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Measuring Returns to an Innovation 

in an Imperfectly Competitive Market: 
Application to Mechanical Harvesting 

of Processing Tomatoes in Taiwan 

Shu-Yu Huang and Richard J. Sexton 

In this paper we develop and apply a general imperfect competition model to evaluate 
returns to a cost-reducing innovation. Most related work has applied models of 
perfect competition. Results demonstrate that welfare estimates derived from a model 
of perfect competition may be seriously distorted when the relevant market is 

imperfectly competitive. Application to mechanical harvesting of processing tomatoes 
in Taiwan reveals the potential for significant benefits to adoption of mechanical 

harvesting in Taiwan. However, farmers' incentives to adopt the harvester are 
attenuated because total benefits are reduced by oligopsony power in tomato 

procurement, and imperfectly competitive processors will capture a large share of the 
benefits that remain. 

Key words: imperfect competition, oligopsony, processing tomatoes, Taiwan, tomato 
harvester, welfare analysis. 

In this paper we analyze the welfare impacts of 
mechanical harvesting of processing tomatoes 
in Taiwan. A key distinguishing feature of the 
study relative to previous empirical work on re- 
turns to innovations is that it permits market 
power to be exhibited in both the markets for 
the raw agricultural product and the processed 
product outputs. Indeed, the empirical results 
find significant processor market power in Tai- 
wan in both the procurement of raw tomatoes 
and the sale of processed products in the do- 
mestic market. The study demonstrates that 
welfare estimates derived from a model of per- 
fect competition may be seriously distorted 
when in fact the relevant markets are imper- 
fectly competitive. 

The study represents an ex ante analysis of 
the benefits from mechanical harvesting be- 
cause the harvester has yet to be adopted in Tai- 
wan. Mechanical harvesting of processing to- 
matoes was introduced first in California in 
1961, and by 1969 nearly all of the California 
crop was harvested by machine. Its adoption in 
Taiwan has been impeded by the small size of 
tomato fields; this has required the develop- 
ment of more mobile harvesting equipment. 
The results of this study indicate significant 
gross benefits to adoption of mechanical har- 
vesting in Taiwan. However, they also show 
that, due to oligopsony power in tomato pro- 
curement, a substantial portion of the benefits 
accrue to processors, attenuating farmers' in- 
centives to adopt the harvester. 

The adoption of mechanical tomato harvest- 
ing in California was studied by Schmitz and 
Seckler, Chern and Just, Brandt and French, 
and Kim et al. This body of work illustrates the 
basis for concern about the role of market 
structure in evaluating returns to an innovation. 
The Schmitz and Seckler, and Brandt and 
French studies indicated the generation of sub- 
stantial net benefits from mechanical harvest- 

Shu-Yu Huang is an agricultural economist based in Saratoga, 
California. Richard J. Sexton is professor and chair in the Depart- 
ment of Agricultural and Resource Economics at the University of 
California, Davis, and a member of the Giannini Foundation of Ag- 
ricultural Economics. 

Financial support for this project was provided by the Council 
of Agriculture, Taiwan. The authors are grateful to the several Tai- 
wanese government agencies and industry associations that con- 
tributed data for this study, and to Julian Alston, Garth Holloway, 
Alex McCalla, and the AJAE referees for helpful comments. 

Amer. J. Agr. Econ. 78 (August 1996): 558-571 
Copyright 1996 American Agricultural Economics Association 



Huang and Sexton Returns to Innovation in Imperfect Market 559 

ing. However, these studies were based on com- 
petitive market models, and Chern and Just ar- 
gued forcefully that the industry's response to 
mechanical harvesting indicated oligopsony be- 
havior by processors. 

Kim et al. subsequently tried to adapt the re- 
sults from Brandt and French's econometric 
analysis to the oligopsony structure indicated 
by Chern and Just. Their study is apparently the 
first to adopt formally a model of imperfect 
competition in considering the welfare effects 
of an innovation. However, little further 
progress has been made on incorporating im- 
perfect competition into analyses of returns to 
research, innovation, and technology adoption. 
Rather, emphasis has remained on the competi- 
tive model. Alston, Norton, and Pardey have 
carefully compiled and synthesized this work. 

Recent attempts to incorporate imperfect 
competition into the analysis of returns to re- 
search include a study by Voon, who used 
simulations to compare results for monopoly 
versus perfect competition, and a study by 
Dryburgh and Doyle, who examined the impact 
of technology change in the British dairy indus- 
try under alternative scenarios of monopoly, 
monopsony, and perfect competition. These 
analyses indicate the importance of market 
structure both to the magnitude and distribution 
of research benefits. However, they do not 
evaluate the actual market behavior and con- 
duct tests for alternative market outcomes. 
They rely instead on comparing alternative ex- 
treme forms of market structure such as mo- 
nopoly and monopsony versus perfect competi- 
tion. In contrast this study adopts a conjectural 
variations oligopoly-oligopsony model that ad- 
mits monopoly/monopsony and perfect compe- 
tition as special cases, tests empirically for the 
presence of market power, and applies the 
methodology in a real problem setting.' 

The Model 

This section formulates the supply and demand 
relationships for the Taiwanese processing to- 
mato industry. Taiwanese tomato processors 
generally also produce other food products such 
as asparagus, bamboo shoots, mushrooms, and 
various fruits, so the analysis employs a 
multiproduct cost-function framework based 

upon the work of Wann and Sexton. The vari- 
ous nontomato products generally have similar 
processing methods and use common canning 
equipment. However, the major tomato prod- 
ucts, tomato paste and puree, require distinct 
treatments for crushing, heating, juicing, filter- 
ing, and evaporating. We therefore considered 
two product composites: tomato products and 
other products. 

Processors were assumed to employ a quasi 
fixed-proportions technology wherein substitu- 
tion between the raw agricultural input and the 
processing inputs-labor, energy, and capital- 
is prohibited, but substitution among the pro- 
cessing inputs is possible.2 In the cost function 
derived from this technology, raw product costs 
are separable from processing costs, and pro- 
cessor behavior can be represented in terms of 
marketing margins. 

The model consists of the following compo- 
nents: (i) processors' cost function and associ- 
ated demand functions for processing inputs, 
(ii) marketing margin equations which charac- 
terize processor behavior in the procurement of 
raw product and sale of processed products, 
(iii) farm supply of raw products, and (iv) do- 
mestic demand for processed products. Taiwan- 
ese processors are assumed to be perfect com- 
petitors in export sales.3 

A representative tomato processor's profit 
function can be expressed as 

2 2 

(1) nr = PO(QD 
)qi+ 
D 

PEqiE i=1 i=1 

2 

- Wi(Ri)r - C(q,, q2, V1, V2, V3) i=1 

where FiD (QiD) denotes the inverse domestic 
demand curve for tomato products (i = 1) and 
other processed foods (i = 2); QfD denotes ag- 
gregate quantity supplied to the domestic mar- 
ket for product composite i; qDP is the represen- 
tative processor's domestic market sales of 
product i; iE is the parametric export price for 
the product composite i; qiE is the export sales 
of each product form for the representative pro- 
cessor; W,(R,) denotes the inverse supply curve 
facing processors for raw product i; Ri denotes 
aggregate purchases of raw product i; ri is the 
purchase level of raw product i by the represen- 

I Dixit provides a discussion of the advantages and disadvan- 
tages of the conjectural variations framework. 

2 See Wann and Sexton for a discussion and justification of this 
modeling assumption. 

3 Taiwan supplied on average only 5% of tomato paste and 2.5% 
of canned tomato exports during 1981-92. 
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tative processor; C(.) is the processing cost func- 
tion, q, = qfD+ q1, q2 qD+ q2E; and V1, V2, and 
V3, respectively, are the prices for processing 
inputs labor, capital, and energy. 

Maximization of equation (1) is subject to the 
constraint of the quasi fixed-proportions tech- 
nology which requires that qi = airi, where aoi 
denotes the fixed rate at which raw product 
form i is converted into processed product. 
Substituting these constraints into equation (1) 
enables the optimization problem to be ex- 
pressed in terms of the volumes of raw product 

riE 
and rD, i = 1, 2, allocated to the export and 

domestic markets, respectively. The first-order 
conditions for maximization of equation (1) can 
be expressed in elasticity form as 

(2) Wi = al( iE - Ci)[ + (i/i)], i = 1, 2 

(3) pD = 
(Wi[1 

+ 
(Oi/i)i]/{ai[1 

+ 
(4i/Fi)]}) 

+ 
{ Ci/[l 

+ (i/ei)] }, i = 1, 2. 

Substituting equation (2) into equation (3) ob- 
tains 

(3') D 
= IE/[1 + (i/ei)], i = 1, 2. 

where 

Ci = C/lqi = marginal processing cost of 
processed product i, 

,Oi = (ORiari)-(rilRi), 
1"i 

= (aRi/W,)-(Wi/R,) = market price 
elasticity of supply of raw product i, 

i = ( QPD/ q).( q4D/QiD), 

Ci = ( QpD/lpD)( Di/QiD) = domestic market 

price elasticity of demand for product i. 

The first-order conditions can also be ex- 
pressed in terms of the Lerner index, i.e., the 
relative markdown in the raw product market 
and markup in the output market: 

(2') [a,( E - Ci) - W]/Wi i = 9i0/i, i = 1, 2 

(3") (pD _ E)pD _ i/, i = 1, 2. 

The key parameters for purposes of measur- 
ing and testing for market power are 0, and 

5i- These terms, sometimes known as "conjectural 
elasticities," range in the unit interval, with val- 
ues of zero denoting perfectly competitive be- 

havior (i.e., the firm perceives that its actions 
have no impact on the market) and values of 
1.0 representing monopoly or monopsony be- 
havior. The parameters 0i and 4i thus represent 
convenient indices to measure behavior in the 
raw product and processed product markets, re- 
spectively. 

Export sales in this model play the role of the 
competitive "benchmark" product in the Wann- 
Sexton methodology. Markups of domestic 
prices from export prices are used to measure 
departures from competition for domestic prod- 
uct sales. Similarly, markdowns of the raw- 
product price from the export price, after ad- 
justing for processing costs, measure proces- 
sors' oligopsony power in raw-product procure- 
ment. 

Without further loss of generality, we choose 
units of measurement for raw and processed 
products so that a = 1.0. One final re-expres- 
sion of the first-order conditions will be useful 
in the subsequent comparison of welfare effects 
under perfect versus imperfect competition. 
Following Quirmbach, the market behavior pa- 
rameter 0 can be interpreted as a weight in ex- 
pressing net export price, PE - C, as a linear 
combination of average and marginal raw-prod- 
uct costs facing the industry. Similarly, 4 can be 
interpreted as a weight in expressing PE as a 
linear combination of average and marginal 
revenues facing the industry in the domestic 
market: 

(2") PE - Ci = (1 - Oi)Wi+ 0iMCi(Ri), i = 1, 2 

(3'") pE (1 - i) i + MRi(QD), i = 1, 2 

where MC,(R) = Wi + R,(dWi/dRi) and MR,( QD) 
= + Q D(d PiD/d QD). 
To develop an estimable model, functional 

specifications must be chosen for the process- 
ing cost function, raw-product supply func- 
tions, and processed-product demand functions. 
Studies of various flexible cost functions have 
indicated the generally superior performance of 
the generalized Leontief (GL) when substitu- 
tion among inputs is limited (Guilkey, Lovell, 
and Sickles). This consideration supports adop- 
tion of the GL cost function in studies of food 
processing. A further advantage is that the GL 
more readily accommodates zero output levels 
and admits a more convenient expression of 
marginal costs than, for example, the translog. 

The multiproduct GL cost function can be ex- 
pressed as 
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(4) C(q,, q2, VI, V2, V3) 
2 2 3 3 

= 1 1 11 
aijkl(qiqjVkVl)05. i=1 j=1 k=1 1=1 

To simplify equation (4) for estimation pur- 
poses, it is useful to impose the assumptions of 
symmetry of cross-product effects: aijkl = ajikl 
for all i, j and aijkl = aijlk for all k, I and 
nonjointness of outputs: aijkl = 0 for all k, 1, and 
i ? j. Given these simplifications, equation (4) 
can be rewritten as 

2 3 

(4') C(q1, q2, V1, V2, V3)= aikqiVk 
i=1 k=1 

223 

+ 2X 
aiklqi(VkVl)o.s, 

k ? 1. 
i=1 k=1 l=2 

This version of the GL satisfies homogeneity of 
degree one in both input prices and outputs by 
construction. The marginal processing cost 
functions, C, and C2, indicated in equations (2) 
and (3), are obtained by differentiating (4') 
with respect to q, and q2. Demand functions for 
the processing inputs, X,, X2, and X3, are also 
obtained readily from equation (4') by 
Shephard's lemma. For example, 

(5) X, = aClaV, = 
al,q, 

+ a21q2 
+ a,,ll2q1 (V2/V,)05 + all3q(V3/V1)0.5 

+ a212q2(V2/V,)0 + a213q2(V3/V,)05. 

Farm supply of tomato hectarage was speci- 
fied as a simple log linear function: 

(6) In A = c, + il, In W, + c2 In Wc 
+ c3 In V, + c4T. 

Equation (6) expresses A, the planted area of 
processing tomatoes, as a function of W,, the 
current period price of tomatoes received by 
farmers;4 Wc, the price of carrots, a major com- 
peting crop; V,, the factory labor wage; and a 
time trend, T. The quantity V, represents the 
opportunity cost of family labor-the major in- 
put into tomato production.6 The parameter T1, 

is the price elasticity of supply of raw tomatoes 
as defined in equation (2). Monetary variables 
throughout the study are deflated by the Tai- 
wanese CPI (1986 = 100). 

The domestic demand for tomato products 
was similarly expressed in log linear form as 

(7) In (QDfpop)= b1 + S In P,D + b2 In Y 

where QD/pop is the annual per capita con- 
sumption of tomato products in Taiwan ex- 
pressed as a function of the domestic price, 
P,D , and per capita income, Y. The parameter F, 
in equation (7) is the price elasticity of domes- 
tic demand as defined in equation (3). 

Application to the Taiwanese Processing 
Tomato Industry 

The processing tomato industry in Taiwan has 
traditionally been export oriented, with major 
exports including paste, puree, ketchup, juice, 
and canned tomatoes. However, the domestic 
market has become increasingly important, and 
in 1992, for the first time, domestic sales mea- 
sured in raw-product-equivalent volume ex- 
ceeded 50% of export sales. The major tomato 
products consumed domestically in Taiwan are 
ketchup and tomato juice. Introduction of the 
mechanical harvester was considered as a 
means to revitalize the industry's declining ex- 
port sales. 

Several factors suggest the possible impor- 
tance of market power in Taiwanese tomato 
processing. First, the number of Taiwanese 
firms processing tomato products has declined 
from twenty-seven to five from 1984 to 1993. 
The percentage of the tomato harvest purchased 
by the four largest firms rose throughout this 
period, with an average of 59%. 

Second, processing tomato production in Tai- 
wan takes place on small farms-the average 
size in 1990 was only 0.27 ha-and the con- 
tracting process does not appear favorable to 
farmers. Contracting is conducted exclusively 
through representatives selected by processors, 
and growers have no organized bargaining 
group to support them. Descriptions of the con- 
tracting process by industry analysts such as 
Lai and Hsu also suggest its possible use to fa- 
cilitate the exercise of oligopsony power by 
processors. It is argued, for example, that as- 
signment of tomatoes to various grades is used 
as a tool to manipulate price, and provisions 
limiting processors' purchase obligations are 

4 The tomato contract price is generally known before the plant- 
ing season, so it is appropriate to model supply decisions based 
upon the contemporaneous contract price. 

5 Because a portion of the harvest is sometimes withdrawn from 
the market, farmers' decisions are most appropriately expressed in 
terms of hectarage committed to tomatoes rather than volumes ac- 
tually sold. 

6 For the period 1979-90, 62% of processing tomato production 
costs were attributable to labor and 63% of the total labor force 
used in tomato production consisted of family labor, making fam- 
ily labor the key input cost in modeling tomato supply decisions. 
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used as instruments of supply control. Inter- 
views conducted in the present study suggest 
that contract prices are set at a meeting of the 
largest processing firms, with other processors 
subsequently adopting that price schedule.7 

Finally, tariffs are a major factor supporting 
processor oligopoly power in the domestic sales 
of processed tomato products. Tariffs were in 
the 50%-75% range in the early 1980s and 
have declined subsequently to the range of 
17.5%-45% in 1992, depending upon product 
form. Comparisons of domestic versus export 
prices for comparable tomato products provide 
preliminary evidence of processor power in the 
domestic market.8 

The complete model to be estimated consists 
of equations (2), (3'), (4'), (5), (6), and (7). In 
principle, the model may be estimated as a full 
system. In practice, however, the full system 
has proven difficult to estimate and, moreover, 
is very demanding of data resources. In the 
present study, as in related previous work (see 
Wann and Sexton for a discussion and refer- 
ences), both considerations led to simplifica- 
tions for empirical purposes of the theoretical 
model. First, equations describing processing 
firms' buying and selling behavior with respect to 
the nontomato product composites were not esti- 
mated. These products were ancillary to the pur- 
pose of the study, and we lacked reliable data on 
both the raw product values and output prices. 

Data limitations further required that the raw 
tomato supply function, processed tomato prod- 
uct demand function, and processor margin 
equation in domestic tomato product sales 
[equations (6), (7), and (3'), respectively] be es- 
timated separately from the rest of the system. 
These functions were estimated from annual 
time-series data for 1980-90, while the pro- 
cessing cost function, input demand functions, 
and export marketing margin were estimated 
from pooled time-series, cross-section data for 
1986-90. 

Estimates of equations (6) and (7) were ob- 
tained by OLS. The quantity QfD was measured 
in terms of standardized cases of tomato prod- 
ucts (one standardized case equals 0.165 metric 
tons of raw tomatoes). A detailed discussion of 
the data used in the analysis and of variable 

construction is provided in Huang. The esti- 
mated functions are 

(6') In A = 26.41 + 3.90 In W, - 0.95 In Wc 
(3.36) (3.81) (-2.34) 

- 11.08 In V, + 0.85T, R2 = 0.85, D.W. = 2.40 
(-3.47) (3.14) 

(7') In (QDlpop)= -8.78 - 0.50 In PD 
(-5.80) (-4.43) 

+ 0.52 In Y, R2 = 0.97, D.W. = 1.46 
(5.55) 

where t-statistics are indicated in parenthesis. 
All of the estimated coefficients have the signs 
expected from theory and all are statistically 
different from zero at levels of significance of 
0.10 or less. Based on the Durbin-Watson sta- 
tistics, the hypothesis of noncorrelated distur- 
bance terms is not rejected.9 Farmers in Taiwan 
are rather responsive to variations in the tomato 
contract price as indicated by 1n = 3.9. Taiwan- 
ese consumers are less responsive to changes in 
processed tomato product prices based on the 
estimated value of E = -0.505.10 

Use of equation (3') to estimate oligopoly 
power in domestic tomato-product sales is ap- 
propriate only if the tomato-product mixes sold 
in the export and domestic markets are the 
same. This condition is not met in the present 
application because export sales focus on paste 
and puree, while most domestic sales are for 
ketchup and juice." Because marginal process- 
ing costs for domestic versus export sales may 
not be equal, it is inappropriate to treat the 
composite export price as a benchmark to 

7 Antitrust laws did not exist in Taiwan until 1991, and it is not 
known whether this type of cooperative price-setting behavior will 
now be subject to challenge under these laws. 

' Interviews with processors suggest that tomato products that 
are exported are of similar quality to those sold on the domestic 
market, eliminating quality differentials as an explanation for the 
price difference. 

9 Endogeneity of price variables is a possible concern when the 
raw-tomato supply function and processed-product demand func- 
tion are estimated separately from the system of equations describ- 
ing processor behavior. The tomato contracting process described 
previously provides a strong theoretical basis to treat W, as exog- 
enous (see Chern, p. 212). To test for endogeneity of pD, the de- 
mand equation was re-estimated using two-stage least squares. These 
estimates were very similar to the OLS results, and a Hausman test 
failed to reject the null hypothesis of exogeneity of poD 

10 Huang reports the results of Box-Cox tests on the functional 
form of the raw-product supply and processed-product demand 
equations. The tests support use of the log linear form relative to 
the linear form, although estimated elasticities are similar for the 
two models. Given that the data do not exclude use of the log lin- 
ear forms, they are preferred for this type of analysis because they 
yield constant elasticities. 

" Reformulating the theoretical model to express domestic ver- 
sus export sales as different product composites is not useful in 
solving the empirical problem because processors do not separate 
production costs by either product form or market outlet (i.e., do- 
mestic versus export). 
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evaluate processor behavior in the domestic 
market. The approach undertaken to address 
this problem was to examine processor behav- 
ior in the output market for only ketchup and 
tomato juice, the two product forms with sub- 
stantial sales in both the domestic and export 
markets. 

Equation (3') was estimated for ketchup and 
tomato juice by nonlinear maximum likelihood. 
The analysis included estimation of the param- 
eter p to correct for first-order autocorrelation. 
The estimation results, presented in table 1, re- 
veal a modest but statistically significant depar- 
ture from competitive pricing in domestic sales 
of both products. The estimates of 4K = 0.252 
for ketchup and 4. = 0.074 for juice are consis- 
tent with the estimate of inelastic demand. Per- 
fectly colluding oligopolists (4 = 1.0) would re- 
strict sales to operate in the elastic portion of 
demand. Dividing the estimates of 4 by -1.0 
times the estimated composite demand elastic- 
ity, E = -0.505, obtains estimates of the Lerner 
Index of 0.499 for ketchup and 0.147 for tomato 
juice. A relative markup of 0.5 indicates domestic 
prices twice the competitive benchmark, dem- 
onstrating that even modest departures from 
competition result in significant price markups 
in the presence of inelastic demand.12 

The system based on equations (2), (4'), and 
(5) was estimated using pooled data for 1986- 
90. This period was chosen because it provided 
the most complete and reliable data.13 Data 
were obtained for six tomato-processing firms. 
Among firms involved in tomato processing, 
these firms were chosen because their product 
mix consisted mainly of canned fruits and veg- 
etables and because their sales were directed 
primarily to the export market. This choice of 
sample thus obviates the problems caused by 
product mixes differing between domestic and 
export sales and firms' failure to distinguish 
costs by product form. 

The data for 1986 are from Taiwan's eco- 
nomic census, while the data for 1987-90 are 
from confidential factory surveys conducted by 
Taiwan's Ministry of Economic Affairs (MEA). 
Firms' processed outputs were assembled into 
tomato and other processed foods composites, 

Table 1. Estimation Results for the Domestic 
Marketing Margins 

Tomato Estimated 
Product Parameter Value t-ratio 

Ketchup 4K 0.252 20.62 
PK 0.352 2.05 

Tomato juice 
4g 

0.074 6.78 

pJ -0.092 -0.35 

with tomato products measured in standardized 
cases (farm weight equivalents). Other foods 
were measured in terms of actual cases sold. 

Tomato export prices were obtained by divid- 
ing the annual export value of paste and puree 
sales by the volume of exports in standardized 
cases. The estimated value of cans was then 
subtracted from this gross price because the 
MEA data on costs for cans and packaging ma- 
terial were unsatisfactory and, hence, not 
used.14 The farm price for raw tomatoes was the 
first-grade price for each contract year plus es- 
timated average hauling costs, which are paid 
by processors. The first-grade price was used 
because communications with farmer represen- 
tatives indicated that upwards of 80% of the 
crop was assigned this grade. 

Processing labor costs were measured by the 
same factory wage variable, V,, used in estimat- 
ing the tomato supply function. The quantity V, 
was divided into each firm's total labor expense 
to obtain annual labor hours. Energy costs, V3, 
were represented by the fuel and electricity 
wholesale price index which was divided into 
energy expenses to obtain volumes of energy 
utilized. Capital assets were grouped into build- 
ing, equipment, and vehicle categories. A unit 
of capital capacity was defined as that needed 
to produce one standardized case of tomato 
products per hour. A capital price and quantity 
series were obtained for each category and then 
merged together utilizing procedures similar to 
those outlined in Sexton, Wilson, and Wann.'5 

In conducting the system estimation, additive 

12 The result that ketchup sales have been less competitive than 
juice sales is consistent with the structure of the industry. The 
dominant processor has maintained a larger market share in 
ketchup sales than in juice. In 1991 six firms sold juice domesti- 
cally, while only four sold ketchup. 

'~ This period was also marked by relative stability in the indus- 
try. The four-firm concentration ratio trended slowly upward dur- 
ing the period but no major exogenous shocks were experienced. 

14 This step implicitly requires the assumption that can and 
packaging costs are separable from other processing costs, which, 
in turn, implies the rather reasonable assumption that other pro- 
cessing inputs (labor, energy, and capital) cannot substitute for 
cans and packaging material in the production process. This same 
procedure was used to handle "miscellaneous expenses" contained 
in the MEA factory data. 

15 See Huang for detailed discussion of data sources and variable 
construction, including appendix tables of the actual data except for 
those firm-level data obtained in confidence. Summary statistics of 
the confidential data are provided in table 5.9 of Huang. 
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error terms were appended to each equation in 
(2), (4'), and (5). The system was treated as a 
set of seemingly unrelated equations in that er- 
ror terms between equations were assumed to 
be uncorrelated across observations but not 
within observations. Each of the five equations 
also included a parameter, p,, to correct for 
first-order autocorrelation. The system was es- 
timated by nonlinear full information maximum 
likelihood. Estimation results are provided in 
table 2. Eleven of the thirteen estimated param- 
eters are statistically different from zero at sig- 
nificance levels of 0.10 or less. The estimates 
are robust to alternative starting values for the 
estimation process.'6 

Among the cost-function properties, the GL 
satisfies homogeneity of degree one in input 
prices by construction. Monotonicity in input 
prices was satisfied by the estimated function at 
all data points. However, concavity in input 
prices was not satisfied at all data points. This 
outcome may be a consequence of limited sub- 
stitution among inputs in the food-processing 
technology. For example, a pure Leontief tech- 
nology is affine in input prices and, as such, not 
strictly concave. In any event, failure to meet 
the concavity restriction is a limitation of the 
estimated model, as is the relatively limited 
sample size used in the estimation.'7 These fac- 
tors need to be considered along with the posi- 
tive aspects, such as high proportion of signifi- 
cant coefficients, use of micro versus aggregate 
data, and stability of results with respect to 
starting values, in evaluating conclusions based 
on the model. 

The key parameter from the system estima- 
tion is 0. Its estimated value of 0.98 is rather 
close to the theoretical monopsony value of 1.0. 
The hypothesis of monopsony, 0 = 1.0, is not 
rejected, but the hypothesis of competition, 0 = 
0, is soundly rejected. This result indicates 
highly collusive conduct among processors in 
procuring tomatoes and is quite consistent with 
the information presented earlier on the con- 
tracting process. 

From equation (2'), the estimation results can 
be used to decompose the export value of to- 

Table 2. Estimation Results for the System of 
Equations 

Parameter Estimate t-ratio 

0 0.978 4.681 
a,, -2.816 -3.435 
a12 -0.001 -1.740 
a,3 -1.063 -3.543 
a,,2 0.061 3.557 
a,,3 2.089 4.698 
al23 -0.032 -3.182 
a21 1.377 1.863 
a22 0.001 2.706 
a23 1.196 3.052 
a212 0.009 0.552 
a213 -0.886 -1.823 
a223 -0.011 -0.918 
p1 0.402 2.063 
P2 0.832 14.904 
p3 0.826 15.208 
P4 0.761 10.745 
p5 0.894 13.583 

mato products into farm value, marketing cost, 
and processor markup components. The average 
net export price for paste per standardized case 
for 1986-90 was 474 New Taiwan dollars 
(NT$). (NT$ is the monetary unit used through- 
out the application, where 27NT$ - 1U.S.$ 
based on the 1993 year-end exchange rate.) The 
estimates indicate this amount consisted of 
NT$274 in farm value, NT$138 in processing 
and transportation cost, and NT$62 in proces- 
sor markup. Thus, 13% of the export value of 
processing tomatoes was estimated to be due to 
processor monopsony power. Interesting to note 
is that, although processors' relative market 
power in raw-product procurement is consider- 
ably greater than their power in domestic pro- 
cessed-product sales, the consequence of that 
power is less in the input market than in the 
output market. The reason for this is the greater 
elasticity of supply of the raw product relative 
to the elasticity of demand for the processed 
product, which prevents even perfectly 
colluding oligopsonists from driving price too 
much below the competitive level. 

Analysis of Returns to Mechanical Tomato 
Harvesting 

We develop a partial equilibrium framework to 
evaluate the impacts of a cost-reducing innova- 
tion. In our application, events in the Taiwanese 

6 The competition parameter 0 was initiated in the interval [0, 
1] at increments of 0.1. Each starting value of 0 was combined 
with three alternative sets of starting values for the other param- 
eters. In all instances the estimates converged to the values con- 
tained in table 2. 

'7 Judge et al. note that, due to the wide variety of nonlinear 
model specifications, it is almost impossible to state definitive re- 
sults on their small sample properties. 
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processing-tomato industry are unlikely to have 
significant spillover effects on other industries 
that would necessitate a general equilibrium ap- 
proach.'" The stakeholders in the industry are 
assumed to be consumers, farmers, and proces- 
sors. Farm input suppliers are not considered as 
an independent group of stakeholders in this 
application because the major input in tomato 
production, labor, is supplied primarily by the 
farm families.19 

Welfare Analysis Methodology 

The key component to welfare analysis of a 
cost-reducing innovation is estimation of the 
supply curve shift associated with the cost re- 
ductions. In an ex post analysis, the supply 
curve shift may be estimated econometrically. 
In this ex ante analysis it was imputed from the 
results of government field trials. Given the esti- 
mated market behavior and the supply curve shift, 
new equilibrium values for prices and output can 
be derived. Per conventional practice, con- 
sumer and producer welfare effects were mea- 
sured via changes in economic surplus. Proces- 
sor welfare was measured as the change in 
profits induced by mechanical harvesting. 

Considerable discussion has evolved over 
how to model the supply curve shift, with di- 
vergent, parallel, and convergent shifts having 
been considered (Lindner and Jarrett). The na- 
ture of the supply curve shift is important, in 
general, for the measurement of producer sur- 
plus. But in models of imperfect competition it 
takes on added significance due to the implica- 
tions for producers' elasticity of supply, which 
plays a key role in determining markdowns due 
to monopsony power. Alston, Norton, and 
Pardey argue that neither economic theory nor 
econometric estimation is likely to be very in- 
formative on the resolution of this issue, and 
they recommend, in the absence of strong con- 
trary evidence, the use of a parallel shift.20 

In the previous work on adoption of the to- 
mato harvester in California, Brandt and French 
estimated a parallel supply curve shift which 

was also adopted in the subsequent work of 
Kim et al. Schmitz and Seckler did not estimate 
a supply curve, but a parallel shift is implicit in 
their analysis. Chern and Just, however, argued 
for a convergent supply curve shift because me- 
chanical harvesting replaced a variable cost 
(harvest labor) with a fixed cost (the harvester). 
The Chern and Just argument for a convergent 
shift is less relevant in Taiwan because me- 
chanical harvesting would be performed on a 
custom basis due to small farm sizes and would 
represent a variable rather than a fixed cost to 
farmers. We proceed, therefore, to develop the 
analysis with a parallel shift in the raw-tomato 
supply curve.21 

We use the interpretation of the market be- 
havior parameters given in equations (2") and 
(3"') to provide a graphical depiction in figure 
1 of the benefits to a cost-reducing innovation 
under imperfect competition and to compare 
the relative change in benefits under market 
power versus perfect competition. The market 
is depicted at the farm level.22 Henceforth, to 
ease the notational burden, subscripts 1 and 2 
denoting tomato versus other processed prod- 
ucts are omitted, and all prices and outputs are 
understood to refer to tomatoes. For graphical 
convenience, we use linear approximations of 
the derived demand and farm supply curves and 
set 0 = 4 = 0.5. Hence, the curve defined by 
(2") lies midway between the inverse supply 
curve Wo(R) and the associated marginal cost 
curve MCo(R), and the curve defined by (3"') 
lies midway between the inverse demand curve 
P(R) and the associated marginal revenue curve 
MR(R).23 

The initial competitive equilibrium is given 
by ( Pc = Wc, Rc) and the initial oligopoly-oli- 
gopsony equilibrium is given by ( Pm, 

Wom, 
Rom). 

The cost-reducing innovation is assumed 
to shift farm supply to W'(R). Production in- 
creases to R, and price decreases to W(c = pc 
under perfect competition. The expansion in 
raw product input and processed product output 

'1 See Alston, Norton, and Pardey for further discussion of par- 
tial versus general equilibrium approaches to welfare analysis. 

19 This situation contrasts with adoption of the mechanical har- 
vester in California, where the impact on farm workers' welfare 
has been debated extensively. See Schmitz and Seckler; Brandt and 
French; and Alston, Pardey, and Carter. 

20 A practical advantage of parallel supply curve shifts is that 
choice of functional form of the supply curve then becomes rather 
unimportant to the measurement of producer welfare. 

21 Both parallel and convergent supply curve shifts imply that 
the post-innovation supply is less elastic at all positive quantity 
levels, so the qualitative implications of either shift are similar. An 
intuitive rationale for less elastic supply with mechanical harvest- 
ing is the adaptation of fields and roads needed to accommodate 
the harvester. Land would become specialized to tomato produc- 
tion and not readily transferrable among alternative crops. 

22 Given the assumptions of quasi-fixed proportions and con- 
stant returns to scale in the processing technology, the wholesale 
supply and demand curves are obtained simply by adding per unit 
processing costs to the farm supply and derived demand curves in 
figure 1. 

23 The expression 8 = 0 = 0.5 would, for example, depict an 
equilibrium between equal-sized Cournot duopsonists/duopolists. 
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is ARc = Rj - Rc. Production increases as well 
under oligopoly-oligopsony, but by a smaller 
amount, ARm = Rm - Rm < ARc, than under per- 
fect competition. As a consequence, the raw- 
product price generally falls more and the pro- 
cessed-product price falls less than under per- 
fect competition. This important result is true in 
general whenever either 0 or 4 are positive. In 
these cases, the conduct of the processing sec- 
tor involves firms taking into account the effect 
of their input and output expansion on either 
the raw product price (0 > 0), the processed 
product price (4 > 0), or both (0, 4 > 0), and ex- 
panding inputs and output less than under compe- 
tition as a consequence. The magnitude of output 
expansion, AR, is decreasing in both 0 and 
over their entire theoretical range 0, e [0, 1]. 

In static market models, the social loss or re- 
duction in total economic surplus from mo- 
nopoly/monopsony power is the deadweight 
loss (DWL) caused by the restriction in inputs 
purchased and/or output supplied relative to 
perfect competition. The difference in benefits 
from a cost-reducing innovation under imper- 
fect versus perfect competition is, therefore, ex- 
actly the change in the deadweight loss as a 
consequence of the innovation.24 DWL is a 
monotonic increasing function of the output 
difference Rc - Rm under perfect versus imper- 
fect competition. Thus, since ARm < ARc, the 
benefit of a cost-reducing innovation is neces- 
sarily less under imperfect competition than un- 
der competition. 

For the linear model depicted in figure 1, the 
increase in consumer surplus from the innova- 
tion is P 

DoD, 
Pm under imperfect competi- 

tion versus 
WCBoB, W"c under perfect competi- 

tion. Because AR, > ARm, price decreases more 
and consumers benefit more under perfect com- 
petition. The change in producer surplus under 
perfect competition is 

•cB,A, 
- 

WCBoAo 
versus 

WlmE,A, 
- 

WomEoAo 
under imperfect competi- 

tion. Except when demand is perfectly inelas- 
tic, farmers benefit from the innovation under 
either market structure, but the benefit is less 
under imperfect competition. Processors re- 
ceive no benefit from the innovation under per- 
fect competition, but under imperfect competi- 
tion, their benefit is 

rt, 
- to = ( PIm - Wm) Rm - 

(Pom 
- 

Wom) 
Rm > 0. Thus, the collective con- 

sumer and producer welfare benefit from a 
cost-reducing innovation is diminished under 
imperfect competition both because the total 
benefit is reduced by the increase in the dead- 
weight loss and because processors capture part 
of the benefit that does exist. 

Application of the Methodology to Taiwanese 
Tomato Processing 

Taiwan undertook field trials of mechanical to- 
mato harvesting beginning in 1989-90. The tri- 
als included introduction of new tomato culti- 
vars from California that produced fruit ame- 
nable to mechanical harvesting. Data for this 
analysis were derived from the eleven partici- 
pating farmers in 1990-91, the second year of 
field trials. The average yield attainable from 
the new cultivars was 70 metric tons (MT) per 
ha, about the same as that attained from con- 
ventional cultivars. 

Production costs were disaggregated into 
preharvest and harvest periods. Three harvest 
regimes were considered: total hand harvest, to- 
tal machine harvest, and a combination of hand 
and machine harvest. A disadvantage to pure 
machine harvesting is that yields may be re- 
duced relative to multiple hand-harvests be- 
cause tomatoes are not uniformly ripe at the 
time of the single mechanical harvest.25 The 
Taiwanese trials all involved a hand harvest 
conducted two to three weeks before the me- 
chanical harvest. In the 1990-91 trials 37% of 
the crop was harvested by hand, with the re- 
maining 63% machine harvested. 

The combination of hand and machine har- 
vesting reduced both preharvest and harvest 
costs relative to pure hand-harvesting. Prehar- 
vest cost savings were primarily due to me- 
chanical direct seeding and reduced fertilizer 
use. Machine harvest costs are primarily a 
function of the hectarage harvested, and the key 
factor in achieving harvest cost savings under a 
switch to machine harvesting is the yield rela- 
tive to pure hand-harvesting. 

Table 3 reports preharvest and harvest cost 
results based on the field trials. Strategy S,, a 
combination hand-machine harvesting, reduced 
production costs 28% relative to the baseline 
strategy, So, of pure hand-harvest. Strategies S2 
and S3 refer to pure machine-harvesting. Strat- 

24 This proposition is consistent with the principle articulated by 
Alston, Edwards, and Freebairn that the benefits from research in 
the presence of a trade distortion are equal to the benefits in the 
absence of the distortion minus the increase in the costs of the dis- 
tortion due to the supply curve shift. 

25 The California cultivars did not ripen as uniformly in Taiwan 
as they did in California, thus exacerbating the crop loss from a 
single mechanical harvest. 
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Figure 1. Returns to a cost-reducing innovation under perfect versus imperfect competition 

egy S2 assumes that the full 70 MT/ha harvest 
can also be attained under pure machine-har- 
vesting. Strategy S2 was estimated to reduce 
production costs 45% relative to So. Strategy S3 
assumes that the 37% of the crop hand har- 
vested in the field trials would be lost under a 
pure machine-harvest. The per unit production 
cost savings relative to So under this scenario 
were estimated to be only 12%. 

To measure the potential supply curve shift 
from mechanical harvesting, the hectarage sup- 
ply function (6') was first converted to a quan- 
tity basis by multiplying both sides by a con- 
stant yield term. The supply curve under hand 
harvesting was then expressed as 

(8) R = P(W) 

where R denotes volume of tomatoes supplied 
in standardized cases, the constant term P is 
found by valuing all variables in equation (6') 
other than W at their 1993 values and aggregat- 
ing. Producer surplus (PSo) 

based on equation 
(8) for the hand-harvest technology is com- 
puted as 

(9) PSo 
= 3(1 + 

T•)-'(Wo)+'", 

where 
Wo 

is the equilibrium farm price under 
hand harvesting. 

Mechanical harvesting shifts the inverse sup- 
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Table 3. Estimated Taiwanese Processing-Tomato Production Costs in 1991 under Alternative 
Harvest Regimes 

Yield Preharvest Cost Harvest Cost Total Cost Savings 
Harvesting Strategy MT/ha NT$/MT NT$/MT NT$/MT % Baseline 

So hand harvest only 70 772 637 - 

S, hand & machine harvest 70 658 357 394 28.0 
S2 machine harvest, 70 658 122 630 44.7 

ideal yield 
S3 machine harvest, 44 1,046 193 170 12.1 

63% of ideal yield 

ply curve downward by the amount of the per unit 
reduction in costs z > 0: W = -"l(R)l/ - z, or 

(10) R = P(W + z)". 

The elasticity of the new supply curve is ir' = 
ri[W/(W + z)] < ir. Producer surplus (PS,) under 
machine harvesting is computed from equation 
(10) as follows: 

(11) PS1 = P(1 + 
+l)-'(Wl 

+ z)l+, 

where W, is the equilibrium farm price with 
adoption of the harvester. 

The decrease in the farm price AW = W - W, 
due to mechanical harvesting can be derived us- 
ing (2'): the equilibrium condition prior to adop- 
tion of the harvester is PE - C - 

Wo 
= 

WoO/ri. 
The 

comparable post-harvester condition is PE - C 
- W, = WO/rl'. Setting W, = 

Wo 
- AW, using the 

pre-harvester equilibrium condition to substi- 
tute for PE - C in the post-harvester equilibrium 
condition, and solving for AW obtains 

0 
(12) AW= z 

From equation (12), the farm price decrease 
caused by adoption of mechanical harvesting is 
greater the larger is the cost reduction, z, the 
more collusive is processor behavior as mea- 
sured by 0, and the more inelastic is the supply. 
Under perfect competition in the procurement 
of processing tomatoes, the farm price would 
not decline as a consequence of adopting the 
tomato harvester, given the perfectly elastic ex- 
port demand. 

Using equation (12) to substitute for W, in 
equation (11), and defining k = 

z/Wo 
as the rela- 

tive per unit cost reduction, the relative in- 

crease in producer surplus from mechanical 
harvesting can be expressed as 

(13) PS1/PSo= 1 + k11 

From equation (13) the relative gain in pro- 
ducer surplus is increasing in k and ir and de- 
creasing in 0. 

The major adaptation distinguishing the Tai- 
wan application from the general welfare evalu- 
ation methodology described previously is the 
presence of the elastic export demand, which 
results in the domestic price for processed to- 
mato products, PD, being unchanged despite 
adoption of the harvester. Processor behavior in 
selling tomato products involves equating per- 
ceived marginal revenue from domestic market 
sales with the exogenous export price PE. Any 
additional sales in the domestic market causes 
perceived marginal revenue to fall below PE, 
meaning that the entire output expansion, AR, 
under either perfect or imperfect competition 
will be exported and benefit to domestic con- 
sumers from adoption of the harvester will be 
zero. This result does not, however, hold gener- 
ally as figure 1 indicates. Rather, consumers 
benefit from cost-reducing innovations when- 
ever demand slopes downward in all market 
outlets for the finished product(s).26 

Given that the domestic sales and tomato- 
product prices facing Taiwanese processors do 
not change as a consequence of mechanical har- 
vesting, the change in processor profits from 
innovation in the supply of R can be expressed 

26 The conceptual framework summarized in figure 
1 

adapts 
readily to the open economy context. See Huang, chap. 4, for the 
details. 
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Table 4. Returns to Mechanical Harvesting of Taiwanese Processing Tomatoes 

Harvesting Cost Reduction Reduction in W Producer Surplus Processor Profit 
Strategy (z) NT$/std.case NT$/std.case (000 NT$) (000 NT$) 

S, 65 13.04 75,000 92,000 
S2 104 20.86 143,000 176,000 
S3 28 5.62 27,000 33,000 

in terms of the change in markdown of the raw- 
product price from the competitive level Wc = 
PE - C: 

(14) An = 7t, -, = (w - WI)R, - (wc - 
Wo)Ro. 

Equation (14) can be re-expressed using the 
first-order condition (2) to substitute for Wc, the 
pre- and post-harvester supply curves, equa- 
tions (8) and (10), respectively, to substitute for 

Ro 
and R,, and W, = Wo - AW and equation (12) 

to eliminate W,. The resulting expression is 

(15) An=- Wo l1+k J 
Wo+?+. 

From equation (15) processors derive benefits 
from the innovation whenever k, 0 > 0 and 11 < o. 

Table 4 presents the welfare analysis for me- 
chanical harvesting of processing tomatoes in 
Taiwan under strategies S,, S2, and S3. The de- 
flated values of 

Wo 
and P for the 1992-93 crop 

year and the estimated values of ir = 3.90 and 
0 = 0.978 are used for the welfare evaluation. 
All values are measured in NT$ relative to the 
baseline scenario, So, of pure hand-harvesting. 
Under each of the mechanical harvesting sce- 
narios, processors' collective benefit exceeds 
the benefit accruing to farmers. The total an- 
nual benefit to adopting a combination hand- 
machine harvest was estimated to be NT$167 
million (approximately U.S.$6.17 million). 
Given projected post-harvester hectarage of 
4,414 and 70 MT yield, the benefit is roughly 
U.S.$20 per MT, with processors capturing 
55.1% of that amount. In evaluating the effi- 
cacy of adopting the harvester in Taiwan, this 
annual stream of benefits must be discounted 
and compared to the fixed costs of adapting 
fields and roads to accommodate mechanical 
harvesting. No comprehensive study of these 
costs has been made, but they are unlikely to 
surpass the estimated benefit flow, suggesting 
that mechanical tomato harvesting is indeed 

beneficial for Taiwan and represents a possible 
avenue to enhance the international competi- 
tiveness of the industry.27 

Table 5 compares the benefits to mechanical 
harvesting based on the model of imperfect 
competition with benefits calculated assuming 
that the industry is perfectly competitive. Esti- 
mation of the supply and demand equations, 
(6') and (7'), is unaffected by the market struc- 
ture because those relationships were estimated 
at the primary levels where behavior is un- 
equivocally competitive.28 Thus, estimated ben- 
efits from mechanical harvesting under perfect 
competition within the present model can be 
obtained simply by setting 0 = ? = 0. The result 
is AW = 0 from equation (12) and, hence An = 0 
from equation (14). Benefits under perfect 
competition accrue solely to farmers and are es- 
timated using equations (9) and (11) to compute 
the change in producer surplus, given AW = 0. 

Table 5 indicates that about 25% of the ben- 
efits from mechanical harvesting are lost due to 
imperfect competition under any of the harvest 
strategies. The loss to producers is much more 
dramatic-equaling about two-thirds of the 
benefits attainable under perfect competition in 
procurement of raw tomatoes. From a welfare 
perspective, these estimates illustrate the pro- 
portion of benefits from a cost-reducing inno- 
vation that can be lost due to imperfect compe- 
tition. From a behavioral perspective, they il- 
lustrate the magnitude of error in benefit esti- 
mation that may accrue from incorrectly assum- 
ing perfect competition in an industry that is in 
fact oligopsonistic. Consumer benefits to the 
innovation disappear in our model due to 

27 Indirect benefits to mechanical harvesting may include free- 
ing an aging farm labor force from some of the present hand-har- 
vesting requirements and possible reduction in government subsi- 
dies to corn production if increased returns to tomato production 
move hectarage from corn into tomato production. 

28 This situation contrasts to the Chern and Just, and Brandt and 
French analyses, where attempts to estimate processors' derived 
demand for raw tomatoes result under oligopsony in estimating the 
"perceived demand" curve defined implicitly in equation (3"') and 
illustrated in figure 1. 
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Table 5. Benefits to Mechanical Tomato Harvesting in Taiwan under Perfect Versus Imperfect 
Competition 

Harvest Total Benefit to Harvester (NT$ 000) % Loss from Imperfect Competition 
Strategy Imperfect Comp. Perfect Comp. Farmers Total 

S, 167,000 224,000 66.5 25.4 
S2 319,000 429,000 66.7 25.6 
S3 60,000 81,000 66.7 25.9 

Taiwan's relationship to the export market for 
tomato products. However, such benefits will 
exist in many applications and also be dimin- 
ished by imperfect competition, as figure 1 il- 
lustrates. 

Conclusions 

In this paper we have developed and applied a 
conceptual framework to evaluate the impacts 
of a cost-reducing innovation in an imperfectly 
competitive market for an agricultural product. 
The methodology applies generally to oligopo- 
listic and/or oligopsonistic markets and in- 
cludes perfect competition and monopoly/ 
monopsony as special cases. Previous work on 
returns to research and product innovations has 
generally assumed perfect competition. This 
study demonstrates that serious errors in the es- 
timation of the magnitude and distribution of 
benefits are possible when an imperfectly com- 
petitive market is erroneously modeled as per- 
fectly competitive. 

In general, the benefits of a cost-reducing in- 
novation are less under imperfect competition 
than perfect competition because the output ex- 
pansion is relatively muted by the conduct of 
imperfectly competitive firms. In addition, mar- 
keting firms as a class of agents derive benefits 
from the innovation as imperfect competitors 
that they would not obtain as perfect competi- 
tors under a constant returns marketing/pro- 
cessing technology. 

Application of the model to mechanical to- 
mato harvesting in Taiwan revealed first that 
the industry is imperfectly competitive both in 
raw-product procurement and domestic product 
sales. Field trials indicated the potential of me- 
chanical harvesting to reduce processing to- 
mato per unit production costs from 12% to 
45%, depending upon the machine harvest 
yield. Consumers in Taiwan were shown not to 
benefit from mechanical harvesting because ad- 
ditional production will flow into the export 

market where Taiwan is a perfect competitor. 
Further, the benefit will be shared by farmers 
and processors, with the latter receiving about 
55% of the total, based upon the study results. 
Conversely, under perfect competition, benefits 
from the innovation would accrue to farmers only. 
The loss to farmers from oligopsony in tomato 
procurement was estimated to be about two- 
thirds of the benefits attainable under perfect 
competition, with the overall loss due to imper- 
fect competition estimated to be 25% of the 
benefits attainable under perfect competition. 

Aside from its importance in obtaining accu- 
rate estimates of research/innovation benefits, 
estimating and working with the appropriate 
market model can have considerable policy rel- 
evance, as the present application illustrates. 
With the processing sector poised to obtain 
55% of the benefits from mechanical harvest- 
ing, the sector collectively has incentive to fa- 
cilitate farmers' adoption of mechanical har- 
vesting. An obvious avenue for processor assis- 
tance would be sharing in the costs of modify- 
ing fields and roads to accommodate mechani- 
cal harvesters. However, free-riding may well 
prevent such assistance from emerging in the 
absence of government policies to address and 
internalize the spillover effects. This market 
failure may explain in part why mechanical har- 
vesting has not been adopted in Taiwan despite 
the apparent benefits it would generate. 

[Received August 1995; 
final revision received April 1996.] 
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