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DemographicfAsﬁects of a Model of the
Philippine Agricultural Sector

Mahar Mangahas

Introduction

It is dbvious that population growth is the main
determinant of increases in the demand for agricultural
products. On the supply side, population is obviously
the base of the 1ébor force, and, although séme economists
doubt that labor's margiﬁal contribution tc agricultural
output is large, labor as an aggregate is undeniably a
neceséary iﬁput in agricultural prodgction. The aim of
this paper is to add some meat to these well-known bones,
by presenting recent econometric results on the agricul-
tural segtor; within the context of a short-term aggregate
planning model.1 The démographic implications preéent in
the model are noted, and some which are absent are also
noted. One advantage of the quantifative approach is the
tendency for simplifications and omissions made in the
course of study to get rather obvious, and to point to

further work which needs to be done.

» .

Prepared for a seminar on "Effects of Agricultural
Innovations in Asia on Population Trende,” sponsored by
the Ramon Magsaysay Award Foundation, Manila, February
6-9, 1972. Revised May, 1972.
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The model is quite aggregative. By "agriculture"

is meant the whole of agriculture, fishing and forestry,
the first among the sectors for which value-added data
are prepared in the national income accounts. There 1is
no distinction between traditional and modern, oOT between
subsistence and commercial. ‘There is alsc no provision
for imported agricultural items. As will be evident, a
hypothesis underlying the choige of variables going into
the behavioral relations is that the decision makers in
the agricultural sector are economic men who react as

welfare maximizers to changes in incomes, wages and prices.

Estimating the Model.

The production (value-added) and price data used are
fromvthe old national accounts series, viz., the recently
revised figures for 1268 and 1969, which derive from
different sources and methods than earlier figures, are
not used for the sake of maintéining comparability within
the estimation series. Employment and wage data are from ;

the Labor Force Surveys of the Bureau of the Census and

Statistics, and land data are from the Crop and Livestock

Surveys of the Bureau of Agricultural Economics. Population
figures for 1960-1970 are from the Bureau of the Census,

derived by means of an annual intercensual growth rate of

3.01%; figures for 1950-195% are from Lorimer (1966). The

population series used is given in Table 1.




Table 1. Mid-year Philippine Fcpulation,
in thousands.

Mid-year Populaticn
1950 ' 20,237
51 20,830
52 21,453
53 272,101
5y 22,773
55 - 23,472
56 24,198
57 24,198
58 25,736
59 2¢,556
. 1960 27,387
- 61 28,212
62 29,062
63 29,937
6L 39,837
65 31,768
5 66 32,725
2 67 33,711
% 68 34,726
3 €9 35,772
¥ | _
> 197¢ 36,840

Source of data:

1650-1959 Lorimer, Frank W. "Analysis and
and Projections of the Population of the
Philippines”. First Conference on.Popu-
lation, 1965, Population Institute,
University of the Philippines, 19€6, p.230.

1860-1970 Bureau of the Census and
Statistics.,
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The estimation method was ordinary least

Final specifications were chosen in acccrdance with both
economic and statistical criteria; with respect to the
latter, t-values were given more importance than the
coefficients of determination. Durbin-Watson sfatistics
are reported h re for information‘s sake, aithough they

were treated as being of only minor significance.

v There are three structural relationships in the
model, a product demand function, a production function

Z

and a labor demand function. Together they determine
0] )

. . )
three key variables: agricultural v;}ue—added, the general

!
level of agricultural prices, and the level of agricultural

employment. The -structural equations shall be considered

in turn.

Product demand. The a priori candidates as explanatory

variables for the amount demanded of agricultural output .
(output measured by value-added?} were population, real k
disposable income, the agricultural price level and the
general price level for all commodities. "Good"? results

were only obtained, however, when the wage rate of unskilled

labor was added as an explanatory variable. A rationale

for this variable is given later.




Population and real disposable income are extremely

1 highly correlated (r = .997), and efforts to include them
separately in a linear demand function resulted in very

poor showing of the populafion variable. With linear
specifications it would be sufficient to include either
population or real disposable income. Results of both

cases are found in the first two regression equations of
Table 2. In the first specification., the income elasticity3
of demand is 0.82, and the price elasticity of demand -is
-0.39. Since the disposable income variable is partially

a proxy for population, the computed income elasticity would
reflect this variable as well, thus becoming an pverestimate.
In the second specification, the price elasticity is -0.22,
and the population elasticity is 1.11, implying that the

; . ’ demand for agricultural output grows more than proportiocnately
| to population. In this case, the population.elasticity is

- * , \7£an overestimate since the population variable is partially.

<~ a proxy for real disposable income.

An appealing specification, on grounds of eccnomic
3 : . : R

3 theory, is the third. Here per capita consumption 18
made a function of per capita real disposable income, of

the price of agricultural products relative to all prices

in general, and of the wage rate of unskilled workers.
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In this form the population effect is strictly proportional.
The income elasticity of demand is 0.27, much smaller than
the previous estimate, and closer to cross sectional estimates

pertaining to various foods.® The computed price elasticity

of demand is -0.u41.

Equaticn'(u) includes both a per capita income effect
and a population effect. In this specification, however, the
price variable does not turn out significant:any longer, amd is
dropped out.‘ The per capita income elasticity is 0.66, and
the population elasticity is only 0.51; the former would
seem to be on the high side, while the latter definitely
appears to be {oo 1ow.' On these grounds, and for lack of
the price variable, this specification appears less useful

than the earlier three.

The wage variable, which enters all four specifications,
introduces what may be ihterpreted to be aﬁ income redistri-
bution effect. Given the .level of disposable income, an
increase in the wages of unskilled workers implies an increase
in'the share of dispcosable income going to low-income con- i
sumers, who are known tc have a higher income elasticities

T

of demand than high-income consumers. Hence the positive

coefficient of the wage variable.6
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Population growth has thus contributed a stéady push
to the demand for agricultural products. On this accounts,
its contribution cannot readily be separated from that of
income as a whole.7 Demand can be relied‘upon tc have a
steady trend, with some deviations on éccount of changes in
prices and in wages. From the short-run forecasting stand—.
point, knowledge of thevpopulation level is hardly more

helpful "than a-simple extrapolation.

Demograéhic variables can be expected to assume
morevimportance_when a lenger view 1is taken. It will likelV
be several years before birth control measures succeed in
lowering the population growth rate by a significant magni-
tude. A second .phenomenon is the gradual shift in the

population's age composition; as the proportion of children

rises, the demand for agricultural products will tend to

rise in a proportion smaller than the growth rate of the

total population. On the other hand, the épread of family
planning will tend to dampen the age-composition’ trend.

A third deveiopment which would bear study would be the ;
affect on demand of differential rates of growfh of both
incomes and population (as augmented or depleted through
migration), among various regions or across urban-rural

boundaries. It would be of interest to establish, for

example, the effect of the extreme concentration of industry
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in the Manila area’on the growth of agriculture in Central
Luzon and the Southern Tagalog provinceé. Finaliy, the
industrial wage variable, which is not determined in the
'modél, would not be insensitive -to population growth in
the long-run. Changes in present ferfility rates will make
their effects on the future supply of labor and thus on the

level of wages.

The production function. The second set of equations

in Table 2 gives two specifications for an agricultural
production functién,vone with a capital stock variable and
the other without it. They indicate: (i) a marginal product

of~land'of the ordefvof P255-275 per hectare; (ii) a marginal

- product of labor which is quite sensitive to the inclusion

of the capital variable -- P670 per person (per annum) in

one case, and only quoiin the other; (iii) a rather high
estimate for the marginal product of capital, over P2 per

annum per peso'iﬁ the capital stock. The capital stock data
are incomplete, however, including only machinery, equipment,
and'thé value of work animals. With a more complete measure i
the estimated‘capital cgéfficient would be expected to fall,

in which case the labor coefficient would be less sensitive

to inclusion, or non-inclusion of the caﬁital variable. In

any case, the results are not striking enough for the queétion

- of whether or nor labor has a near-zero marginal product in
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agricultﬁre to be resolved. Additional variables --
1rr1gatlon and avallabllltles of certain purchased
inputs -- have alsc been tried, but with little success.
Regardless of specification, an obvious problem of
estimation with time series'datavis the inability to
capture the structural change implied by the recent
technological changes in rice. TFor forecasting purposes,

more detailed analysis as to crop would be suggested.

That the marginal products are fixed in the linear
form need not be cause for concern. The regression is

presumed to be a linear approximation of that segment of

-the production surface which is relevant to the data period.

In the long run, however, shifts in factor proportions and
concomitant changes in marginal products can be substantial.
The effect of .population growth on the man-land ratio in

particular takes on relevance here.

J

The human capital aspect is an area in which little

research has been done. The productivity of labor undoubtedlyj

[

increases with technical knowledge and skill, and the latter

would be expected to be well correlated with the level of

educational attainment.8 Quantification of this relation-

g

ship appears quité feasible; the forthcoming data from the

1971 Census of Agriculture would be of special interest.




This would make it possible to account for improvements in
the quality of labor when making long run assessments of -

the growth of agricultural output.

The demand for lébof. In the last two equations of
Table 2, employment in thé agricultural sector is expreséed
as a linear function'of the labor force ”available*-to
agricultur , the agricultural wage rate and the agricul-
tural price level. The first explanatory variable is the
total‘labor force less the number emploved in allvnon—
agficultufal sectors. Agriculture is thus treated as a
residual sector, which accomodates those not able to find
work in other sectors, to an extent determined by agricul-
tural wages and priceé. This envisions an economy in which
the direction of labor migration is from agricylture to
industry. The coefficient of the residual labor force is
between 0.8 and 0.9. This impiies that, given the real
agricultural wage, out of’every 100 marginal entrants to
the labor force whc are unablelto find employment elsewhere,
from 80 to 90 caﬁ be absorbed in agricultural work. . The form
of the independent variable also implies that, for every
additional 100 employment places found in non-agriculture,
agricultural employment will decrease by 80~90‘workers.
Unemployment does exist in agriéqlture, butvto a more

limited extent than in industry (Table 3).

iy,
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Equations (7) and (8) differ in that the agricultural

wage and price level are introduced separately in the former

but.as a ratio in the latter. Statistical significance is
clearly superior in the latter form.

The reduced-form
estimates in the next section nevertheless make use of equation
(7), purely for computational convenience.

//There is no explicit link in the model bétweeﬁ'
populafion and agricultural employment, in the sense that
one supplies the labor force which delimits the other. This

‘relationship probably has a lag of fifteen ob more years, and
would not be essential in a short-term planning model.

There
are present plans to extend the model's forecasting capacity.

over the longer run (20 years), in which the population-labor
relationship cannot be ignored.

5. p s
o b7

The link which does exist
in the present Short—term scheme between the two variables

[
byt

<L .
Wy

. "’a
ey

stems from the demand side: an increasing population requires
more food and other agricultural products, and a demand is
consequently derived for_égricultural labor as a production
input.

This is treated in the next section.
Reduced forms.

One can examine the interaction between the three
basic relationships by taking their joint solutions for

agricultural production, employment, and the price level.
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This is of eeurse most convenient when the equations are
all linear. As mentipned earlief, the close correlation
between population and ineome growth make it difficult to
establish the separate contribution of each variable. Thus

the first two equations in Table 2 are taken Here as alter-

'/natives, one setting demand for agricultural products as

primarily income-based, the other setting it as primarily

population—based.

In the case of the pfoductiOn function, the speci-
fication involving only dand and. labor is used here since the
capital coefficient in the other specification appears
unrealistic_and; in any case, capitel is a minor source of
productivity groﬁth in agriculture. "It was mentioned that
the estlmated reTatlonshlp descrlbes the structure of productlon
over the data period, thus neglectlng the recent years of
technological improvement. This implies that the coefficients
here are underestimates. The two models considered are thus,
in Table 2, (i) the set ef'equetions (1), (5) and (7), and
(ii) the set of equations (2), (5) and (7). The results are 1

found in Table 4.

Over 1950-1969 (roughly, since the regression time
spans are not all the‘same), one finds that a marginal change
in GNP (net of agricultural value-added) of P1 million resultec

in increases in agricultural output, by about P71,000; in
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agricultural employment, by about 106 workers; and in the
agricultural price index, by about .20 of a point. These
ape from coefficients in the upper section of Table b,

Peso values aﬁe'in 1955 prices. As earlier argued, however,
part of these demand-induced changes should be éttributed

to population growth.

1f one considered population in place of income as
a demand determinant, the lower half of the table would be
relevant. An increase in population by one million persons
would then indicate a rise in agricultural output,'by_?Sz
million; in agricultural employment, by 78 thousand workers;

and in the agricultural price index, by 14 points. These are,

of course, ceteris paribus statements. Presumably land and

labor force resources wculd be simultaneously growing, thus

(e

PR

permitting production growth with less QQ an impact on

“hebey;

W

agricultural prices; technological change, which is not well

4

captured in the production function used, would make a further

contribution.

The coefficients of the other predetermined variables
under the alternative models are also given in the table.
Although the signs do not vary between halves of the table,
the sizes of the coefficients to some extent do. The co-
efficients are generally somewhat smaller in the population-

based version.11
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Feedback.

The discussion regarding limitatidns of the model
has so far dwelt on demographic variables not considered in
the model but which could conceivably affect some of the
variables of the system. It was argued that the omissions
would be more serious when a long-run perspective is required.
A second type of omission concerns the effects of the économic

variables on the demographic factors.

As pfodﬁction and incomes in the various sectors
change, part of the response of families may be in the
number of children they plan to have, and part in the
"guality" -- schooling and training -- with which they will
equip their children. (For instance, there are indications
in Central Luzon that increased enrolment of school-age persons
in non-free high schools can be attributed to the increase in
family incomes made possible by the new varieties of rice.)
When these young beople enter the labor force, their numbers
and their preparatory fraininé will help determine their
rate of employment and their wages, and then as well their
demand for agricultural products. Increased technical
knowledge among those in‘rural'areas should then raise further

the productivity of labor in that sector.




Footnotes

1Mos‘t of the esults presented here are drawn from

Mangahas and Encarnackion (1971). The model described in
the paper is a subset of a broader model which determines
output (as measured by value-added), emplovment, and, to
some extent, price levels in the seven major sectors of the
economy. The sectoral model is an extension of a basic
model (Encarnacion, Mariano and Bautista, 1971); the latter
mcdel has been used in preparing the most recent development
plan (National Economic Council, 1971).

21n the sense of obtaining regression coefficients
of expected sign and with significant t-statistics.

3plasticities are computed at the means.

uMeasured by producticn, for lack of stock change
data.

SCf, Darrah and Tiongson (1969), p. 53.

®The slope coefficiente in the four specifications
are all individually significant at the 1% level, except for
the price and wage coefficients in the third equation, where
the significance level is 5%. The coefficients of determina-
tion are high, as is quite commen in time series analysis.

el

s The Durbin-Watson test at the 5% level shows no autocorrelation

in the case of the second equation, and is inconclusive in
the threg cases. :

7 . . e . . . .
The "separation’™ of effects in third equatiocn of 7
Table 2 is artificial, since the population effect is a :
proportional one simply by assumption.

8When dealing with very low range of levels of

schooling, 0-4% years, one might expect that direct measures

of technical knowledge would have a much higher correlation
with productivity than level of formal schooling. Cf. Mangahas
(1970), pp. 52-53.
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9Since industrial wages are correlated with agricul-
tural wages, use of the industrial wage variable instead gives
an equally good statistical fit. Its coefficient would mea-
sure the agricultural emplovment drawdown per unit increase
in the industrial wage, as rural-to-urban migration takes
place. Thus far a separation of the industrial wage effect
and the agricultural wage effect has not been made.

10A by-product of the analysis would presumably he
the determination of wage rates.

11From proxy-variable analysis, we know that the

coefficient size-differences are a reflection both of the
imperfection of the population variable, in explaining the
contribution of the income factor and of the degree of
multicollinearity between the population variable and the
other included variables. The results however are not yet
well explained in economic terms, and deserve further study.
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