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the distribution ¢f income. Tt is hypothesized that the consump -
tion bundle of higher income pcople 1is morc capital intensive than
the consumption bundie of lower income pcople [Land and Soligo,
19717, If this is the casc, then a redistribution of income in
favor of the poor would lower the capital requirement of aggregate
demand and, therefore, the savings c¢ffect would be partially or
totally mitigated.

i The studies referred to above consider the effects of changes
In the distribution of income. What may be cven more important is
the determinants of the distribution of income. In many LDCs, the
inequality of the distribution of income can be largely explained
by the existence of economic and cultural dualism {[Adelman and
Morris, 19711, 7To the extent that the traditional sector consists
of traditional agriculture, ruratl development will improve the
overall distribution of income. Thercfore, rural development and
the distribution of income are closely related. The purpose of
this study is to svnthesize some important trends of thought in the
development Jiterature that have a bearing on the distribution of
income and/or on rural development.  More specifically, we will ex-
amine the usce of cconomic models and other quantitative tools in
evaluating the impact of rural development and income redistribu-

tion programs.  In Part 1, we discuss theovetical two-sector dualism
models such as those developed by Lewis, Fei-Ranis, Jorgenson and
finally Mcllor. These models will be discussed with respect to

their implications for tmproving the distribution of income between
agriculture and nonagricultural sectors and the implications for
agricultural development policy. In Part 11, the use of quantita-
tive techniques to measure the effects of changes in the size dis-
tribution of income is examined. The total cffects as reflected

by the savings and demand cffects as well as the effects on relative
factor intensities Jdue to changes in the composition of demand are
discussed.  In Part 111, some recent attempts to measure the effects
of certein kinds of rural programs, such as credit and technical
dssistance, or attempts to cmploy different kinds of technologies
will be discussed. In Part 1V, a dynamic multi-sectoral model of
Guatemala is presented which iz used to measure (a) the effects of
allowing technological change in the traditional agricultural sec-
tor, and (b) the effects of a proposed land reform.

PART I: TWO-SECTOR MODELS OF ECONOMIC DUALTSM

Models Assuming "Unlimited supplics of Labor"

Models, which assume that labor can beo supplied to the indus-
trial scctor at a constant wage rate due to surplus labor in the
agricultural sector, essentially began with W. Arthur Lewis [19541
and were elegantly formalized by Ranis and Fei [1961]). Lewis felt
that it was fairly obvious that in many underdeveloped countries
there was a certain amount of disguised unemployment that could be






The begin
cializati

ning of Phase 111 is called the turning point or commer-
on point.

According to this model, the process of development would go

something

1.

(¥}

0.

Land
constrain

like the following:

Investment in the industrial sector will increase
the marginal productivity of labor in industry and,
therefore, increases the demand for labor,

As Tong as the cconomy is in Phasc I, labor will be
supplicd to the industrial sector at a constant wage.

As soon as the shortage point is rcoched, the terms
of trade will turn in favor of agriculture and the
industrial wage rate will have to be increased in or-
der t-o pet additional Tabor. This will have a damp -
entng cffect on emplovment and the process 11 slow
down.

I'" there is technolo ical change in agriculture, the
terms of trade need not change during Phase I11. Al-
though output in agriculture will tend to fall as a
result of workers leaving the scctor, this can be made
up by making the remaining workers more productive.
Asa result, the agricultural surplus per industrial
worker will rise, which will tend to turn the terms

of trade against agriculture so that the supply curve
of Tabor to the industrial section will rotate counter-
clockwise,

This now brings us to the concept of balanced growth
devived by Fei and Ranis. In order for baluanced
growth to occur during Phases T and 1T, two criteria
have to be met.  The {irst criterion is the output
criterion, which requives the provision of mutual mar-
ket outlets for the products produced by the two sec-
tors. This c¢riterion requires that the terms of trade
between the two sectors should not deteriorate sub-
stantially apgainst ¢ither sector.  The second criter-
ton is the input criterion, which requires that the
investment tund must be allocated such as to enable
the industrial scctor te demand, at the constant wage
rate, the precise number of workers releasced as a reo-
sult of investment in the agricultural sector.

In summary, the engine of pgrowth in this model is in-
vestment in the industrial sector, which increases the
icdustrial capital stock, and investment in the agri-
cultural scctor, which increases agricultural produc-
tivity,

1s a

ssumed fixed and labor is abundant, so the binding
t on gr

owth is capital or lack of increascs in productivity.
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11

Finally, while it appecars that growth and equity

are competitive, growth and equity in the long run
are clcarly highly compatible and probably necessary
from the standpcint f providing markets for both
agricultural and nonagricultural output.



12

PART TI: LFFECTS OF CHANGES IN THE SIZE DISTRIBUTION OF INCOME

Savings and Demand Effects

Onc espect 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 declined as income increased,
a redistribution of income would result in an overall lower saving
rate.  If once assumes that the cconomy 1is always operating at full
capacity, then a decline in the saving rate would reduce the long-
run cquiltibrium growth rate.  This approuach, which concentrates on
the "saving effect, " presupposces that, at best, redistribution of
income will have no effect on the rate of growth, and at worst,
will have a serious negative effect on the long-run cquilibrium
rate of growth,

Cline's basic approach was to estimate the overall consumption
function and apply a counterfactual income distribution to simulate
the change in total savings and, therefore, the overall saving rate
resulting from a redistribution of income. Twelve income brackets
are assumed, so that the marginal propensity to consume can be dif-
ferent for cach income bracket. The average family income for each
bracket is calculuated as:!

Yio= oy (=,

g j
where: . = fraction of total disposable income going to the jth
J income hracket,
w. = fracrion of total population of families in the jth
J income hracket, and

y = total family income.

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

€y o= oaw by. + cy.”
or
E ~ C(IF b
J 3

1'l‘hc following notation is Cline's.
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sistent with the distribution of income which resulted in the
final demand vector. This consistency check requires a much more
detailed model wnich incorporates the distribution of income.

A Mgeneralized consistency model" f£or the Philippines was re-
cently developed [Ng, 1974]. This model is a multisectoral general
cquilibrium model which has the interesting feature of reconciling
@ constant cocfficient input-output matrix with sectoral Cobb-
Douglus production functions of the form

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

J
Xij = input from sector i to scctor J in constant prices,
Rk' = emplovment of occupation level k in sector j in

] number of people,
capj = capital stock in sector j in constant prices, and
a5 = rate of IHicks neutral technical progress.

This is dene by making use of the fact that a Cobb-Douglas pro-
duction function allows substitution among the inputs in vo.ume or
recal terms, whiic the ratio between inputs or inputs and output is
constant in value terms or current prices. Therefore, if the vari-
ables in the input-output model are expressed in terms of current
prices, and the production functions are expressed in real terms,
then a constant coetficient Leontief input-output model can be com-
bined with Cobb-Douglas production functions, which act as capacity
constraints.  The incorporation of real and nominal variables en-
able prices to he Jdetermined cndogenously. Because many sections
of the model ave nonlinear, it is necessary to solve the model by
interation using the following steps:

Step One. Step One cvonsists of calculatin ross sectoral out-
tep { ] s

put given the vector of final demand. This is accomplished by using
the following cquation:

. . -1
X = [1 - «(I-0)]° " F,
where: X is an nx1 vector of scctoral gross outputs,
Fis an nxt final demand vector,

I 'is an nxn identity matrix,

a is an nxn matrix of input-output clasticities, ST and
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T 1s an nxn diagonal matrix whose diagonal elements are
the indirect tax rate for scctor j.

If we define

X. = P. x., and
i 1

X.. = P, x..,
ij 1 71j

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

tion function implies that Yll-is constant. The form of the pro-
T
Ny
duction function, therefore, implies that T ajj(l-ri), where
X; . ]
1s the elasticity of output j with respect to input i, or the

A . o

1]

gross tactor share (before indirect taxes). Similarly,
W, .

2 -.—lil-'-‘ s (1-1.

(2) o )

where ij is thz total wage bill paid to the kth occupation in sec-

tor j, and

(3) ~ = v (1.1,

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

Step Two. Step Two consists of calculating the wage rate and
employment by occuption and sector. The labor market 1s ~ inter-
esting feature of the model. Perfect intermediate-input markets
arc 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 cach scctor. Therefore, the wage rate for
occupation K in sccter j in time period t is given by

wkj(t) = "'kj I (),
when, ij are constants and Zk is a wage index for occupation k.
Since the ijs are determined up to a constant multiple for cach
occupation, Zk(O) = 1.0 for k =1, ..., m. Hence, ij can be inter-

pPreted as the average wage for onec man year in occltipation k in sec-
tor j at the basc year.
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Due to the problems of incorporating demographic features in-
to 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. Tiierefore, summing overall sectors we get:

J

where lks Is given exogenously. Multiplying by Zk’ we get:

7 J = 7 S
3. ..k )}(J L,k 9k .
Now, since
ij = wkj sz = ij Zk ij’
W;‘_j
so that Zk Ekj = Uk: » therefore,
J
wk. .
Z, 9 =5 =1 = Z, %
j k “kj (-)kj k "k
ij has been calculated in Step One. ij is a known constant,

while ﬁks is given. Therefore, Zk can be determined. Employment

by occupation and sector can be derived from:

Y
Kj “k ki

Step Three.  Step Three consists of calculating sectoral prices
and real output. It can be shown that sectoral Frices can be writ-
ten as a function of the value of gross sectoral output, which was
determined in Step One, the rate of Hicks neutral technical progress,
which is given, the capital stock, which is fixed and given for any
point in time, and the wage index. 2, which was calculated in Step
Two. Therefore, sectoral prices can be determined and also real
sectoral output.

Step Four.  Step Four consists of calculating the distribution
of family disposable income, which is implicd by the solution of
model. Since we calculated in Step Two employment and labor income
by occupation and sector, and net return to capital by sector, the
distribution of carnings and the corresponding Lorenz coefficient, LE,
can be calculated. Now the problem is to relate the distribution of
carnings to the distribution of disposable family income. This is
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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 thc 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-
creasoed.

To compliment the policy of sustained rural-urban
migration, an extensive labor intensive urban de-
velopment program is recommended to provide produc-
tive cmplovment for the migrants. An important com-
ponent of this program is accelerated industriali-
zatiton.  Low capital intensity is desirable but not
necessary b targe export markets are opened up
which would allow extensification of industrializa-
tion. The emphasis of the program should be on ex-
ports (cespecially tourism) and utilization of low
skill workers. "The savings problem can be solved
by relving hceavily on foreign capital and multina-
tional corporations. Foreign investment should,
therefore, be encouraged." A major instrument in

the urban development program is government construc-
tion, which is mainly directed at the labor intensive
construction scctor.

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-
ctics, increased use of fertilizers and insccticides,
irrigation projects, and agricu'ture rescarch and ex-
tension.  These are designed to increase labor produc-
tivitics in the agriculture scctor. Given a slow
growth of agriculture employment, productivity in-
creases tmply increases in per capita income. Also,
1f imports ol ftood are restricted, increases in food
prices will redistribute income towards the rural sec-
tor. Thus, overall income distribution can be improved.






24

increcasced at a ratce which would absorb expected
increments to the urban labor force.

3. ILxpension of nonagricultural output is limited by
the market, which can be greatly increased if income
and cmployment in the agricultural sector were in-
creascd.

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

5. Technology for nonagricultural production is gener-
ally imported from industrialized nuations where la-
bor isx scarce so that the technology is labor-saving.
This reduces the employment-generating effects of in-
dustrialization while the technology of agriculture
is more flexible. In other words, intermediate tech-
nologies which arce yield-increasing as well as labor-
using arce possible in the case of agriculture.

6. There is a wide scope for structural change in agri-
culture which can be brought ahout by land reform,
colonization, cooperatives, eotc.

7. Finally, given world food shortages, agriculture is
hecoming more important to the entire world and there
Is less chance of importing food, so that it is im-
portant that LDCs become self-sufficient

Employment generation in agriculture is attempted in three
major ways:

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

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

3. Increasing nonagricultural emplovment in rural areas.

The basic logic behind the methodology being described can be
simply illustrated by the following assumed causc-ceffect relation-
ship: income distribution determines demand, demand determines
output, the production of output generates emplovment, which in turn
affects the distribution of income and closes the loop. In summary,
the basic assertion is that agricultural production and employment
can achicve rapid growth if an effective demand is "stimulated by
suitable agricultural policies eliciting technological and institu-
tional change, .hich brings about grecater equality in the distri-
bution of income."

The overall framework of the approach is represented in Figure
1. TFhe planning process can be divided into the following major
stages (referring to Figure 1).
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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 1in Guatemala, 1968.

GAFICA Data

Decile of ¢ Income Cumulative § Cumulative %
Population in Decile of Population of Income
1 0.5 10 0.5
2 1.5 20 2.0
3 2.5 50 4.5
4 3.0 40 7.5
5 5.2 50 12.7
6 5.3 60 18.0
7 8.0 70 26.0
8 10.5 80 36.5
9 16.0 90 52.5
10 47.5 100 100.0
Top 5% 35.2

The income distribution data resulting from compiling the data

-

in these two studics arce presented in Table 2.

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

Derived From Budget Study Data

% Families Cumulative Cumulative
(low incomec to high) 5 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 8§2.5 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 08.3 86.8
1.7 13.2 100.0 100.0

Using data from the budget studics gives very similar results
to those derived using IGSS data (used by GAFICA). The poorest
50.3% of the population reccives 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 thesc estimates.

The fact that 50% of the families in Guatemala receive only
about 13% of total income while the richest 5% of families receive
about 30% indicates a high degrece of income inequality. This is
cven more cvident when income distribution data from Guatemala is
compared with that of other countries. Figure 4 shows the Lorenz
curves for Guatemala, Great Britain, the United States, Brazil and
Mexico. The poorest 50% of families in the United States and Great
Britain reccive 23.09% and 26% of total income, respectively, while
the top 5% reccive about 18% and 13%, respectively.

Another measurce of incquality of income, which is related to
the Lorenz curve is called the Gini Coefficient. The Gini Coeffi-
cient is a summary statistic, which is used to measure the inequal-
ity of income distribution, that is calculated by taking the ratio
of the arca between the Lorenz curve and the 45° line of perfect
income equality. The value of this coefficient ranges from 0.0 -
1.0 where a2 value of 0.0 and 1.0 indicates perfect income equality
and perfect incquality, respectively. Table 3 presents the Gini
Coefficients for Guatemala and other countries which gives some
basis of comparison.

TABLE 5. Gini coefficients of income concentration by country.

G
. a
Guatemala 0.58C
Brazil O.S?b
Mexico 0.53C
United Kingdom O.4OC
United Stuates 0.40C
Norway 0.36

LGATICA
.Clinc
Thorbecke and Sengupta

The Distribution of Land

Faced with the fact of a high degree of inequality in the dis-
tribution of income in Guatemala, onc turns to the question of what
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n x 1 vector of endogenous variables defined for the
model

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

mx n matrix of constant cocfficients corresponding to
the paramcters of the model.

variables and paramecters specified separatcly for each re-
defined as follows:

Endogenous Variables

Yit = total income for scctor i (t will denote time period t=1,
’ oo 5 1= TUALN
where
T = traditional scctor
A = commercial cgriculture sector
N = nonagriculture scctor
P . o .y
Yit = total production in sector i
Y?t = total income reccived from the commercial agriculture
sector by agricultural laborers in the traditional sector
N . . .
YTt = total income received by the traditional sector from
nonagricultural sources
LTt = total number of man days of agricultural labor required
by the commercial agriculture sector
Cit = total demand of sector j for commodities of type i
N . . . . .
Lth portion of expenditurcs on food by the nonagricultural
sector which goes to the nonagricultural sector itself
CAt = total consumption demand for agricultural goods pro-
duced by the commercial agricultural scctor
CNt = total consumption demand for nonagricultural goods
C;t = government consumption of poods and scrvices from sec-

tors i
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MAt = imports of agricultural commoditiecs

MNt = imports of nonagricultural consumer goods

I;t = lmports of investment goods by sector i

Yi¢ = personal disposable income of sector i

Cét = total consumption demand by the ith sector for food

It = total investment demand

Igt = total investment Jemand by sector j for investment
goeds produced in the ith sector

Tnt = total nct tax revenue

T%t = total net indirect taxes collected from sector i

Tgt = total net direct taxes collected from sector i

Sgt = total government savings

S;t = total government savings allocated to sector i

(fit- f'it) = net flow of savings to scctor i

Tkt = proportion of land in traditional sector under technol-

ogy k, k =10,1,2

Exogenous or Predcetermined Variables

Zt = total amount of land available to the traditional sector
Klt = exports of goods and services from sector i

_it = net government transfer to sector i

Ft = net inflow of forecign capital

6%_1= capacity output in period t-1 of scctor i
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Parameters
W T average wage rate paid to agricultural laborers work-
ing in the commercial agriculture sector per man day
e, = number of man days of agricultural labor (unskilled)

required to produce one dollar (in constant dollars)
of output in the traditional sector

¢, = proportion of total income in the traditional sector
which comes from nonagricultural sources
i . .
@Ry T dutonomous consumption expenditures on food by the
’ Lth income group of the ith sector
i . . .
Cre = Marginal propensity to consume food by the 2th income
‘ group in the ith sector
i . .
ayg T dautonomous consumption expenditures on nonfood goods
and scrvices by the +th income group of the ith sector
i . . -
Cny © marginal propensity to consume nonfood goods and ser-
’ vices by the ~th income group of the ith sector
“3y T Proportion of total income of sector i which is in the
o income level
a = proportion of total expendi-ures on food by the nonag-
ricultural sector which accrues to the nonagriculture
sector itself
My = Proportion of agricultural goods consumed which are
lmported
My = proportion of nonagricultural consumption goods which
are imported
my = proportion of investment goods which are imported
r _ e
t = average indirect tax rate
b _ o o
t = average direct tax rate
Y; = incremental output-capital ratio for sector i i= A,N
Pk = yicld per hectare in the traditional sector under tech-
nology k, k = 0,1,2
Ch, = working capital requircd to cmploy technology k on one

K 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, f{rom agricultural labor in
the commercial agricultural sector, and from nonagricultural activ-
ities.

Yoo = Yy ¥ Y7e Y Vre [1]

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

-

a commercial farm.

Y. = w L. [2]

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

function of production in the commercial agricultural scctor and
is given by Equation 3 where ¢y is the man davs required to produce

one dollar of output (in constant dollars).

N
Lrp = € Yat [

(2]
—

Equation 2 implies a perfectly clastic supply of labor from
the traditicnal scctor to the commevcial agriculturc sector. This
assumption is consistent with the concept of a scasonal labor sur-
plus where the peak demand for labor on the traditional farms does
not coincide with the peak demand for labor on the commnercial farms.

Income received from the nonagricultural sector Is assumed to
be a certain fracticn of total income for the traditional scctor.
This relaticnship, given in Equation 4, 1s 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 thesc
traditional farmers spend their income differently than their urban
counterparts at the same lcvel of income, this relationship will
make a difference. Otherwise, this income could be left in the non-
agriculturc sector and there would be no net ¢ffect on total aggre-
gate demand.

N

Y = ¢, Y. (4]

Tt 2 Tt

Equations 5 and 6 are accounting reclationship to account for
the transfer of income from the commercial agriculturc and nonagri-
cultural sectors, respectively, recsulting from the activities dis-
cussed above.

P A

Yae = Yar = Yot [5]
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YNe = Yye - Yoo [6]

We will now assume that actual output in the three sectors is
equal to total demand. This is cxpressed by Equation 7.

Pj _ ..j i - i _oyp)
Yip = 5Cip + Lgt il v Xy Mie = Ilne (71
J J J
i= T,A,N
j = T,A,N

Note: When i = N, we add one additional component of demand
N
‘RNt ”

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

C This accounts for the nonagricultural component

Changes in the distribution of income will have their primary
effect on cons=maption (assuming differences in the MPC between in-
come levels or scctors). Therefore, the following consumption func-
tions, given below, are critical to the analysis. These are given
by Equations § and 9. =, ip cuach sector, designates the income
strata of cach sector.  To obtain the consumption function for the
entirve sector, the consumption functions for the various income
stratum are summed over .. i is the proportion of total sectoral

Y.
income found in the 2th income strata of sector i, i.c., Aii = ?lii.
jt
Therefore, the vector AR S Yi2eo2y,) reflects the distribution

of income in scctor i. Assuming the distribution of the population
Fixed, changing the 1i;'s will be cquivalent to assuming a different
income distribution., Jt is through changing the parameters, Ao
that changes in intrasectoral distribution of income are simulated.

The consumption ecquations are given below.

S I od
“ = A + A A . 8
th XLLf\]Q H“]?r\1l)Jt (8]
i3 - 3 -
i = R,N
b= T,A,N

Demand for food is allocated between the two agricultural sec-
tors by the flollowing equuations.
T \T T
. = (., + C 9
CRe = Cpp * Cyy (9]
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I, =1 Iglt j = T,A,N [16]
j

The demand for imports is assumed to be a constant proportion
of consumption and investment expenditures. Further, we will as-
sume that the proportion of total demand for a good that is satisfied
by imports depends on the type of good. We distinguish between
three types of goods: (1) agricultural goods, (2) nonagricultural
consumer goods, and (3) investment goods.

Assuming that imports of food do not compete with products pro-
duced by the traditional sector (i.e., MT = 0), let

C,. = v (3 j = T,A,N [17]

so that

MAt = my CAt' {18]

Let total consumption of nonagricultural gonds he given by

] N
C3t * CRrat

Cne = Nt

Nt jo= TLAN [19]

7
i
so that

M = m C

Nt [20]

Nt “Nt*'

The import functions for investment goods is given by Equation 21.

i <
1mt = m Ijt 1 = T,A,N [21]

Indirect taxes and direct taxes are assumed to be proportional to
gross income. Indirect and direct tax functions are given by Equa-
tions 22 and 21, respectively,

. Lo
Tip = €Y, i = T,A,N [22]
D, - r

Ple =ty i = T,A,N [23]

The following identities cXpress total net taxes and government
savings, respectively.

- = yppl oD T Co
e = ;[1it+ e o] i = T,A,N [24]
S . =T . -5 ¢t i = T,A,N [23)

gt nt L Vgt
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Assumptions and Estimation of Parameters

In order to account for conditioas and data limitations
specific to Guatemala, the following assumptions are made [Applegate,
1973].

1. The traditional sector does not export any of its out-
put to the rest of the world (i.e., XT = 0).

2. Imports of agricultural goods are assumed to be com-
peting with .output produced by the commercial agricul -
ture scctor only und not that of the traditional sec-
tor (i.c., MT= 0).

3. All investment goods are produced by the nonagricul-

tural scctor (i.e., [J = Ig =0, j = T,A,N).

T A

4. National account data does not break government con-
sumption cxpenditures into its components. Therefore,
there is no way to dllocate this demand among the
three scctors.  Since a large portion of government
consumption cxpenditures is for the purchase of ser-
vices, it is assumed that total government consump -
tion demand goes to the nonagricultural sector (i.e.,
C, = ¢y = 0).

5. The traditional sector pays no direct taxes (i.e.,
D ~
TTt =0,

Before beginning the discussion of the estimation of the para-
meters of the model, a note regarding the general nature of the
problem of cstimating the parameters of this particular model seems
in order. The data requirements of the model call for fairly dis-
ageregated data in time series form., In general, this data does
not cxist in Guatemala. The parameters were estimated using such
SOUrces as cross section budget studies for consumption parameters
and results of studies done by other people using sample data. The
basic problem was to find reasonable cstimates for the parameters
which are not only rcasonable from a "micro" standpoint, but when
applied in the model, result in estimates of values of the variables,
when aggregated together, are consistent with national income ac-
count data. It was impossible to use two stage least squares or
other simultancous estimation techniques using data, which is con-
sistent with national income data to begin with and derive estimates
of the parameters which would assure that the model be reasonably
consistent with the national account data. llowever, it was possible
to derive estimates of the parameters of the model, which result
in the model giving results which are reasonably in line with the
official national account data.
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technology. Johnston ran many solutions which assume different
resource cndowments, which supposedly represent the range of pos-
sible "types'" of farmers in the Guatemalan highlands. If we make
the crude assumption that these "types" of farmers are equally dis-
tributed in the traditional sector, the proportion of land in each
Crop activity can be found by taking the average of total land un-
der ecach 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
a Required and Savings per

Crop Activity' k HectareD
milra MH1 0 88.45
milpa MH 2 0 124.60
milpa MV1 0 112.01
corn alone Cvz2 0 66.59
wheat WHV1 0 83.65
wheat WHV 2 0 84.35
milpa MV2 1 1 163.44
corn alone CvV3 1 88.43
wheat WV3 1 141.69
milpa MV 3 2 216.05
corn alone CvV4 2 247.98
wheat Wva 2 186.15

Source: Johnston (15°8)

uCrop activitics are identified by crop, by type of land they
require, and by the relative amount of working capital they require
according to the following code: M = milpa; C = corn alone; W = wheat;

P = potatoes; I = hilly land; V = valley land; 1V = a combination of

hilly and valley land; 1 = very little working capital; 2 = an inter-
mediate amount of working capital; 3 = a high amount of working cap-

ital; 4 = a very high amoun of working capital.

hThis Is a net return. It is calculated by multiplying the
vicld per ha for cach crop by i1ts average price and subtracting out
the value of inputs, plus deprecistion on fixed capital required to
produce one hectare of that crop.

Table 6 shows the activitics cntering the Johnston solutions
at cach level of technology, along with the corresponding weight.
(Notce that given a certain level of technology does not necessarily
mean that activities requiring lower levels of technology are ex-
cluded. For example, MH2 appcecirs in solutions when technology level
2 is allowed, cven though it only requires technology 0). Each crop
activity requires a different level of working capital so that the
capital requirement coefficients for each technological level are
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calculated identically as the production cocfficients using the
same set of weights. Table 7 shows the production coefficients,

Pk’

TABLLE ©

Weights Assigned to Crop Activities
Grown Under Each Level of Technology

Technology Level 0

Activity Weilpeht
MiV2 L1165
M2 L2006
MV L3315
cyve2 L0451

Technologyv Level 1

Activity Weight
W\'3 L4101
M2 L1672
Mif2 LALd6
MH1 . 0081

Technologv Level 2

Activity Eoighﬁ
Cvi .51
MV3 L0416
MV2 .062
MH?2 . 382

and the capital requirement coefficients, CDP’ for each level of
technology. t

TABLE 7
Level of Technology
k EE CDk
0 101.02 58.58
1 137.81 81.93
2 194.07 107.58
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where:

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

U is the average error for each group.

Therefore, if U ~ (0, 1 :2)

then U ~ (0, V :7)

where:

o

i

\f

Sl

()

1
n.
1

When the n, are not the same, heteroschedasticity results and

ordinary lecast squares will result in bhiased estimates of the stand-
ard errors of the coefficients. To climinate this problem, weighted
least squares was used. The variables of the model were transformed
by premultiplying by the following diagonal matrix:

&

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 estimatec of a coefficient is given in parenthe-

ses below the cocfficient. The t statistic is reported below the
standard deviation.

For total consumption wec have:
C= 90.36 + 0.9279¢ - 0.00014+°

(18.07) (.0249) (.000011)
7.68 19.52 -6.404

Indicates the estimate is significantly different than zero at
the 0.01 level.
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For food we have:

Cp = 77.86 + .4863y - 0.000073y>.

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

2

CN = 12.50 + 0.4416Y - 0.00013Y°.

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

For total consumption we have:

C = 46.16 + 1.0299Y - 0.00002Y2
(4.53) (0.1182) (0.000008)
10.18  8.71 2.291 i

For food we have:

Cp = 278.49 + 0.2673Y - 0.00001Y2
(50.27) (0.0233) (0.000001)
5.54 11.49 -5.991 .

Thercfore, for nonfood we have:

2
Cy = 232.33 + 0.7626Y - 0.00001Y%.

Since the cocefficient, ¢, is significantly different from zero
and negavive in atll ciases, we reject the hypothesis that c is equal
to zcro and that the marginal propensity to consume is constant at
all levels of income.

Table 8 presents the calculated marginal propensities to con-
sume and corresponding intercepts by sectors and income groups with-
in the sectors,

Deriving the marginal propensity to consume food and nonfood
goods and services for the rural and urban populations and plotting
these on the same graph indicates some interesting differences in
consumption bchavior between the rural and urban population, as well
as between groups of pcople and different income levels. Comparison
of rural and urban total marginal propensities to consume is pre-
sented in Figure 6. Comparison of rural and urban marginal propen-
sities to consume food and nonfood at various levels of income is

-

presented in Figure 7.

From Figure 6 it appears that the difference in consump*ion
behavior between rural and urban pcople 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 Familyl

Sector and Income MPC at Y Intercept at Y
Strata Y Food Nonfood Food Nonfood
Traditional sector 500.00 L4133 L3116 96.11 45.00
Commercial agriculture
Family farms 1,600.00 L2527 .0256 264.74 345,30
Small multi-familyv 9,700.00 L0733 .5886 1,219.39 708.57
Large multi-family 30.00  0.018 0.0 2,064.72 14,306.64
Nonagricultural sector
0 - 500 411.50 .25901 L7544 280.17 -230.65
501 - 1000 787.756 .2516 L7469 284.65 -226.17
1001 - 1500 1,249.07 L2424 .737 293.99 -216.83
1501 - 2000 1,749.77 L2324 L7277 308.93 -201.88
2001 - 3000 2,411.62 . 2185 L7138 338.03 -172.80
3001 - 1000 5,158.16 L1982 L6935 397.86 -112.96
4001 - 6000 4,833.14 L1707 L6660 511.78 0.96
6001 - 8000 6,828.66 L1308 .6261 744,29 233.48
8001 - 10600 8,788.73 .0916 . 5869 1,047.25 539.453
10000 + 13,998.99 0.0¢ L4827 2,064.72 1,726.27
a . S
bMPC =0 at Y = 13,365
CMPC = 0 at Y = 38,130
MPC = 0 at Y = 13,365

These represent per family autonomous. consumption expenditures. To
find the intercept for ecach level of income, the estimated number of fami-
lies in each income level was multiplied by the above per fumily 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 Figurc 7 indicates that the difference in total marginal propen-
sities to consume for the rural and urban population is mostly made
up of the differcnce 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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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 cstimate autonomous consumption expenditures by
type of good and sector of demand, we need to know, in addition to
the distribution parameters, A. , the population of each income
level for every point in time.”?*This is required, because the con-
sumption functions derived above arec in per family terms. Table 9
presents cestimates of the number of families by sector, income level,
and time period. Given the estimates of autonomous per family con-
sumption by income level found in Table 8, the following autonomous
consumption paramcters were derived.

Parameter Time Period

Millions of 1976 $s 1 2 3 4 5
ral, " 66.13  68.98 71.16  73.35  75.60
\
Zlﬁi Yy 318.03 333.46 349.65 366.73 354.35
Eag \T 58.20 61.75 65.51 69.49 73.77
Ea% A 79.21 82.44 85.33 88.20 91.ii
< N "Az
M -
u& Aag -66.96 -70.30 -73.68 -77.22 -81.14
TARLE 9
Number of Families in 1000s by Sector,
Income Level, and Time Period
Time Period
Sector 1 2 3 4 5
Traditienal 605.0 641.8 680.9 722.3 766.2
Commercial Agriculturc 54.5 56.0 57.7 50.4 61.2
9.3 9.9 10.2 10.5 10.8
2.5 2.6 7 2.8 2.9
Nonagricul ture 4.8 5.0 5.2 5.5 5.8
50.8 §3.3 55.9 58.6 61.5
65.9 69.1 72.4 75.9 | 79.7
§5.9 58.06 61.5 64.5 67.6
65.7 68.9 72.3 75.8 79.4
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Estimates of tI and t

74
mA = 0.03 m. = 0.27 m. = (0,40

D

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

where:

tT = 0.0727 Y R™ = 0.9794
(0.0027) d=1.72
26.73

t? = 0.0206 Y R = 0.8361
(0.0024) d = 1.59

8.45
tI = total indirect taxes
tD = 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

Paramecter Estimate
Po 101.02
P1 137.81
PZ 194.07
CD0 58.58
CD1 81.93
Cb, 107.58
. T PR
; ATRCRQ 4133
LA CF L3116
i T¢UN?
WA 5
i AAQLNQ .2837
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Parameter ' Estimate
; xmcj\\;L L6564
: L Cre 1397
: g ORs .1632
. 1.0
" 0.3489
Ay 0.3610
" 0.2901
- 0.0020
A2 0.0401
- 0.0823
Mg 0.0979
hys 0.1606
- 0.1496
by 0.1684
"y 0.0909
- 0.0765
N0 0.1317
A 0.747
N 0.477
W 0.88
€4 0.24
e2 0.28

o 0.64
My 0.03
My 0.27
My 0.40
¢! 0.07
¢D 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
X 720.62 771.07 825.04  882.29  944.59
Xy 377.28 395.01
Xy 343.34  376.06
zu£ - 124.30 131.88 139.90 148.41 157.44
£, !
xuﬁ M 66.13  68.98  71.16 73.35 75.60
Xug . 318.03 333.46 349.65 366.73  384.35
A !
Eng - 58.20 61.75  65.51 69.49 73.72
g '
zqﬁ ) 79.21  82.44  85.33 88.20  91.11
. Al
;ug s -66.96 -70.30 -73.68 -77.22  -81.14
Qp -1 145.89
QA t-1 923.50
N 2840.90

All other exogenous components were assumed to bé equal to zero.
Empirical Results

The model was used to investigate the effects of wider spread
adoption of morce 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 cconomy, it was possible to use para-
metric programming to obtain solutions under the assumption of dif-
ferent policy weights on the two sectors. Table 11 presents the
different objective functions and the corresponding weights assigned
to cach of the scctors. Objective function, 0OBJ2.5, assumes a strong
policy cmphasis on the traditional scctor, while objective function,
OBJ5.0, assumes a strong policy emphasis on the rest of the economy.
Objective function, OBJ3.5, assumes ncutral policy emphasis in that
the weights are cqual for both sectors. Table 12 shows the value of
Ghp, YT’ and YR for cach of the five time periods, for each of the



TABLE 11

Objective Function Weights Assigned to

YT and YR by Time Period for

Alternative Policy Emphases

Objective —-—l~—-P6 S — 8
Function (1+.0myt Tt (1+.04)t RT

t = t =

1 2 3 4 5 1 2 3 4 5

OBJ2.5 L6866 L0347 .5868 .5425 .5020 .2942 .2720 .2515 .2325 .2158
0BJ3.0 .5885 5440 L5030 L4650 .4305 .3923 .3627 .3353 .3100 .2875
OBJS.Sb .4904 .4534 L4192 . 3875 . 3575 .4904 .4534 .4192 .3875 .3575
OBJ4.0 .3923 .3627 3353 .3100 .2875 . 5885 .5440 .5030 .4650 .4305
0BJ4.5 .2942 .2720 .2515 .2325 .2158 .6866 .6347 .5868 .5425 .5020
OBJS5.0 .1961 .1813 L1677 .1550 .1443 .7847 .7254 .6706 .6200 .5722
a

The discount rate was assumed to be 0.04

Corresponds to neutral policy emphasis

LL



TABLE 12
YT’ and YR by Time Period?®
Sclected Objective Functions

e
Yrp | YRt
L = ¢ =
1 2 3 4 5 1 2 3 1 5
6.321599.381012.91|627.17[642.17 | 2824.02| 3028.94]3246.84]3479.65] 3728. 153
3.02436.08{119.62({465.88(478.88 | 2915.85| 3118.77]35336.67]3569.48| 3817.96
3.021436.08(149.62|463.88(478.88 | 2915.85|3118.77|3336.67|3569.48|3817.96
3.02(436.081449.62(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

8L
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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, cven though the policy weights
are different, merely rcflects 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 usced, but did not result in dif-
ferent solutions than those presented in the table. table 12 also
presents, what appcars 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 0BJ3.5, which
corresponds to neutral policy enmphasis. [t might be tempting to
interpret neutral policy emphasis as cquivalent to maximizing GDP,
The question ariscs as to why GDP would bhe lower when the objective
was to maximize GDP.  The anwer lies in the fact that the objective
function also contains investment in the commercial agriculture and
nonagriculture scctors (or the rest of the cconomv) for the last
time period. Theretfore, when the weichts are changed with respect
to YT’ and YR’ while the welghts on I\J and I\,_,D 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 of the cconomy, in the last time period when policy
emphasis 1is ncutral than when the traditional scctor is highly favored.
Investment in the nontraditional sectors in the last time period is
equal to 530.6 miilion dollars when the policy emphasis is on the
traditional scctor, while investment in the last period is cqual to
608.04 million dollars when the policy emphasis is on the rest of

the economy or ncutral. The basic recason for this is the assumption
that investment in the traditionai secctor is providing working cap-
ital and not long-term fixed capital.

As 1s characteristic of linecar programming models, a "flip-{lop"
phenomenon 1s observed. When the policy cemphasis is strongiy in
favor of the truditional sector, it is optimal to put all land in
the traditional sector under the highest technology for every time
period, so that therec is no gradual technical change. On the other
hand, when the policy cmphasis is on the nontraditional scctors of
the economy, the model assigns the lowest technology to all land in
the traditional scctor for all time periods, thus, the "{lip-{lop"
nature ot the solutions. Howcver, these solutions are useful in in-
dicating the possible range of improvement for the traditional sec-
tor. Figure 8 presents traditional income under different pelicy
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 cmphasis is placed on the tra-
ditional scctor. Figurc 9 and 10 show GDP under alternative policy
objectives and modern scctor income under alternative policy objec-
tives, respectively.
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Figurc 8. Traditional Sector Income
Under Alternative Objectives
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Figure 9. Gross Domestic Product
Under Alternative Objectives
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Figure 10. Modern Sector Income
Under Alternative Objectives
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TABLE 13. Gpp, YT' and YR by Time Period and Sclected

Objective Functions Assuming Land Reform

.. a
Variable

Punction: G Yy e

1 2 3 4 5 1 2 3 4 5 1 2 3 4 S
OBJ1.5 3419.7813647.19|3888.,0714135.15 430,621 607.311641.341675.85 690.111705.11 | 2812.47] 300586 3212.22]13315.02]3693.50
OBJ2.0 3119.78(3647.19{3878.63]4125.69 4389.18 6”7.;:;;:;i34 654.871669.131684.13 2812.17 S005.860}3223.7613456.57]3705.04
0BJ2.5 3419.7813637.76|3869.19 4116?26 1379.74 607.;1 620.371633.901648.16{663.17 2812—:;_;OIT 3413235.293168.103716.58
OB.J3.0 3361.44 13579.42[{3810.85)4059.92 4321.40) 477.63[490.69{504.22|518.48 533.49 | 2883.80(308R8.73|3306.63]3530. 44 3787.92
OBJ3.S 3361.44[3579.42(3810.8514059.92 4321.40 | 477.63[490.69]|504.22 S518.48(533.49| 28R3.80(3088.73{3306.63 3539.44(13787.92

a\’ariahlcs

are expressed as two year totals
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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 re-
sult, 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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