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Absiract

interest of producer groups and government bodies has shifted to developing new
industrial (nonfeed and nonfood) uses for agricultural commodities as a way of stimulating
demand for those commodities. Possible benefits include reduced government program
costs. This paper develops theoretical arguments and a simulation model to evaluate the size
and distribution of benefits from different types of technical change in the production of
ethanol from com, with and without government ethanol programs and farm programs.
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1. Introduction

In the light of depressed global markets and limited prospects for longer-term
growth in conventional market demand for agricultural products, the attention of
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agriculiural proc: cers has tumed toward the possibility of developing new,
nonfood /nonfeed (i.e., industrial) uses for agricultural products, as a way of
stimulating total demand and improving profitability. Governments are interested
in this idea, too, for two reasons. First, while it may be possible to stimulate
demands for food use of a particular agricult..;al commodity (either through new
product development or promotion), any such effect is likely to come at the
expense of some other food use of either the same commodity or some other
commodity, and such beggar-thy-neighbor efforts are unlikely to be in the
collective interest of producers. Second, and as a related matter, increases in
private-sector demand for agricultural commodities can serve to reduce govern-
ment costs of farm programs (e.g., Frisvold, 1991). Such reductions are desirable
both considering the pressure on governments to reduce budget costs, and in
recogniiion of ine excess burden of government spending in farm programs (e.g.,
Garduer, 1983; Alston and Hurd, 1990).

It seems to follow that there is a role for the public sector to stimulate the
development of new uses by either enhancing private-sector incentives or by
conducting public-sector research and development work (R& D). Indeed, in the
foreword to the /992 Yearbook of Agriculture (p. iv), Secretary Madigan con-
cluded that *‘An investment in the research and development of alternative uses is
an investment in America. Working together, government and industry can
generate new markets for farmers, jobs for rural America, greater choice for
consumers, and a healthier environment for future generations®”.

There might well be a high rate of return to public-sector R& D into new uses
for agricultural commodities, but there is no such evidence available yet. On the
other hand, there is- a persnasive array of amassed evidence that there is a very
high rate of return to more conventional public-sector R& D into agricultural
production and processing (e.g., Gcheverria, 1990). A choice must be made
between spending scarce public-sector R & D resources in conventional ways and
on new-uses. In addition, within the field of new-uses R&D, choices must be
made between alternative new-use projects. ' Optimizing such choices, in order to
maximize the net payoff to society, involves being able t0 measure the total
benefits from R&D (and, perhaps also, their distribution among producers,
consumers, and government). Such measurement may be made complicated by,
but nonetheless ought to account for, impacts f R&D on govemmeni revenues
spent in farm programs (or other programs), and ought to account for any impacts
on externalities and other market distortions.

The purpose of this paper is to present an approach for evaluating the welfare
impacts of R&D, in a distorted multimarket setting, as a basis for setting priorities

'R&D into, say, the prodaction of ethanol or biodegradable plastics from cornstarch versus, say,
R&D into the production of Kenaf for newsprint production.
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among new-uses R&D altemnatives, and between new-uses R&D and conven-
tional R&D. In the presentation we use as an example the effects of different
types of R & D-induced technological change in the production of ethanol, primar-
ily for use as motor fuel additive, from com. This is a good example because it is
well known and potentially significant; becanse the market for corn is significantly
distoried by farm programs; and because the market for ethanol is characterized by
distortions arising from govemment intervention (gasoline taxes, and subsidies on
the use of ethanol in gasoline), and from extemalities associated with the
consumption of gasoline and incorporation of ethanol into gasoline.

2, Government intervention affecting ethanol production as a ‘new industrial
use’ for corn

The ‘new industrial use’ for agricultural commedities that has received the
lion’s share of Federal and State govermnment support, is the production of ethanol
from corn. Z Criginally com-based ethanol was promised io reduce U.S. depen-
dence on foreign oil, improve the U.S. balance of payments, and increase farmer
income. In reality, com-ethanol has had vinually no effect on reducing our
dependence on foreign oil (Peters and House, 1992) nor on the trade deficit (OT4,
1991), and only a limited effect on farmer income (LeBlanc and Reilly, 1988).
Nevertheless, in the simulation models examined by LeBlanc and Reilly increased
production of comn-ethanol did resuli in a net decrease in Federal government
outlays. And, with the recent passage of the 1990 Clean Air Act Amendments,
ethanol may play a more important role in the future.

Since the late 1970s, ethanol has been used as a gasoline extender by blending
one part of ethanol with nine parts of gasoline to produce ‘gasohol’. Ethanol
production has grown from 20 million gallons in 1979 to over 900 million gallons
in 1991 (Lee, 1993). In order to achieve this level of success, corn-based ethanol
has been and is highly subsidized (Ahmed and Morris, 1992). These subsidies
have elements of both R&D funding and direct production supports (Kane et al.,
1989). The R&D element of these subsidies has helped transform corn-based

% Com-based ethanol is produced through one of two processes, dry-miiling which accounts for
approximately 40 percent of fuel-thancl production and wet-milling which accounts for the remaining
60 percent (Jackson et al., 1992). Dry mills produce on average 2.6 gallons of ethanol per bushel of
corn, whereas wet mills produce slightly lower ethanol vields of 2.5 gallons per bushel of com. The
coproducts of wet-milling (1.6 Ibs. of corn oil, 2.5 Ibs. of com gluten meal, 12.5 1bs. of comn gluten
feed, and 15-18 Ibs. of carbon dioxide) are more valuable than the coproducts of dry-milling (18 Tbs.
of distillers” dried grains) (Ahmed and Morris, 1992; Rask et al., 1993). Furthermore, wet-milling
operations can be easily converted to bigh fructose com syrup production in the hot summer months
when the demand for sweeteners increases for the soft drink market.
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ethanol production from a process with a negative energy balance into a process
with a positive energy balance. *

Still, this increase in energy-efficiency has come at a relatively high cost. Kane
et al. estimate that in 1984 one-time tax credits (the Accelerated Cost Recovery
Sysiem and the Investmcat Tax Credit) coupled with a Federa! motor fuel tax
exemption raised ethanol subsidies to nearly $15 per Btu, much greater than the
$0.50 per Bm subsidies for petroleum, natural gas, and coal. The current tax
exemption for 10 percent ethanol-gasoline blends is $0.054 per gallon, which
translates into an effective $0.54 per gallon subsidy for com-based ethanol (Lee,
1993). The Federal subsidy coupled with average State subsidies of another $0.10
per gallon gives a total subsidy of about $0.66 per gaflon (Rask et al., 1993). The
total cost of these subsidies in 1991 was roughly $620 million (Ahmed and Morris,
1993).

This subsidy was more than offset by a decrease in Federal program payments
to farmers (LeBlanc and Reilly, 1988). Under the current commodity program,
base acreage for program crops (wheat, corn, sorghum, oats, barley, upland cotton,
and rice) is established through a Triple Base Option plan. Acreage Reduction
Programs (ARP) remove a percentage of the base acreage from production.
Another fifteen percent of the base is excluded from receiving commodity
payments and can be planted to program crops or other designaied crops, without
losing base history. Last, an additional 10 percent of base can be planted to
non-program crops without the loss of program base acreage (Jagger and Har-
wood, 1992; OTA, 1991).

A loan rate is established for crops covered by commodity programs. At
harvest, farmers enrolled in commodity programs have the option of selling the
crop on the market and paying back the loan raie or accepting the ioan rate and
forfeiting the crop as payment. Some commodities (corn, wheat, cotton, rice,
barley, sorghum, and oats) have target prices in addition to the loan rate. The
difference between the target price and the market price or loan rate (whichever is
higher) is called the deficiency payment. Deficiency payments are made on a
certain percentage of the base acres and yields of the eligible commodities (Jagger
and Harwood, 1992; QTA, 1991).

To demonstrate how the program works, assume that a farmer has a 100-acre

? For example, the energy value of one gallon of ethanol is 76,000 Btu (British thermal units). As
late as the mid-1980s, the total energy necessary to produce one gallon of ethanol was 131,017 Btu and
the energy credit for the coproducts of ethanol production was 32,000 Btu, giving a net energy loss of
23,017 B per gallon (Pimental, 1991). Currently, the total energy requirement for an average
efficiency corn farm and an average efficiency ethanol plant is 75,811 Btu (Morris and Ahmed, 1992).
The coproduct energy credit is 124,950 Bu, resulting in a net energy gain of 25,139 Br. Conse-
quently, com-ethanol production has gone from a net energy sink - requiring 16 percent more energy
than it produced (Pimental, 1991) - (o a net energy producer, yielding a 33 percent energy surplus
(Morris and Ahmed, 1992).
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corn base and a 10 percent ARP is in effect. Uider these conditions, 10 acres
(ARP) are planted to conserving uses, leaving 90 acres on which crops can be
grown. Any designated crop can be grown on 15 acres but will receive market
prices only. The remaining 75 acres can be planted to com and are eligible for
deficiency payments. Furthermore, 10 of these 75 acres can be planted to
designated crops other than corn without a loss of base acres. Thus, a total of 25
acres (25 percent of base) could potentially be planted to crops other than corn and
still maintain the 100 acre comn base. However, only a maximum of 75 acres will
be eligible for deficiency payments (Jagger and Harwood, 1992; OTA, 1991).

Under this type of program increases in ethanol production decrease farm
program costs by raising grain prices. Through substitution effects in consumption,
an increase in the price of corn causes all other grain prices to increase, thus
lowering the total cost for all feed grain programs. LeBlanc and Reilly used a
simulation model of the world agricultural sector to demonstrate this peint. They
assumed that annual U.S. com-based ethanol consumption would increase gradu-
ally from 800 million gaflons in 1987 to 2.7 billion gallons in 1995. Over this
period, lost goverament revenues due to the (tax exemption) subsidy would cost
the Federal government an additional $5 billion. These costs wonld be offset by a
$9 billion decrease in Federal farm program payments, resulting in a $4 billion net
reduction in total Federal outlays. Therefore, decreases in Treasury outlays for
farm programs is one advantage of the com-ethanol program.

A second, possibly more significant advantage may come from the 1990 Clean
Air Act Amendments. The Environmental Protection Agency (EPA) estimates that
national emissions from car and truck use contribute 56 percent of carbon
monoxide (CO) emissions, 43 percent of volatile organic compound (VOC)
emissions, and 57 perceni of nitrogen oxide emissions {Crutchfieid and Cooper,
1992). Carbon monoxide can be lethal in high concentrations, and VOCs and NOx
coniribute to ground-level ozone formation which can lead to various respiratory
problems. In response to these health hazards, Congress enacted and President
Bush signed the Clean Air Act Amendments (CAAA) of 1990. This legislation
amended existing Federal clean air laws by defining standards for ‘non-attaioment
areas’ where air quality goals are not met, and by cailing for specific actions in
those areas including a mandate for the sale of reformulated or oxygenated
gasolines (Crutchfield and Cooper, 1992).

The first part of the CAAA was implemented November 1992 and required a
2.7 weight-percent oxygen content for fuels sold in 39 metropolitan *CO non-at-
tainment areas’ during at Jeast four winter months (Baker, 1993). The EPA reports
that 10 percent blends of ethanol and gasoline, and 15 percent blends of MTBE
(methyl tertiary butyl ether, a petroleum-based product) and gasoline, raise the
oxygen content to the minimum mandated level (Lee, 1993). Because these 39
metropolitan areas represent roughly one-third of domestic gasoline use, this
legislation has created an immediate new demand for oxygen additives equivalent
te 1.3 billion gallons of ethanol per year (Rask et al., 1993).
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One disadvantage of ethanol is that it is not fungible in petroleum pipelines and
therefore, must be splash-biended at service stations. In comparison, MTBE can be
mixed with gasoline at the refinery and transported through conventional pipelines.
However, concentrations of MTBE were found in the blood-stream of several
residents of Montana and Alaska (Wall Street Journal, 1993). Because methano!,
one of the components of MTBE, can be lethal this prompted U.S. Congressman
Don Yourng to introduce legislation to allow Alaska flexibility in implementing the
oxygenated fuels requirement until it is proven that MTBE blended fuels are safe
to burn in extremely cold climates (Anonymous, 1993).

The second part of the CAAA was implemented in 1995. It requires reformu-
lated gasoline in the 9 worst ground-level ozone areas. According to the legisla-
tion, reformulated gasolines must reduce VOC and toxic emissions by at least 15
percent, and generate nitrogen oxide emissions no higher than those of 1990
baseline gasolines. Because splash-blended gasohol may increase evaporative
VOC emissions and MTBE does not, ethanol-gasoline mixtures will require lower
evaporative emissions from the gasoline component than MTBE-gasoline emis-
sions. Depending on the cost of decreasing gasoline evaporative emissions, this
could drive up the relative price of gasohol as compared to MTBE-gasoline
blends. However, the rules are not yet final and there are several proposals that
provide incentives for renewable oxygenates. Nevertheless, under President Bush,
gasoline refiners were to supply five of the nine ground-leve! ozone non-attain-
ment areas with a lower volatility gasoline to mix with ethanol; the Clinton
Administration also supports ethanol (Rask et al., 1993).

Estimates place the combined demand for oxygenate additives as a result of the
CAAA at 3.7 billion gallons of ethanol equivalent by 1995, or more than three
times current ethanoi production (Rask et ai., 1993). industry consuitants project
that corn-based ethanol will capture approximately 35 percent of the oxygenated
fuels market in 1993 and 50 percent in 1994 (William Blair and Co., 1992). This
implies a demand for ethanol of 1.85 billion gallons — a 168 percent increase over
production levels in 1992. If these estimates were correct, an additional 300
million bushels of corn would be needed for the fuel-ethanol market by 1995,
which would raise total use of corn for fuel-ethano! to approximately 740 million
bushels per year, around 10 percent of total corn production in recent years.

The important point is that ethanol no longer competes with gasoline, but
instead, with gasoline additives mandated by environmental regulations (Ahmed
and Morris, 1992). During the winter of 1992, when the selling-price of ethanol
was tied to the price of gasoline, ethanol sold for approximately $1.20 per gallon,
on average. Because its selling price has recently been tied to the selling price of
MTBE, the price of ethanol has increased to approximately $1.50 per gallon
(William Blair and Co., 1992). So, not only is there a greatly expanded demand
for ethanol, it may also occur at a higher value (Rask et al., 1593). Furthermore, if
over the next five years the average cost of ethanol production deckines 5-7 cents
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per gallon as predicted, ethanol subsidies may not be necessary (Hohmann and
Rendleman, 1993).

In order to describe and evaluate the impacts of changes in the technology of
ethanol production, we develop a model of the market for ethano! with explicit
linkages to the production of corn and the alternative markets for comn. As
discussed above, it is important to account for the government revenue impacts of
research-induced changes in these markets, including both farm program payments
and expenses associated with the tax exemption applied to gasohol. The model
includes a representation of both of these policy elements. Using this model we
conipare the qualiiative impacts of three alternative types of R&D that can
stimulate the use of corn-based ethanol: (a) increased productivity in the comn-
growing industry, (b) com-saving (biased) technical change in ethanol production,
and (c) com-using (biased) technical change in ethanol production.

To obtain quantitative estimates we approximate the supply and demand
functions linearly and parameterize the functions using elasticities and other
information from the literature. Then we simulate the price, quantity, and welfare
impacts of one-percent improvements in preductivity of the three types enumer-
ated above. _

The welfare analysis uses the conventional Marshallian surplus measures that
have been used in virtually ali previous studies of the welfare impacts of
agricultural R&D. * As an analysis of the economics of R&D, it is incomplete
since we consider only the benefits side: we evaluate one percent shifis but we
have no information on the costs of the R&D needed to bring about those changes
nor about the timing of the flows of benefits and costs. However, a view of the
benefits side is a useful first step as a component of a more complete analysis to
provide a basis for priority setting.

3. A model of R&D impacts in corn and ethanol production

We can represent the interactions between the markets of interest using a
simple five-quadrant model, as depicted in Fig. 1. This model is based on
assumption of fixed proportions between the quantity of corn used in production
of ethanol and the quantiry of ethanol produced. It can be regarded as a special
case of a more general model with variable factor proportions as used, for
example, by Mullen et al. (1989) who, along with a number of other studies, have
shown the importance of variable factor proportions in determining the distribution

% For instance, see the reviews by Norton and Davis (1981) and Alston et al. (1995). Some recent
studies have tried using Hicksian ‘exact’ measures in a general equilibrium seiting {c.g,. Martin and
Alston, 1994). In the context of our model of the com-ethanol complex, the gain from the use of
Hicksian measures is questionable, given the intermediate good nature of the products being studied.
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of benefits from new technology. Variable proportions also allows slightly greater
total benefits from biased technical changes; but the main effect is on distribution,

In the present context, fixed factor proportions is an accurate description of the
chemical process that derives (homogeneous) ethanol from com: the recipe is
essentially fixed. Factor substituiion (or at least the appearance of it) may arise
even when intuition suggests factor proportions are fixed. Factor rmix changes can
arise, for instance, from changes in product quality or the product mix in
aggregated goods. For example, changes in the mix of aggregate processed tomato
products, induced by changes in prices of raw tomatoes and other inputs, result in
changes in the aggregated proportions of raw tomatoes and other inputs when the
different processed products involve different factor proportions, even when each
product is produced using fixed-proportions technology. This type of substitution
response may be represented, approximately, as an aggregate elasticity of substitu-
tion greater than zero, in a market model. Other apparent substitutions may be a
consequence of induced innovation, choosing different fixed-proportions technolo-
gies in a metaproduction function. Since ethanol is homogeneous, and we are
studying the effects of changes in the technology of producing ethanol, it is not
appropriate to allow in the model for pseudo-substitution response of these kinds.

Fixed factor proportions means it is possible to represent the market relation-
ships relatively simply in diagrams and algebraically, Many recent studies of
agricultural research benefits have approximated multimarke : supply and demand
equations linearly, in terms of relative changes and elasticities, as described by
Alston et al. (1995). In these models, following Muth (1965), biased technical
change has been parameterized so that under the new technology it remains
possible to produce the initial output using the initial input mix. In effect, the new
isoquant passes through the oid isoquant at the initial output point. This is an
unusual treatment of biased technical change that cannot be applicable under fixed
factor proportions. We use a different, and more natural, representation of biased
technical change below, expressed as a change in yield. > Apart from this one
difference in the definition of biased technical change, the linear model below is
essentially identical to what would have been obtained from using a percentage
change representation of a linear approximation (as in Mullen et al. (1989) for
instance); but it is much more transparent.

> Muth (1965) acknowledged that his represcntation of biased technical change was unusual (but
convenient). He defeaded his approach on the grounds that other, more conventional, representations of
biased technical change could be provided in his model by combining his form of biased technical
change with a neutral technical change. In tun, our representation of com-saving technical change
could be represented as a combination of a Muth-type biased technical change and a neutral technical
change-but it is not convenient to do so.

Fig. 1. A model of production and consumption of com and ethanol with a technical change in com
production
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In Fig. 1 the upper left-hand panel (panel ia) represents the market for ethanol
from corn, where D, represents the market demand function, Q. represents the
quantity demanded, and F, represents the price of ethanol. Tie panel below that
(1b) represerts the market for other inputs that are used, along with corn, to
produce ethanol, where, S, represents the supply function, Q, represenis the
quantity supplied, and P, represents the price of ‘other’ inputs used to produce
ethanol. Com and other inputs are used in fixed proportions to produce ethanol.
Hence, assuming competition in the ethanol-producing industry, the derived
industrial demand for corn, to be used in production of ethanol (D, in panel 1¢), is
the vertical difference between the demand for ethanol (D, in panel 1a) and the
supply of other inputs (S, in panel 1b). In panel ¢, O, represents the quantity of
com demanded, in bushels, and P; represents the price of corn per bushel. In order
to pieserve the integrity of the diagram, the quantities of ethanol and ‘other’ inpuis
are measured in corn equivalents ~ i.e., the quantity of other inputs used, and the
quantity of ethanol produced, per bushel of corn.

The total demand for com for all uses (D,) is obtained as the sum of the
derived demand for corn for ethanol production (D;) and the demand for corn for
other food and feed uses (D;, which is the sum of the domestic demand, D, and
the rest-of-world demand D, for comn for these uses). Panel 1d represents the
market for corn for food and feed uses, and O is the quantity of corn used for
food and feed. The far right-hand panel (panel 1¢) represents the total corn market
including the totz! supply (S,) and total demand (D) so that Q, is the total
quantity produced and consumed.

In the absence of any market distortions, competitive market clearing would be
determined by the intersection of total supply and demand, with a total quantity of
corn, 37, and price of corn in aii uses equai to P°. At that price the corresponding
quantities consumed would be 0 going to industrial use and Q! going to food
and feed wvses (which may easily be disaggregated into domestic and export
components). Industrial use of corn of QP implies a piice and quantity for other
inputs of P} and QF, and a price and quantity for ethanol of P2 and Q0.

3.1. Increased productivity in corn production

Various technological changes and market distorting policies can be represented
within this mode! and their effects on market prices and quantities can be nsed to
evaluate economic welfare impacts. For instance, consider an increase in com
productivity, that leads to a parallel shift of total supply to the right from S, to S).
As a result the equilibrium prices and quantities are displaced in every quadrant of
the model. In Fig. 1, the superscript ‘1’ on a variable denotes the value after totul
supply has shifted. -

The full weifare effects in all of the markets (panels 1a through 1le) of the
supply shift in panel le are reflected in the welfare areas in panel le. The
conventional Marshallian measure of the total research benefit is the area behind
the demand curve and between the two supply curves (A NS = area I%1'); the
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consumer sumlus change is the area behind the demand curve between the two
prices (ACS = area PPijP’) and the producer surplus gain is equal to the differ-
ence (APS=ANS — ACS). * Under the special assumption of a parallel supply
shift, A PS = area F'ikm.

The total welfare change may be disaggregated further by disaggregating the
‘consumer surplus’ change. Since the total demand for corn at the farm level is a
derived (or intermediate) demand, the ‘consumer surplus’ area behind that demand
curve represents some quas:-repts to related factor suppliers as well as final
consumers. In Fig. 1 we can decompose the total area of ACS (= area P%ijP! in
panel le) into surplus accruing from consumption of com as feed and food
production, area ACS; = area P%g/P' in panel 1d, and surplus accruing from
consumption of com for indusirial ethanol production, area ACS; = area P¢fP!
in panel lc: ACS = ACS, + ACS;. Furtt.er, we can decompose the surplus associ-
ated with the change in industrial use of com into surplus accruing to suppliers of
“other” factors used in ethanol production (A PS, = area P’cdP! in panel 1b) and
ethanol consumer surplus (ACS, = area P’a»P. in panel 1a): ACS,=ACS,+
A PS,. In addition, we can decompose the con.umer swplus from food and feed
use of com into a domestic component (some cf which accrues to farmers and
others who supply factors used in livestock feeding), and a foreign component
associated with exports (that should not be includec in domestic welfare evalua-
tions).

The type of technical change shown in Fig. 1, a parzllel shift of linear supply,
with the assumed technological and market structure, rnambiguously benefits
every identified market participant in the sense that all nroducer surplus and
consumer surplus changes are positive. Further disaggregation would show that
some {e.g., foreign com growers) would lose, but such details sre not relevant for
the present purpose. I addition, different assumptions about +he nature of the
research-induced supply shift can lead to different conclusions. ¥or example, a
proportional supply shift agzipst an inelastic total demand would 1mply a loss of
welfare to producers (2.g., see’ Lindrer and Jarrett, 1980). Further, ander certain
combinations of types of policies and types of research-induced techm::al changes,
the nation as a whole may lose (c.g.. see Alston and Martin, 1995). In tiie analysis
below we will consider differen: types of techmical changes and son:e policy
interventions. Before tuming to the ful! model involving policy distorti~ns, we
consider two additional alternative types of technical change.

3.2. Corn-saving technical change

Fig. 2 shows the effects of a com-saving teckinical change in ethanol prodwc-
tion, a change that would increase the yield of ethanel from a given quantity of

% As shown by Just et al. (1982), and discussed by Alston et al. (1935} in relation to technological
change, the welfare impacis of changes in a set of related market may be refiected fuliy in the welfare
areas in a particular market if the appropriate conditions are fulfilled; in this case they are.
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corn. The initial corves and prices and quantities shown in Fig. 2 are the same as
in Fig. 1. A com-saving efficiency gain in ethanol prnduction is represented as a
pivotal shift inward in the industrial demand for comn. As a result, the price of corn
in all uses falls and there are corresponding adjustments in quantities produced and
consumed. Unlike the previous case (Fig. i), in this case corn growers are made
worse off. The loss of com-grower surplus is shown as A PS = —area P%ijP'. All
other identified gronps gain, as before.

3.3. Corn-using technical change

Fig. 3 shows the effects of a com-using technical change in ethanol production,
a change that would decrease the quantity of “other’ industrial inputs used with a
given quantity of corn to produce a gallon of ethanol. This can be represented as a
shift down in the supply of effective units of the ‘other” inputs. The initial curves
and prices and quantities shown in Fig. 3 are the same as in Fig. 1. A com-using
efficiency gain in ethanol production is represented as a pivotal shift down in the
supply of ‘other’ industrial inputs, from §, to S,; (which, to reduce clutter, is not
shown in the diagram but is left implicit) and, correspondingly, a pivotal shift
outward in the derived demand for corn from D, to D} and a shift outward in the
total demand from D, to D]. As a result, the price of comn in all uses rises and
there are corresponding adjustments in quantities produced and consumed. Unlike
the previous case (Fig. 2), in this case com growers are made better off. The gain
in com grower susplus is shown as A PS = area P'ijP®. However, consumers of
com for feed and food lose (ACS, = —area P'hgP® in panel 3d). Suppliers of
“other” factors used in ethanol production lose (A PS, = area P)dcP. in panel 3b)
and ethanol consumer swiplus rises (ACS, = area P2abP, in panel 3a). The total
‘consumer surplus’ gain (behind the total demand curve in panel 3e) is equal to the
sum of consumer and producer welfare changes in the other panels: ACS = ACS;
+ ACS,+ APS,.

Comparing the three different types of technological change, it is apparent that
the distribution of the impacts is very different. All three lead to a lower price of
ethanol, and greater ethanol production and consumption. However, farmers may
gain or lose, and different groups of consumers or farmers might experience
opposite effects. For instance, a com-saving technological change wouid benefit
one group of farmers (livestock feeders) while harming another (com growers); a
com-using technological change would have opposite effects. And, while ethanol
consumers always bemefit from a lower price, com cunsumers lose from a
com-using technical change in ethanol production. These ambiguities are made
more complicated by the introduction of taxpayer interests in a model with tax and
subsidy policies.

Fig. 2. A mode) of production and consumption of com and ethanol with a com-saving techaical
change in ethanol production
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l::ir.e of Comn

\

Q': Quantity of Com

Fig. 4. Impact of farm programs on benefits from technological change in ethanol production

3.4. Effects of farm programs on bencfits from R& D

Fig. 4 comresponds to the total corn market component (panel ¢) in Fig. 1. Our
stylized corn commodity program includes a target-price cum deficiency-payments
scheme, with an acreage diversion requirement (corresponding to the ARP,
discussed above). In Fig. 4, the target price is P;. The undistorted supply function
(corresponding to marginal social cost of resources used in corn production) is S,
The acreage diversion means that the effective supply function is reduced to §,.
For convenience, and in the absence of any basis for doing otherwise, we assume a
paraliel shift due to removal of acreage from production. In addition, also for
corvenience, we assume that the acreage diversion exactly offsets the output-en-
hancing effects of the target price so that initial output is (), both for an
undistorted market and under the farm program. Since consumption and produc-
tion are unaffected, the social cost of this stylized target-price cum deficiency-pay-

Fig. 3. A model of production and consumption of corn and ethano! with a com-using technical change
in ethanol production
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ments scheme is simply equal to the taxpayer cost (area PracP,=(P;— P)Q,)
which is also equal to the area between the two supply curves (area acef). ’

Now consider the effects of R&D that increases the demand for com (e.g., a
corn-using technological change in ethanol production) from D, to D!. Assuming
that the target price is still binding, this demand shift does not affect the quantity
produced and consumed, but it does lead to an increase in the price paid by
consumers, and therefore a decrease in the subsidy expenditure and the social cost
of the policy. There is no producer or consumer net benefit. Thus the net benefit is
equal to the budgetary saving which is equal to the increase in consumer cost (i.c.,
area P'bcP, = (P} — P)Q,), whick equals the area between the two demand
curves (the increase in willingness-to-pay), area dbce.

The budgetary cost might or might not refiect the full social (or taxpayer
welfare) cost of the changes in government spending. Several studies have argued
that the marginal social cost of taxation is greater than 1 dollar per doilar of
spending, due to an excess burden of taxation to raise government revenues, and
therefore, an excess burden ought to be included when measuring the social costs
of government spending in farm programs (e.g., Gardner, 1983, Alston and Hurd,
1990). The results of Fullerton (1991) would seem to support an assumption that
the marginal social cost of government revenues is between $1.07 and $1.24 per
dollar.

3.5. Effects of ethanol subsidies on benefits from R&D

Finally, let us consider the effects of the policy of subsidizing the use of
ethancl as an component of gasohol. The welfare effects of this policy depend on
whether the policy is effectively mitigating pre-existing distortions (e.g.. as an
optimal correction for a positive externzlity in gasohol use) or is simply a
distortion itself, or somewhere in between. In the former case, the subsidy-dis-
torted market demand for ethanol is, in fact, the marginal social benefit curve that
is wanted for the welfare analysis. No further corrections are necessary in such a
case (unless we feel that it is an optimal correction except for the marginal excess
burden of government revenues, in which case we would have to make an
adjustment for revenue effects of R&D). In the second case, we would have to
make full adjustment for the welfare effects of changes in the distortion associated
with the subsidy.

e

7 This has the curious aspect that producer and consumer welfare is unaffected, so it is difficult to
understand why such a scheme would exist. If, aliemati .ely, the acreage diversion resulted in a pivotal
supply shift, producers would gain. Or, if the subsidized output were greater than the undistorted
output, both producers and corsumers would gain.

* As shown by Alston et al. (1988), and proven for the more general case by Alston and Martin
(1995), the total benefits are lower as a result of the policy by an amount equal to the effects of the
research on the social costs of the policy.
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In the model, it is straightforwaid to see the effects of the gasohol policy in the
corn market. The gasohol subsidy increases the demand for ethanol which leads to
increases in the demand for comn for industrial use (and “other’ inpus), leading to
a higher overall demand for corn, and a higher market price for com. This benefits
comn growers and taxpayers but disadvantages feed and food users of cormn.

3.6. Algebra for the model

The following system of equations represents the model as discussed in the
context of Fig. 1 through 4. To begin, the fixed-proportions technology is defined
so that

2;=(1-r1)6,0,,
QOE(] - ro)ger= [(] —70)80/(1 _Ti)ei]Qi’

where O, is the quantity of ‘other’ inputs, Q, is the quantity of ethanol, Q. is the
quantity of corn used in ethanol production, and 0, and O, define the quantities of
inputs used per gallon of ethanol produced. Then, 7, and T, are efficiency
parameters that define the changes in the proportions of ‘other’ inputs and
industrial comn used, respectively, to produce a unit of ethanol as a consequence of
research-induced technological change. Each efficiency parameter represents a
factor-saving, biased technical change (e.g., T; represents an industrial corn-saving
technological change and T, represents a com-using technological change). A
neutral technical change may be represented by setting the two parameters equal to
one another.

To represent demand for ethanol in price dependent form, ihe producer price
for ethanol, P,, is assumed to be a linear function of the quantity demanded by
consumers, plus the per unit subsidy on consumption, o,

I)ﬂ = ae - ﬁCQE + BB
(ethanol price as a function of its quantity),
=, — BCQI/[(I - Ti)ﬂi] + 6:

(ethanol price as a function of com quantity).

(1)

(2)

The supply of “other” inputs used to produce ethanol is assumed to be a linear
function of the quantity of “other’ inputs used. In price dependent form it is:

PO = al) + SOQO
(“other’ inputs price as a function of quantity),
= + BoQi[(] - To)eo/(l - Ti)gi]

( P, as a function of corn quantity).

(3)

Then, the derived demand for com for ethanol production is obtained, in price
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dependent form, as the vertical (algebraic) difference between the demand for
ethanol and the supply of ‘other” inputs — i.e., Eq. (2) minus Eq. (3); °
P,=a;+b,Q,
= (ae + ac - ao) - [[Be + Bo(l - To)eo}/{(l - Ti)ai}]Qi' (4)
This may be written in quantity dependent form as
Qi = [( o, + Bc - an) - Pi]/[{Be + BO(I - Tu)eo}/{(l - Ti)ﬂi}]
=a;, — B P, (demand for corn for ethanol), (5)

where a; =(a, + 8, — «,)B;, and §; = (1 — 1,)8,/IB, + B (I —7,)6_].

We have defined the demand for com for use in ethanol production in Eg. (5).
The other use of corn is for feed and food (Q;), comprising domestic demand (Q,)
and export demand (Q,): @, + Q, = Q;. In addition, it is assumed that the price of
corn is the same in all uses. That is, Py = P, = P; = P, = P. Therefore:

Q4= a3~ By Py =y~ By P (domestic food—feed corn demand), (6)
Q. =a,—B.P=a - B.P (export food-feed com demand), (7

O =ea—BP=(a,+a)~(B+B)P (8)
(total food—feed corn demand).

Combining the demand for corn for food—feed from (8) with the demand for corn

for industrial use from (5), using P, = P, yields

Qtzal—ﬁlp__‘(ar-l_ad-'-ai) _(3r+ﬁd+ﬁi)P
(total demand for corn). (9)

Finally, total com supply is a linear function of the producer price (P), a
technical change parameter representing a shift down of supply (7,), and an
acreage diversion parameter (3, ):

Q= a,+ B(P,+7)— 8 (total farm supply of com). (10)

Now it is possible to solve Eq. (9) and (10) for the equilibrium price and total
quantity and, from there, to solve for all of the price and quantity variables in the
system, as functions of the parameters and the exogenous policy variables (§_ and

® Notice that we are free to choose units for the price of ethanol either as per gallon of ethanol or per
bushel of corn. Since the quantity of ethanol is defined in gatlons, it would be desirable to express the
price per gallon. However, it is convenient to express the price per bushel of com so that our derived
(price-dependent) demand for com is in $/bushel of com. Having taken that approach here, it is
necessary 1o be careful to have consistent units later for the welfare analysis.
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8) and technological changes (the 7’s). The solution depends upon the poticy
regime of interest.
Firiily, assuming no intervention in corn production (8, = 0 and competitive

market clearing, P, = P), we can solve for P by equating Eq. (9) and (10). Thus

G togta)—(B+Bi+B)P=a+B(P+71)-5 (11)
which yields

P==[ar+ad+ai-as—Bs1't—61]/[ﬁ,+8d+ﬁi+ﬁs]. (12)

where o; and B; are as defined in Eq. (5).

Alternatively, assuming the presence of a target-price cum deficiency-payments
scheme with acreage diversions, the model may be solved by setting P,= P, in
(10), where Py is the target price, and solving for Q, and then substituting that
value into (9) and inverting to solve for the consumer price P which can then be
used to solve for the other quantities (and prices).

Solutions under both policy regimes are available from the model with and
without eack of the technological changes {or with and without combinations of
technological changes if that were desired) simply by choosing whether to set the
parameters at zero or not. Thus we can simulate either analytically or numerically
the market eqﬁilibrium under each policy and technology scenario and therefore
we can evaluate the price and quantity outcomes under each scenario. Correspond-
ing gelfare measures are straightforward to compute, using the following formu-
las:

APS = (7,+AP)[Q,+0.540,] (com grower surplus), (13)

ACS, = —AP(Q,+0540,) (14)
(domestic food—feed consumer surplus),

ACS, = —AP(Q,+0.540,) (15)
{export food—feed consumer surplus),

ACS, = —(AP.-38)(1—7,)0,0.+ 0.540.)

(16)

(ethar:ol consumer surplus),

APS,=0.58,A[Q?] (ethanol producer surplus), (17)

" Note that in Eqs. (16) and (18) the term (1~ 7,)8; has been introduced to convert the price of
cthanol, and the ethanol subsidy, from dollars per bushel of com equivalent into dollars per gallon so
that they are consistent with the quantities ir gallons.
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ATS = —(1+¢)[(1 ~ 7,)6,8.0. + (P, — P)Q,] (taxpayer surplus),

(18)
ANS = APS + APS, + ACS, + ACS, + ATS (net domestic surplus).

(19)

4. Parameterization of the model

The initial values for the variables and parameters in Eq. (1)-(19) are defined
in Table 1. In the base scenario, assuming a target-price cum deficiency-payment
scheme for com producers and a subsidy for com-ethanol, there are seven quantity
values and four price levels to specify. For domestic and export feed and food
consumption the values reflect 1992 levels and are taken directly from the 1993
Feed: Situation and Outlook Yearbook (USDA /ERS, 1993). Similarly, the 1992
level of ethanol production, in million gallons, is also taken from the 1993 Feed:
Situation and Outlook Yearbook. This value is then converted tc miltion bushels of
com, " By adding the domestic and export feed and food consumption to the
industrial consumption of corn we obtain the total demand for cors.

Notes to Table i:
* The cost of producing ethanol depends on a number of factors including the cosi of corn, the value of
coproducts, the cost of enesgy and enzymes, the size of the production piant, and the level of
technology in the plant. Costs of ethanol production are usually divided into three categories:
feedstock, capital, and operating costs (Hehmann and Rendleman, 1993). Feedstock is a measure of the
net cost of the grain from which ethanol is produced. The net com cost is the difference between the
cest of com and the total revenues received from the sale of coproducts. The second component of
producing ethanol is capital costs, which include plant modifications, replacement of womn equipment,
and a rale of return on the initial investment. The last compunent is operating costs. Operating expenses
include the cost of energy, enzymes, labor, management, taxes, and insurance. Energy is the greatest
operaling cost, so innovations that conserve energy have been among the first adopted in the industry,
ard have accounted for most of the savings in the last 5 years (Hohmann and Rendleman, 1993). In this
paper, other input costs represent operating and capital costs. For simplicity, we have normalized the
quantity of ‘other inputs’ so that their cost in com-cquivalens units produces 2.5 gallons of ethanol.
® Because the horizontal axis in Figs. 1-3 is in bushels of com, it is necessary to measure the quantity
of ethanol in com-equivalent units. On average, onc bushel of com yields 2.5 gallons of ethanol,
Moreover, the average price of ethanol was approximately $1.28 per gallon, in 1992. Therefore, one
bushel of com would yield $3.20 worth of ethanol.
© Because the horizoatal axis in Figs. 1--3 is in busheis of com, it is necessary to measure the quantity
of “other inputs’ in com-equivalent units. Hohmann and Rendleman (1993) estimate, that corn accounts
for about 35 percent of the price of a gallon of ethanol or $1.15 of the $3.20 price of 2.5 gallons of
ethanol. This leaves the remaining 65 percent or $2.05 to “other inpuis’.
4 As mentioned in the text, the Federal subsidy on 10 percent cthanol-gasoline blends is $0.054 per
gallon. This gives an effective subsidy on ethanol of $0.54 per gallon. Since 1 bushel of corn yields 2.5
gallons of ethanol, the subsidy anr corn used in ethanol production is $1.35 per bushel, or 44 percent of
the base price of ethanol.

"' In a state-of-the-an fucl-ethanol plant. one bushel of com yields 2.5 gallons of ethano? {i.c.. 6,

equals (.40).
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The cost of producing fuel-ethanol depends on a number of factors including
the cost of corn, the value of co-products, the cost of energy and enzymes, the size
of the production plant, and the technology in the plant. Costs of ethanol
production are usually divided into three categeries: feedstock, capital, and
operating costs (Hohmann and Rendieman, 1993). Feedstock is a measure of the
net cost of the corn from which ethanol is produced. The net com cost is the
difference between the cost of corn and the total revenues received from the sale
of coproducts. The second component of producing ethanol is capital costs, which
include plant modifications, replacement of worn equipment, and a rate of return
on the initial investment. The last component is operating costs. Operating
expenses include the cost of energy, enzymes, labor, management, taxes, and
insurance (Hohmann and Rendleman, 1993). In our stylized model, ‘other input’
costs represent operating and capital costs. For simplicity, we have normalized the
quantity of ‘other inputs’ so that their cost in corn-equivalent units produces 2.5
gallons of ethanol (i.e., 8, equals 0.40).

The prices of interest are the price of corn P?, ethanol PY, ‘other inputs’ P,
and the target price Py. The 1992 average price of com was $2.05 per bushel
(USDA /ERS, 1993). To be consisten: with Figs. 1-4 it is necessary o measure
the quantity of ethanol ir corn-equivalent units. In 1992, the average price of
ethanol was approximately $1.28 per gallon. By multiplying $1.28 per gallon by
2.5 gallons of ethanol per bushel of corn, the com-equivalent price of ethanol was
$3.20 per bushel. Hohmann and Rendleman estimate that feedstock costs account
for 35 percent of the price of a gallon of ethanol or $1.15 of the $3.20 price. This
leaves the remaining 65 percent or $2.05 to ‘other inputs.” Last, the target price of
corn was $2.75 per bushel in 1992 (USDA /ERS, 1993).

There are two policy instruments to define in the base scenario. The first
instrument, 8., represents the Federal subsidy on fuel-ethanol consumption. For
simplicity, we do not include state subsidies; therefore, 3., represents the lower
bound on fuel-ethanol support. As mentioned above, the Federal subsidy on
ethanol is $0.54 per gallon. Since one bushel of com yields 2.5 gallons of ethanol,
the subsidy on comn used in ethanol production is $1.35 per bushel, or 44 percent
of the base price of ethanol. The second policy instrument, o,, reflects the 5
percent ARP in effect for 1992 participants in the corn program (USDA /ERS,
1993).

With the base values defined, the next step is to define the slope coefficients
and intercept terms in Eq. (2)-(12). In each case the slope coefficient is estimated
by dividing an elasticity value from the literature, by the initial price—~quantity
ratio. In turn, the intercept coefficients are estimated by substituting the values for
the slope, and the initial values for prices quantities, and shift variables, into the
equations.

The elasticities of demand for com for domestic feed and food consumption
{ny) and export feed and food consumption (v,), and the elasticity of domestic
corn supply (n,) are taken from the Food and Agricultural Policy Simulator
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(FAPSIM). 2 We could not find an estimate for the elasticity of demand for
ethano! (), nor the elasticity of supply of ‘other inputs’ (n,)- We use the U.S.
Department of Energy /Energy Information Administration estimate of the short-
run demand elasticity for motor fuels as a rough approximation for the demand
elasticity of ethanol. '* Because, an €lasticity estimate is not available, we assume
the elasticity of supply of ‘other inputs’ is unity.

Lastly. there are three technological change parameters and an excess burden or
taxation parameter to consider. The three technological change parameters are: 2
one percent increase in com productivity (, = 0.01 P,), a one percent com-saving
technological change in ethanol production {; = 0.01), and a onc percent ‘other’-
inputs-saving (i.e., corn-using) technological change in ethanol production (1, =
0.01). In each case, we compare the surplus measures listed i Eq. (13)—(19)
between the base case and when one of these three technological change parame-
ters are implemented. We also examine the effect of technological change
assuming a 10 percent excess burden of govermnment taxation (). This follows
from Fullerton (1991), who estimates that the excess burden of taxation ranges
from $0.07 to $0.24.

5. Model simulation results

Table 2 presents the welfare results for nine scenarios combining three policy
scenarios and three R&D scenarios. The three policy scenarios are: (a) no
distortions, (b) a combination of ethanol market distortions (externality, tax /sub-
sidy) and corn market distortions (supply control, target price, deficiency pay-
ments), or (c) a combination of ethanol market distortions, corn market distortions,
and a 10 percent excess burden of govenment taxation. The three R& D scenarios
are: (a) a one percent increase in farm productivity, (b) a one percent increase in
processing yields of ethanol (i.c., a corn-saving technological change in ethanol
production), or {c) a one percent decrease in processing costs of ethanol (i.e., a
com-using technological change in ethanol production). Because of the stylized

2 FAPSIM estimates a simultaneous price—quantity equilibrium solution for a set of individual
commodity models developed for beef, pork, dairy, chickens, eggs, turkeys, com, oats, barley, grain
sorgaum, wheat, soybeans, :nd cotton. FAPSIM also endogenously determines farm production
expenses, cash receipts, net farm income, govemnment deficiency payments and reserve storage
payL.cnts, and farmer participation in govermment commodity programs. The advantage of FAPSIM, as
compared to several other simulation models, is that it includes the level of farmer paricipation in
government commodity programs to develop acreage response equations for corn, wheat, and other
program crops. Therefore, the acreage response relationships contained in FAPSIM reflect the relative
profitability of either participating or not participating in government commodity programs (Salathe et
al., 1982).

" This follows from Lee {1993) who notes that uniil recently. the petroleum indusiry believed
ethanel could dilute gasoline demand, and altimately, take away market share.
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Table 2
Simulated welfare effects of different types of R&D assuming various baseline scenarios (million
dollars per year)®

Welfare measure 1% increase in com 1% comn-saving change 1% com-using change
production in ethano) in ethanol
No Both No Both No Both
PIOgrams programs programs programs  programs programs
Global 95.46 86.11 0.01 529 0.04 —0.57
(79.7D 4.32) (—0.46)
Domestic — U.S. 85.41 7717 —1.40 233 0.19 ~-0.23
(70.82) (1.37) {(—0.12)
Taxpayer 0.00 —63.44 0.00 —9.61 0.00 1.09
(—69.78) (-1057) (1.20)
Ethanol producer 0.26 0.23 0.04 008 -689 —6.89
Ethanol consutner 2.05 1.82 0.28 0.60 6.88 6.84
Demestic food and feed consumer 38.18 33.94 5.30 1126 ~060 —1.28
Export food and feed consumer 10.06 8.94 1.40 297 —0.16 -0.34
Corn grower 4491 104.62 -7.01 0.00 2.80 0.00

* ‘Both programs’ refers to a combination of (a) a com commadity program comprising a target-price
{$2.75 per busheii) cum deficiency payments scheme for corn production, inciuding a 5% ARP, and (b)
an ethanol program comprising a 44% subsidy on the use of corn in ~thanol production. ‘No programs’
refers to the absence of these two programs, Figures in parentheses denote welfizre effects when the
marginal opportunity cost of government revenues is $1.10.

form of our medel attention should focus on the relative sizes and directions of the
different welfare impacts. The reported values are not necessarily an accurate
measure of expected changes. ** First we discuss the impacts of the three types of
technological change in the non-program case: then we discuss the impacts of
programs on the size and distribution of benefits from the different types of

technological change.
5.1. Welfare effects of R&D assuming no government programs

The resuits in Table 2 reinforce the results of the theoretical analysis in Figs.
1-3. As shown in Fig. 1, a parallel shift of linear supply, due in this case to a one
percent increase in corn productivity, unambiguously benefits every identified

" This is especially true of the estimates for the ‘No Programs’ scenario because we parameterized
the supply and demand functions using prices and quantities that apply much more closely for the
‘Both Programs’ scenario. This approach to parameterizing the model also means that the structural
mode] parameters were different for the two scenarios and that means that welfare impacts are not
strictly comparable guansitatively between the "No Programs® and"‘Both Programs’ scenarios.
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market participant: ethanol producers and consumers, food and feed consumers of
corn, and com growers all benefit from an increase in comn productivity in an
undistorted setting (Table 2, first column). In contrast, as we showed in Fig. 2, a
corn-saving technological change in ethanol production benefits all participants
except corn growers: ethanol consumers and producers, and food and feed
consumers benefit, while comn growers lose (Table 2, third column). Since the
decrease in corn grc vers® surplus is greater than the total benefit accruing to the
other U.S. participants, there is a net decrease in U.S. domestic welfare. Nonethe-
less, global welfare does increase. Lasily, as shown in Fig. 3, a com-using
technological change in ethanol production berefits corn growers and ethanol
consumers, but welfare of ethanol producers and food and feed consumers
decreases (Table 2, fifth column). However, in this case the net effect on both U.S.
domestic welfare and global welfare is positive.

In an undistorted setting, all three types of technological change yield net
benefits globally, but the total benefit, and the distribution of benefits, differ
among the different types of technological change. The total impart of a one
percent improvement in comn productivity is much greater than that of the other
types of technological change, ss a reflection of the relative sizes of the sectors
being affected. For the biased technical changes, the net global (or domestic)
welfare impacts are small, but the impacts on particular groups may be large, and
the directions of the impacts depend on the direction of the factor bias of the
change in technology. The nation as a whole, or particular interest groups, cannot
be indifferent between com-using technological change in ethanol production
(which benefits the nation, harms ethanol producers, and benefits comgrowers)
and a corn-saving technological change (which benefits ethanol producers and
corn consumers but at the expense of comgrowers and the nation as a whole). The
welfare comparisons are significantly affected by the introduction of a government
ethanol program aad a farm program, as we shall see in the next section.

3.2. Welfare effects of R& D assuming an ethanol program and a farm program

The welfare effects of the three R&D scenarios, assuming that the farm
program and ethanol program are in place, are presented in Table 2. A one percent
increase in com production benefits ethanol consumers and producers, corn
growers, and food and feed comn consumers; U.S. taxpayers lose (Table 2, second
column). The net effect is an increase in domestic welfare and global welfare, but
these net benefits will be smaller than would be obtained in an undistorted setting
(as demonstrated in principle by Alston et al. (1988) for this type of policy and
market situation). Producer benefits (and the producer share of total benefits) are
much greater, in this case, than they would be in an undistorted setting. As shown
by the figures in parentheses, allowing for the deadweight costs of taxation and
charging a social cost of $1.10 per dollar of government revenues means that the
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taxpayer costs are greater and the global and domestic net benefits are commensu-
rately smalier, but the qualitative results are unchanged.

Under the two programs, a one percent com-saving technological change in
ethanol production benefits ethanol producers and consumers, and food and feed
comn consumers, while U.S. taxpayers lose; the presence of a target price means
that corn growers are unaffected by a marginal, technologicaily-induced decrease
in industrial demand. The net impact is an increase in domestic and global welfare.
In this case, the presence of the programs alters the outcome of a corn-saving
technological change from a losing scenario, where domestic welfare decreases, to
a winning scenario, where domestic welfare increases. And, the presence of the
programs ineans that com growers — who would otherwise lose as 2 result of
corn-saving technological change ~ are unaffected. Again, as shown by the figures
in parentheses, allowing for the deadweight costs of taxation means that the
taxpayer costs are greater and the global and domestic net benefits are commensu-
rately smaller, but the qualitative results are unchanged.

Lastly, the main effects of a one percent com-using technological change in
ethanol production are generally very similar with or without the two programs:
ethanol consumers gain, while food and feed consumers and ethanol producers
lose. A com-using technological change reduces the taxpayer cost of the ethanol
and farm programs, an added benefit in the ‘Both Programs’ scenario compared
with the ‘No Programs’ scenario, but the effect is small. The presence of the
programs means that corn growers’ benefits are eliminated, but again the effects
are small. Overall, the presence of the programs changes the outcome from a
winning scenario, with a small net increase in domestic and global welfare, to a
losing one, where global and domestic welfare fall due to the change in technol-
ogy. Allowing for the deadweight costs of taxation increases the taxpayer benefits
and reduces the net domestic and global costs of this type of technological change.

The result that, under the existing programs, corn-using technological change is
immiserizing may be surprising. Immiserizing effects can result only when
technological change exacerbates the social costs of pre-existing distortions to
such an extent that potential benefits are swamped by additional social costs of
distortions (as argued by Alston et al. {1988) and by Alston and Martin (1995). As
illustrated by Frisvold (1991), any R&D scenario that increases the effective
demand for corn will tend to mitigate the costs of distortions due to farm programs
and this will be an additional benefit from technological change in a distorted
setting. Our results may seem to contradict that finding. However there is also a
greater concomitant increased cost of distortion in the ethanol market under our
‘Both Programs’ scenario. In fact, the additional ethanol subsidy cost induced by
the corn-saving technological change is estimated as about $0.60 million per year.
If that subsidy were absent (or if it were regarded as an offset for an externality),
then the taxpayer benefit would be $1.69 million instead of $1.09 million per year.
Adjusting the domestic and global benefits for this change yields positive global
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and domestic benefits from a corn-using technological change in the presence of
the corn program alone.

6. Conclusion

This paper uses conventional Marshallian surplus measures, in a stylized
model, to simulate the welfare impacts of R&D in a distorted multimarket setting
as a basis for seiting priorities among new-uses R&D alternatives and between
new-uses R&D and conventional R&D. The case of fuel-ethanol production from
com is examined because it is interesting for several reasons: (a) it is well-known
and important, (b) the market for corn is significamly distorted by farm programs,
and (c) the market for ethanol is distorted both by government intervention and by
externalities associated with the consumption of gasoline. We examine the qualita-
tive impacts of three alternative types of R&D, each stimulating the use of
com-based ethanol: (a) increased productivity in the corn-growing industry, (b)
corn-saving (biased) technical change in ethanol production, and (c) com-using
(biased) technicai change in ethanol production. We do not explicitly analyze the
externalities involved.

The results from our conceptual model are reflected in the empirical work. In
the absence of Government farm and ethanol programs, a parallei shift in a linear
supply of com, due to an incrementa) increase in com productivity, unambigu-
ously benefits every identified market participant. On the other hand a COIM-saving
technical change benefits all parties except com growers who are made worse off,
yielding a nei loss to the United States as a whole; a com-using technical change
benefits com growers and harms ethanol producers and food and feed consumers,
with a net benefit to the United States.

The welfare effects of technical change are a little more complicated when
government farm and ethanol programs are included. The programs affect both the
total benefits and the distribution of the benefits from the different types of
technological change. The presence of the programs means that com growers,
facing an exogenous target price, are unaffected by changes in ethanol technology
whereas they would otherwise gain from com-using and lose from corn-saving
technological change in ethanol production. In the absence of the programs,
com-saving technological change is immiserizing for the U.S. economy, while
corn-using technological change yields domestic and global benefits. In contrast,
in the “Both Programs’ scenario, corn-saving technological change yields domestic
and global benefits but com-using technological change is immiserizing for the
U.S. economy and the global economy.

Finally, in the experiments we considered, allowing for an excess burden of
taxation does not change the qualitative results. Allowing for the excess burden of
taxation affects only the value of the government spending (taxpayer) component
and the aggregates that include it (U.S. and global welfare). In the cases with farm
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and ethanol programs, including the excess burden of taxation tended to amplify
the impacts (either positive or negative) on taxpayers, the domestic-U.S, and
global welfare impacts.

In a second-best world that includes government intervention, R&D programs
may exacerbate or ease the impacts of market distortions. In the case of our
corn-cthanol example, traditional R&D programs that increase the effective
supply of corn would be beneficial to all market participants. Farm and ethanol
programs amplify the private benefits from this type of technical change but there
is a more-than offsetting impact on taxpayer welfare. Farm and ethanol programs
have more important qualitative effects on the pattern of benefits from biased
technological change in ethanol production.
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