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Income Redistribution and the Value of Forestry Research:

Issues and Approaches

Investment in research and development has been widely recognized
as having a significant impact on economic efficiency (Evenson, ef al.,
1979). Technological change resulting from a successful research effort
enables less expensive or relatively abundant resources to be substi-
tuted for expensive or scarce resources, But research also entails
distributional consequences —— some groups within society will be made
better off as a result of a particular research effort, while others
could be made worse off.

The income redistribution effects of research have received little
attention from research evaluators, ho@ever, despite the fact that poli-
cymakers are likely to be interested in these issues (Gregersen and
McGaughey, 1984). Most research evaluations have either ignored
questions relating to income distribution or else simply examined the
distribution of gross research benefits between all consumers and all
producers. From a public policy standpoint, it would be desirable to
have a more detailed breakdown of distributional impacts. Thus,
focusing attention on economic efficiency in the evaluation of research
and giving scant attention to equity issues has limited the potential
usefulness of evaluation results. |

This paper will discuss some of the issues involved in including an
examination of distfibutional effects in evaluating forestry research.

Since forestry research evaluation is a nascent area of inquiry, this



review should be useful to researchers in this area as source of
reference. The approach has been to outline major distributional issues
relevant to research evaluation, discuss important factors and empirical
findings relating to each issue, and cite a liberal number of referepces
from the literature for those interested in digging deeper into specific
areas. Four distributional issues are considered:

1. the distribution of gross research benefits between producers

and consumers;

2. the impact of research on the functional distribution of
income;

3. the distribution of net benefits among households and among
producers;

4. distributional impacts among geographic regions.

The first three issues were identified by Scobie and Posada (1978) as
having been investigated to a limited extent by agricultural economists,
and Binswanger (1980b) suggested the fourth issue. Intertemporal income
distribution impacts of research are not considered here, although this
would be an interesting area for future work: the long growing period of
many tree species suggests that future generations will benmefit from
biological forestry research, while the present generation will benefit
from utilization research.

A comparative static partial equilibrium framework has been adopted
to illustrate each of the above issues. Using this approach, an analy~-
sis of income distribution effects may be included in consumer~-producer
surplus evaluations of forestry research without greatly increasing data

requirements. Consumer-producer surplus models have been used exten-



sively to evaluate economic efficiency impacts of research, This eva~
luation approach is likely to find widespread application in forestry
because of its flexibility and relatively low demands for data.?2

General equilibrium models have also been developed to analyze the
distributional effects of agricultural research (Binswanger, 1980a), but
heavy data requirements are likely to limit the applicability of these
models, particularly in forestry.

One caveat is in order before proceeding. It has been assumed
throughout that equal welfare weights are attached to each sector, fac-
tor of production and income group in assessing the distributional
effects of research and technological change. This is a critical
assumption, and one that is pervasive in the 1iteratgre. It is also a
rather arbitrary assumption, since "attaching unequal welfare wéights to
different social groups requires no more of a value judgement than
attaching equal welfare weights," (Bieri, et al., 1972, p. 803). Very
little work has been done on the distributional effects of research
where different groups in society receive unequal welfare weights,
Clearly, the implications for research policy could vary considerably

when different sets of welfare weights are used.

25ce Schuh and Tollini (1979), Norton and Davis (1981) and Seldon
(1983) for discussions of consumer-producer surplus research evaluation
models and comparisons with other evaluation methods.



1. Distribution of Gross Research Benefits Between Consumers and

Producers

A number of agricultural research evaluations have examined the
gross benefits captured by consumers and by producers.3 Using the basic
consumer and producer framework, it is possible to determine the distri-
bution of gross benefits between these two grouﬁs without any additional
data beyond that which is required to compute total economic surplus.
Figure 1 illustrates the conceptual framework for this énalysis. The
basic idea is that research on a given commodity or service will lower
its marginal cost of production. This is represented graphically by a
downward shift in the.supply cufve. Assuming market equilibrium and no
trade of the commodity in question, the shift in supply from S0 to
Sl increases consumer surplus by the area PyABP, . Producer surplus is

changed by the area OCB minus PyACP;, and the total change in social

benefit is represented by the area OAB. Many different formulas have
been used in empirical studies to calculate these areas, mainly because
different assumptions are made about the nature of the shift in tﬂe
supply curve due to research. Scobie (1976) and Jarrett and Lindner
(1977) discuss alternative formulas and the lack of consistency between

studies.

3For examples of research evaluations that have included this type

of analysis, see Ayer and Schuh (1972), Akino and Hayami (1975) and Nagy
and Furtan (1978).
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Figure 1. Basic framework for the analysis of consumer and producer
surplus,



Distribution of gross research benefits between producers and con-
sumers is determined by two main factors: the price elasticities of
supply and demand for the commodity, and the type of supply shift
resulting from research.4 This assumes market equilibrium. If govern-
ment pricing policies favor either consumers or producers, this will
clearly be anotHer determinant of the distribution of research benefits.
The following paragraphs explore in detail the two main determinants of

the distribution of gains between producers and consumers.

1.1 Elasticities of Supply and Demand

The elasticities of supply and demand for a commodity that has been
the focus of research to improve production efficiency are particularly
important determinants of the distribution of research benefits.
Beginning with the elasticity of demand, when commodity demand is per-
fectly elastic producers capture all the gains from technological
change. This is shown in Figure 1. With a perfectly elastic demand
(DZ)’ the supply shift induced by research increases producer surplus
from POAO to PoEO and consumer surplus is unchanged.

When demand is inelastic (Dl in Figure 1), consumers will benefit

and producers surplus could increase, remain the same, or decrease

4The relative rates at which the supply and demand curves are
shifting over time is also a factor. Producers will benefit most from
research on commodities for which demand is growing more rapidly than
supply, while consumers will be better off if research is carried out on
goods with slow growth in demand relative to supply.



depending on whether the area OCB (a gain to producers) is greater than,
equal to, or less than the area POACPl (a loss to producers). All other
things being equal, consumer surplus will be greater when demand is
relatively inelastic and producer surplus will be greater when demand is
more elastic.

The price elasticity of supply is also an important determinant of
the distribution of research benefits, Table 1 illustrates the effects
of elasticities on consumer and prqducer surplus for a constant shift in
the supply curve. The examples of cotton (a commodity with export
potential) and manioc (a subsistence crop) show the widely divergent
distributional consequences resulting from research on commodities with
different elasticities. As shown in Table 1, producers benefit most
from research on commodities with relatively low supply elasticities and
high demand elasticities such as cotton. Consumers, on the other hand,
will benefit more from research on commodities with highly elastic
supply and low demand elasticity such as manioc, It is important to
note that it is the relative magnitude of the elasticities that matters.
Ramalho de Castro and Schuh (1977, p. 508) state that "If the supﬁly
elasticity were larger than the demand elasticity, regardless of the
absolute size of the demand elasticity, the consumer would tend to

receive a larger share of the benefits."



Table 1. Percent of benefits to consumers and producers resulting from
a specified shift in the supply curye, based on two demand and
three supply elasticities, Brazil.2

Percent of Benefitsb/

Demand con- pro- con- pro- con- pro-
Crop Elasticity sumer ducer sumer ducer sumer ducer
(.19) (.94) (1.57)
Cotton -2.00 9 91 32 68 42 58
-5.30 4 96 15 85 23 77
(.11) (.47) (.96)
Manioc - .10 52 48 82 18 91 9
- .30 27 73 61 39 76 24

a/ Source: Ramalho de Castro and Schuh, 1977, p. 508.

b/

—~' Supply elasticities are given in parenthesis.,

Several implications for research policy can be drawn from the
above discussion. Hertford and Schmitz (1977) note that consumers will
benefit most from research on goods with highly inelastic demands, and
suggest an implication for research in developing nations:

Such results support the notion that research on basic sub-

sistence commodities would particularly benefit consumers,

while research on more price elastic commodities -- for example,

rubber, cotton, and perhaps coffee -- would be especially

remunerative for producers, input owners, and certain factors

of production (pp. 155-6).

Therefore, in forestry, research on commodities such as fuelwood in
developing nations will have a progressive impact on income distribu-
tion; low income groups spend a higher proportion of their budget on
fuelwood than high income groups, and they would experience a larger
proportional gain in real income. Similarly, research on luxury com-

modities (such as paper products in many LDC's) would have a regressive

income distribution effect.
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Another implication for research policy that can be drawn from the
information presented in Table 1 is that research aimed at increasing
the elasticity of supply would increase the consumer's share of benefits
even on commodities with high price elasticities of demand. For
example, this might be accomplished by tree breeding programs which
would increase the viability of a certain species in different

geographical areas and growing environments.

1.2 Nature of the Supply Shift

The nature of the’shift in the supply curve induced by research is
also a determinant of the distribution of gross research benefits bet-
ween producers and consumers. Three types of supply shifts will be con-

sidered here:5

1. Divergent (in which costs at the margin are reduced more than
infra-marginal costs);

2. Parallel (in which marginal production costs are reduced by
the same amount for marginal and infra-marginal units);

3. Convergent (in which marginal production costs fall by less
than in infra-marginal costs).

Figure 2 illustrates these three possibilities. Duncan and Tisdell
(1971) have stated three propositions that relate the nature of the
supply shift and the price elasticity of demand to the distribution of

research benefits. Proposition one states that "If the demand curve for

SLindner and Jarrett (1978) analyze two types of divergent shifts:
divergent pivotal and proportional., Only the former type is considered
here to simplify the exposition.
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2.c Convergent

4

2.a Divergent

Distribution of research benefits and the nature of the supply shift.

Figure 2.
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the product is perfectly elastic, technical progress that leads to any
shift downward in the supply curve always increases the industry's
surplus,” (p. 127). This is simply a broader statement of one of the
results from the previous section,

Proposition two states that when demand is perfectly inelastic:

1. Producer surplus will decrease (and consumer surplus increase)
if the supply shift is divergent;

2. Producer surplus will be unchanged (and consumer surplus
increase) if the supply shift is parallel;

3. Producer surplus will increase (and consumer surplus will
increase, but relatively less than in the previous two cases)
if the supply shift is convergent.

These three results are shown with respeét to producer surplus in
Figures 2.,a, 2.b and 2.c, respectively. 1In each case, the top shaded
area represents total producer surplus before research, and the bottom
shaded area is the producer surplus resulting from a divergent, parallel
or convergent shift in supply. Comparison of the areas of the triangles
before and after the supply shifts confirms this proposition.

Finally, Duncan and Tisdell's third proportion states that when the
price elasticity of demand is intermediate, a supply shift may reduce
producer surplus, "and is more likely to do so (a) the greater is the
reduction in cost of producing marginal units as compared with infra-
marginal ones, and (b) the more inelastic is the demand curve. The con-
verse also holds," (p. 128). In other words, the more divergent the
supply shift and inelastic the demand, the more likely producers are to
lose as a result of technological innovation. Analogously, consumer
surplus will be greater when (a) the supply shift is more divergent, and

(b) the demand curve is more inelastic.
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Some discussion has been generated about the type of supply shift
that may be induced by different types of research in agriculture.
Lindner and Jarrett (1978) have argued that biological and chemical
innovations will tend to produce divergent supply shifts, and that
mechanical and organizational innovations will result in convergent
shifts., Two reasons are given in support of these assertaions. First,
Lindner and Jarrett argue that if a biological innovation is evenly dif-
fused, it will typically lower the per unit production costs of marginal
producers more than infra-marginal producers, resulting in a divergent
supply shift.

Second, the adoption of many mechanical and organizational innova-
tions is often scale dependent. If large scale, low cost producers are
more likely to adopt an innovation, then the resulting supply shift will
be convergent. As a word of caution, however, it should be noted that
before making these generalizations, Lindner and Jarrett comment on ‘''the
impossibility of making unqualified a priori generalizations about the
nature of the shift in the supply curve," (p. 55).

If these generalizations are correct, the implication for public
research policy is that thebgovernment should concentrate on funding
biological and chemical research in order to benefit consumers to the
largest extent: a divergent supply shift will favor this group,
assuming that demand is not perfectly elastic. Marginal producers will
also‘be likely to gain relative to infra-marginal firms as a result of

this type of research.
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2. Impact of Research on the Functional Distribution of Income

Examining the distribution of gross research benefits between pro-
ducers and consumers is only a first step in analyzing the distribuf
tional impacts of research. Another important question is the effect of
research and technical change on the functional distribution of income,
defined as the income shares accruing to the owners of property (or
capital) and the earnings of labor. In other words,'how are producer
benefits distributed among the factors of production? For examples of
agricultural research evaluations that have included this type of analy-
sis, see Walace and Hoover (1966), Ayer and Schuh (1972) and Araji and
Sparks (1975).

Three main determinants of the functional distribution of income
will be considered: the elasticity of input supply, the elasticity of

final product demand and whether technical change is neutral or biased.b

6Hicks neutral technical change leaves the marginal rate of substi-
tution between factors unaffected. Thus, for a given ratio of factor
prices, factor proportions remain unchanged. Non-neutral or biased
technical change is generally described as either labor-saving or
capital-saving. Technical change is labor-saving if the marginal pro-
ductivity of capital increases relative to that of labor. See Peterson
and Hayami (1977) for a discussion, and Brown (1966) for a detailed
discussion,
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2.1 Elasticity of Input Supply

Figure 3 depicts the impacts of technical change on two factor
markets and the corresponding product market. In the diagram, capital
is shown to be inelasticly supplied while the subply of labor is more
elastic. Given neutral technical change and an elastic demand in the

product market (Dl), the equilibrium level of output will increase.

This will lead to a rightward shift in the two factor demand curves,
from DO to D in each case. Since neutral technical change is assumed,
the demand for labor will shift out by the same percentage as the demand
for capital. Notice that the increase in the capital rental rate (Pk)
will be much greater than the increase in the labor wage (Pl)'
Therefore, the price of the more inelastically supplied factor will
increase relative to the price of the other factor.

However, the increased payments to capital in this case (shown by
shaded area in the capital market) may or may not outweigh the increased
payments to labor (shown by the shaded area in the labor market). If
the higher quantity of labor demanded is sufficiently large, the
increased payments to labor could be greater than those to capital.
Binswanger (1980b) notes that the total increase in the wage bill of a
particular sector is typically not a net gain to society. If the addi-
tional workers are drawn from other sectors, their opportunity wage must

be subtracted from the increase in payments to labor to obtain the net

gain.
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An interesting example of how this type of analysis may be easily
included in .a research evaluation is given by Ayer and Schuh (1972). 1In
an evaluation of cotton research in Brazil, they included a qualitative
analysis of the distribution of producer benefits among the factors of
production. It was argued that "The effect of the shift in demand for
inputs on factor returns and resource utilization, then, depends on the
relative elasticities of supply of the inputs," (p. 565). As shown in
the above discussion, this will be true if technical change is neutral
and the demand for the final product is elastic, the latter assumption
being entirely plausible for cotton in Brazil.

Ayer and Schuh examined three factors: land, entrepreneurial
talent and labor. The supply elasticities of land and entrepreneurial
talent for cotton production in Brazil ‘are believed to be relatively
inelastic, so it was hypothesized that a significant share of producer
benefits will be captured by the owners of these factors. Landowners
receive benefits in the form of higher land values, and the possessors
of entrepreneurial abilities receive an economic‘rent in the form of
higher income.

The supply of labor in Brazil, on the other hand, is likely to be
quite elastic. Ayer and Schuh therefore hypothesized that the adoption
of new technology for cotton production did not result in higher real
wages, although the level of employment did increase. Data on wages of
cotton workers and employment levels in Sao Paulo tend to support this

hypothesis, according to Ayer and Schuh.
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2.2 Elasticity of Final Product Demand

Another factor to consider in analyzing the functional distribution
of research benefits is the elasticity of product demand. In the pre-
ceeding section, product demand was assumed to be elastic. Technical
change in this case was shown to increase the equilibrium level of out-
put, and hence outward shifts in the input demand curves result. If
instead the product demand is perfectly inelastic (D2 in Figure 3),
technical change will not increase the equilibrium output, and factér
demand curves will shift backwards. This is due to the resource savings
at a given level of output made possible by technical change. The back-
ward shifts in factor demand are illustrated in Figureb3 by the
D2 demand curves in the capital and labor markets, where Dy js once
again the initial factor demand in each market. These shifts will be
equiproportional when technical change is neutral, as before.

Two conclusions follow from this consideration of final product
demand elasticity. First, all factors of production are net losers as a
result of technical change when product demand is perfectly inelastic.
This is, of course, consistent with earlier conclusions: total producer
surplus declines with technical change when demand is inelastic.

Second, the factor of production that is more inelastically supplied
will experience a larger reduction in price. Im Figure 3 it is ¢1ear
that»when factor demands shift back from D0 to D, the price of capital

declines more than the wage of labor.
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2.3 Biased Technical Change

The preceeding two sections have assumed neutral technical change.
If instead technical change is biased towards one factor, thenm the
resulting shifts in factor demand will no longer be equiproportional.
This is illustrated in Figure 3 for labor-saving technical change.
Given an elastic demand in the product market (Dl)’ a labor-saving tech-
nical change will produce a larger outward shift in the demand for capi-
tal relative to the increased demand for labor, This is shown by the
demand shifts in the respective factor markets from D0 to Ds. Notice
that the price of capital will rise even more relative to the wage of
labor than in the case of neutral technical change. Total payments to
labor will also be lower when technical change ‘is labor-saving than
would be the case for capital-saving or neutral change. Clearly, biased
technical change will favor the owners of inputs whose marginal produc-
tivity is enhanced the most by research.

There has been extensive discussion of the effects of agricultural
research couched in the Hicksian classification of technical change.
The concensus has been that mechanical innovations are basically labor-
saving and that biological and chemical innovations are land-saving.
For examples of this type of discussion, see Heady (1949), Hayami and
Ruttan (1971) and Bieri, DeJanvry and Schmitz (1972).

Technical change in the lumber and wood products industry has been
found to be labor-saving (Stier, 1980; Greber and White, 1982). An ana-
lysis of the impacts of new technologies on the labor force would,

therefore, be of interest in a research evaluation in this industry.
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For example, structural particleboard is a labor-saving wood-based panel
innovation that is rapidly substituting for plywood in many applications
(Bengston, 1983). A typical structural particleboard plant requires
less than half the labor input of a plywood plant of the same capacity.
It would be interesting to examine the fuﬁctional distribution of income
in this case, and to explore a related welfare question: the effects of
compensating displaced workers in the plywood industry on the calculated
rate of return to structural particleboard research.

Schmitz and Seckler (1970) have provided an example of how this
might be done. 1In an evaluation of research leading to the development
of the mechanized tomato harvester, they invoked the Hicks-Kaldor com-
pensation test to assess in a limited way the welfare effects of this
labor-saving innovation: "In order to determine the value of the har-
vestor, we have to determine whether the gainers (producers, consumers,
etc.) could compensate the losers (workers) and still be better off than

before,”" (p. 574).
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Using data on the number of displaced man-hours per acre, wage
rates, acreage and adoption rates, Schmitz and Seckler recalculated the
rate of return to the tomato harvester research program. Different
assumptions were made about the cost savings of mechanical harvesting
and the proportion of the displaced wage bill that would be paid in com-
pensation, Table 2 summarizes their findings. Investment in this line
of research was found to be very attractive except when the lower cost
savings are assumed and 100 percent of the displaced wage bill is com-
pensated., Full compensation assumes that there are no employment alter-

natives for the displaced tomato pickers, which is unlikely.

Table 2. Net rates of social return to R&D on the tomato harvester.i/

Net rate of social
return to R&D
Estimated cost

Percent of displaced savings at
wage bill paid $5.47 $7.51
compensation per ton per ton
percent
0 929 1,288
25 694 1,048
50 460 814
75 226 579
100 -8 345
a/

—" Source: Schmitz and Seckler 1970, p. 574.
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3. Distribution of Net Benefits Among Producers and Among Consumers.

The preceeding two sections have looked at several aspects of ana-
lyzing the distributional consequences of research at a fairly high
level of aggregation. But in order to be most useful to policymakers, a
research evaluation should ideally include a more detailed breakdown of
distributional effects among groups of consumers or producers (e.g., the
distribution of net research benefits between consumers in different
income strata, or between producers with different scales of operation).
This section will examine these issues, beginning with three deter-
minants of the distribution of the benefits of technical change among
producers outlined by Binswanger (1980a). Examples of research eva-
luations that have included this type of analysis are rather limited.
Two empirical studies that amalyzed the distributional effects of:
research in detail will be reviewed to illustrate the issues and metho-

dology involved.

3.1 Innovator's Rents, Scale Bias, and Access to Markets

The first determinant of the distribution of benefits among produF
cers is the effect of early adoption of innovations. 'Early adopters
will reap innovator's rents, which may be the only producer benefits if
the demand for the commodity involved is very inelastic and adoption of
the innovation is widespread. Large producers are usually among the
early adopters because they have the greatest incentive to search for

and adopt new techniques. Binswanger, therefore, claims that the tech-
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nology adoption cycle leads to a temporary regressive effect on income
distribution among producers.

Binswanger's second determinant is the effect of scale bias in
technology. A technology is scale biased if it reduces the costs of
large firms relatively more than small firms. An example would be trac-
tors in many LDCs -- fairly large, contiguous fields are required to use
tractors efficiently, which typically rules out adoption by low income
farmers with small holdings. The benefits of scale biased technical
change accrue mainly to large, wealthy firms and possibly not at all to
small producers, so the impact on income distribution is permanent and
regressive,

Finally, the relative access of producers to product and factor
markets is another determinant. If access to input and credit markets,
for example, is unequal prior to an innovation, and the innovation leads
to greater dependence on these markets, then it will have a permanent
regressive impact. The Green Revolution is often cited as an example of
technical change having this effect, unless it is remedied by institu-
tional change to equalize access to markets.

The importance of these factors in determining the distribution of
research benefits among producers can be seen in the forest prbducts
industry. Large forest product firms are more likely to have research
staffs capable of keeping abreast with new technologies developed
through public sector research. Small firms typically lack the scien-
tific and technical resources to do so. The large firms would therefore

be expected to reap innovator's rents from forest products innovations.
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This assumes that greater knowledge aboﬁt an innovation leads to earlier
adoption, a proposition that has generally been confirmed by research on
the diffusion of innovations (Rogers and Shoemaker, 1971, p. 374-5). 1If
large forest products firms do reap innovator's rents, this is an argu-
ment in favor of formal technology transfer efforts to provide technical
assistance to small producers and ameliorate the regressive income

distribution effects.

3.2 Two Empirical Studies

Hayami and Herdt (1977) examined the distribution of economic gains
from technical change between consumers and producers when the commodity
in question is partly consumed by semi-subsistence farmers. In this
case, the distribution of research benefits was found to depend on the
proportion of the crop marketed as well as the elasticities of supply
and demand and the nature of the supply curve shift. 1In addition, they
analyzed the differential benefits between large and small producers
resulting from differences in adoption rates and marketable surplus, It
was discovered that small producers benefit as much or more than large
ones if the supply curve shifts faster than demand. A concluding recom-
mendation was that R&D on major subsistence crops be increased in order
to profit low income consumers and small producers.

Probably the most detailed breakdown of the distributional effects
of agricultural research was carried out by Scobie and Posada (1978).
They evaluated a rice breeding research program in Columbia that was
specifically orientéd towards the irrigated rice sector. After esti-

mating the gross benefits accruing to consumers and two types of produ-
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cers (upland and irrigated), they continued the distributional analysis
by making two extensions.

First, the incidence of research costs was examined and the net
benefits to producers and consumers derived. Costs borne by irrigated
and upland producers and by consumers were identified and deducted from
the gross research benefits of each group. Costs that were paid out of
general tax revenue were divided between producers and consumers on the
basis of the proportions of total taxes paid by urban and rural dwellers
in 1970. Costs that were paid by producers ($(Col.) 0.01/kg. of rice
from all growers to support research and extension) were broken down
according to the quantity marketed by each type of producer in 1970.

It was discovered that net benefits were close to gross benefits
for each group. Consumers gained as a result of the rice research
effort because of lower prices and increased quantities marketed, while
both upland and irrigated producers were net losers. The extent to
which farmers benefited as rice consumers was not considered.

Next, Scobie and Posada examined the distribution of net benefits
by income level: "To evaluate the distributional impacts of the tech-
nological change, the gross benefits, the costs of the research progran,
and the consequent net benefits were distributed across income groups
for consumers and upland and irrigated producers" (p. 88). Ten income
strata were identified for consumers, and it was assumed that gross
benefits were directly proportional to rice consumption. Costs of
research program borne by each income group of consumers were computed

using data on the tax receipts from each income level.
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It was found that net research benefits were captured largely by
the poorest consumers. This would have been anticipated since rice is
the main staple of the Columbian diet and is consumed disproportionately
by lower income groups. The strength of the bias towards low income
groups is indicated by the fact that '"the lower 50% of Columbian hoﬁse—
holds received about 15% of household income, (but) they captured nearly
70% of the net benefits of the research program" (pp. 88-89). Table 3

summarizes the results of this part of the analysis.

Table 3. Distrib?tion of net benefits among consumers by income

level.2

1970 Annual Net Benefits as a
Income Average Percentage of
Level Net Benefits Income
$(Col.)000 $(Col.)
0-6 385 12.8
6-12 642 7.1
12-18 530 3.5
18-24 333 1.6
24-30 348 1.3
30-36 353 1.2
36-48 342 0.8
48-60 200 0.4
60-72 128 0.2
72+ 138 0.2
a/

—' Source: Scobie and Posada 1978, p. 89.

Scobie and Posada's analysis of the distribution of producer
surplus by income level and type of producer was flawed due to a lack of
data. Specifically, data on the average net income by farm size for

upland and irrigated rice producers was not available. 1In lieu of this



27

information, they resorted to data on the distribution of average net
income by farm size for the entire rural sector. The extent to which
this data problem might have biased the results is unknown.

It was found that the low-income upland producers were most adver-
sely affected by the research program. This is not a surprising result
in light of the fact that the breeding program was completely oriented
towards irrigated rice p;oduction. Upland farmers paid for some of the
costs of research and reaped none of the ameliorating impact of
increased production. They did benefit as rice consumers, but "Even if
the average annual consumer benefits are included as benefits to. upland
producers, the small upland producers still appear as the most severely
affected" (p. 90).

In forestry, the distribution of research benefits among different
consumer groups is especially important in the context of developing
nations. Low income consumers in many third world countries spend a
disproportionate amount of their incomes on wood products for housing
and fuelwood, and therefore will benefit the most from research on these
necessities. In developed countries consumers spend a relatively small
percentage of their incomes on wood products, but the demand for
recreation services is fairly high among some groups. If upper income
consumers spend disproportionately more on forest recreation, then
recreation research could have a regressive effect on the personal
distribution of income. See Gregory (1972, pp. 466-67) for a discussion

of the income distribution effects of forest recreation.
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4. Distributional Impacts Between Geographic Regions

Finally, since the adoption of some technological innovations is
limited to certain geographic areas —-- particularly in agriculture and
forestry -— the distribution of research benefits between regions is of
interest. This issue has been addressed conceptually by Evenson (1976)
and Binswanger (1980b), and this section follows their discussions. |

Figure 4 illustrates the simple case of 2 regions which supply some
commodity to a national market. The aggregate demand is represented by

‘D, the supply curve for region 1 is Sl’ and the aggregate supply is S; +
52, the horizontal sum of the amount supplied by each region at each
price level. P is the equilibrium pfice before technical change, Q1 is
the amount supplied by region 1, and Q is the total quantity supplied
nationally. s

Suppose a technical change occurs in region 2 that is not appli-
cable to region 1, This might be due to environmental specificity of
the innovation or economic location specificity. The technical change

will cause the supply in region 1 to shift out, resulting in a new total
supply Sl + 8'y, with the new equilibrium price P' and quantity Q'. The
effects of this change on region 1 are a reduction in output from Ql to
Q'l and a loss of producer surplus shown by the shaded region. If the
technical change in region 2 causes supply to shift out far enough, pro-
duction in region 1 may cease completely. This is shown by the aggre-
gate supply curve Sl + S"2. Given this supply, P" and Q" ‘are the

equilibrium price and quantity. Output in region 1 is reduced to zero
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at this price —- it is no longer economically feasible for producers in
this region to stay in the market.7

Many examples of forestry innovations having unequal regional
impacts could be cited, such as Southern pine plywood and structural
particleboard., During the 1960's, the rapid growth of the Southern
plywood industry resulted in a reduced market share for Pacific
Northwest plywood producers. In Figure 4, the West Coast producers may
be represented by region 1 and Southern producers by region 2. The
current growth in the structural particleboard industry primarily in the
North Central region is having the effect of shifting the aggregate
supply of wood-based panels still further. Some analysts believe that
structural particleboard will eventually capture the entire structural

panel market (Clark, 1981). In this case, the aggregate supply could be

represented by Sl + 8",, and plywood producers would cease production.

TThis abstracts from transportation costs between the two regions in
order to simplify the exposition.
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Figure 4. Distribution of research benefits between geographic regions.
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5. Concluding Remarks

The distributional effects of research have important implications
for public research policy. Technical change resultingbfrom research
has a significant impact on the welfare of consumers, producers, and the
growth of national economies. A lack of technological innovation in a
certain sector of the economy or region also has implications for social
and individual welfare. The failure of technical change to become a
major source of growth in Argentine agriculture is a case in point (De
Janvry, 1978).

The rapid pace of technical change in U.S. agriculture has resulted
in difficult adjustment problems for producers and agricultural workers.
Research decision-makers in agriculture have been accused of giving
insufficient attention to distributional issues. Hightower (1973) docu-
mented the frustrations of some with the distributional consequences of
the research conducted in the Land Grant University complex:

Land grant college research is science for sale, Research is

undertaken with a very clear understanding of who will profit,

but without the slightest concern for those who will be hurt,

It is research that effectively is accountable to none but

private interests, and ultimately it is corrupt of purpose,
(p. 85).

Forestry research administrators, policymakers and evaluators also
need to be aware of the welfare impacts of technical change. 1In light
of the importance of these concerns, one of the crucial roles of the

economist in evaluating forestry research should be to analyze the
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income redistribution effects of current and proposed research programs.
Knowledge of the distributional impacts of research will better equip
decision-makers to make informed choices about the type of research that

is funded and the direction of technical change.



REFERENCES CITED

Akino, M. and Y. Hayami, 1975. Efficiency and equity in public
research: Rice breeding in Japan's economic development. American
Journal of Agricultural Economics. 57:1-10.

Araji, A. A. and W. C. Sparks. 1975, Economic value of agricultural
research: a case study —— potato storage research, University of
Idaho, Agricultural Experiment Station Research Bulletin 101.

Ayer, H. W. and G. E. Schuh. 1972. Social rates of return and other
’ aspects of agricultural research:  the case of cotton research in
Sao Paulo, Brazil. American Journal of Agricultural Economics
54:557-69.

Bengston, David N, 1983. Forestry research evaluation: an example.
Economic Evaluation of Investments in Forestry Research, W. F, Hyde
(ed.). Acorn Economic Communication Series, 3. Durham, North
Carolina: Acorn Press. pp. 53-67.

Bieri, J., A. de Janvry and A, Schmitz. 1972. Agricultural technology
and the distribution of welfare gains, American Journal of
Agricultural Economics 54:801-808.

Binswanger, Hans P. 1980a. Income distribution effects of technical
change: Some analytical issues. Research and Extension
Productivity in Agriculture, A. A. Araji (ed.). Department of
Agricultural Economics and Applied Statistics, University of Idaho.
Moscow, Idaho. pp. 233-277.

Binswanger, Hans P. 1980b. Income distribution effects of technical
change: Some analytical issues. South East Asian Economic Review
1(3):179-218. December.

Brown, Murray. 1966. On the Theory and Measurement of Technical
Change. Cambridge University Press.

Clark, J. d'A. 198l. How it all started: the history of waferboard.
1980 Canadian Waferboard Symposium Proceedings, Forintek Canada
Corporation Special Publication SP505E. pp. 3-14.

DeJanvry, Alain. 1978. Social structure and biased technical change
in Argentine agriculture. Induced Innovation: Technology,
Institutions, and Development. H. P. Binswanger and V. W. Ruttan
(eds.). Baltimore: John Hopkins University Press. pp. 297-323.

Duncan, R. and L, Tisdell, 1971. Research and technical progress:
The returns to producers. Economic Research 47:124-29.

Evenson, Robert E. 1976. Technology access and factor markets in
agriculture. Paper presented at the Agricultural Development
Council Workshop on Technology and Factor Markets. Singapore.
August.



34

Evenson, R. E., P. E. Waggoner and V. W. Ruttan. 1979. Economic

benefit from research: -an example from agriculture. Science
205:101-107.

Greber, Brian J. and David E. White. 1982. Technical change and
productivity growth in the lumber and wood products industry.
Forest Science 28(1):135-147.

Gregersen, Hans and Stephen McGaughey. Forthcoming, 1984.  Including
income redistribution effects in forestry project planning:
current practice and suggested guidelines. FAO, United Natioms.

Gregory, G. R, 1972. Forest Resource Economics. New York: John
Wiley and Sons.

Hayami, Y. and R. W. Herdt. 1977. Market price effects of tech-
nological change on income distribution in semi-subsistence agri-
culture. American Journal of Agricultural Economics 59(2):245-256.

Hayami, Y. and V. W. Ruttan. 1971. Agricultural Development: An
International Perspective. Baltimore: The Johns Hopkins
University Press.

Heady, Earl 0. '1949. Basic economic and welfare aspects of farm
technological advance. Journal of Farm Economics 31:293-316.

Hertford, R. and A, Schmitz. 1977. Measuring economic returns to
agricultural research. Resource Allocation and Productivity in
National and International Agricultural Research, T. M. Arndt, D.
G. Dalrymple and V. W. Ruttan (eds.). Minneapolis: University of
Minnesota Press., pp. 148-67.

Hightower, J. 1973, Hard Tomatoes, Hard Times: A Report of the
Agribusiness Accountability Project on the Failure of America's
Land Grant College Complex. Cambridge, Mass.: Schenkman
Publishing Company.

Jarrett, F. G. and R. K. Lindner. 1977. Research benefits revisited.
Review of Marketing and Agricultural Economics 45:167-78.

Lindner, R. K, and F, G. Jarrett. 1978. Supply shifts and the size of

research benefits. American Journal of Agricultural Economics
60:48-56.

Nagy, J. G. and W. H, Furtan. 1978. Economic costs and returns from
crop development research: the case of rapeseed breeding in
Canada. Canadian Journal of Agricultural Economics 26:1-14.



35

Norton, G. W, and J. S, Davis. 1981. Review of methods to evaluate
returns to agricultural research. Evaluation of Agricultural
Research, G. W. Norton, et al. (eds.). Agricultural Experiment

Station Miscellaneous Publication No. 8. University of Minnesota.
pp. 26-47.

Peterson, W. L., and Y. Hayami. 1977. Technical change in agriculture.
A Survey of Agricultural Economic Literature, Vol, I, L. R, Martin
(ed.). Minneapolis: University of Minnesota Press.

Ramalho de Castro, J. P. and G, E. Schuh. 1977. An empirical test of
an economic model for establishing research priorities: A Brazil
case study. Resource Allocation and Productivity in Natiomal and
International Agricultural Research, T. M. Arndt, et al. (eds.).
Minneapolis: University of Minnesota Press.

Rogers, Everett M. and F. F. Shoemaker. 1971. Communication of
Innovations. New York: Free Press,

Schmitz, A. and D. Seckler. 1970. Mechanized agriculture and social
welfare: The case of the tomato harvester. American Journal of
Agricultural Economics 52:569-78.

Schuh, G. E, and H. Tollini., 1979. Costs and benefits of agricultural

research: The state of the arts. World Bank Staff Working Paper
No. 360. 70 p.

Scobie, G. M., 1976. Who benefits from agricultural research? Review
of Marketing and Agricultural Economics 44:197-202.

Scobie, G. M. and R. T. Posada. 1978, The impact of technical change
on income distribution: The case of rice in Columbia. American
Journal of Agricultural Economics 60:85-91.

Seldon, Barry J. 1983. Approaches to investigating the productivity
of investments in forestry research. Economic Evaluation of
Investment in Forestry Research, W. F, Hyde (ed.). Acorn Economic
Communication Series, 3. Durham, North Carolina: Acorn Press.
pp. 23-52.

Stier, J. C. 1980. Technical adaptation to resource scarcity in the

U.S. lumber industry. Western Journal of Agricultural Economics
5(2):165-75. December.

Walace, T. D, and D. M. Hoover. 1966. Income effects of innovation:

The case of labor in agriculture. Journal of Farm Economics
48:325-336.,



36
ADDITIONAL REFERENCES

Alson, J. M. and G. M. Scobie. 1983. Distribution of research gains
in multi-stage production systems: comment, American Journal of
Agricultural Economics 65(2):353-356. May.

Back, W. B. 1966. Discussion: income effects of innovation: the case
of labor in agriculture. Journal of Farm Economics 48(2):336-338.
May.

Barker, Randolph and Robert W. Herdt, 1978, Equity implications of
technology changes. Interpretive Analysis of Selected Papers from
Changes in Rice Farming in Selected Areas of Asia. Los Banos,
Philippines: International Rice Research Institute.

Bhalla, S. S. 1979. Farm size, productivity and technical change in
Indian agriculture. Appendix A in Agrarian Structure and
Productivity in Developing Countries, R. A. Berry and W. R. Cline
(eds.). Baltimore: The Johns Hopkins University Press.

Binswanger, Hans P. 1978, The Economics of Tractors in South Asia.
New York: The Agricultural Development Council.

Brown, Murray and John S. DeCani., 1963, Technological change and the
distribution of income. International Economic Review

Chowdhury, B. K. 1970. Disparity in income in context of HYV.

Economic and Political Weekly, Review of Agriculture, September,
A90-A96.

Cochrane, W. W. 1958. Farm Prices: Myth and Reality. Minneapolis:
University of Minnesota Press.

Day, Richard N, 1967. The economics of technological change and the
demise of the sharecropper. American Economic Review 59:427-449,

DeJanvry, Alain. 1973. A socioeconomic model of induced innovations
for Argentine agricultural development., Quarterly Journal of
Economics. 87:410-23.

Falcon, Walter P. 1970. The Green Revolution: gnerations of problems.
American Journal of Agricultural Economics 52(5):698-710.

Fisher, F. M. 1956. Income distribution, value judgements and welfare.
Quarterly Journal of Economics 70:380-424,

Freebairn, D. K. 1973. 1Income disparities in the agricultural sector:
regional and institutional stresses. Food, Population and
Employment: The Impact of the Green Revolution, T. T. Poleman and
D. K. Freebairn (eds.). New York: Praeger.



37

Freebairn, J. W., J. S. Davis and G. W. Edwards. 1982. Distribution
of research gains in multistage production systems. American
Journal of Agricultural Economics 64(1):39-46.

Freebairn, J. W., J. S. Davis and G. W. Edwards., 1983, Distribution of
research gains in multistage production systems: reply. American
Journal of Agricultural Economics 65(2):357-359., May.

Gotsch, C. H. 1971. Technology, prices and incomes in West Pakistan
agriculture. Economic Development Report No. 199, Development
Research Group, Center for International Affairs, Harvard
University. Oct.

Gotsch, C. H, 1972, Technological change and the distribution of
income in rural areas. American Journal of Agricultural Economics

54(2):326-341. May.

Grabowski, Richard. 1979. The implications of an induced innovation
model. Economic Development and Cultural Change 27(4):723-734.

Griffin, K. 1974. The international transmission of inequality. World
Development 2(3):3-15. March.

Hanaumantha Rao, C. H. 1975. Technological Change and Distribution of
Gains in Indian Agriculture. New Delhi: Macmillan of India, Ltd.

Heady, Earl 0. 1944, Changes in income distribution with reference to
technological progress. Journal of Farm Economics 26:435-447,

Heady, Earl 0. 1971. Welfare implications of agricultural research.
Resource Allocation in Agricultural Research, W. L. Fishel (ed.).
Minneapolis: University of Minnesota Press. pp. 121-136.

Herdt, R. W. and W. W. Cochrane. 1966. Farm land prices and farm
technological advance. Journal of Farm Economics 48:243-263. May.

Johnson, Harry G. 1970. Efficiency and welfare implications of the
international corporation. In: C. Kindleberger (ed.), The
International Corporation: A Symposium. Cambridge, MA: MIT
Press.

Just, Richard E., Andrew Schmitz and David Zilberman. 1978. The social
impact of technological change in agriculture. Technological
Change, Farm Mechanization, and Agricultural Employment.

University of California, Division of Agricultural Sciences, Priced
Publication 4085. Berkeley.

Kemp, Murray C. 1975. A note on technical improvements, outputs and
distribution of income. Economic Record 51(135):333-340.



38

Kendrick, J. W. 1964, The gains and losses from technological change.
Journal of Farm Economics 46:1065-1072.

Krugman, Paul, 1979. A model of innovation, technology transfer, and
the world distribution of income. Journal of Political Economy.
87:253-266. April.

Latimer, R. G. and D. Paarlberg. 1965. Geographic distribution of
research costs and benefits. Journal of Farm Economics 47:234-241.
May.

Mellor, John W. 1975. The impact of new agricultural technology on
employment and income distribution: concepts and policy. U.S,.
Agency for Intermational Development, Occasional Paper No. 2,
Washington, D.C.

Mohr, Graeme., 1977. Agricultural research and the returns to

consumers. Review of Marketing and Agricultural Economics
45(4):200-204. December.

Morehouse, Ward., 1978. Science, Technology and the Global Equity
Crisis, Muscatine, Iowa: Stanley Foundation.

Muthaiagh, C. 1971. The green revolution: participation by small
versus large farmers. Indian Journal of Agricultural Economics
26:53-66. Jan.-March.

Nguyen, D. 1977. Intersector-distributional implications of agricul-
tural progress in an open economy: an extension., American Journal
of Agricultural Economics 59(2):370-374. May.

Perrin, Richard and Don Winkelman., 1976. Impediments to technical
progress on small versus large farms. American Journal of
Agricultural Economics 58(5):888-894.

Peterson, Willis L. 1976. A note on the social returns to private
research and development. American Journal of Agricultural
Economics 58(2):324-326.

Pinstrup—-Andersen, P. 1977. Decision-making on food and agricultural
research policy: the distribution of benefits from new agri-
cultural technology among consumer income strata. Agricultural
Administration 4:13-28.

Pinstrup-Andersen, P., N. R. de Londono and E. Hoover. 1976. The
impacts of increasing food supply on human nutrition: implications
for priorities.in agricultural research and policy. American
Journal of Agricultural Economics 58(2):131-142. May.

Pinstrup-Andersen, P. and E. Caicedo. 1978. The potential impact of
changes in income distribution on food demand and human nutrition.
American Journal of Agricultural Economics 60:402-415.



39

Prahladachar, M. 1982. 1Income distribution effects of green revolution
in India: a review of empirical evidences, Bulletin Number 82-2,
Economic Development Center, University of Minnesota. 51 p.

Prahladachar, M. 1983. Income distribution effects of the green
revolution in India: A review of empirical evidence. World
Development 7(11):927-945.

Raju, V. T. 1976. 1Impact of new agricultural technology on farm
income distribution in West Godavari District, India. American
Journal of Agricultural Economics 58(2):346-350.

Ranade, Chandra and Robert W. Herdt. 1978, Shares of farm earnings
from rice production. Economic Consequences of the New Rice

Technology. Los Banos, Philippines: 1International Rice Research
Institute.

Roling, Niels G., Joseph Ascroft and Fred Wa Chege. 1976. The
diffusion of innovations and the issue of equity in rural develop-
ment. Communication Research 3(2):155-170. April.

Rogers, Everett M. 1983. Diffusion of Innovations (3rd edition).
pp. 118-126: The Issue of Equality in the Diffusion of
Innovations. New York: Free Press.

Ruttan, V, W, and T, T. Stout. 1960, Regional differences in factor
shares in American agriculture: 1925-1957. Journal of Farm
Economics 42(1):52-69. February.

Saini, G. R. 1976. Green revolution and the distribution of farm

incomes. Economic and Political Weekly, Review of Agriculture,
March, Al7-A22, :

Sarhangi, R. F., J. Logan, R. C. Duncan and P, Hagan. '1977. Who
benefits from agricultural research: comment. Review of Marketing
and Agricultural Economics 45:179-85. ‘

Schultz, T. W. 1961, A policy to redistribute losses from farm
progress. Journal of Farm Economics 43:554-565.

Schmitz, Andrew. 1980. Income distribution effects of technical
change: Some analytical issues —-- Discussion. Research and
Extension Productivity in Agriculture. A. A. Araji (ed.).
Department of Agricultural Economics and Applied Statistics,
University of Idaho. Moscow, Idaho. pp. 278-285.

Singh, Katar. 1973. The impact of new agricultural techmology on
farm income distribution in the Aligarh District of Uttar Pradesh.
Indian Journal of Agricultural Economics 28(3):1-11. April-June.

Singh, R. I., R. Kenwar and Shri Ram. 1972. Impact of new agricul-
tural technology and mechanization. Indian Journal of Agricultural
Economics 27(4):210-214.



40

*

Spencer, D, C. S, and D. Byerlee. 1976. Technical change, labor use,
and small farm development: evidence from Sierra Leonme. American
Journal of Agricultural Economics 58(5):874~-880.

Staub, William J., and Melvin G. Blase. 1974. 1Induced technological
change in developing countries: implications for income distribu-

tion and agricultural development. Journal of Developing Areas
8(4):581-95. July.

Stout, T. T. and V. W. Ruttan. 1958, Regional patterns of technolog-

ical change in American agriculture. Journal of Farm Economics
" 40(2):196-207. May.

Strauss, John., 1981. Social objective functions in agricultural
research. Evaluation of Agricultural Research, G. W. Norton, et
al. (eds.). Agricultural Experiment Station Miscellaneous
Publication No. 8. University of Minnesota. pp. 153-160.

Swenson, C. G, 1976. The distribution of benefits from increased rice
production on Thanjavur District, South India. Indian Journal of
Agricultural Economics 31(1):1-12. Jan.-Mar.

Tuckman, Barbara H. 1976. The Green Revolution and the distribution
of agricultural income in Mexico. World Development 4:17-24,

Tweeten, L. G. 1973. Distribution of benefits and costs of agricul-

tural research and education. Oklahoma Current Farm Economics
46:3-7.

Vaitsos, Constantino V. 1970. Bargaining and the distribution of
returns in the purchase of technology by developing countries,
Bulletin Institute of Development Studies, Vol. 3, no. 1.
University of Sussex, U.K. October, pp. 20-23,

Vaitsos, Constantino V. 1974. Income distribution and welfare con-
siderations. In: J. H. Dunning (ed.), Economic Analysis and the
Multinational Enterprise. London: Allen & Unwin. pp. 300-341.

Vaitsos, Constantino V.  1974. Inter-Country Income Distribution and
Transnational Enterprises. New York: Oxford University Press.

White, Fred C., 1981. Externality, efficiency, and equity issues
related to agricultural research expenditures. Evaluation of
Agricultural Research, G. W. Norton, et al. (eds.). Agricultural
Experiment Station Miscellaneous Publication No. 8., University of
Minnesota. pp. 53-59.



