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C. Perer TiMMER

EMPLOYMENT ASPECTS OF INVESTMENT
IN RICE MARKETING IN INDONESIA*

It is not surprising that economists have given little notice to
the employment aspects of marketing change. After all, the appropriate questions
are how well the marketing system allocates commodities over time, place, and
form. These are the outputs of the system. Labor is an input. It has received little
more attention than any other cost involved in marketing.*

But analyzing any of the costs of marketing is a haphazard job. The only ef-
fective analytical tool we have as economists in this effort is the production func-
tion, which requires a relatively small number of homogeneous factors of pro-
duction and a single output (although it can be expressed in value terms) to be
empirically operational. Yet marketing in the normal sense certainly confounds
these assumptions, for the physical output of the marketing system is multi-
dimensional. Also, the underlying production functions for the three dimensions
of marketing—space, time, and form transformations—are not even remotely
similar. Rice milling, haulage, and warehousing cannot usefully be approxi-
mated by a single production function.

If an economist wants to examine factor costs for the entire marketing system,
he is left then without much of an analytical framework. To look at a single as-
pect of the system, where the tools are relevant, is to miss the interactions which
make marketing the very glue that holds the economy together. Nevertheless,
I have opted for tools in the belief that there is a great deal to be learned by such
an approach. The following paper uses the traditional microeconomic theory of
the firm and of multimarket equilibria (7, Chaps. 3 and 5) to examine the Indo-
nesian rice milling system, especially the optimum capital-labor ratio for new

* This paper was presented at the Agricultural Development Council/Research and Training
Network (ADC/RTN) Workshop on Rural Marketing held at Stanford University, April 13-15, 1972,
I would like to thank all the participants at that Workshop for helpful comments, and especially
William O. Jones and William C. Merrill. I am also indebted to John Harris for pointing out an error
In an earlier draft and to William Janssen, U.S. Agency for International Development (USAID),
Djakarta, for being a sympathetic critic.

Material for the analysis was gathered while the author was a member of the Harvard Advisory
Group, Indonesian National Planning Agency (BAPPENAS), April 1970 to August 1971.

11t is a commentary on the heightened awareness of our profession of the social and political
Droblcn}s accompanying economic development that L. A. Mears’s now classic 1957 study Rice Mar-
/(flmg in Indonesia was primarily concerned with modernizing the marketing system and reducing
Mmargins, to the benefit of both farmers and consumers (13). The employment impact of changes in
the rice marketing system is the primary focus of this paper, a topic not even listed in the Index.
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facilities. I am aware that there is a good deal more to rice marketing than this
and that there are important employment issues in these neglected areas. This
paper is only a start.

The reason for beginning with milling is that a USAID-financed rice market-
ing study conducted by Weitz-Hettelsater Engineers has just been submitted to
the Indonesian Government (19). This report recommends, in the facilities sec-
tion, a package of milling investments that would begin the modernization of
the Indonesian rice marketing system by introducing a number of large (by
Indonesian standards) bulk storage, drying, and milling facilities.

After a quick review of the analytical tools and methodology available for
relating the labor intensity of a facility to its output, this paper will apply these
tools to the Indonesian rice milling sector. It is the intent of this analysis to pro-
vide some policy guidance on the type of investment program in rice milling
that is appropriate in Indonesia, and to appraise how the recommended package
of the rice marketing study fares.

Something more than a job-counting review of the rice marketing study is
attempted here. The study provides ample engineering data of a sort the econo-
mist needs but seldom has in order to specify an efficient choice of technology.
Such a specification can be made by using appropriate factor prices in the evalua-
tion, although this may mean shadow-pricing unskilled labor on Java at approxi-
mately zero. It will become clear that going this far in the analysis is simply good
economics and does not have to be justified in any sense by a concern for social
goals.

In the Indonesian context it is possible to focus social concern about market
development and personal equity on the labor intensity of market change. On
Java, where two-thirds of Indonesians live, a highly unequal distribution of in-
come has not yet been generated by the growth process (although the beginnings
are clear), and the grossest social inequities are presently between unskilled
laborers with and without jobs. Substantially reducing unemployment in a pro-
ductive manner would be a very large first step in solving income distribution
inequities, at least for the short-run of the 1970s.

I must emphasize, however, that this solution does nothing to prevent longer-
run income distribution inequities, and may conceivably make them worse. A
recent paper by D. B. Keesing forcefully argues that full employment in a de-
veloping country is perfectly consistent with the most glaring of income distribu-
tion inequities, because of the low economic value of unskilled and highly avail-
able labor. In fact, Keesing reaches one conclusion that must be troublesome to
many economists: “Socially ‘correct’ price signals and intelligent efforts to solve
problems of employment, market size, agricultural productivity and the quality
of human resources may only aggravate the problem of equity” (9, p. 4).

Indonesia has not yet reached the level of sustained growth necessary for the
mechanisms Keesing outlines to lead to major inequitable distributive effects.
But that time may be soon, perhaps no later than the next decade. Groundwork
and policies laid down now can make the problem of redistribution to achieve
even minimal social justice a decade from now less explosive if they reach toward
a rural-based, employment-intensive strategy of production gains. How far one
goes in this strategy is only partly a matter of economic analysis. But one of the
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surprising results of my analysis is just how far down this road economics takes
us under the factor availabilities of Indonesia.?

A METHODOLOGICAL FRAMEWORK

For any given income distribution, society maximizes its economic output
(and, by assumption, its well-being) when firms pay factors of production their
marginal revenue product and are paid for their output a price equal to marginal
cost. This Pareto optimal view of the world will be used in the following discus-
sion, and its marginal decision-making criteria will be employed even though
areas of the Indonesian economy clearly do not satisfy them. In essence, I am
ignoring the whole issue of the “second-best.” 'This assumes that the economy
comes closer to maximum output as more sectors fulfill the underlying condi-
tions for Pareto optimality.

In the context of decision-making in the rice milling sector, the important
question is how efhiciency (output per unit of inputs) varies with the factor pro-
portions, especially labor intensity. There is more than one way to view efficiency
—Chart 1 shows four.

The vertical axis measures the efficiency frontier with respect to each of the
four “views”—engineering, market, economic, and social. Engineering efficiency
is measured by the ratio of physical output to physical input(s). In rice milling,
for example, this is taken to be the proportion of milled rice to rough rice. It is
not inevitable, given this definition of efficiency, that the relationship with labor
intensity be as depicted in Chart 1. In fact, millions of peasants with razor blades
and pumice stones “milling” each grain separately might have a higher efficiency
by this definition. Chart 1 is based on the further assumption, which is certainly
true for rice milling technology and probably much more widely, that the evolu-
tion of equipment to maximize engineering efficiency also tended to reduce labor
inputs because of relative factor prices prevailing in the economies that developed
the machines. Consequently, the shape and location of the engineering efficiency
curve in Chart 1, while not logically necessary, is an historical fact.®

Market efficiency can be measured by the private rate of profits. Since Chart 1
depicts a labor surplus economy in which the market wage rate used by private
entrepreneurs to decide on factor proportions is higher than the true economic
cost to the economy, the peak market efficiency is less labor intensive than the
peak economic efficiency. The latter would be determined by an economic plan-
ner using a shadow wage rate substantially lower than the market rate.

Lastly, in a country with substantial unemployment, the social wage rate (im-
plicitly) used by a policymaker concerned about social equity (and stability) is
assumed to be even lower than the economic shadow wage.

% There is no real conflict here with W. P. Falcon’s view of the magnitude of employment prob-
lems on Java: “Although economists often averplay the role of prices, and clearly correction of prices
alone will not solve unemployment difficulties in regions such as Bengal and Java, price distortions
are nevertheless a major cause of unemployment in many parts of the world” (4, p. 11). I will argue
1 both the methodological and empirical parts of this paper that a substantial impact can be made
on cmployment ever on Java if appropriate prices are used in decision-making analyses for invest-
ments in marketing changes. But of course, accelerated employment in rice marketing alone will not
solve Java’s unemployment problems.

3 This is only a slight extension of the induced development model put forward by Yujiro Hayami
and V. W. Ruttan (6).
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Cuarr 1.—Four Views or THE Trapz-orrs BErween ErricieNncy
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The point of Chart 1 is not to relate efficiency of one view to that of another,
but to show how the optimal level of employment of unskilled labor rises (in a
labor surplus economy) as correspondingly more appropriate decision criteria
are used that reflect factor availabilities. It is important to remember that, al-
though the ordering of market, economic, and social efficiencies is a function of
economic logic, the position of engineering efficiency relative to labor intensity
is a function of the specific technology under discussion. Engineering efficiency
is, by the definition used here, neutral with regard to labor inputs.* However,
placing the peak in engineering efficiency at the lowest labor intensity closely
represents the real state of affairs in rice milling and probably much more widely.

The results of these assumptions, which I argue are a fairly accurate repre-
sentation of the situation in several countries in Southeast Asia and perhaps Latin
America, can be translated into more familiar form in Chart 2. Now it is neces-
sary to measure all points of view with the same standard. Chart 2 might use, for
example, the quantity or value of milled rice delivered to the consumer per unit
of rough rice input as the measure of output. Labor intensity could be specified
as hours of unskilled labor required per ton.

Underlying the downward sloping curve of Chart 2 are two further assump-

41 am indebted to W. O. Jones for emphasizing this point.
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Cuarr 2
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tions that must be made explicit. First, the technological process being considered
(in this example, rice marketing in general and milling in particular) is amen-
able to various combinations of labor and capital. R. S. Eckaus argues that the
substitutability of labor for capital varies by industry (3), but even casual empiri-
cism confirms that it is possible for rice milling. Second, more labor-intensive
technology has lower output per unit of raw material input. The evidence here
is by no means overwhelming even for rice milling and is almost certainly not
true in general, either for marketing or industrial processes. But the greater
waste, less efficient conversion, and loss of by-products with the more labor-in-
tensive huller and hand-pounding rice milling techniques argue that the as-
sumption is reasonable in this particular instance. We will return to this later.

It would appear from Chart 2 that policymakers are faced with a trade-off
between output and employment (which is also a trade-off between output and
cquity in the Indonesian context)® right from the start. Unless engineering
“state of the art” facilities are used, with minimal employment of unskilled
labor, output is lower than at A.

This is true as far as it goes, but it does not go far enough. The trade-off in
Chart 2 reflects a very myopic view of the economy. In fact, it represents only

M. C.‘McGuirc and H. A. Garn also interchange employment and equity in their paper on
Tegional equity in the United States (12).
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what is happening in the rice milling sector and ignores completely what output
decisions are being made in the rest of the economy. And since the capital neces-
sary to invest in technique A (and possibly the labor needed to operate at D or E)
has alternative uses in other sectors, this myopic view seriously biases the choice
of an efficient technology.

Chart 3 corrects this narrow vision by showing what happens to total output
in the economy as different techniques are used in the milling sector. Output in
Chart 3 refers to the entire output of the economy. It is thus a price-weighted
index, and maximizing this output requires maximization for the entire economy,
not just the marketing sector. On the other hand, the curve ABCDE refers to
what is happening in the milling sector, assuming appropriate policies and
maximization in the rest of the economy. It is extremely important to realize
that the solutions indicated in Chart 3 are dependent on general equilibrium at
appropriate factor prices, not a partial equilibrium view of the marketing system
only.

It is also worth noting that the horizontal axis no longer measures labor in-

CHART 3

’ Ma’ximize modernness”

Maximize laissez-faire profits
/

Maximize
|
|

]
___________ -|+—— Maximize

Output

0 Equity —



RICE MARKETING IN INDONESIA 65

tensity, as in Chart 2, but now has been transformed to an amorphous “equity”
axis. The reason for doing this is simply to show that there are some labor in-
tensities (as in technology E, e.g., hand-pounding) so great as to create an in-
equitable distribution of income. This could occur, for example, if there were
higher paying jobs outside the milling sector which hand-pounders could take
if they were not needed to pound rice.® So although labor intensity is higher in
E than in D, as shown in Chart 2, the distribution (and levels) of income in D
would be socially preferable to those in E.

Chart 3 also helps clarify the discussion about the trade-off between equity
and output. Four different objective functions are shown in Chart 3, varying
from a loosely defined “maximize modernness,” with tangency at A, to an
equally loosely defined “maximize equity,” with tangency at D. Maximizing
profits according to prevailing market prices leads to B, and maximizing the
(social) value of output according to prices that accurately reflect factor scarcities
leads to C. If there were no divergence between private and social prices, then
B and C would be the same in a competitive economy.

Now it is clear that the trade-off between output and labor intensity from
A o E in Chart 2 was only apparent, due to the partial equilibrium approach
implicit in that diagram. From society’s point of view, a trade-off between output
and employment does not occur until the range between the C and D technolo-
gies. Much of the literature talks of the trade-offs between equity and output as
if the only relevant segment of the relationship is contained in the XOY quad-
rant. In fact, this neat convex trade-off presupposes a substantial amount of eco-
nomically sophisticated decision making that is extremely unlikely to have taken
place. It is premature to face up to the trade-off between equity and output when
the economy is operating somewhere on segment AC rather than the CD.

But Chart 3 also helps to illustrate the inevitable difficulties we face, as econo-
mists, in determining the optimal trade-off between output and equity, i.e., where
on segment CD society should be. Even if we were to be told, for example, that
Indonesia places the same weight on equity as on output (growth) in its social
welfare function, what would this mean? Surely not a 45° line tangent to CD,
because neither axis has an immutable scale. At our present stage of knowledge,
in fact, there is no single quantitative measure that captures the entire concept
of interpersonal equity.”

Why does Chart 3 look so different from Chart 2? The answer is that although

S1am not arguing that this could come about through natural market forces. However, a gov-
crnment-enforced ban on hullers and rice mills might bring about such a situation.

7 Although there have been suggestions that a simple decision rule such as maximizing the sum
of the logarithm or square or higher roots of personal incomes should be used, there is no theoretical
or empirical justification for this yet (see 9). McGuire and Garn use an interesting form for weighting
employment and income separately (12).

E

v

Y
At = area need indicator;
E = national average employment rate;
E! = area employment rate;

¥ = national median family income;

¥t = area median family income.
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+&

8

M=a , where

They set the parameter values somewhat arbitrarily but argue that a policy-level decision maker could
use his own weights,
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output is higher in the marketing sector in situations A and B than it is in C,
output is lower in the rest of the economy in A and B because of misallocation
of resources (and simple unemployment of some, especially labor). Only when
“true” factor prices are used in all sectors to make investment and output de-
cisions, as in C, is total output for the entire economy maximized.

Now it is apparent why maximizing output in a partial equilibrium frame-
work leads to such disastrous employment effects if market (or planning) factor
prices do not reflect accurately the true factor availabilities.® Sectoral planners (or
private investors) maximize output in their sector only, leading to situations
A or B.” On an economy-wide basis, this leads to less output and less employ-
ment than is possible, as is shown in the general equilibrium perspective of
Chart 3. This is obviously inefficient. There is no reason to make a choice between
output and equity until the trade-off is forced in fact, as in segment CD of
Chart 3, rather than only apparently, as in segment AC of Chart 2.

The discussion so far has focused only on the trade-off between employment
and output in the present time period. The analysis is static. A second trade-off
has also been discussed in the literature, and that is between employment and
the rate of growth of output. The argument can be simply put: the marginal
propensity to save out of returns to capital (profits) is higher than out of un-
skilled laborers’ wages. The rate of economic growth depends on the rate of
savings, so the greater the wage bill for unskilled laborers (greater equity), the
lower the rate of growth. This approach is the basis of A. K. Sen’s discussion for
example (14).

The growth versus equity issue is only of limited importance in the present
discussion, however. In the static context, the first step is to maximize the total
volume of profits from a given amount of capital. This is the point of view of
Chart 3, which maximizes total output from the entire economy rather than in
a single sector, such as is done in Chart 2. While total reinvestable profits would,
in theory (but not necessarily in practice), be highest in A of Chart 2, out of the
five possibilities shown there, they would be even higher in B or C when ap-
propriate investments are made in the rest of the economy. Total share of profits
in the economy may well be lower because of the greater overall output. But in
a world where entrepreneurs are assumed to maximize profits and not rate of
return, this is immaterial. Consequently, the amount of growth (but perhaps not
the rate, because of the larger base) would be largest in B or C as well.

One last methodological point is in order before moving on to the empirical
discussion. Total employment in rice milling in Indonesia, while not large by
comparison with rice cultivation, is not insignificant. If the total quantity of rice
were hand-pounded, more than half a million peasants would be more or less
fully employed just by this task. Since hand-pounded rice is still sold in significant

8 Wrong factor prices in planning are, unfortunately, not the worst that can happen. There are
many instances where even the prevailing factor prices show capital-intensive techniques to be un-
profitable relative to more labor-intensive ones, and yet aid donors or outside advisors rccommend
the morc “modern” investments. J. C. Abbott notes that most research on processing and storage
is done by enginecrs (1). Not unnaturally, they tend to apply engineering criteria in their rccom-
mendations.

9 This partial equilibrium analysis tends to produce the “let-someonc-else-worry-about-it” ap-
proach discussed by Falcon (4).
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pantities in rural markets, this is an important source of cash income for the
farm family. So the question of an appropriate choice of technique for rice mill-
ing can have major welfare impact in and of itself.

But perhaps more importantly, both the analytical technique used here and
the major thrust of the conclusions are likely to be highly relevant to the rest of
rice marketing, other agricultural marketing, and even agricultural production.*®
The welfare significance extends well beyond what is said about rice milling
per se.

RICE MILLING IN INDONESIA

The procedure followed in this empirical part of the paper is to trace the
sequence of steps that leads from the construction of an empirical analogue to
Chart 2 to an approximation of Chart 3. These steps require a careful blending
of engineering and economic data contained in the rice marketing study (19),
impressions gained in my observation of the rice economy of Indonesia, and
some empirically based assumptions about the rest of the economy. Wherever
relevant and possible, sensitivity analysis is conducted on these assumptions, im-
pressions, and occasionally on the data. The results appear at first to be a con-
fusing mélange of endless alternatives, but closer inspection reveals a very strong
pattern of uniformity throughout the calculations: the overwhelming economic
dominance of highly labor intensive techniques over highly capital intensive
techniques.

The first step is identification of the different milling techniques that make up
a technically efficient production function.** Table 1 shows the engineering and
cost data for the five techniques that determine the fronder. A description of
each technique is contained in the rice marketing study, but briefly, Z is hand-
pounding, A uses small hullers, G uses larger Japanese-type mills with mechanical
drying, H-1 is a small bulk storage and drying unit (4,500 tons of gabah?) with
conventional multi-stage milling equipment, and K-1 is a larger bulk storage and
drying unit (15,000 tons of gabah) with similar milling facilities. The K-1 unit
is not large by United States standards—it is only half the size required to make
concrete silos economically superior to the recommended steel bins. The code
letters used are from the rice marketing study, with the exception of Z for hand-
pounding.

The rice marketing study analyzes seven other milling technologies in addi-
tion to the five reported in Table 1. These include three small units similar to
the A huller, two smaller Japanese-type mills, and smaller versions of the H-1
and K-1 bulk facilities. With two exceptions, these other techniques are domi-
nated (use more capital and labor) by the techniques (or linear combinations of
the techniques) shown in Table 1. The exceptions are two small huller-husker

1°T am indebted to B. F. Johnston for convincing me of this.
1 For a discussion of the concept of technical efficiency and the means by which it can be
measured, see (16).

1% As is common in most Asian countries, Indonesia has a precise word to describe cach of the
vanous stages that rice moves through from seed to cooked rice. The two of particular relevance here
are “padi,” which means harvested rice still attached to the stalk. To avoid confusion, I shall use
th}‘ term “stalk padi” for rice at this stage. Next, “‘gabah” is threshed “stalk padi” with the husk
still on, thus corresponding to “rough rice” or “paddy” in international nomenclature. I will use
the term “gabah” throughout the empirical section to avoid any misunderstandings.



68 C. PETER TIMMER

TasLe 1.—TECHNOLOGICAL SPECIFICATIONS OF VARIOUS MILLING FacIiLITIES*

Hand-pounding Huller Japanese mill  Small bulk unit Large bulk unit

Z(s)® A(s)e G(s/m)® H-1(m)2 K-1(m)e
PER UNIT
Milling capacity
(tons per year )? —_ 650 2,500 7,200 21,600
Investment cost
. (U.S.dollars)° 0 6,776 90,511 453,283 2,605,926
Operative laborers
(number per shift) — 8 16 27 39

PER 1,000 TONS OF GABAH INPUT PER YEAR
Investment cost

(U.S. dollars) 0 10,425 36,204 62,956 120,645
Operative laborers
(number) 40.00¢ 12.31 6.40 3.75 1.81

* Data from Weitz-Hettelsater Engineers, “Rice Storage, Handling and Marketing Study: Eco-
nomic and Engineering Aspects,” (advance draft), Dec. 1971.

@The “s” in parentheses indicates the facility uses sun drying; “m” indicates mechanical drying,

b Milling capacity is measured in tons of rough ricc (gabah) input per year, assuming the fa-
cility operates 8 hours per day and 300 days per year.

¢ Includes cost of buildings and machinery, but not of land.

¢ Assumes one worker can hand-pound 80 kg. of gabah input per day, yielding approximately
50 kg. of rice.

units which, according to the data shown in the Study, dominate all techniques
except the large bulk facilities (K-1). There is probably some misspecification of
requirements in these two cases (the labor inputs seem extremely low), and they
have been excluded from the analysis.*®

When the data in Table 1 are graphed, Chart 4 results. This confirms the
assumption that, at least in terms of input capacity, there is ample scope for sub-
stitution of capital and labor. Rice milling (and drying) is most emphatically
not a technical process subject to fixed capital-labor coefficients.

Table 2 moves the discussion from input capacity to size and value of output
per 1,000 tons of input. The results are shown in Chart 5, which is the empirical
analogue of Chart 2. It is clear that in terms of both physical output and market
value per 1,000 tons of gabah input there is a strong negative relationship between
output and labor intensity. Any decision criterion that emphasized output per
unit of input within the milling industry only would inevitably lead to the large
bulk facilities (K-1) as the best choice for modernizing the Indonesian milling
industry. Such a criterion is, as emphasized in the methodological discussion,
myopic. A broader perspective is required.

The means by which such a perspective is achieved is to construct a unit
isoquant relating inputs of capital and labor to a unit of value added. This is
done in Table 3 and pictured in Chart 6.

Table 3 calculates the value added by rice milling for each technique. This in-

18 This is equivalent to specifying a probabilistic frontier production function with 17 per cent
(2/12) of the extreme observations eliminated (17).
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volves substracting an assumed price for gabah from the market value of output.
The lowest gabah price shown—Rp 16 per kilogram—corresponds to the floor
price for “village dry” gabah at the mill. Since each facility, even hand-pounding
(Z), has sufficient labor (or machinery) included in the coefficients to dry gabah
from “village dry” (perhaps 16-18 per cent moisture) to mill dry, this is an appro-
priate price for rice surplus areas during the harvest. The higher prices correspond
to deficit areas and non-harvest periods (but when very little gabah is marketed).
A gabah price of Rp 18 per kilogram is used in Chart 6 as representative of the
price of “village dry” gabah during the greater part of the year.

Table 3 shows that as gabah prices are increased for a given market price, a
squeeze on the value added of labor-intensive facilities results. This is due to the
very substantial losses, both physical and monetary, incurred by these facilities.
The large bulk unit (K-1) is assumed to have 17.5 per cent higher physical re-
covery from 1,000 tons of gabah than hand-pounding and 13.6 per cent higher
t}}an the huller (A). In addition, it sells its output at a market price 25 per cent
higher than do hand-pounders and 11 per cent higher than hullers. The total mar-
ket‘ receipts per 1,000 tons of gabah are then 46.9 per cent higher for large bulk
units (K-1) than for hand-pounding (Z ) and 259 per cent higher than for hullers
(4). Although these savings in losses cover drying and storage as well as milling
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TasLe 2—AmoUunT AND VALUE oF QurruT PER 1,000 Tons or GaBAl
InpuT FOR VARIOUS MILLING TECHNIQUES*

Hand- Japanese Small bulk  Large bulk
pounding Huller mill unit unit
Z A G H-1 K-1
Physical conversion
(tons)® 570 590 630 650 670
Market price
(rupiahs per kg.) 40.0 45.0 48.0 495 50.0
Market value of output
(million rupiahs) 22.8 26.6 30.2 322 335

* Adapted from Weitz-Hettelsater Engineers, “Rice Storage, Handling and Marketing Study:
Economic and Engineering Aspects,” (advance draft, submitted to the Republic of Indonesia, Dec.
1971). The physical conversion ratios overstate the actual differences achieved between the various
techniques. This is partly compensated for by the neglect of by-products which are recoverable in
the G, H-1 and K-1 techniques. Since the by-products are consumed by humans when the rice is
hand-pounded or, to a lesser extent, processed by a huller, with corresponding nutritional benefits
to the poorer parts of the population, the recoverability of the by-products may have little social ad-
vantage. Rp is the symbol for the Indonesian rupiah.

@ Tons of milled rice per 1,000 tons of gabah.

per se, they are very generous indeed. The squeeze on the labor-intensive facilities
as gabah prices increase is likely to be less severe in fact than is indicated in
Table 3. '

A familiar result from the conditions for Pareto optimality is that the rate
of factor substitution along an isoquant should be equal to the wage rate relative
to the cost of capital. Because investment cost and not an annual capital charge
is being used relative to labor requirements per year, the appropriate wage is
the discounted present value of one laborer for the lifetime of the investment, say
fifty years.

The alternative would be to convert investment cost into an annual capital
charge, but then issues of spare parts, utilization of capacity, maintenance, and
the like would be raised. These issues can be handled, but they are complex. Since
treating capital on an annual flow basis would raise the capital intensity of each
technique, except hand-pounding (Z), the bias introduced into the analysis by
working on present investment cost versus discounted present value of labor is
in favor of adopting more capital-intensive facilities at any given wage rate. De-
spite this bias the results conclusively favor very labor-intensive facilities.

Three wage rates are shown in Chart 6. They were determined by using the
average wage assumed by the rice marketing study for operatives in Japanese
rice mills (G)—Rp 76,000 ($200) per year including all fringes—and calculating
the discounted present value of this wage for a 50-year period. Time discount
rates of 12, 18, and 24 per cent were used. The present unsubsidized rate of
interest from the Central Bank of Indonesia is 24 per cent to 30 per cent per
year, although a limited volume of 12 per cent credit is available for medium/
long term investments in priority areas. There is virtually no price inflation at
present in Indonesia, although bankers, borrowers and savers may still retain
expectations of inflation. Consequently, 24 per cent is a realistic estimate of the
rate of time discount, and 18 and 12 per cent are progressive underestimates.
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It can be noted in Chart 6 that the point of (corner) tangency between the
isoquant and the relative wage rate is insensitive to the discount rate. Under either
rate the optimal solution (that minimizes the economic cost of producing the
amount of output that defines the unit isoquant) is at hullers (A). In Table 4
the discounted present values of three alternative yearly wage rates are calculated.
The value of $200 per year used by the rice marketing study is well over the
market rate for unskilled operatives, especially those suitable for the less skill-
intensive huller and hand-pounding techniques. Day labor can presently be hired
in Indonesia for about Rp 100 per day, or approximately $80 for a 300-day year.
The present value of this wage rate is $664, $444, and $333 for 12, 18, and 24 per
cent discount rates respectively. This compares with $1,661, $1,111, and $833 for
the wage rate assumed by the study.

Lastly, considering the widespread unemployment in Indonesia, it seems ap-
propriate to use a shadow wage rate for public policy planning and major invest-
ment purposes. A wage of $40 per year, one-half the market rate, is used for this

gUrpose.“ The present values under the three discount rates are $332, $222, and
167,

4 This amount would be sufficient for a family of three to buy 120 kg. of rice per capita per
year, byt nothing else. It may be close to a minimum substance wage for a single individual in a
tural, rice surplus area.

Value of output in million rupiahs
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TaBLE 3.—DERIVATION OF A STANDARDIZED IsoQUANT*
(U.S. dollars, and number of operatives, except as otherwise indicated)

Hand- Japanese  Small bulk  Large bulk
pounding Huller mill unit unit
Z A G H-1 K-1
Inputs per 1,000 tons
of gabah input per year
Investment cost 0° 10,425 36,204 62,956 120,645
Operatives 40.00 12.31 6.40 3.75 1.81

Market value of output of
1,000 tons of gabah input
(million rupiahs) 22.8 26.6 30.2 322 335

Value added from 1,000 tons
of gabah at various gabah
prices (million rupiahs)

Gabah price

(rupiahs per kg.)
16 6.8 10.6 14.2 16.2 175
18 4.8 8.6 12.2 14.2 15.5
20 2.8 6.6 10.2 12.2 135
22 0.8 4.6 8.2 10.2 11.5

Inputs required to
produce 10.0 million
rupiahs in value added?

Gabah price
(rupzahs perkg.)
Investment cost 0 9,831 25,488 38,844 68,888
Operatives 58.8 11.6 4.5 2.3 1.0
18 Investmentcost 0 12,124 29,651 44,321 77,816
Operatives 83.3 14.3 5.2 26 1.2
20 Investment cost 0 15,794 35,480 51,624 89,398
Operatives 142.8 18.7 6.3 3.1 1.3
22 Investment cost 0 22,664 44,169 61,697 104,961
Operatives 500.0 26.8 7.8 37 1.6

* Calculated from Tables 1 and 2.

@ For the purposes of the calculations the investment cost in hand-pounding is assumed to be
zero. In fact, it is only ncar zcro because wood and a laborer’s time are required to make the mortar
and pestle.

b The calculation assumes lincar homogeneity from the observed isoquant to the standardized
isoquant.

Table 5 shows the range of present value of wages that yield corner tangencies
to each of the five rice milling techniques. At either prevailing market wages or
even the high wage assumed by the rice marketing study team, hullers (A) arc
economically optimal for all reasonable gabah prices. The Japanese mill (G) be-
comes optimal when gabah prices reach Rp 20 per kilogram, money is available
at only 12 per cent per year, and the investor pays $200 per year wages for un-
skilled labor.

Thus the economic analysis performed here corroborates the recent evidence
from the countryside: small hullers (and other small-scale facilities) are being
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installed where market prices prevail, but the Japanese rice mills (similar to G)
become (barely) optimal and are installed if the prices are sufficiently distorted.

Finally, there are circumstances where hand-pounding (Z) remains optimal.
If we believe that unemployment is a serious problem (and it is) and we believe
in the economic rationality of shadow pricing, then hand-pounding makes eco-
nomic sense in many poor, crowded rural areas of Java. And this is not lost on the
peasants. If market wages must be paid for hand-pounding, it is not profitable
even for gabah prices of Rp 16 (unless the discount rate is more than 3 per cent
per month). So it is not difficult to understand why hand-pounding as a cash-
hire activity is rapidly being replaced by the village huller unit. But it is still often
profitable for the farmer or his wife to do the hand-pounding themselves if the
opportunity cost of the labor is significantly less than the market wage. And in
fact, many rural families still do hand-pound their own rice.

Now it is possible to place the rice milling sector within a general equilibrium
perspective, Table 6 reproduces the necessary calculations. It reflects, even more
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TABLE 4.—PRESENT VALUE o ALTERNATIVE WacE RaTEs*
(U.S. dollars)

Discounted present value of wages®

Assumed wage .12 per cent . 18 per cent 24 per cent
levels per year discount rate discount rate discount rate
200 (marketing study)? 1,661 L1111 833
80 (market) 664 444 333
40 (shadow price) 332 222 167
* See text for derivation.
@ The present worth factor for 50 years is as follows:
Discount rate Present worth
(per cent) factor
12 8.304
18 5.554
24 4.167

b See Weitz-Hettelsater Engineers rice marketing study (19).

so than previous tables, a profound lack of quantitative knowledge about the
Indonesian economy. The output-capital and output-labor ratios are no more
than guesses, although the range of four values for each ratio probably brackets
the true values.

J. Vanek and A. H. Studenmund, for example, note that the inverse gross in-
cremental capital-output ratio for Indonesia, as reported by the New York Sec-
retariat of the United Nations Conference on Trade and Development, is 0.54
(18, p. 463). Using the formula developed by Vanek and Studenmund to cal-
culate the inverse net incremental capital-output ratio yields an estimate between
0.785 and 1.31, depending on whether the average life of capital assets is 20 years
or 10 years."® Thus the range of 0.1 to 2.0 used in Table 6 is extremely likely to
contain the true values, with 0.5 and 1.0 more likely than either extreme.

'The basic assumption underlying Table 6 is that resources not utilized in the
rice milling sector are available for use outside that sector. Thus Rp 45.85 million
in investment funds (the cost of large bulk facilities, K-1) and 40 laborers (for
hand-pounding, Z) are assumed to be available for every 1,000 tons of gabah
processing capacity desired. If the decision is to invest in large bulk facilities
(K-1), then no investment funds are “freed,” but 38.19 laborers per 1,000 tons of
capacity are available to the outside economy. If the decision is for hand-pound-
ing (Z), then none of the labor is available, but all of the capital that would have
been used in the large bulk facilities (K-1), Rp 45.85 million per 1,000 tons of
capacity, is freed for use outside the rice milling sector. The intermediate tech-
nologies have varying amounts of both capital and labor available to the outside
economy, as is shown in Table 6.

15 The formula is . = ko (1 — [1 + 7]-4), where
k = inverse gross capital-output ratio;
ke = inverse net capital-output ratio;

r = rate of growth of the economy;
A = life of capital investments,

In the calculations cited, » was assumed to be 6 per cent per year, 4 was 10 or 20 years, a_nd
k was 0.54, as reported by Vanek and Studenmund 8. It is %,, the net incremental output-capital
ratio, that corresponds to the numbers discussed in the text and shown in Table 6.
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TaBLE 5.—Maximum VaLues oF Waces Leaping To CorNER TANGENCIES*
(U.S. dollars)

Maximum present value wage at which the
indicated facility is optimal for various
gabah prices (rupiahs per kg.)

Corner solution at . . . 16 18 20 22
Hand-pounding (Z) 208 175 127 48
Huller (A) 2,205 1,931 1,590 1,135
Japanese mill (G 6,082 5,638 5,050 4241
Small bulk unit (H-1) 23,472 22,786 21,772 20,553
Large bulk unit (K-1)® .. .greater than the value shown for H-1. ..

* Sce text for derivation.

¢ Just for comparison, it is worth noting that the discounted present value of $6,000 per year at
8 per cent is $73,400. Thus the relative capital intensity of even the large bulk units (K-1) is low
by United States standards.

If all of the investment funds are generated internally, the assumption above
seems quite reasonable. It is open to some debate if a significant portion of the
investment funds comes from foreign sources, especially aid donors. There has
been at least an historical tendency for such funds to be tied directly to specific
items of capital equipment, e.g., a certain number of large bulk facilities (K-1),
with the money simply unavailable under other investment strategies. This ten-
dency, of course, has been a primary source of large investments with grossly dis-
torted factor proportions relative to internal factor prices. The factor proportions
are not so distorted if the capital has a zero opportunity cost (although it seldom
does, since most must be repaid). Fortunately there seems to be some evidence
that the major aid donors are now aware of this bias and are seeking to redress
it. If so, the assumption that the capital will be available for alternatives other
than the most capital-intensive technology is appropriate.

The question of how much net output (value added) the capital can produce
per year in the outside economy has already been discussed. Four output-capital
ratios are used in Table 6, from 2.0 to 0.1. In an economy where substantial re-
habilitation of existing physical plant (from factories to roads and railroads to
cstates) remains to be done, a value of 2.0 is not unreasonable for certain invest-
ments, although it is too high for an average. The value of 0.1 is used as a lower
bound—it is lower than the value of 0.38 for Canada—the lowest that can be
calculated from the data shown by Vanek and Studenmund.

The other factor that can be made available to the outside economy is un-
skilled labor. This is obviously a mixed blessing. It is a resource that will con-
tribute to output if gainful employment is available. Otherwise, it is a welfare
cost, although no negative contribution has been used in Table 6. The lowest
output-labor ratio is zero, which simply assumes that the labor will be unem-
ployed if not utilized in rice milling, but will not reduce outside economic output
through a welfare drain. This is, unfortunately, the most realistic assumption
th.at can be made for Indonesia at the moment. The three positive rates of con-
tﬂbl}tion—Rp 38,000, Rp 76,000 and Rp 190,000, or $100, $200 and $500 per year—
are increasingly optimistic.

Direct and indirect output from rice milling per 1,000 tons of gabah is then



TasLE 6.—~D1rect anp INpIRECT OUTPUT FROM RicE MILLING PER 1,000 Tons oF Gasan InpuT*
(Million rupiahs, except as otherwise indicated)

Hand-pounding Huller Japanese mill Small bulk unit Large bulk unit
Z A G H-1 K-1
Capital funds available for
investment outside rice milling® 45.85 41.88 32.09 2192 0.00
Value of output generated outside rice
milling by marginal investment funds:
Output-capital ratio
20 91.69 83.77 64.18 43.84 0.00
1.0 45.85 41.88 32.09 21.92 0.00
0.5 2292 20.94 16.04 10.96 0.00
0.1 4,59 4.19 321 2.19 0.00
Surplus workers available for
outside rice milling (number)? 0 27.70 33.60 3625 38.19
Value of output generated outside rice
milling by surplus workers:
Output-labor ratio®
(rupiahs per worker)
0 0 0 0 0 0
38,000 0 1.05 128 138 1.45
76,000 0 2.11 255 2.76 290
190,000 0 526 6.38 6.89 726
Market value of milled rice 22.8 26.6 302 322 335



Hand-pounding (Z) Hulier (A) Japanese mill (G) Small bulk uniss (H-1) Large bulk units (K-1)
Output-capital ratio Output-capital ratio Output-capital ratio Output-capital ratio Qutput-capital ratio

20 10 5 1 20 1.0 5 1 20 10 5 N 20 10 5 .1 20 10 S5 1

Value of direct and indirect

output from rice milling:
Output-labor ratio

0 1145 68.6 457 27.4 1104 685 475 30.8 944 623 462 334 76.0 541 432 344 335 335 335 335

38,000 1145 68.6 457 274 1114 69.5 486 31.8 957 63.6 475 347 774 555 445 358 350 35.0 350 35.0
76,000 1145 68.6 45.7 274 1125 70.6 49.6 329 96.9 648 488 36.0 788 569 459 372 364 364 364 364
190,000 1145 68.6 45.7 274 115.6 73.7 52.8 36.1 100.8 68.7 52.6 39.8 829 61.1 50.1 413 40.8 40.8 40.8 40.8

* Calculated from Tables 1-3, as explained in text. Conversions to rupiahs from U.S. dollars at 380 rupiahs per U.S. dollar.

& Assumes the capital is available for investment in K-1 facilities. If these facilities are not used, the funds are assumed to be available to the outside economy.

b Assumes the workers are available for hand-pounding. If not used, they are assumed available for employment outside rice milling.

¢ These ratios represent, in order, zero employment opportunity in the outside economy; one-half the assumed wage level in G-type facilities; the assumed wage level in
G-type facilities, and two and a half times the wage level in G-type facilities.
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the sum of the output contributed by the “freed” capital, the output contributed
by the freed labor, and the market value of output generated by the indicated
milling technique from the 1,000 tons of gabah.*® The value of the output gen-
erated by the rest of the economy is a scale factor that could be added to show
total output in the economy, but it would not change the results in any way.

The range in total output shown in Table 6, aside from any scale factor, is
quite wide. The high is Rp 115.6 million and the low is Rp 27.4 million. Most of
the variation is accounted for by the varying amounts of capital available to the
outside economy and which output-capital ratio is used. The peak level of output
(which would correspond to point C in Chart 3) tends to appear in hand-pound-
ing (Z), and hullers (A), although it reaches all the way to the small bulk fa-
cilities (H-1) on the assumption of extremely low capital productivity in the
economy, as is shown below:

Technology with Maximum Output for Total Economy
Output-capital ratio

Output-labor ratio 2.0 1.0 05 025 0.1
0 Z Z A G H-1

38,000 Z A A G H-1
76,000 Z A A G H-1
190,000 A A A G H-1

Three especially interesting cases are plotted in Chart 7, which is the empirical
analogue to Chart 3. This figure in some sense is the culmination of the analytic
work in this paper. It shows the external economic conditions under which var-
ious milling technologies maximize total output for the entire economy. When
labor has zero alternative employment opportunities, and capital has a high pro-
ductivity (O/C ratio equal to 1.0), maximum output is reached at hand-pounding
(Z). The conditions under which hullers (A) are optimal range from an O/L
ratio of Rp 190,000 with an O/C ratio of 2.0, all the way to an O/L ratio of zero
and an O/C ratio of 05, thus confirming the cost minimization analysis of
Chart 6. Over almost the entire range of reasonable assumptions hullers (A)
are economically dominant.

The almost inescapable conclusion from Charts 6 and 7 is that huller facilities
(A) should make up the bulk of any modernization program for the Indonesian
rice milling sector. Consideration of some less tangible factors strengthens this
conclusion. The most important is the interaction of rice milling, which is the
part of marketing that transforms the product in form, with the other two as-
pects of marketing, transformation in time and place. Little can be said about
time transformation (storage) except that bagged storage is much more labor-
intensive than bulk storage. The data are not available to make a detailed analysis,
but judging from the above analysis of rice milling, bagged storage is likely to
be economically superior to bulk storage.

The question of place transformation (transportation) is somewhat clearer,

16 This is the gross value of output from the 1,000 tons of gabah because no deduction is made
for the cost of the gabah. This probably biases the results against the smaller, labor-intensive fa-

cilities because some evidence from India suggests they buy their raw materials at lower unit costs
than the larger facilities (10, 11).
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although again no detailed analysis is possible here. Transportation costs are an
important part of total marketing costs, and hence of the total margin between
farmers and consumers. These costs will vary according to the pattern of milling
facilities (and consumption, which is effectively determined by population dis-
tribution) that develops, and some consideration must be given to the demands
on the transportation system of each type of facility.

The essential point is that the closer milling is to the point of production, the
Jower the transportation costs. Hand-pounding and small hullers can be very
widely scattered around the countryside—every village could have at least one
huller, for example. And to paraphrase W. P. Falcon, who was speaking of sub-
sistence agriculture, “Although virtually nothing complimentary has ever been
written about ‘small rice huller facilities,’ they do have one redeeming feature:
they help to minimize transportation needs” (adapted from 5, p. 383).

The cost minimization works from two directions: first, because the lesser
bulk of milled rice makes it cheaper to move than gabah, the closer the milling
point is to the point of production, the lower the total transportation costs; sec-
ond, if the milling point is sufficiently close to the farmer, he can provide the
transportation himself, at near zero opportunity cost to the economy (and sub-
stantial savings in trucks). Only the milled rice for urban consumption need be
trucked away, and it is more efficient for trucks to make calls at one or two milling
facilities in each village for milled rice than at each farm (or even several col-
lection points) for stalk padi or gabah.*”

In addition, there is an employment aspect to transportation. Since hullers
can be much more widely scattered than other mills, and hence be within reach
of most farmers by foot or bicylce, most of the stalk padi or gabah is likely to
arrive in just that manner—on a shoulder pole or bicycle. This will provide an
additional productive outlet for the farmer’s time, thus partly recouping the in-
come formerly earned from hand-pounding.

These further considerations on the optimal rice marketing system for Indo-
nesia are, admittedly, less firmly based than the solid economic analysis of the
rice milling facilities alone. But they buttress, not weaken, that analysis. This is
partly because of the interlocking and integrated nature of a marketing system,
where all of the parts depend on compatible technologies for efficient linkages.
Beneath it all, the underlying factor availabilities exert strong pressure on all
aspects of marketing processes to use reinforcing and not contradictory tech-
niques.

The last set of considerations that must be treated is the extent of “external
benefits” generated by the different patterns of milling and marketing. External
benefits are usually invoked at the same place where the preacher made a margi-
nal note in his sermon—"“point weak, shout like hell.” At the risk of appearing to
shout for a weak proposition, the following real or imaginary external benefits
of labor intensive techniques are offered:

7 A counterpoint might be that it is somewhat less efficient to collect the byproducts, mostly
bran, from many small huller units than from larger and fewer mills. The larger mills are also better
aNq to recover the byproducts efficiently. However, the bran can be trucked away from huller fa-
cilities as casily as the milled rice. It is more likely that it will continue to be used as at present—
mostly as scavenger feed for chickens. The lower recovery rate of bran by hullers means that more
15 left on the rice kernel, with beneficial nutritional effects for the consuming population.
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1. It is true that the more capital-intensive facilities will require highly spe-
cialized managers and some very skilled workers. Individuals found and trained
for these roles would constitute a resource for Indonesia’s development. But they
would be poorly used in rice milling. Their contribution would be much higher
in sectors where no substitute can be found for skilled management and labor.
Rice milling can perform satisfactorily without them, provided investments are
not made in facilities that require their services.

2. Uma Lele has presented some striking evidence that large mills have sub-
stantially higher unit costs than small mills due to lower utilization of capacity,
higher rough-rice costs, and higher labor costs (10, 11). Similar impressions are
gained in Indonesia. The calculations presented so far make no allowance for
this reality, and so are somewhat biased against the smaller, more labor-intensive
facilities.

3. Little reference has been made to drying technology. A primitive stalk
padi drying barn is likely to do a satisfactory job in circumstances where sun dry-
ing proves inadequate or inappropriate. Such a primitive system also would be
extremely labor intensive, which is not fully reflected in the analysis so far (only
the labor for sun drying at the mill is included).

4. An additional advantage of many smaller facilities would be an increased
degree of competition for the farmer’s produce, and possibly better prices for him.
The absence of a single large mill buying all of the farmer’s surplus would surely
decrease farmers’ general animosity toward the whole marketing system.

5. Most of the huller machinery is produced domestically while the machinery
for any of the larger facilities must be imported. The current exchange rate is a
fairly good indicator of the scarcity value of foreign exchange, and no special
shadow price needs to be applied to the imported components. But the backward
linkage effects of the domestically produced huller units are significantly greater
than for the imported machinery. A small-scale machine shop industry has grown
up that manufactures hullers and services the many units already in operation,
in a fashion similar to the domestic industry producing tubewells in West Paki-
stan.

The above discussion points toward a technology that is compatible with a
rural based, tradition-oriented society. Such a society offers the best hope for a
satisfying life for the millions of Indonesian peasants who are now, and will be
for decades to come, locked to or near the land in their struggle for survival. Tra-
ditional Indonesian village life offers a richness of rewards, but only when the
daily anxiety over adequate food and shelter is attenuated. Safe water, public
health facilities and schools would add further to the satisfactions of life. My con-
cern is that the rice marketing system which links farmers with villagers and the
cities need not be an agent designed to destroy this traditional life, but serve as a
web that helps to hold it together and to encourage it to grow.

EXCEPTIONS TO THE ANALYSIS

The analysis conducted to this stage has been based on aggregate economic
Parameters that in some sense reflect the “overall” or “average” economic con-
ditions in Indonesia. Fairly wide-ranging sensitivity analysis has demonstrated
that the single best rice milling facility, huller unit (A), for currently prevailing
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average economic conditions in Indonesia is also best for a wide variation of
conditions on both sides of the average.

Still, Indonesia is an extremely diverse country. Economic conditions, and
perhaps more importantly, institutional factors vary considerably from island to
island, province to province, and between the cities and the countryside. In view
of this variation it is necessary to recognize three important modifications of the
aggregate results of the analysis.

Rural Hand-Pounding

A very considerable amount of hand-pounding of rice is still done, with most
of it concentrated in the deficit or small-surplus rural regions of both Java and
the outer islands. A substantial proportion of the hand-pounding in these areas
is done by family labor, which has an extremely low opportunity wage.

As rice production and the marketed surplus in these regions grow, the in-
comes of farmers, harvest labor, and participants in the marketing chain will
increase. Hullers are unlikely to supplant hand-pounding for home consumption
in many heavily populated rural areas until this increase in incomes is achieved.

Mills Producing for Export

Although Indonesia does not now export rice and there seems little likelihood
of any necessity to export in the next few years, current trends in production and
consumption indicate that exporting rice may be a reality for Indonesia toward
the end of the decade. In addition, Indonesia currently could arbitrage in the
international rice market by exporting special varieties, such as Tjiandjur, that
command a high price premium while importing 20 per cent broken rice from
Thailand at less than half the price.

To realize the full returns from either export strategy will require high quality
rice with especially low percentage brokens which can only be produced in units
with better quality control than hullers provide: the G, H-1, or K-1 facilities. Con-
sequently, if exporting becomes a reality, some investment in these more capital
intensive facilities will be necessary. Of course, these facilities need to have only
enough capacity to handle the volume of exports, not the entire marketed sur-
plus of the country.

The Government Price Support Program

Indonesia currently pursues a rice price stabilization program that involves
defending a floor price for farmers and a ceiling price for consumers by means
of a buffer stock operation (for a description and analysis of those programs
see 2). Storage time is especially important for a buffer stock operation. The Japa-
nese facilities (G), with their mechanical drying, can achieve somewhat better
quality control of the gabah than huller operations can achieve with sun drying
and primitive drying sheds. Consequently, they can produce a better quality
milled rice that will store longer than the rice from hullers. For this reason a
combination technique (P) is proposed later in this paper that utilizes 31 per
cent Japanese mills (G) and 69 per cent hullers (A). The reasons for just these
proportions are explained there, but they center around the requirements of



RICE MARKETING IN INDONESIA 83

BULOG, the National Food Logistics Board that implements the rice price
policy, for a higher quality rice than is consumed on average.

This argument can, of course, be overextended. One fairly simple option that
would minimize the problem created by short storage life of huller-milled rice
would be for BULOG to buy and store gabah, and mill only as distributions and
market injections are required. The strategy would ensure fuller utilization of
rice mills all year long but would involve somewhat higher transportation costs.

EMPLOYMENT TRENDS IN RICE MILLING

For all the discussion so far about labor-intensity and employment impact,
there has been no attempt yet to look at actual levels of employment in rice mill-
ing. Table 7 introduces this discussion.

Two different employment issues are considered there. First, the numbers of
workers needed to operate each of the milling techniques for the entire 1970
harvest of 17.27 million tons of gabah are calculated. These vary from 690,000
full-time equivalent workers if the entire harvest were hand-pounded, to only
31,000 workers if large bulk facilities (K-1) handled the entire harvest. It must
be emphasized that these are workers in rice milling only. No account is taken
of the jobs that would be created by alternative uses of the investment capital if
it were not used in large bulk facilities (K-1).

Also, there is no suggestion that any of the numbers of workers shown rep-
resent the actual situation in Indonesia in 1970. A mix of techniques was used,
with the real employment level somewhere between the two extremes. Calcula-
tions in Table 8 indicate a base employment in 1970 of 542,300, assuming 70 per-
cent hand-pounded (Z), 25 per cent milled in hullers (A), and 5 per cent milled
in Japanese rice mills (G). This is an artificial number, too—no actual employ-
ment statistics are available—but it is probably not too far wrong as an order of
magnitude.

The other set of employment figures shows the inputs required for each tech-
nique to mill 1,197,000 tons of gabah, the actual capacity of the investment pack-
age recommended by the rice marketing study.*® It costs $63.2 million and would
employ 7,300 operatives in the facilities themselves. If any one of the five tech-
niques were used alone to handle this capacity of gabah, employment would vary
from 47,900 in hand-pounding (Z) to 2,200 in the large bulk facilities (K-1).
This range is dramatic. Equally dramatic are the investment costs, which vary
from zero to $144.4 million, respectively. It is worth noting that the employment
content of the Recommended Package is marginally lower than for Japanese

18 The Recommended Package includes:

Annual gabah input  Total capacity Proportion of

Number Type of facility capacity (fons) (1,000 tons) total capacity
9 Large bulk units (K-1) 21,600 194.4 0.162
59 Small bulk units (H-1) 7,200 424.8 0.355
122 Japanese mills (G) 2,500 305.0 0.255
420 Hullers (A)@ 650 273.0 0.228
Total 1,197.2 1.000

¢ The actual facility recommended was a C-type flash/husker with pearler/polisher, but for
“mparison with the rest of the paper an equal number of A-type hullers is used. These A-type fa-
dlitics have a smaller capacity (and cost) than the C-type facilities.



TasLe 7.—TotaL EMPLOYMENT IN THE RickE MILLING SECTOR*

Hand- Japanese Small Large Recommended
pounding Huller mill bulk unit bulk unit Package
z A G H-1 K-1 Rpe
Inputs required per 1,000 tons of gabah
Investment cost (U.S. dollars) 0 10,425 36,204 62,956 120,645 52,790
Operatives (number) 40.00 12.31 6.40 3.75 1.81 6.06
Total inputs required for 1970 harvest®
Investment cost (million dollars) 0 180 625 1,087 2,084 —
Operatives (thousands) 690° 213 111 65 31 —
Change in total inputs required by the RMS
“Recommended Package,” plus alternatives
Investment cost (million dollars)® 0 125 43.3 754 1444 63.2
Operatives (thousands) 47.90 14.7 7.7 45 22 73

* Calculated from Tables 1-4, and Weitz-Hettelsater Engineers, “Rice Storage, Handling and Marketing Study: Economic and Engineering Aspects” (advance draft), Dec.
1971. The employment figures shown are for the rice milling sector only. They do not include the additional employment created by investing funds saved from less capital in-
tensive facilities than K-1. Depending on what capital-labor ratios are used, this outside employment can be substantially larger than employment in rice milling.

@ RP represents the “Recommended Package” of the rice marketing study. It includes:

Annual gabah input capacity Total capacity Proportion of total
Number Type of facility (zons) (1,000 rons) capacity
9 Large bulk units (X-1) 21,600 194.4 0.162
59 Small bulk units (H-1) 7,200 424.8 0.355
122 Japanese mills (G) 2,500 305.0 0255
420 Hullers (A)+ 650 273.0 0.228
Total 1,197.2 1.000

+ The actual facility recommended was a C-type flash/husker with pearler/polisher, but for comparison with the rest of the paper an equal number of A-type
hullers is used. These A-type facilities have a smaller capacity (and cost) than the C-type facilities.
b This assumes the entire 1970 production of 17.27 million tons of gabah was processed by the indicated technology. This is obviously to show alternative magnitudes,
not an indication of reality.
¢ This is the full-time employment equivalent required for hand-pounding. More than 690,000 laborers would be needed if hand-pounding is done only part-time.
@ These are the inputs required by each of the indicated technologies to mill 1,197,200 tons of gabah (the listed capacity of the “Recommended Package”).
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facilities (G), although the investment cost is considerably higher. This is be-
cause of the inclusion of the K-1 and H-1 facilities in the package.

Perhaps the more interesting employment question is what might happen
over time, as rice production increases and alternative investment strategies are
pursued. This is laid out in detail in Table 8, which presents the results gen-
crated by an extremely simple simulation program that explores various alterna-
tive processing programs. The employment figures were calculated for each
year from 1970 to 1980, but only the 1975 and 1980 levels are shown. The 1970
base figure is 542,300 under all assumptions.

It is difficult, and perhaps fruitless, to comment in detail on Table 8. One espe-
cially striking conclusion is the significant, not to say disastrous, decline in em-
ployment if hand-pounding is totally eliminated by the end of the decade. Even
if hullers (A) are the sole facility in the replacement, and gabah production in-
creases by 4 per cent per year, employment in 1980 would drop from the base of
542,300 to 309,600, a decrease of 232,700 or more than 40 per cent. Displacing
workers at such a rate would surely tax the welfare facilities of the nation, and
possibly its social stability as well.

An essentially static employment picture results if hand-pounding (Z) is re-
duced from 70 per cent to only 50 per cent of base production. It is obviously a
significantly lower percentage of total production because it is assumed that
hand-pounding is not used for any increases in output. If hullers only were used
in the investment program and gabah production increased 4 per cent per year,
employment would decline for the first five years as the loss of hand-pounding
employment more than offset the new employment in huller units generated by
the increased production. But after 1975 the reverse would be true, as the absolute
size of the production gains increased and the loss from hand-pounding re-
mained the same each year.

SUMMARY AND CONCLUSIONS

As an analysis of choice of technique, this paper is straightforward to an ex-
treme. A review of the appropriate decision-making criterion for choosing a
technique for rice milling suggested that serious labor-displacing biases would
exist in a labor-surplus economy if a general equilibrium approach with appro-
priate labor and capital costs were not used. This vantage point, plus the engi-
neering data needed to construct a unit isoquant for rice milling, permitted an
unequivocal determination of small huller units as the optimal milling technique
for average Indonesian conditions. Several extensions to this analysis made the
results more realistic without altering the fundamental nature of the analysis.

The only conclusion that seems possible is that the labor-intensive huller units
have substantial economic and social advantages under a wide variety of Indo-
Nesian circumstances. Any rice milling modernization program should be planned
to reap these advantages.



TasLE 8. —EMPLOYMENT IN RicE MILLING AccorpING To VaRIOUS AssUMPTIONs: ProTECTIONS FOR 1975 anp 1980*
(Thousand workers)

Annual Hand- Japanese Small bulk Large bulk Recommended
- pounding Hullers mill unit unit Package “Preferred”

production  Alter- Base® 3 A G Hl K-1 RP4 po
1ncrease native

(per cent)s  (number)? 1975 1980 1975 1980 1975 1980 1975 1980 1975 1980 1975 1980 1975 1980 1975 1980
25 I 6135 694.2 633.0 735.7 570.2 601.8 556.8 5733 550.8 560.4 546.4 551.1 556.0 571.6 566.1 593.1
25 A - = — 5224 5062 4988 4572 4882 4352  480.4 419.1 4974 4543  5I5.1 49138
2.5 B — — — — 462.6 386.6 4262 312.1 409.9 278.7 398.0 2542 424.1 307.8 451.5 363.8
2.5 Iic — —_ — —_ 402.8 267.1 353.7 167.0 331.7 1222 3154 893 3509 1613 387.8 236.4
3.0 I 628.6 728.8 6523 7799 576.1 615.4 559.9 5803 552.6 564.6 5473 553.0 558.9 5783 5712 604.7
3.0 A — — — — 528.3 519.7 501.8 4642 490.0 439.3 4813 4211 500.3 461.0 5202 502.7
3.0 IIB — — — — 468.5 400.2 429.3 3191 411.7 282.8 398.8 2562 427.0 3145 456.5 375.4
3.0 1c — — — — 408.7 280.6 356.8 174.1 3335 1263 3164 913 353.8 168.0 392.8 248.0
3.5 I 644.1 764.9 6719 8259 5822 629.6 563.0 5877 554.5 568.9 5482 555.1 5619 5852 576.3 616.8
35 A — — — — 5343 5339 505.0 471.6 491.8 443.6 4822 4232 503.3 468.0 5253 514.8
35 1IB — — — — 474.6 4144 432.4 3265 413.6 287.1 399.7 2583 430.0 3215 461.7 3875
35 Iic — — — — 414.8 294.8 3599 1815 3353 130.6 3173 934 356.8 1749 398.0 260.1
4.0 I 659.8 802.7 6919 874.0 588.3 644.4 5662 595.4 556.3 573.4 549.1 5573 565.0 5925 581.6 629.4
4.0 A — — — — 540.5 548.7f 5082 4793 493.7 4482 483.1 4254 5063 4753 530.6 527.5
4.0 1B — — — —_— 480.7 429.2 435.6 3342 4154 291.6 400.6 260.5 4331 328.8 466.9 400.1
4.0 IIC — — — — 420.9 309.6 363.1 189.1 3372 1351 3182 956 359.8 1822 403.2 2727

* Calculated from previous tables. Base employment in 1970 is 542,300. It was calculated by assuming that the 17.27 million tons of gabah produced in that year were
milled by three technologies in the following fashion:

Technique Percentage milled
Hand-pounding (Z) 70
Hullers (A) 25
Japanese mills (G) 5

It should again be emphasized that no employment generated outside rice milling through investment funds saved by not using the most capital intensive facilities is counted here.



¢ Annual percentage increases in gabah production.
b The various alternatives are defined as follows:
I: All of the increase in gabah production is milled by the indicated technique with the remainder continuing to be milled by the combination “Base” technique.
1I: The techniques except “Base” and *“Z” are extended faster than in I, so that the final (1980) proportion of Z—hand-pounding in the base production is:
A—50 per cent
B—25 per cent
C— 0 percent

For example, under assumption IIA hand-pounding decreases from 70 per cent of 1970 gabah production to 50 per cent of 1970 gabah production in 1980, in equal
2 per cent per year declines. The Table shows, for each of the indicated milling techniques, the employment needed for 1) the hullers and Japanese mills assumed
to be used in the 1970 base—this remains constant, 2) hand-pounding—this obviously declines linearly from 1970 to 1980, 3) the technique indicated to replace the
milling capacity lost by the elimination of hand-pounding—this increases linearly from 1970 to 1980, and 4) the same indicated technique to mill the increased
production of gabah—this increases exponentially at 2.5 per cent to 4.0 per cent per year.

¢ The “Base” technique uses the facility proportions indicated above.

@ °This is the “Recommended Package™ of the rice marketing study. For details, see footnote @ on Table 7.

¢ This is my preferred combination of technologies for future investment in rice milling in Indonesia, based on the economic calculations already done. It is composed of
31 per cent of capacity in Japanese facilities (G) and 69 per cent in huller facilities (A). The labor requirement per 1,000 tons of gabah input is 10.50. This combination was de-
termined by the assumption that one million tons of gabah input capacity (about 650,000 tons milled rice equivalent) should be available in 1975 that was capable of producing
a high quality milled rice with at least one year storage life. This reduces waste in the buffer stock program operated by BULOG, the National Food Logistics Board (for de-
tails, see 2). One million tons of gabah in 1975 is 31 per cent of the increase over 1970 production assuming a 3.5 per cent increase per year. The remainder (69 per cent) is
milled in huller units (A), which earlier analysis has shown to be most appropriate under Indonesian factor conditions.

7 Note that under these assumptions employment first declines from the 1970 level of 542,300 and then rises. This is because the absolute size of the production increase
after 1975, coupled with the labor-intensive huller technology, more than offsets the small annually identical decline in hand-pounding.
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