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Assessment of the
Economic and Social Impacts of

Agricultural Technology: A Case Study

Ahmed M. Hussen

Over the years, several studies have assessed the impacts of changes in agricultural
technology. In most studies, the emphasis has been on evaluating the economic impacts
of technological change with little consideration of the secondary and tertiary distribu-
tional impacts of such change. This article uses partial equilibrium analysis to estimate
the gross and net social rates of return arising from proposed mechnization of strawberry
harvesting in Oregon. The discussion considers other factors not explicitly accounted for
in the economic model, (e.g., social and technical) but which are likely to have repercus-
sions on the estimated social rates of return.

The primary objectives of this study are: (a)
to briefly discuss the complex theoretical and
empirical issues facing economists in assess-
ing the economic and social impacts of
technological change in agriculture; (b) in
light of these issues, to evaluate the net social
benefits arising from the proposed mechani-
zation of strawberry harvest in Oregon. This
case study demonstrates the strengths and
weaknesses of the most contemporary eco-
nomic models and methodologies used to
evaluate the economic and social impacts of
new and existing agricultural technologies.

Ahmed M. Hussen was a Graduate Research Assistant in
Agricultural and Resource Economics, Oregon State
University and is now a Visiting Assistant Professor, De-
partment of Resource Economics, at the University of
Rhode Island. Critical reviews and comments by
William G. Brown, Richard Johnston, Ted McConnell,
Bill Kolberg, Allen Scheid, the editor and two anony-
mous referees are gratefully appreciated. Of course, only
the author is responsible for errors or deficiencies.

This paper was based upon research conducted under
Oregon Agri. Exp. Sta. Project 128. Oregon Agri. Exp.
Sta. Tech. Paper No. 5161.

Economic and Social Impacts of
Technological Change in Agriculture

Over the years, two opposing views have
emerged about the impacts of technology on
society. For example, in 1970, Byerly wrote:
"Continuing development and application of
technology in production of food, fiber and
forest products can supply the next genera-
tion abundantly. It can enable them to take
the actions necessary to have clean air,
sparkling water, and a green and pleasant
world in which to live." In contrast to Byer-
ly's optimistic view, Hightower criticized ag-
ricultural research carried out by land grant
colleges and universities by stating that, "in
terms of wasted lives, depleted rural areas,
choked cities, poisoned land and maybe
poisoned people, mechanization research has
been a bad investment."

It is difficult to envision technological
change which is Pareto Superior; that is, a
condition(s) where none of the parties af-
fected by the change are worse-off. At the
same time it is also rare to find a technologi-
cal change which is void of any value, even
though the net value of some technology

17



Western Journal of Agricultural Economics

could be negative. Hence, it would be er-
roneous to perceive technology as being good
or bad without some qualifications.

Technological change is manifested in
changing rroduction functions with either
changes in factor shares and/or proportions
whereby more output is generated from same
or fewer inputs. For example,

Since 1950, wheat yields have risen from
16.5 to 32 bushels an acre, corn from 38 to
90, soybean from 22 to 28, cotton yields
have increased from 269 to 520 pounds an
acre. Since 1950, the output per manhour in
agriculture has increased at a rate of nearly 6
percent a year compared with 2.5 percent
for all other industries. [Rasmussen]

Nevertheless, along with the positive im-
pacts, technological change has had some
deleterious impacts on society, such as, in-
creases in rural poor, urban congestion, pol-
lution, alienation, crime, deterioration of
education, and so on.

The number of farms in the United States
declined from 6.5 million in 1920 to 5.6 mil-
lion in 1950 and 2.8 million in 1975. The
drop resulted primarily from machinery and
other technology that permit a farmworker
to handle larger acreages. In 1959, there
were 9.9 million persons working on farms,
compared with 4.3 million in 1973 ..... this
decline has been accompanied by a change
in the rural social structure. Many villages
and small towns, with their schools,
churches, stores, and social life have de-
clined and even disappeared ..... Earlier,
surplus farm workers supplied some of the
manpower needed to industrialize America.
Since the second American agricultural rev-
olution, many have gone to the cities, some
to a very uncertain future. Others are now
part of the rural poor. [Rasmussen]

In view of the positive and negative results
emanating from technological change, an ana-
lytical framework is needed to assess
technology in terms of its net, instead of
gross, social benefits.

Models and Methodologies Used for
Technology Assessment

According to West, technological assess-
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ment entails, "the formal systematic exam-
ination of existing, newly emerging, or pro-
spective technology with the objective of es-
timating first and second order costs and con-
sequences (beneficial and adverse) over time
in terms of the economic, social, de-
mographic, environmental, legal, political,
and institutional dimension of the impacts of
the technology". Hence, technological as-
sessment involves a careful and objective
consideration of both the social and economic
impacts of technology. In assessing agricul-
tural technology, however, economic factors
have been given unjustifiably heavy weight
in the past, while the social (distributional)
effects of technology received little consid-
eration. In this regard, Hightower criticized
the land grant colleges and universities for
ignoring the effects of introducing new
technology (mechanization) on the small fam-
ily farms and the rural poor

The overemphasis on economic factors and
the underemphasis on the secondary and ter-
tiary impacts of technology are partly attrib-
uted to such facts as: (a) Until the last two
decades, the distributional impact of intro-
ducing new technology appeared less severe
because of the growing industrial sectors'
ability to absorb labor leaving the small
farms. However, even though past events
have changed, economists have been assess-
ing the effects of technology in conventional
ways. (b) Economic impacts generally are
easier to quantify and analyze using the tools
and experiences most economic researchers
acquire during their training.

A number of researchers have addressed
the issues of the economic and social impacts
of new and existing technology in the agricul-
tural sector [Griliches; Schmitz and Seckler;
Hertford and Schmitz; Martin and Johnson].
Since a comprehensive review of these works
is not the primary goal here, only a brief illus-
tration of the scope, models and
methodologies is presented. Broadly speak-
ing, researchers have used two approaches in
analyzing the impacts of agricultural technol-
ogy - statics and comparative statics.
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Static Approach

This approach considers whether the new
technology is economically beneficial (usually
in terms of profits) to the producers of im-
mediate concern and in some cases to a nar-
rowly defined group of consumers [Parsons;
Holtman; Hussen]. It assesses the cost effec-
tiveness of a proposed or existing technology
strictly from the viewpoint of the immediate
beneficiaries. Factor and product prices are
assumed constant and no distributional ef-
fects of the technology are considered. This
limited scope does not allow for any defini-
tive conclusions about whether a given
technology is socially desirable or not.

Comparative Statics

This approach is broader than the static
approach. The objective is to estimate the
social return (gross, net, or both) arising from
a given agricultural technology. The concepts
of consumer's and producer's surplus are
used to achieve this goal [Griliches; Peterson;
Schmitz and Seckler]. 1

In most of these types of analysis, the sec-
ondary and tertiary distributional effects of
technological change are simply overlooked
[Griliches; Peterson]. Recently, however, re-
searchers using similar approaches have at-
tempted to account for the secondary and ter-
tiary impacts of technological change
[Schmitz and Seckler; Hertford and Schmitz;
Martin and Johnson].

Even though some of the shortcomings of
the static approach are lessened, the com-
parative static approach still falls short of
comprehensive and well-integrated analysis
which fully satisfies every one concerned
with the subject. Among the major draw-
backs of the comparative static approach are
conceptual and theoretical problems arising
from the use of the consumer's and pro-
ducer's surplus as a measure of the social
benefits. For example, are compensated de-
mand curves used in measuring the consum-

For comprehensive treatment of the concept of eco-
nomic surplus and its use in economic analysis, see
J. M. Currie, et al.

ers surplus? Is a derived or final demand
curve used? How small is the income elastic-
ity of demand? Also, for producer's surplus,
how elastic are the supply curves of the vari-
able inputs? Other drawbacks are the lack of
practically applicable criteria for compensat-
ing the losers who are negatively impacted by
technological change, and the fact that the
results from partial equilibrium analysis may
not coincide with the results of a more gen-
eral equilibrium analysis. This fact is espe-
cially true when a product with many substi-
tutes is evaluated.

In the next sections of this paper, an at-
tempt is made to evaluate the benefits and
the costs arising from the proposed mechani-
zation of strawberry harvesting in Oregon.
Concerted effort is made to demonstrate the
complexities and the magnitudes of the prac-
tical problems associated with the assessment
of the social and economic impacts of
technology.

Estimated Social Benefits and Costs for
Mechanization of Strawberry Harvest

Problem Setting

The strawberry is one of the most popular
and widely used small fruits in the United
States. Although nearly all states grow straw-
berries of some kind, for the last two decades
over 85 percent of the commercially-
marketed processed strawberries are grown
in California, Oregon and Washington (Fig-
ure 1). Climate and soil are the major con-
tributing factors for the domination of the
Pacific Coast states in strawberry production.

Besides being second in strawberry pro-
duction, Oregon is a pioneer, having grown
strawberries commercially since the early
1900's. In its peak, Oregon produced over 45
percent of the total U.S. processed strawber-
ries (Figure 1).2 However, since 1971, Ore-
gon's share of strawberry production has
been declining steadily. In fact, since 1973
strawberry production in Oregon constituted
less than 20 percent of the nation's total pro-
cessed strawberry production, which is the
lowest since 1951. Increased harvesting
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costs, without an offsetting increase in the
farm prices of strawberries, are the main
causes for the continuing decline of straw-
berry production in Oregon.

Oregon's strawberry growers depend
largely on children between the ages of 10
and 16 for harvesting their crop. However, in
recent years, the enactment of child labor
laws, has caused a shortage of strawberry
pickers, resulting in a substantial increase in
harvest costs which account for 30 to 40 per-
cent of the price growers receive in Oregon
[Martin]. Cost prospects for the future are
even gloomier because of the continuing
pressure from the various legislative bodies
to extend the nation's minimum wage to farm
workers. In order to alleviate the problems
associated with increased harvest costs and
by so doing regain its competitive edge, since
1967, Oregon has been actively seeking to
mechanize its strawberry harvest.

Mechanization of strawberry harvest, re-
quires, among other things, (a) change in the
present strawberry varieties and (b) de-
velopment of a technically sound and effi-
cient harvester. In the last ten years, consid-
erable progress has occurred in developing a
mechanical harvester and new strawberry va-
rieties suitable for machine harvesting. If the
past achievement is indicative of the future,
it will not be too long before Oregon straw-
berry harvesting is mechanized [Booster, et
al.].

Framework of Analysis

Successful implementation of mechanical
strawberry harvesting should create signifi-
cant production economies. 3 However, it also
may have a considerable negative effect on
the livelihood of numerous agricultural
laborers. To compute the gross and net social
returns arising from the use of a strawberry
harvester in Oregon, the framework used by
Griliches, Peterson, and Schmitz and Seckler
is employed.

To illustrate the main points of the

2Almost all of Oregon strawberry production is marketed
in the processing sector.
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analysis, in Figure 2 let S' and S,, respec-
tively, represent the supply curve with and
without mechanization. The supply curve of
the processed strawberry is assumed to shift
from SI to S' because successful implementa-
tion of mechanical strawberry harvest in
Oregon is expected to reduce the cost of har-
vesting (see Footnote 3). As a result of
mechanization of strawberry harvest in Ore-
gon, the equilibrium output and price of pro-
cessed strawberries will change from Q1 to Q2
and Pi to P2. The area R + S + T represents
the increment to the consumers' surplus as a
result of mechanization of the strawberry
harvest, and the increment to the producers'
surplus is measured by the area -R + V +
W. Thus, the benefit to society in terms of
consumers' and producers' surplus is the area
(R + S + T) + (-R + V + W)= S + T + V +
W; that is, the area between the two supply
curves and below the demand curve, as
shown in Figure 2.

In addition, using the formula derived by Peterson,
the area S + T + V + W in Figure 2 can be approximated
by,

(1) Gross Social Return (GSR) =

KQ2P2 + 1/2 K2 P2Q2/ -

/2 QK 2 P2 P2/p, er/ ~/-1
r-e Tir)-E 77

2

When E = 0, the above equation is reduced to:

(2) GSR= KQ2P2(1+ 1/2K 1 )

where the Greek letters E and 7r represent
supply and demand elasticities, respectively.
K represents the relative shift in the supply
function, i.e., K = (Q2 - Q)/Q2.

If there were no harmful effect to any
member of society, the movement from the
old equilibrium Y to the new equilibrium Z
in Figure 2 would be considered an im-
provement in social welfare (Pareto Optimal).

3In most instances the use of a mechanical strawberry
harvester in Oregon is found to yield a significant posi-
tive return to the growers [Hussen].
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Figure 2. Estimation of gross social returns
sloped.

However, in cases where a technological
change is expected to negatively affect some
segment of society, in this case the straw-
berry pickers, the movement from Y to Z
cannot be judged unequivocally as an im-
provement in social welfare. To measure the
social benefits in this case, the Kaldor-Hicks
(K-H) criterion is used. The Kaldor-Hicks cri-
terion states that if the gainers (the consum-
ers and producers of strawberries) can com-
pensate the losers (strawberry pickers) out of
their gain and still be better off in Z than they
were in Y, then the movement from equilib-
rium Y to Z can be viewed as an improve-
ment in social welfare. However, using the
K-H criterion does not imply that actual
compensation need be given to the losers. In
other words, the movement from Y to Z
would be considered as an improvement in
social welfare if a potential positive social re-
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when the long run supply curve is positively

turn occurs after accounting for all distribu-
tional effects.

To estimate the dollar value of the loss to
the displaced strawberry pickers the following
scheme is used. In Figure 3, prior to mechani-
zation the demand for and supply of farm
laborers were Do and So, respectively, and
the equilibrium wage rate was Wo. With the
introduction of the mechanical harvester, the
demand is assumed to shift to D1. Hence, the
new equilibrium wage rate and employment
level will be W1 and N1, respectively. For
analytical convenience, let us assume farm
laborers to be producers of a service so that we
can estimate the change in producers surplus
resulting from the shift in demand. This re-
sults in original surplus of area Wo L O re-
duced to an area of W1 M O by the shift in
demand. The loss to the displaced workers (or
the surplus from labor service) is then

P1

0
Quantity
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Figure 3. Estimation of the values of the displaced workers.

obtained by subtracting area W1 M O from
area Wo L 0 which is equal to the area Wo L M
W1. The area Wo L M W1 can be estimated as:

(3) (Wo - W1)N 1 + (No

- N1) Wo - f(z)d Z

which can be reduced to:

No Wo - N1 W1

-fNf(Z)dZ

where:

f (Z) => factor supply function.

On the other hand, if wage is fixed at Wo
(say, minimum wage), the value of the loss in
surplus as a result of the shift in demand is the
area K L M N which is obtained by subtracting

the area WoK N O from W0 L O. The area K
L M N can be estimated as:

(4) KLMN = Wo(No

- N2) -fN2 f (Z) d Z

and the estimate in Equation (4) can be ap-
proximated by,

(5) Wo (No - N2)

The result in (5) is identical to the scheme
used by Schmitz and Seckler. Moreover,
since it assumes that no alternative employ-
ment possibilities exist, this estimate will be
biased upward.4 The use of this procedure
will lead to an underestimation of the net
social (NSR) since NSR will be estimated as,

(6) NSR - GSR - Wo(No - N2).

23
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Estimation of Social Returns

Assumptions

This analysis is based on the following as-
sumptions which were formulated after con-
sulting with strawberry growers, processors
and agricultural extension workers at Oregon
State University who have worked with the
strawberry mechanization project over the
last ten years. (1) Without mechanization, it
is assumed that strawberry production in
Oregon will stabilize at 5,200 acres (present
level). If the harvest trend of recent years
continues, this assumption will probably
overestimate the level of future harvests and,
as will be evident later, lead to an overesti-
mation of the value of the labor loss (in terms
of wages) resulting from mechanization. (2)
Commercial use of mechanical strawberry
harvesting is expected to start by 1981, and
by 1985, 50 to 70 percent of Oregon straw-
berry acreage is expected to be harvested
mechanically. In addition, for lack of reliable
information, a constant rate of adoption of the
harvesting machinery is assumed. Under this
assumption, the annual diffusion rate will be
10 percent or 14 percent depending on
whether 50 or 70 percent of the strawberry
fields in Oregon are mechanically harvested
by 1985. (3) Under the assumption of a 50
percent adoption rate, annual harvest of
Oregon is expected to reach 9,000 acres
which is approximately the level of acreage
harvested before the enactment of the child
labor law of 1973. With a 70 percent adoption
rate, 10,400 acres (or twice the present level)
would be harvested. Provided that mechani-
zation reduces harvesting cost substantially
[Hussen], 9,000 to 10,400 acres of strawberry
harvest by 1985 is a conservative estimate. (4)
The acreage is assumed to increase at a con-

4This estimation formula will overestimate the displace-
ment cost of the strawberry pickers. Not all the straw-
berry pickers who are displaced will be unemployed.
Some of the strawberry pickers will find new jobs and
will earn income to compensate for their loss, and the
above formula does not account for the economic effects
of workers moving to their next best job.

24

stant amount over the five year period
(1981-85); hence, annual increases are 760

/ 9000 - 5200 \
acres9000 5200 with the adoption rate

5
of 50 percent and 1,040 acres

10400 - 5200) with the adoption rate of
5

70 percent. (5) The strawberry varieties to be
harvested by machine are expected to have a
"marketable yield" of 4 tons per acre. Again,
in light of the experimental results from the
Oregon State University strawberry breeding
program, this yield estimate is fairly conserv-
ative [Lawrence]. (6) Aggregate U.S. pro-
cessed strawberry production excluding Ore-
gon remains at an annual level of 137 million
pounds which is its recent four year average.
This assumption is made to isolate the incre-
ment to the consumers' and producers'
surplus resulting from the increase in Oregon
strawberry production.5

Using these assumptions and the theoreti-
cal framework developed earlier, the annual
gross social returns resulting from mechani-
zation are estimated. Tables 1A and 1B pre-
sent the annual gross social return assuming
that the diffusion rates by 1985 are 70 and 50
percent, respectively. Except for this differ-
ence, the same approaches are used to esti-
mate gross social returns in both tables.

Columns 1 and 2 of Table 1A present the
expected total annual strawberry acreage in
Oregon and the portion of the total acreage

5 Note that mechanization is expected to affect only Ore-
gon's strawberry production mainly for the following
reasons: (a) success in mechanization depends on the
development of strawberry varieties suitable for
mechanical harvesting in which Oregon has a substan-
tial lead over other strawberry growing states; (b)
California, which is the leading strawberry growing
state is not expected to mechanize without substantial
time lag because the high yield that California growers
enjoy presently can be sustained only if multiple har-
vesting is possible. The mechanical strawberry harvest-
ers developed so far operate as once-over harvesters,
and (c) the strawberry varieties developed in Oregon
may not be easily adapted to other areas without losing
some of their desirable characteristics.
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which is expected to be harvested mechani-
cally. Column 3 shows the aggregate U.S.
processed strawberry production excluding
Oregon. The entries in column 4 are the total
processed strawberry production in Oregon.
The first entry in this column (41 mill.
pounds) is the present level of Oregon pro-
cessed strawberry production. Other entries
in this column are found by multiplying the
corresponding entries in column 1 by the as-
sumed yield of 4 tons per acre. Column 5
presents the estimated value of parameter
K which is the relative shift in the supply
function resulting solely from the increased
strawberry harvest in Oregon. For example,
parameter K for 1981 is estimated as the ratio
of the difference in Oregon strawberry pro-
duction before and after mechanization (9
million pounds or 50-41) and the expected
total U.S. strawberry production including
Oregon (187 million pounds or 137+50).
Entries in columns 6 and 7 are the predicted
aggregate farm prices for processed strawber-
ries and the estimate of the price flexibility,
respectively. The predicted prices and the
estimate of the price flexibilities are derived
from the demand equation in Footnote 6. Fi-
nally, the annual gross social returns from the
mechanization of Oregon's strawberry har-

6pp = 7.675 -. 0333X, + 0.844X2 +

(3.37)* (0.00735) (0.18624)**

1.984X3 - 4.419X4

(.91744)* (0.7855)**

tR
2

=

.82 DW = 2.1125 N = 26

where PPS = average farm price for processed straw-
berries (¢/lb.) X1 = total processed strawberries mar-
keted (mill. pounds); X2 = average farm price of fresh
strawberries (¢/lb.); X3 = average farm price of peaches
(g/bushel); X4 = average hourly earnings for labor em-
ployed in the food and kindred products ($/hour); and 17
and DW are demand elasticity (evaluated at the mean
value) and the Durbin-Watson statistics respectively. In
terms of expected signs of all coefficients and general
"reasonableness" of results, the above specifications of
the demand relationship was thought preferable to the
other various alternatives considered, see Hussen.

26

vest are estimated using equation 2, where
the elasticity of supply is assumed to be
zero7,

GSRj = KjQjPj(.0 + 1/2Kj )
7yj

where Kj = the value of the parameter K for
year j; Qj = the estimate of the aggregate
U.S. process strawberry production in year j
(the sum of the entries in columns 3 and 4); Pj
= the predicted price of processed straw-
berry in year j; and -qj = the point elasticity of
demand associated with Qj and Pj. The re-
sults of these estimates are shown in column
8 of Tables 1A and 1B.

Gross Social Returns Net of
Extra Processing Costs (GSRNEPC)

Since the berries will be uncapped when
they are harvested by machine, additional
work is required to cap the berries in the
processing sectors. Therefore, the value of
extra processing cost must be subtracted
from the estimate of GSR. Based upon ex-
perimental work in Michigan [Holtman], the
value of the extra processing cost was esti-
mated to be between 5 and 6 cents per pound
or $400 and $460 per acre assuming a yield of
4 tons per acre. Hence, the upper bound of
the value of the extra processing cost for any

7Equation (2) assumes that the supply elasticity for pro-
cessed strawberries is zero, which is restrictive unless it
is reasonably justified. In the beginning, I attempted to
fit a supply equation for processed strawberries so as to
derive the supply elasticity. However, I was unable to
estimate a statistically meaningful supply equation for
processed berries. Hence, due to lack of information
about the precise magnitude of the supply elasticity for
processed strawberries, I estimated GSR by assuming
that the supply elasticity of processed strawberries is
perfectly elastic. To estimate GSR when the supply
elasticity is infinity, EQ (1) was used. For this problem
the ratio of the value of GSR when the supply was per-
fectly elastic ranged from 1.012 to 1.019. Therefore, the
difference between these two extreme assumptions im-
plies less than a 2 percent difference in the final esti-
mate of the GSR. Since this difference is so small, esti-
mation of the supply elasticity for processed berries
would not contribute much to the accuracy in estimat-
ing GSR.
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given year will be $460 times the expected
total acres harvested by machine (column 2).
These estimates of extra processing costs are
shown in column 9 of Tables 1A and IB.

The entries in the last column of Tables 1A
-i Im --- Ai- -1- -- r .1_ - -m I1

3. Total discounted
value of
GSRNEPC; C** -------------- $46,031,778 $38,283,222

Net Social Returns (NSR)
aniIU ID are uie vail
turns net of ex
(GSRNEPC).

Discounted Value o

Let C1, C2 .....
of the flow of GSRIS
85, respectively.
GSRNEPC for the
to the year 1980 is <

(7)
6

t=l

Furthermore, ifv
acreage in Oregon
existing by 1985,
GSRNEPC for the
discounted to the y
be:

0 C (1-
(8) E 6

t=l (1-

Therefore, the dis
cumulated GSRNE]
ning horizon is estir

(9) C

Using the above fc
mation in column 10
discounted value (
GSRNEPC is estimn

1. Discounted value
of the cumulated
GSRNEPC 1981-85; C --------

2. Discounted value
of the cumulated
GSRNEPC 1986- and
thereafter; C* -------------------.

ue oUt me gross sociai re- Net social return is defined as the differ-
tra processings costs ence between gross social returns net of extra

processing costs and the cost of displaced
workers. Hence, an estimate of the cost of

f the Total GSRNEPC the displaced strawberry pickers is needed to
derive net social returns. Based on a field

, C5 represent the values,C represent the y values study by Oregon State University Extension
TEPC for the years 1981- .heP o the y ar Service, the cost of handpicking strawberries
Then, the cumulated . ren t cu ted with a yield of 4 tons per acre was estimated
year 1981-85 discountedyearLL5d by , to be $902.00 per acre. In this analysis, allow-
estimated by: ing for general price increases, the cost of

hand harvesting is expected to be $1,000 per
Ct = C acre. Using this estimate, the values of the

(l+r)t estimated cost to the displaced pickers are
computed (Tables 2A and 2B). Tables 2A and

ve assume the strawberry 2B show the cost of the displaced pickers cor-
to stabilize at the level responding to the gross social benefits esti-
then, the cumulated mated in Tables 1A and 1B, respectively. The

year 1986 and thereafter entries recorded in column 1 of Tables 2A
7ear 1980 is estimated to and 2B are obtained in the following manner:

First, the total strawberry acreage that would
be available for hand harvesting is obtained

4-r)-6 _ C6(l+r)-6 _ by subtracting the entries of column 2 from

-r)t r the corresponding entries of column 1 in Ta-
bles 1A and 1B. Then, 5,200 acres is sub-
tracted from the above result since straw-

counted value of the total berry pickers would have harvested a total of
PC over an infinite plan- 5,200 acres, assuming no mechanization. Fi-
nated to be: nally, the net difference between acreage

available for hand harvest with mechaniza-
+ C* - C*'* tion, and harvested acreage without

mechanization (5,200 acres) is the loss or gain
Irmulations and the infor- of acreage for hand harvesting as a result of
of Tables lAand 1B, the mechanization (column 1 of Tables 2A and

of the total cumulated 2B). To estimate the cost of the displaced
ated to be: pickers, entries in column 1 of Tables 2A and

2B are multiplied by $1,000 which is the per
Case 1: 70% Case 2: 50% acre benefit foregone to the strawberry pick-

Adoption Rate Adoption Rate
by 1985 by 1985 ers. These results are indicated in column 2

of Tables 2A and 2B. From these results,

$12,154,000 $9,861,000 using similar procedures as outlined in
equations 7, 8 and 9, the total cost of the
displaced strawberry pickers is estimated to

$33,877,778 $28,422,222 be:
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TABLE 2A Values of the Annual Estimated Loss
percent adoption rate)

to the Displaced Strawberry Pickers (70

Loss or gain Value of the
of Harvestable Loss or the Gain

Acreage to $1,000/acre
the Pickers (mill. $)

1976-80-
1981 +166.0 .166
1982 + 42.0 .042
1983 -374.0 - .374
1984 -1,082.0 -1.082
1985 -2,080.0 -2.080

TABLE 2B Values of the Annual Estimated Loss to the Displaced Strawberry Pickers (50
percent return rate)

Loss or Gain Value of the
of Harvestable Loss or the Gain

Acreage $1,000/acre
the Pickers (mill.$)

1976-80
1981 164.0 0.164
1982 176.0 0.176
1983 36.0 0.036
1984 -256.0 0.256
1985 -700.0 0.700

Case 1: 70% Case 2: 50% Social Returns Net of
Adoption Rate Adoption Rate

by 1985 by 1985 Research and Development Costs

1. Discounted value
of the cumulated
cost of the displaced
pickers 1981-85. -----------------

2. Discounted value
of the cumulated
cost of displaced
pickers 1985
and thereafter --------------------

3. Total discounted
value of the
displaced pickers ----------------

$ 2,036,200

$13,780,000

$15,816,200

Thus, the net social returns for case 1 and 2
are $30,215,578 or ($46,031,778-15,816,200)
and $33,610,044 or ($38,283,222-
4,922,178), respectively. It is important to
note that accounting for the effects of dis-
placed workers makes net social returns
higher for the lower adoption rate. This re-
sult differs from the ranking based on
GSRNEPC.
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Thus far, the various social returns are es-
timated and for making decisions with re-
gards to the desirability of strawberry
mechanization in Oregon, the estimated so-
cial returns have to be compared with the
estimate of the total research and develop-
ment costs associated with the overall straw-
berry mechanization project in Oregon. The
total research and development expenditures
estimate compounded to the year 1980 are
expected to be $1,448,361 before mechanized
strawberry harvesting is fully adopted for
commercial use [Hussen, P. 97]. Therefore,
when this estimate of total research and de-
velopment costs is compared with the above
estimates of the gross and net social returns,
it suggests that an endeavor to mechanize
strawberry harvesting is, indeed, a profitable
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venture with respect to the society as a
whole. For the 70 percent adoption rate, the
estimate of net social returns exceeds the re-
search and development costs by
$28,767,217 valued as of 1980. Similarly, for
the 50 percent adoption rate, the estimate of
net social returns exceed the research and
development costs by $32,161,683.

However, while measures of gross or net
social rates of return after accounting for the
research and development costs can provide
decision makers with criteria to assess
projects, other factors that influence the de-
sirability of mechanization should be consid-
ered.

Factors Affecting Social Rates of Return

1. Using the K-H criterion to estimate the
loss of the displaced workers does not imply
that actual compensation need be given to
the losers. If, in fact, the strawberry pickers
were compensated, then, depending on the
source of the revenue for compensation,
there could be an added social cost which is
not accounted in the model above.
Moreover, if compensation is effected, what
is the criterion used for compensating the
losers?

2. This analysis assumes that (a) straw-
berry varieties suitable for machine harvest-
ing, as well as an efficient mechanical har-
vester, will become available; (b) the neces-
sary adjustments, both in the farming and
processing sectors, will be undertaken to ac-
commodate the technological change in
strawberry harvesting; and (c) the demand for
strawberries will not change due to the intro-
duction of new varieties or the technological
change in strawberry harvesting. How realis-
tic are these assumptions? For example, are

SThe cost estimates include, among others, the outlays
incurred in developing and sustaining the research pro-
gram by the farmers, the agricultural extension pro-
grams, and other organizations that are directly or indi-
rectly involved in the program. For details on the ex-
penditure for research and development of the har-
vester and new strawberry varieties, see Hussen.

the new varieties likely to be readily ac-
cepted by the consumers? If not, how would
that affect demand?

3. Mechanization may favor large-scale
farmers [Hussen]. If so, what is the distribu-
tional effect on small-scale farmers? In gen-
eral, how significant is the adjustment cost?
For lack of reliable information, this cost is
not explicitly considered in the model.

4. This study uses the farm demand for
processed strawberries to estimate the con-
sumers' surplus resulting from mechanizing
the strawberry harvest. This farm demand is
a derived demand. Is the consumers' surplus
estimated using this demand equivalent to an
estimate based on final demand? The answer
depends on the difference between the price
elasticities of the derived demand and the
final demand [Hertford and Schmitz]. The
final demand is not estimated because there
is no one final demand for processed straw-
berries; processed strawberries as a final
product appear in different forms. Also, there
is a difference in net social benefits calculated
from a partial equilibrium analysis as opposed
to those calculated from a general equilib-
rium analysis. For example, if there are close
substitutes for strawberries, then social bene-
fits are overestimated.

5. Oregon is expected to harvest no more
than 10,400 acres which is slightly above the
acreage harvested before the enactment of
child labor laws in 1973. However, if
mechanization occurs, the acreage allotted
for strawberries could exceed the estimate
used here. If so, the gross social return is
underestimated.

6. In Oregon most strawberries are har-
vested in June when the processing and can-
ning industry has substantial unutilized
capacity. Increased production of strawber-
ries resulting from mechanization would en-
able the processing and canning industry to
operate at fuller capacity in the early part of
the season. Since most processing and can-
ning firms are located in rural areas, this in-
creased use of capacity would also contribute
to an increase in employment in the rural
community.
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7. Finally, mechanization of the straw-
berry harvest likely would end the use of
child labor which is thought to be socially
undesirable. This would have a positive social
benefit that is not accounted for here.
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