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Agrichemical Reduction Policy: Its Effect on Income and Income Distribution

C. Matthew Rendleman

Abstract. When farm chemical use 15 restricted, gross
farm mcome rises, but net income may fall A 10-
sector applied general equilibrium model was used to
arrve at this assessment Compared are a chemical
use tax, an wmput restriction on chemacals, and a farm
sales restriction imposed on wmput suppliers The tax
and sales restrictions reduce net wmcome becouse of
rising costs, while the tnput restriction holds the
potential for raising net form mcome

Keywords. Farm chemicals, farm wncome, compula-
ble general equilibrium, mnput reduction

Whether or not clean water and food safety have been
compromised by misuse or overuse of farm chemucals,
the environmental impact of farm mmput use 15 now a
public policy 1ssue Several studies have attempted to
capture the effect of complete bans on certain chemi-
cals on particular crops (see, for example, 10 and 11),
but any across-the-board restriction is hikely to have
economywide consequences ! Aeross-the-board restrie-
tions would mandate reduced use of all chemicals
rather than targeting individual chemiecals for com-
plete removal Current regulations do not impose
sweeping bans or even partial reductions 1n agrichem-
cal use, but such proposals have been broached

Approaches to chemieal regulation are becoming more
creative At least 37 States have their own, often var-
1ed, laws regulating, for example, water quality State
policies range from taxing fertihzer to regulating prac-
tices and quantities of chemical use (14). Some
reformers have advocated steep reductions m chemical
use across the country, for example, a 50-percent
reduction i chermucal use (12) Some proposed national
legislation tends to be more sweeping than past
approaches 2

The economic conseqguences of a general reduction n
chemical use, as opposed to a one-at-a-time, chermcal-
by-chemical reduction have not been thoroughly stud-
led A recent study {8) concluded that 1ts exhanstive
look at a complete chemical ban from agriculture was
only a “first step” toward assessing the impact of the
more hikely imposition of partial reductions

The purpose of this article 15 to determine the effects
of an across-the-board reduction in chemical use, dem-
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tabierzed numbers 1n parentheses cite sources hsted in the Refer-
ences section at the end of this article

*Recent Senate and House versions of a bill establish tougher, so-
called “negligible nsk,” standards for pesticide approval, permitting
the Environmental Protection Agency to charge fees for its regula-
tory work

onstrating how economiec rents and burdens may be
generated and distnbuted, and presenting pohey alter-
natives that could change the distribution of these
rents and burdens In this study, “chemicals” refers to
nitrogen and phosphorus fertilizers as well as
pesticides Although a complete model gives industry-
by-industry price and quantity changes brought about
by the reduction, 1 present these results only to
provide a basehne from which to evalnate income and
welfare changes

The Model

Because the consequences of a sweeping agrnichemical
reduction will have consequences beyond the farm sec-
tors directly affected, I used a computable general
equihbrium (CGE) model Hertel (6) summarizes the
strengths of CGE analysis (for the case of a farm sub-
sidy) with four general pomnts

® The CGE model exphatly acknowledges the finite
resource base of the economy

¢ The question of who foots the bill for the subsidy
(or other distortion) cannot be sidestepped 1n a
fully specified CGE model

® The consumer’'s budget constraint, linking factor
returns and uses of ;ncome, 1s modeled directly

® There 15 a defimtive check on the conceptual and
computational consistency of the model

In this analysis, a distortion, mn the form of a quantity
restriction on chermucal use in agneulture, 1s placed 1n
the producing sectors between the manufacturers and
users of chemicals The producing sectors are linked—
laterally to one another through interindustry flows,
backward to the resource base (owned by consumers),
and forward to consumers by final demand A straght-
forward approach traces down who really “foots the
bill” for the distortion The “conceptual check” on the
consistency of the model also proved to be important,
since rents generated by a partial ban—often over-
looked 1n other analyses—must be received by
someone

The model employed includes 10 individual producing
sectors, each making a single homogeneous product
The agricultural sector 1s disaggregated into three
subsectors a) feed grains and oilseeds b) poultry,
dairy, and hvestock, and c) other agnicultural prod-
ucts, meluding fruits and vegetables Nonagrcultural
sectors are a) manufacturing, b) services, c) livestock
processing, d) feed grain and oilseed processing, e)
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how the reduction policy 15 implemented Measuring
this change determmes the distributional effects of the
restretion To determine how a particular agent will
fare, we must know what part of each asset the agent
holds Asset values tend to decline when they are in an
industry that 1s an intensive user of agricultural chem-
1cals and when they cannot be transferred out of that
industry The land rental rate, as an example of
returns to a nonmobile resource, 1s determuned by 1its
derived demand and 1ts availabihty Removing one
mput usually lowers the value of the margmal product
(VMP) of the others due to the complementarity of
mputs Thus, chemical reduction lowers the VMP of
land 1n agriculture through the lower margnal physi-
cal product (MPP, the change in the physical output
component of VMP), and reduces returns The drop in
the rental rate 1s moderated, but 1n this case not over-
come, by rsmg agricultural prices, the other compo-
nent of VMP For a factor hike labor, this drop 1n
returns 1s tempered by mobility, and labor moves out
of agriculture

The 75-percent chemical restriction most influences
returns to factors dedicated to agriculture, mostly land
(fig 2) The absolute level of returns dechines more for
the mobile factors, but the percentage drop, and thus
the mmpact felt, 1s far greater for owners of land and
agriculture-only factors of production

As the use of chemicals 1s restricted, the dwindhing
amount of chemicals becomes more valuable per umt of
production This results in a difference between the

Figure 2
Change In asset values with a 75-percent
restriction In farm chemical use
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cost of producing chemical inputs and their value 1n
production In addition to physical factors of produc-
tion, marketing rights begin to acquire value, having
the potential (for a restriction level somewhere short
of complete) to more than offset lost farm income as
represented by returns to land. Whether these rents
go to farmers or others 1s largely a matter of public
policy

A number of policy options can reduce the use of
chemicals 1n agriculture. Assuming that a policy aimed
at chemical inputs 18 chosen, the likely mmstruments
would be a tax on chemicals or a mandated reduoection
m chemical use, called a quantity restriction for sun-
platy Either policy introduces a wedge between sup-
ply and demand that could reduce input use to a
targeted level

To understand the economic rent distribution, 1t 18
helpful to abstract from the general equilibrium
effects Figure 3 illustrates, i a partial equilibrium
setting, how a policy goal of chemucal reduction eould
be achieved through a use tax, a restriction on farmer
mmput use, or a quantity restriction on chemical man-
ufacturers’ output

In the unrestricted case (fig 3a), supply and demand
converge at price Pt and result in quantity Q® being
sold and used If, from a public policy point of view,
the appropnate quantity to be used 1s Q, then several
options are available (Though the diagrams n figure 3
appear much smaller, a 75-percent restriction 1s used
in the general equilibrium examples which follow,
unless otherwise noted ) The tax mn figure 3b simul-
taneously drives up the price farmers must pay and
drives down the price supplers receive (relative bur-
dens being determined by elasticities) Although the
general equilibrium effects make the model results
more complicated than reflected i the diagram, the
size of this transfer 1s estimated to rse to $20 billion
by the time 75 percent of the chemicals now used are
withdrawn from the market

Figure 3¢ assumes that, whatever policy 18 1mple-
mented, chemcal producers can behave as monopol-
1sts Call this a “seller restriction " Supphers are
allowed to cut back their output to Q and extract the
resulting rents from farmers Price, Psr, 1s then deter-
mined by demand Though this extreme outcome (the
entire $20 billion going to chemical producers) i1s
unlkely, 1t serves to establish one end of the welfare
spectrum brought about by chemical pohcy This seller
restriction would tend to benefit chemical comparnes if
they had exclusive marketing rights over chemecals
rematning on the market, and if inventory stockpiles
were not a problem, and if no close substitutes were
developed rapidly In this situation, most of the bur-
den falls on farmers Chemical producers would be
better off since the price rises due to the restriction
are greater than the losses from reduced sales



Figure 3

Reducing farm chemical use by 75 percent: Effects depend upon mechanism used
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Reducing chemical use to Q through taxes
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Figure 3d shows farmers who are able to eut back on
chemcal use and behave as monopsomsts The demand
curve becomes perfectly inelastic at Q and the price
burden fails on the chemical producers This “buyer
quota” scenario occurs only in the unlikely event that
chemical manufacturers do not reduce supply 1n the
face of these 1estrictions, a feasible case if farmers are
permitted to.cut back on particular chemicals to
reduce overall use, or if manufacturers’ stocks were
burdensome The gain of §20 billion, 1f 1t went to
farmers would more than offset the §5 bilhon lost by
dimimished asset returns If monopsony rents accrued
to farmowners, total returns would rise despite the
drop 1n returns to land services Figures 3¢ and - 3d
represent bounds on farmer and chemieal producer

burdens, respectively The likely actual outcome will
depend upon the relative strength of the factors favor-
ng farmers or chemical manufacturers

Figure 4 shows the change 1n total revenues to land
and “marketing nghts” and the change i composition
As the restriction increases (moving to the right on
the horizontal axis) returns to land services (measured
in hillions of 1982 dollars on the vertical axis) fall, but,
if purchasing rnghts are the property of farmers, over-
all returns nse Researchers may reach different con-
clusions about farm income effects even with other-
wise similar models and assumptions, if their 1deas
about chemical rents differ




Figue 4

Potentlal revenue changes for land and
chemicals with varying levels of chemical
restriction
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Dynamic Effects?

Assuming that the distmbutional differences between a
quantity restriction and a tax can be compensated,
other considerations can cause the equivalence to
break down For example, exogenous shifts in supply
or demand will result in different incidence patterns
between the quantity restriction and the tax Though
the supply of chemieals 1s likely to be quite stable from
one period to the next, shifts in derived agmeultural
demand, due to weather patterns or other considera-
tions, are likely In general, policies that lower farm
mput prices also bring greater price variability &
Chemical restriction policy then has the potential to
affect not only prices but price variabiity Price vari-
abihity 1s policy dependent, and where variability 1s
increased, welfare most hkely falls for both producers
and consumers {7)

Incentives and Product Development

In the past, chermicals have been restricted on a case-
by-case basig, allowing the use of substitutes as the
targeted chemical was phased out Economic studies
have predicted moderate 1mpacts from bans of this
type (10, 11} because many pesticides have one or
more close substitutes This approach to restriction
also encourages a search, through research and
development, for more acceptable substitutes The
current study approaches the problem under the
assumption that all chemicals will be reduced across

"Dynamic.as used here means sumply any changes through time

¥This possibility has been noted 1n the trade hterature comparing
import tariffs and quotas Analysts available from the author demon-
strates these results using 2 simphfied version of such work by Bale
and Lutz (I}

8

the board This produces large aggregate effects, more
than $13 hllion lost to the domestic economy and up to
$53 bilhon redistributed at the 75-percent restriction
level alone The aggregate effects occur because
farmers, although able to substitute fairly easily away
from particular chemicals, are not able to substitute as
easily for chemcals as a group This implies a small
elastiaity of substitution between chemieals and other
mmputs In the long run, this elasticity would be larger
and the price and output effects would dimimish  Also,
a more drastic across-the-board cut could halt the
development of new chemical products regardless of
their merit Though properly handled in a dynamic
model, the matter of incentive to develop safer prod-
ucts differs between an across-the-board chemical
reduction and a case-by-case risk, or hazard-based cn-
ternon reduction Development of new, more environ-
mentally benign chemicals, hike those developed for
cotton after the banning of DDT, might actually be
increased under the latter type of restriction since
there would still be a market for chemecals that meet
the necessary criteria Of course, no incentive wonld
exist for this development n the case of a total chem-
cal ban On the other hand, the development of non-
chemical technology might be speeded up Genetic
engineering may introduee such revolutionary changes
as corn plants with the ability to fix atmospheric mtro-
gen (like legumes), thus making the appheation of
mtrogen fertilizers less necessary Other genetic
engineering possibibties include inducing vegetable
plants to produee bacillus thuringiensis toxins (4),
negating the need for many insecticides Each of these
pest or fertiizer developments carries its own type of
risk, which must be considered

Conclusion

How the economuc burden of chemical reduction will be
divided depends on the type of teduction policy
enacted The loss of production efficiency caused by
the chemical 1eduction will be borne by society regard-
less of how the policy 15 implemented This loss
becomes disproportionately larger as the restriction 1s
made more severe, maybe as high as $25 bilhon The
principle of equating margnal cost to marginal benefit
provides a rule for determining how large to make the
overall cutback 1n chemical use The distributional
effects, caused by the shifting value of factors of pro-
duction in the economy and the possible-creation of
new monopoly rights, are determined almost entirely
by the choice of policy instruments—whether the Gov-
ernment collects the rents generated or whether 1t
aliows chemical companies to behave as monopohsts or
farmers to behave as monopsonists In the latter. case,
monopsony rents are expected to more than offset lost
factor returns The cholce of policy 1nstruments
ultimately depends on what redistribution of wealth
soclety finds preferable

Though the CGE model does not directly deal with
other time-related effects of chemicals reduction pohey



that might be expected, analysts should consider
them Variability of prices for chemicals (and thus
farm products) can be affected by the type of policy
employed Pohcies that lower farm nput prices tend to
bring greater price variability The incentive to
develop more environmentally bemign chemicals may
be inhibited by a total ban but possibly encouraged by
more mild restrictions
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