192 .3875 .3575 .4904 .4534 .4192 .3875 .3575 

OBJ4.0 .3923 .3627 .3353 .3100 .2875 .5885 .5440 .5030 .4650 .4305 

OBJ4.5 .2942 .2720 .2515 .2325 .2158 .6866 .6347 .5868 .5425 .5020 

OBJ5.0 .1961 .1813 .1677 .1550 .1443 .7847 .7254 .6706 .6200 .5722 

aThe discount rate was assumed to be 0.04 

bCorresponds to neutral policy emphasis 



TABLE 12 
a


YT' and YR by Time Period

Selected Objective Functions 

e
 

YT t 
= YRt

t = t 

1 2 3 4 
 5 1 2 3 4 5 

6.32 S99.38 612.91 
627.17 642.17 
 2824.02 3028.94 3246.84 3479.65 3728.13
 

3.02 436.08 449.62 463.88 478.88 
 2913.85 3118.77 3336.67 3569.48 3817.96
 

3.02 436.0 4-49.62 463.88 478.88 2913.85 3118.77 3336.67 3569.48 3817.96 

3.02 436.08 449.62 463.88 478.88 
 2913.85 3118.77 3336.67 3569.48 3817.96
 

two years, so that the variables are expressed as two year totals
 

O 
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different objective functions. It should be noted that the solutions 
for the last three objective functions are identical. This is due 
to the fact that the feasible region is made up of planes which come 
together at corners, which would look like the face of a diamond. 
The existence of identical solutions, even though the policy weights 
are different, merely reflects the fact that the objective function 
is rocking on the same corner. When the weights are changed enough, 
then another solution becomes optimal. Objective functions with 
different policy weights were also used, but did not result in dif
ferent solutions than those presented in the table. fable 12 also 
presents, what appears to be, a curious result which should be ex
plained at this point. The solutions with heavy policy emphasis 
on the traditional sector show GDP higher than that for OB13.5,-which 
corresponds to neutral policy emphasis. It might be temptin, to 
interpret neutral policy emphasis as equivalent to maximizing GDP. 
The question arises as to why GDP would be lower when the objective 
was to maximize GDP. The anwer lies in the fact that the ob iective 
function also contains investment in the commercial agriculture and 
nonagriculture sectors (or the rest of the economy) for the last 
time period. Therefore, when the weights are changed with respect 

to YT, and YR1 while the weights on IA and IN are the same,the
 

objective function which is a plane, does not remain orthogonal to
 
the YT-YR plane. The result is that it becomes optimal to invest
 

more in the rest ef the economy, in the last time period when policy
 
emphasis is neutral than when the traditional sector is highly favored.
 
Investment in the nontraditional sectors in the last time period is
 
equal to 530.6 million dollars when the policy emphasis is on the
 
traditional sector, while investment in the last period is equal to
 
608.04 million dollars when the policy emphasis is on the rest of
 
the economy or neutral. The basic reason for this is the assumption
 
that investment in the traditional sector is providing working cap
ital and not long-term fixed capital.
 

As is characteristic of linear programming models, a "flip-flop''
 
phenomenon is observed. When the policy emphasis is strongly in
 
favor of the traditional sector, it is optimal to pt all land in
 
the traditional sector under the highest technology for every time
 
period, so that there is no gradual technical change. On the other
 
hand, when the policy emphasis is on the nontraditional sectors of 
the economy, the model assigns the lowest technology to all land in 
the traditional sector for all time periods, thus, the "flip-flop" 
nature of the solutions. However, these solutions are useful in in
dicating the possible range of improvement for the traditional sec
tor. Figure 8 presents traditional income under different pclicy 
objectives by time period. The results show income in the traditional 
sector to be 38% higher in the first period and 34% higher in the 
last time period, when strong policy emphasis is placed on the tra
ditional sector. Figure 9 and 10 show GDP under alternative policy 
objectives and modern sector income under alternative policy objec
tives, respectively. 
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Figure 8. Traditional Sector Income
 
Under Alternative Objectives
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Figure 9. Gross Domestic Product 
tinder Alternative Objectives 
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Figure 10. Modern Sector Income
 
Under Alternative Objectives
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Land Reform
 

The land reform experiment was carried out under the following
assumptions. The assumed land area of the traditionalsector for
 
1970 is 698 thousand hectares [Merrill, 1974]. Merrill calculates
 
that 199,000 hectares of new land can be brought into production
 
through colonization programs. According to Merrill, if an active
 
agrarian reform program was implemented, which gradually shifted
 
the land, now in farms larger than 45 hectares, to ncw farms smaller 
than,4S hectares, the distribution of land for the nine highland 
departments in year 2000 will be (including colonization):
 

Farm Size % Farms 10Land 

Less than 7 90.5 59.20 
hectares 

More than 7 9.5 40.80 
hectares 

Since this distribution is for the nine highland departments, 
it may overestimate the improvement for the entire country. Most 
large farms are outside the highlands area, so the distribution of 
land is more unequal outside the highlands. Also, opposition to 
land reform is likely to be greater in these areas. Therefore, we 
will assume a more conservative improvement given below. 

farm Size % Land 

Less than 7 50 
hectares 

Greater than 7 50 
hectares
 

Total arable land for Guatemala will be 3752 thousand hectares
 
presently in use, plus 199 thousand additional hectares brought into
 
production through colonization. Therefore, total land area in the
 
year 2000 will be 3951 thousand hectares. Assuming the above dis
tribution of land after land reform, we obtain 1976 hectares avail
able to the traditional sector. Subtracting the present 698 thousand
 
hectares, we get an increase of 1278 hectares. This program is as
sumed to be complete in the year 2000. We will assume that an equal
 
portion of the additional land is brought into production each year.
 
Therefore, AZ = 85 thousand hectares for each two-year time period.
 

The results of the land reform experiment are presented in Table
 
13. The effect on traditional sector income is graphically illustra
ted in Figure 11. The land reform significantly improves income in
 
the traditional sector. However, the solution under strong policy
 
emphasis shows a significant decline in the growth rate of traditional
 
sector income. This is explained by the fact, that over time, the
 
proportion of land in the traditional sector, cultivated under the
 
highest technology, declines. This indicates that there is a binding
 
demand constraint upon traditional income. If the model was con

w; 



TABLE 13. GDP, YT, and YR by Time Period and Selected 
Objective Functions Assuming Land Reform 

Va riablea
Objective

Function Y.IyIP t i't ¥Rt

1 5 1 ---2 3 4 5 2 3 4 5 

OBJI.5 3419.78 3647.19 3888.07 4135.13 4398.62 607.31 6,11.3.1 675.85 690.11 705.11 2812.47 3 005.8o 3212.22 34.145.02 3693.50 

OB.J2.0 3119.78 3647.19 3878.63 1125.69 4389.18 607.31 641.34 654.87 669.131681.13 2812.1 300S.86 3223.76 34 6.57 3705.04 

OBJ2.5 3419.78 3637.76 38¢9.19 1116.26 -1379.74 607.31 620.37 633.00 648.16 663.17 2812.147 3017.34 3235.29 3-168.10 3716.58 

OB.J3.0 
 3361.44 I579.42 
3810.85 4059.92 4321.41 
 477.63 490.69 5041.22 
518.48 533.49 2883.80 38.73 3306.63 3539.44 3787.92
 

OBJ3.S 3361.44 3579.42 3810.85 4059.92 4321.40 477.63 490.69 504.22 518.48 533.49 
 2883.80 3088.73 
3306.63 3539.44 3787.92
 

aVariables 
are expressed as 
two year totals
 

http:3-168.10
http:669.131681.13
http:34.145.02
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Figure 11. 	 Traditional Sector Income Under Alternative
 
Objectives Assuming Land Reform
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strained to allocate all land in the traditional sector, excess
capacity would develop in that sector. 
 This is an important result, indicating that the impact of a rural development program
combining the Basic Grains Program with land reform may be somewhat
weakened due to limitations on domestic and export markets for the
products produced by the traditional sector.
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