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COMMODITY PRICES AND INTEREST RATES INFLUENCE THE LEVEL OF SOIL EROSION. By
Bengt Hyberg, Resources and Technology Division, Economic Research Service,
U.S. Department of Agriculture. ERS Staff Report No. AGES88°627.

ABSTRACT

(:-The optimal level of soil erosion for Federal policymakers and farmers is
constantly shifting because both the general economy and the agricultural sector
are constantly changing. This report examines the choices of farmers and
policymakers using two models that link levels of soil erosion to both
productivity and macroeconomic variables. Because farmers do not bear the costs
of offsite damage from "soil erosion, they may ignore such damage when choosing
the level of erosion to tolerate. The Conservation Compliance Provision of the
1985 Food Security Act may be ineffective if the benefits farmers receive from
participating in farm programs fail to offset the gains from more erosive
production practices.fl

Keywords: Soil erosion, 1985 Food Security Act, macroeconomic variables,
offsite damages.
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Co modity Prices and Interest
s Influence the Level
of Soil Er si n

Bengt Hyberg

INTRODUCTION

Soil erosion has two costs: onsite reduction of cropland productivity and
offsite damage to waterways, dams, and other downstream receptors (Bennett,
Ribaudo, Clark, and others). Farmers are usually modeled as profit maximizers
who treat reduction in cropland productivity as a cost of crop production and
ignore offsite damages. Government policymakers, on the other hand, represent
the interests of both the producers and recipients of soil erosion. 1/ They
must consider both onsite and offsite costs associated with erosion and must
design their policies accordingly. These two perspectives, private profits and
public interests, lead to conflicting strategies with regard to soil erosion.

McConnell, in a seminal article on the dynamic use of soil in farm production,
presents a well-defined economic model for a single farmer. The model, using a
set of reasonable assumptions, shows how a rational, profit-maximizing farmer
might allow soil to erode until it is exhausted. Although McConnell does not
discuss the effect of macroeconomic variables, the model provides insight into
the effect of these variables on the level of soil erosion farmers will select.
The influence of these variables has powerful implications for the likely
response of individual farmers to soil conservation policies.

I extend McConnell's model of soil erosion to evaluate alternative soil
conservation policies. I use McConnell's dynamic model to portray the time path
of soil erosion selected by a wealth-maximizing farmer. His model is adapted to
describe the policymakers' optimization process. Using both models, I then
explore how unexpected, exogenous shocks affect the level of soil erosion, and I
show how the optimal strategies of the parties will diverge. Finally, I discuss
conservation provisions of the 1985 Food Security Act in light of this analysis.

A SINGLE-FARM MODEL

The model developed by McConnell portrays a farmer as maximizing the present
value of his or her wealth. The farmer does so by choosing the time path of

1/ The term policymakers is used here to denote the Congress and the U.S.

Department of Agriculture, the two bodies with the greatest direct effect on

agricultural policy. Some people might argue the Federal Reserve should be

included, but given the complexity of its task, agricultural policy for the

Federal Reserve must be considered at best a secondary concern.

1



farm production that maximizes the sum of the present value of his or her farmincome and the discounted resale value of the farm at the end of the planninghorizon. The output from the farm in any period, q(t), is a function of thesoil depth, x(t), and the levels of soil loss, s(t), and variable inputs, z(t),used.2/ The level of output is also affected by technological progress, g(t),in each period. Thus, the expression for q(t) can be written:

q(t) = g(t)f[x(t),s(t),z(t)]

It is assumed that f f and fz > 0 and that fx, s, xx, fss,equation of motion for soil depth is:

= k - s(t)

where k is the natural rate of soil accretion.

(1)

and fzz < 0.3/ The

Using the above specifications and assumptions, one can view the farmer asoptimizing:

(2)

V = 9 e-rt [p(t)g(t)f[x(t),s(t),z(t)] - c(t)z(t)]dt + R[x(0)]e-rt (3)4/jo

where p(t) is the output price in real terms; c(t) is the cost of the variableinputs; and R[x(0)], the market price of the property at time 0, is a functionof soil depth. The problem can be expressed as the current value Hamiltonian:

H = (pgf(x,s,z) - cz] + A(k - s) (4)

where J.L is the Lagrangian multiplier, which indicates the marginal cost of achange in soil depth.

McConnell derives the following necessary conditions:

6H/6s = pgfs - A = 0

-A = rA - 64/6x = - pgfx

61-05z = pgfz - c = 0

2/ Soil depth is used as a proxy variable for soil productivity. Soil
productivity can be expressed as:

H = h[x1(t),x2(t),x3(t), x(0]
where xi(t) is soil depth, and x2(t) through x(t) are the other variables suchas soil nitrogen, soil organic content, and so forth. Here only soil depth istreated explicitly, and the other variables are incorporated into z(t).
3/ Subscripts denote partial derivatives. Here fx indicates the firstpartial derivative with respect to soil depth, and fss indicates the secondpartial derivative with respect to soil loss.
4/ In this model the farmer acts as if he or she knows the future values forcommodity prices, technological growth, and input costs. Thus, we have a naiveperfect foresight model. The purpose of the model is not to examine the effectof the stochastic nature of economic variables, but to capture the effect ofunexpected changes in the value of these variables. This situation would holdif farmers acted on the expected value of these variables. Note that farmers donot know the future value of these variables, but only act as if their

expectations will be realized.
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He then arrives at the following result:

•

SF Al2

A21 A22--

- P/p - g/g - fx/fs - (k-s)fsx/fs-i-

__fz[(c/c -.p/p -eg/g) - (k-s)fzx/fz] (8)

where A - f 
-1

ss fsz

fzs fzz

SF = the change in a farmer's soil use with time

ZF = the change in a farmer's input use with time.

Performing the matrix multiplication produces the following equations:

Allfs[r P/P g/g fx/fs (k-s)fxs/fsi

Al2fx[6/c 15/13 g/g (k-s)fzx/fz]

Al2f5[r g/g fx/fs (k-s)fxs/fs]

A22fx[o/c - p/p - k/g - (k-s)fzx/fz]

A MODEL FOR AGRICULTURAL POLICYMAKERS

(9)

(10)

To more closely examine the implications of McConnell's model on the
effectiveness of the policymaker's conservation policy, we must define the
policy. Assume that the Government trips to obtain economically efficient soil
losses in the agricultural sector. Such a goal would be consistent with the
objective of maximizing the total wealth in a capitalist economy. Under this
objective, the goal would be to set the level of soil erosion at the point where
the full cost of the last unit of erosion is equal to the value of that soil as
an input in crop production. The cost of soil loss is a function of the amount
of soil eroded in period t, L(s(t)). Thus, the function the Government is
trying to maximize is:

V = r e-rt[p(t)g(t)f(s(t),x(t),z(t)) - c(t)z(t) - L(s(t))]dt (11)

subject to the equation of motion for soil depth:

= k - s(t) (12)

The Government's objective differs from farmers' objective in two ways: (1) the
off-farm costs of soil erosion are included in the objective function 5/; and
(2) the value of the farm in year 0 is not considered. The second difference

5/ Note that McConnell's model ignores the social costs of soil erosion that
occur beyond the boundaries of the farm because the full costs of soil erosion
are not internalized. These social costs are an important aspect of soil
erosion. A frequently cited justification for governmental programs is to
correct this "public goods" breakdown in the marketplace. These offsite costs
must be made explicit if policy decisions based on economic efficiency are to be

made.
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will not cause a divergence between the actions of farmers and the path desiredby policymakers, if one assumes that land values reflect perfectly therelationship between soil depth' and productivity. The assumption allows us toconcentrate on the relationship between off-farm damages and the Government'ssoil conservation policy.

Policymakers solve the optimization problem by deriving the following necessaryconditions:

64/8s = pgfs - Ls - A = 0

-ft — Ar - pgfx

64/6z = pgfz - c = 0

These expressions indicate that policymakers will seek to set the marginal valueof agricultural production with respect to soil loss equal to the sum of themarginal offsite damage caused by soil erosion and the marginal cost of onsitedamages (equation 13). They will thereby adjust production so that the changein the marginal onsite cost of soil erosion over time is equal to the marginalchange in the value of production with respect to soil depth minus thediscounted marginal onsite cost of soil erosion (equation 14). The marginalvalue of agricultural production with respect to input use is set equal to thecost of these inputs (equation 15).

Solving these conditions leads to the following time path of soil erosion:

A = B11(f5[r i)/1) g/g -fx/fs (k-s)fsx/fs] - rLs/pg) -

where B =

B12(fz[e/c f)/1) g/g (k-Ofzx/fz]).

(fSS LSO fSZ

fZS fZZ

-1

and SA = the change in the policymakers' desired soil erosion over
time:

DISCUSSION OF THE MODELS

(16)

Equations 5 and 9 show the effect of real interest rates, output priceexpectations, expected technological growth, input costs, the productionfunction, and soil accretion on the time path of soil loss selected by a farmer.To examine the effects of agricultural policy, one should note which of thesevariables policymakers cannot control. The interest rate, technological growth,and variable input costs are clearly outside the direct control of Congress orthe U.S. Department of Agriculture (USDA). Less obvious, but just as certain,is that agricultural commodity prices are not currently controlled bypolicymakers../ Although Congress and the Secretary of Agriculture have set the

6/ Congress could index agricultural commodity price supports and targetprices. If the prices were indexed, policymakers could then controlagricultural commodity prices. Given the Gramm-Rudman-Hollings legislation, itwould be safe to ignore indexing for our .purposes here.
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nominal support and target prices for agricultural commodities, it is the realprice of these goods that affects agricultural production. Because the nominalprice is comprised of both the real price and the price level, policymakers willhave to respond constantly to the price level to gain control over prices.7/

Because a number of variables included in equations 5 and 9 are beyond thecontrol of agricultural policymakers, aggregate soil erosion will vary asfarmers maximize their wealth by responding to changes in the economy. Theinfluence of economywide variables on the time path of soil erosion chosen byproducers is a significant, but unemphasized, result of McConnell's model. Itshows that macroeconomic variables are a driving force behind the level and pathof soil erosion over time.

Equations 13 and 16 from the policymakers' model indicate that, aside from theoffsite damages, the same exogenous variables influencing individual farmerswill also affect policymakers' decisions. Here again, the optimal quantity ofsoil erosion will vary over time as economic conditions change.

A comparison of the necessary conditions for a farmer and the agriculturalpolicymakers reveals that, because policymakers include offsite damages as acost in their objective function, the amount of soil erosion they deem optimalin each period is less than the amount farmers select../ At the margin, thisdifference is equal to the cost of the offsite erosion in that period. Theother conditions necessary for an optimal solution are identical for bothparties.

The optimal control solution requires that the necessary conditions bemet at each point in the period considered. Variables S and Z show how soilerosion and input use must change with respect to the other variables over timeto meet these conditions. An examination of equations 9 and 16 reveals thatboth the elements of the inverted Hessian matrices and the slope of the lossfunction with respect to soil erosion will play a role in determining the degreeof divergence between the plans of policymakers and farmers. Closer inspectionof the Hessian matrices indicates that the differences among their elements aredue to the inclusion of offsite damages in the policymakers' objective function.Thus, to make inferences about the path of soil erosion, one must restrict theshape of the loss function. Given the information available, it seemsreasonable to assume a loss function with the properties Ls > 0 and Lss 5_ 0(Hershaft and others). This assumption asserts that the economic offsite lossesrise with increasing soil erosion, and it indicates that each additionalincrement of erosion is less damaging than the preceding unit. We can also

7/ The Government's commodity price policies combined with the models'infinite time horizon raises the issue of farmers' price expectations.Commodity price shocks resulting from frequent shifts in support programs willobviously increase uncertainty in the agricultural sector. This issue isimportant, but my purpose here is to focus on the effects of macroeconomicvariables rather than on commodity prices. To focus on the effect of unknownfuture changes in the macroeconomic variables, I assume the parties haveexpectations for the values of these variables and that they will act on theseexpectations. However, because the future values of the macroeconomic variablesare unknown, mistakes are made, and both policymakers and farmers must readjusttheir plans.
8/ Shortle and Miranowski (1986) demonstrate that, under certain assumptionsconcerning future relative prices, the level of soil erosion chosen bypolicymakers in the earlier periods will be greater than that chosen by farmers.
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assume that the marginal effect of soil erosion on productivity is strongly
separable from the effect of the level of other inputs, or fsz = fzs = 0.9/ We
can now focus on the factors causing the plans of policymakers and individual
farmers to diverge. We can concentrate on the path of soil erosion without
needing to determine how soil and other inputs affect crop production. Given
these assumptions:

— All fs[r 15/13 - gig] - All[fx (k-s)fxsi

and,

A= Bll fs[r 15/p g/g] Bll[fx (k- )f ] - BllrLs/Pg.

Differences in the path chosen by the two parties can now be expressed as:

SF - S A = (All B11)(f5[r -g/g] [fx (k-s)fxs]) + BlirLs/pg (19)

(17)

(18)

indicating that the magnitude of a divergence in planning will be strongly
influenced by differences between the coefficients. Thus, to evaluate the
effect of policy on the level of soil erosion, one must examine the relationship
between the coefficients. Because fsz and fzs are assumed to be zero, the
coefficients All and Bll are functions of the second derivatives of the
production and loss functions:

All — lifss

Bll = 1/(fss (20)

The second derivative of both the loss and production functions, fss and L55,
with respect to soil erosion are assumed to be negative. Thus, All will always
be negative, whereas Bll can take either sign depending on the magnitude of fss
and Lss.

Two scenarios can now be analyzed. In the first scenario, the magnitude of Lss
is less than the magnitude of Fss, indicating that the rate of change in offsite
damages due to soil erosion is slower than the rate of change of crop
production. In this case, Bll will be negative and, because the denominator is
less than Bll, it will have a magnitude greater than All, and All - Bll> °.

In the second scenario, if the magnitude of Lss is greater than the magnitude of
Fss, then Bll will be positive. Thus, All - Bll < 0. Here offsite losses
increase more rapidly than the value of agricultural production.

Note that, as Fss and Lss approach one another in value and as (Fss Lss)approaches zero, both Bll and lAil - B111 near infinity. Therefore, as the
change in the incremental damages resulting from soil erosion approaches the
change in incremental production benefits, the policymakers' optimal time-path
for soil erosion would become more sensitive to changes in macroeconomic
variables. The effect of these variables on farmer's plans, however, is not

9/ The assumption of strong separability means that the effect of soil
erosion and other inputs can be estimated separately and summed. It does not
necessarily follow that the effect of soil losses cannot be ameliorated by an
increase in fertilizer use. Assuming that fsz and fzs are strongly separable
when in fact these interactions may exist, introduces the possibility of quite
different results. However, in the absence of contradictory empirical evidence,
the assumption of strong separability seems to be prudent.
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influenced by Lss. Thus, as Lss and Fss approach each other in value, the
reaction of policymakers to changes in macroeconomic variables becomes stronger,
and their desired level of soil erosion will diverge from farmers' intended
levels. Without a policy instrument to influence farmers' decisions, the
planned levels of soil erosion for the two agents will diverge and, at some
level of production, the divergence will become acute.

Let us assume that the relationship between production and loss functions with
respect to soil erosion can generally be represented by the logistic function:

F(s) — 1/(1 + cFEXP[-sBsF - M] (21)

L(s) — 1/(1 + cLEXP[-sBsL - M] (22)

where Bsi — coefficients associated with soil erosion, ci = coefficients
associated with the equation, M — terms containing other variables, and EXP is
an exponential function.

Let the Bsi's and ci's differ between the loss (L) and production functions (F).
This procedure will result in curves similar to those in figure 1 and in second
derivatives similar to those in figure 2.10/ Figure 2 shows that the signs and
relative magnitudes of Fss and Lss depend on the level of soil erosion, which in
turn depends on production. Consequently, policy analysis needs to be
associated with a specific point of production.

Let us assume the curve to the right is the production function.11/ The
assumption of sigmoid production and loss functions causes the difference
between coefficients to behave in a manner shown by figure 3. At some levels of
soil erosion, Government levels and farm levels of erosion diverge greatly,
especially at the point where the second derivatives of the loss and production
function are approximately equal.

POLICY IMPLICATIONS

Both policymakers and individual farmers construct plans for the desired amount
of erosion, but these plans do not coincide. The optimal amount of erosion for
each group will vary as economic conditions change. I now consider the
direction of changes in the level of soil erosion with respect to changes in
economic variables. The goal is to determine whether policy tools are available
enabling policymakers to direct the level of soil erosion to an optimal level.

The simplest case is one where there is no discounting, no change in prices, and
no technical growth. Under this scenario, equations 17, 18, and 19 reduce to:

= All[fx + (k-s)fxs]

= (k-s)fxs]

(23)

(24)

- SA = (Bll All)[fx (k-s)fxs] (25)

10/ The functions illustrated here assume that the production and loss
functions have the same asymptote and general shape. The results of this
analysis do not require this assumption. Note that the assumption that fss and
Lss are less than zero means that the level of soil erosion > 20.
11/ This assumption affects the direction and location of the areas of

greatest divergence, but not my general conclusion.
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Figure 3: Divergence in soil erosion
Farmers vs. policymakers' plans

Soil erosion level

The difference in the paths of soil erosion selected by policymakers and farmersis reflected in the coefficients, All and Bll. Thus, the outcome will depend onthe values of fss and L55.12/

If the magnitude of Lss is less than the magnitude of fss (1L551 < If551), then
ISA 1 > ISFI, or the change in the amount of soil erosion over time would be
greater under the policymakers' plan. If the magnitude of Lss is greater than
the magnitude of fss (ILssi > If551), then the paths of farmers and policymakers
will move in opposite directions. By examining equation 22 and figure 3, we can
see that, as the magnitude of Lss nears the magnitude of fss, (Fss Lss)approaches zero, and the divergence on planned soil erosion for farmers and
policymakers becomes quite large./

In this scenario, if policymakers had an instrument that could be adjusted and
administered at the farm level without cost (for example, a Pigovian tax), was
a function of soil erosion, and behaved in a manner similar to the loss
function, policymakers could expect to have a strong and effective control over
the level of soil erosion. Such an instrument does not exist for two reasons.
First, the extent of offsite losses due to soil erosion is not known, nor is the
marginal value of the damage. In fact, the exact offsite damages due to soil
erosion and the sources of this erosion cannot be identified. Thus,

12/ I ignore the trivial case fx - (k-s) fxs = 0 and the possibility that
Fss = less.
13/ No conclusion can be drawn about the direction of the path of soil

erosion because of the uncertainty about the sign of the (k-s) fsx term.
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policymakers cannot structure a tax or any other instrument to approximate these
losses. Second, the task of measuring soil erosion and administering a tax on
the offending farms would be a -herculean and prohibitively expensive.

Now consider discounting, while holding output prices and technological growth
constant over time. 14/ The following equations now apply:

Allrfs All[fx (k-s)fxs]

Bllrfs Bll[fx (k-s)fxs] BllrLs/Pg

- kti = (Bll All)(fx (k-s)fxs) (A11 Bil)rfs BlirLs/Pg

(26)

(27)

(28)

The introduction of discounting into the problem unambiguously reduces the
change in the soil erosion path the farmer will select, but the way it affects
the soil erosion path chosen by policymakers is not clear because the signs for
both Bll and (fs - Ls/pg) are uncertain. The uncertain response of the
policymakers to discounting causes the divergence in the paths selected by
farmers and policymakers to have an ambiguous sign. The last two terms in
equation 28 capture the effect of discounting on the problem of measuring
differences between the planning of farmers and policymakers. These terms have
opposing signs, which indicates that the effect of the marginal damages and
marginal productivity will offset each other to some extent.

Price and technological growth expectations clearly affect the plans of the
individual farmers. Equation 17 suggests that, because the signs for price
expectations and technological growth are positive, changes in these variables
will move the time path of agricultural soil erosion in the same direction. The
effect of these variables on the path of soil erosion desired by policymakers is
negatively related to the sign of 811 (equation 18). The negative signs for
technological growth and price expectation in equation 19 indicate that the
effect of these- variables on the divergence of the two plans will be negatively
related to the difference between the two coefficients. Thus, if ILssi < Ifssi ,the path chosen by policymakers will change more, as these variables are
altered, than will the path chosen by farmers.

An additional consideration for policymakers is the effect of changing the
target level for soil erosion. Constantly changing the target level will send
confusing signals to producers. To avoid introducing confusion into the system,
policymakers could set a soil erosion standard and enforce it with different
levels of vigor as the socially optimal level of erosion changes. Judicious
enforcement of a constant erosion standard would allow policymakers to influence
the level of cropland erosion while sending more consistent signals to farmers.
Such a policy would also be consistent with the uncertainty surrounding the
exact nature of the economic relationship between agricultural production and
offsite damages.

14/ The discussion of discounting ignores the arguments about two discount
rates, that is, a market rate and a lower social discount rate. The issue has
received much attention in the literature. Adopting two discount rates would
complicate the mathematics and would provide a greater reason for Government
intervention, but add little to the analysis.
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CONCLUSIONS

Given a reasonable set of assumptions, offsite damages from soil erosion will
cause the optimal level of soil erosion for the Government and farmers to
diverge. Furthermore, these levels will change over time as economic conditions
change. Macroeconomic shocks can increase the incentives for farmers to erode
their land more rapidly than is socially desirable. These incentives can
discourage farmers from participating in Federal programs designed to limit
offsite damages, thereby reducing the effectiveness of conservation programs.

The 1985 Food Security Act contains two provisions designed to limit offsite
damages from soil erosion. The conservation compliance provision sets a Federal
standard for soil erosion from cropland. The standard provides an incentive for
farmers to avoid highly erosive agricultural practices on their land. These
incentives may be ineffective if economic conditions create a situation where
the benefits of participating in agricultural programs do not offset the
economic gains to the farmer of more erosive soil management practices.
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