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UNIVERSITY OF CALIFORNIA

Diverging Interests in Soil Conservation a d

Water Quality: Society vs. the Farmer

by

Pierre Crosson*

Introduction

S 17: P d 19 R 1

Agricultural Econombs Library

That farmers impose uncompensated costs on other members of the society

is not news. The list is familiar: water quality impaired by eroded soil,

fertilizers and pesticides and, in irrigated areas, salts carried by irri-

gation return flow; air pollution from wind erosion; and, perhaps, diminished

productivity because of erosion.

Simple awareness that these costs exist is not very interesting analyt-

ically nor is it very useful for policy. For both purposes we need specific

information about the nature of the costs, their magnitude, and the location

of the activities which cause them and where they are felt. In the absence

of such information we are unable to understand the processes which generate

and transmit the costs nor can we formulate sensible measures for reducing

them. Indeed, since all control measures cost something, we cannot be sure

that we should do anything at all. Conceivably the social costs of the most

economical control measures exceed the uncompensated costs farmers impose

on the rest of us.

In this paper I am not going to solve the problems of unsatisfactory

information about the uncompensated costs. My purpose is to analyze the con-

ditions under which the principal costs arise, briefly assess what we

currently know about them, and discuss the implications of our knowledge, or

lack of it, for policies to deal with the costs.

*Senior Fellow, 1Fsources for the Future. Presented at a symposium on

Perceptions, Attitudes and Risks: Overlooked Variables in Formulating Public

Policy on Soil Conservation and Water Quality, annual meeting of the American

Agricultural Economics Association at Clemson University, July 27, 1981.

The research on which this paper is based was partially funded by a grant
from the A.W. Mellon Foundation.
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I confine the discussion to costs of erosion by water. Wind erosion

is not considered although the amount of soil moved by wind is high in the

Plains states. The effects of this on water quality probably are negligible,

however, and the effects on productivity of the land quite obscure. Wind

erosion moves the soil around, but it is not clear that it causes a permanent

net reduction in productivity. For reasons given elsewhere (Crosson anci

baker 1981) I believe damages to water quality by fertilizers, pesticides

and salinity are and will be secondary compared to the damages of erosion

to water quality and to productivity.

Social Costs of Erosion

Eroded soil carried by run-off may shorten the economic life of reser-

voirs, cause increased flooding, reduce recreational values of water, and

impose dredging costs and costs of cleaning up the water to make it usable

for human and industrial consumption. Since the farmer pays little if

any of these costs he has little incentive to abate them by controlling erosion.

The situation is clearly one of an enduring difference between the public

and private interest in the use of the land. The case for public inter-

vention to eliminate the difference is indisputable in principle.

The case for intervention to reduce erosion-induced losses of produc-

tivity is not so clear. The reason is that, unlike off-farm damages, the

farmer bears the cost of erosion-induced losses of productivity. Why should

he give less weight to these costs than society? To make the case that he

does it is necessary to show that the price of the land does not reflect its

full present social value; or that farmers fail to adopt erosion control

practices which would serve both the private and the public interest in the

productivity of the land. The first condition states that the private
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interest in conserving the productivity ofthe land is less than the public

interest. The second condition states that even though the private interest

and the public interest are the same, farmers nonetheless do not adopt con-

servation practices on the indicated scale.

Wh7 the market: :1a7 undervalue Tan,1=1. Thera are

(1) a general lack of knowledge of the effects of erosion on future yields

resulting in a systematic underestimate of the effects; (2) the market mis-

judges the strength of forces affecting the future demand for food and

fiber and so underestimates future prices;
1 
(3) the market overestimates the

rate of emergence of economical land-saving technologies; (4) the social

cost of investments in erosion control measures is less than the private

costs; (5) the market gives less weight than society to maintenance of the

productivity of the land as a hedge against future demand for food and fiber.

The first three sources of error arise because of ignorance among those

in the society who make the market for agricultural land. To make the case

for intervention it is necessary to show that those acting in society's

interest are less ignorant than those who make the market about the effects

of erosion on productivity, future prices of food and fiber, and the rate

of emergence of economical land-saving technologies. I'm not persuaded that

those acting for society are smarter than the market with respect to any of

these three factors. Studies of the effects of erosion on yields under

the great diversity of soil and climatic conditions under which American

1
The market may also misjudge the future trend of the interest rate, e.g.

failing to reflect a long-term decline. Should this occur the present price
of land will be too low. The interest rate is a kind of price. I take the
instance given here as a case of market failure to properly reflect future
prices and do not discuss it further.
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farmers actually operate are relatively few (more on this below). Each

farmer, however--at least the sizable percentage who are owner-operators--

has long experience and detailed knowledge of his particular situation, and

-,7411 ce also :Heir neighbors' experience.

Farmers moreover have a direct economic interest in informing themselves

about the yield effects of erosion. It would surprise me if under these

circumstances non-farmers, no matter how technically competent, were more

knowledgeable than farmers about the effects of erosion on yields.

The other two factors concern future events--prices of food and fiber

and technological change--about which everyone is ignorant. The record

does not demonstrate that those acting for society are more skillful than

anyone else in forecasting these events.

If the rate of interest appropriate for public investments is less

than that for private investments then the social cost of investment in

erosion control will be less than the private cost, an argument for public

intervention. There is no need to review here the large literature on

differences between public and private rates of discount. It is enough to

note that there is an argument, although a weak one in my judgment, for

using a lower rate in calculating costs of and returns to public investments.

The key element in the argument is that the taxing power of government means

that government debt is not secured only by performance of public investment

projects. Consequently the risk of default on government debt is less than

on private debt, so governments can borrow more cheaply. The point is not

that for a given project the risk of failed performance is less if it is

publicly financed than if it is privately financed. The difference is in

the ability to repay in the event of failure. This being the case, does the



lower rate indicate that social costs are less than private costs? I am

skeptical that it does.

The fifth reason why the market price cf land may understate the social

value of the resource is that society may want to give more weight than the

market to maintenance of the productivity of the land as a hedge against

. future demands for food and fiber. The point here is not simply that the

future is uncertain. Both those who make land markets and those acting for

society's interest in the land know that future demand-supply conditions

affecting the land are uncertain. Both may agree perfectly on the bounds

within which these conditions will fall with, e.g., 95 percent probability.

But the market will respond to the most probable set of conditions while

those acting for society may feel obliged to respond to those reflecting a

"worst case" outcome. With respect to future demands on the land, for

example, society may give more weight to possible high demand outcomes than

the market. Within the range of generally agreed rates of land-saving

technological change, those acting for society may feel constrained to give

more weight to low rates of change.

Among the various arguments for the failure of the price of agricultural

land to measure its full social value this last strikes me as most persuasive.

It does not assume that those acting for society's interest in the land know

more than anyone else about future conditions affecting the value of the land.

Rather the basis of the argument is that the responsibilities of those acting

for society require them to give more weight than the market does to the

probabilities of unfavorable outcomes with respect to the growth of demand

for food and fiber or the emergence of economical land-saving technologies.
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With this perspective they will assign a higher value than the market to

the present productive capacity of the land, thus justifying efforts to

limit the impact of erosion on yields beyond what the market would induce

the farmer to undertake.

Note that this argumenc does not rest on the notion that society has a

longer time horizon than the farmer in land management decisions. The

difference between society's interest and the farmer's interest in soil

conservation practices occurs because society assigns higher value to the

annual net benefits of these practices, not because the period over which

the benefits are discounted is different. In calculating the effect of the

benefits on the price of land both society and the market discount them

into perpetuity. If the market's perception of the value of the benefits

comes into line with society's perception, the market price of land will

rise. Whatever the farmer's time horizon he will have incentive to adopt

the conservation measures, or to sell his land to some other farmer who will.

Otherwise he foregoes a clear opportunity for economic gain.

Why farmers may not react. The statements just made about farmer be-

havior assume that farmers are economically rational in the usual sense; that

if the effects of erosion and of the costs and benefits of erosion control

are reflected in the value of their land, they will know it; that they bear

the long-term costs of not controlling erosion as well as the costs and

benefits of control; and that they are not constrained by lack of capital

from adopting erosion control practices. If these conditions are not met

farmers will not undertake erosion control practices even if the price of

land reflects the full social value of the practices.



I am comfortable with the assumption of economic rationality. This of

course does not mean that farmer behavior is shaped only by economic criteria.

It does mean that in making farm management decisions farmers give heavy

weight to economic criteria and that they will not knowingly forego net

economic gain whenever the gain exceeds whatever non-economic costs may be

incurred. The belief that farmers do not adopt erosion control measures

because they are economically irrational is a bad guide to policy.

I also am comfortable with the assumption that if the market price of

the land captures the effects of erosion and of the benefits and costs of

erosion control farmers will know it. Land is easily the most important

single asset of most farmers. They are certain to be sensitive to changes

in its value and to seek information about the factors affecting value,

particularly those which the farmer himself can influence if not control.

If farmers fail to respond to erosion and erosion control measures, the

reason is far more likely to be because these are not reflected in the

price of the land rather than because of farmer ignorance of their effect

on price.

Tenants are not likely to bear the long-term costs of erosion nor to

capture all the benefits should they invest in erosion control. To the

extent that tenants rather than owners make land management decisions,

investment in erosion control may be less than socially optimal, and less

7

than optimal from the owner's standpoint as well. Why would owners accept

such an outcome? Most absentee owners have other, perhaps non-farm, interests

which occupy their time and attention. Indeed that is why they are "absen-

tee." Requiring that tenants adopt erosion control practices as a condition
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of tenancy, or investing in these practices directly, may be more costly

of the absentee owner's time and other resources than he thinks justified.

Whether tenancy in fact results in under-investment in erosion control

practices is an empirical question which, so far as I know, has been little

researched. Lee (1980) found no statistically significant relationship

between erosion per acre and various kinds of tenure, including tenancy.

But other variables may have obscured the relationships. For example,

tenants may farm less erosive land. Perhaps we will hear more in this sym-

posium about the effect of tenancy on incentives to invest in erosion

control.

Farmers may under-invest in erosion control measures because of capital

constraints. In an economically perfect world capital will be available

for all investment projects which earn at least the socially optimal rate

of return. The world is not perfect, however, economically or otherwise,

and some farmers may be denied the capital necessary for privately and

socially optimal investment in erosion control. Where this occurs a case

can be made for public intervention to remove the capital constraint.

Summary. Farmers will not be sensitive to off-farm damages of erosion.

Where these damages exist there is a clear case for public intervention to

reduce the damages. Devising the most economical means of intervention

and allocating their costs are important issues, but they are separate from

that addressed here.

The price of agricultural land may undervalue the net social benefits of

erosion control to reduce productivity losses. Where this occurs private

investment in erosion control will be less than the socially optimal amount.

The strongest argument for this situation is that society gives more weight



than the market to the probabilities of relatively high future demand for

food and fiber and relatively slow development of economical land-saving

technologies. With this perspective society will give higher value than

the market to measures which protect the productivity of the land.

Put differently, the argument is that society feels a stronger responsi-

bility for stewardship in management of agricultural land than the market.

The argument does not rest on the dubious assumptions that those acting for

society's interests have better knowledge than the market of the effects of

erosion on yields or are better able to predict future trends in prices of

food and fiber or in technology. Nor does the argument assume that society

has or ought to have a longer time horizon than farmers in judging the

present value of erosion control practices. In calculating either the

social or the private value of the land future returns are discounted in

perpetuity. Society may discount returns from public investment in erosion

control practices at a lower rate than the farmer would if he made the

investments because governments can borrow at lower rates than the farmer.

The reason, however, is less risk of default on government debt. There is

no reason to expect the risk of failed performance to be less with publicly

funded measures than with privately funded ones.

Even when it would be in their perceived economic interest, farmers

nonetheless may not adopt erosion control practices on the socially optimal

scale because of capital constraints. Where this occurs there is a case

for public intervention to remove the constraint. Tenancy also may result

in less than socially optimal erosion control. However, arguments that

control is socially inadequate because farmers are ignorant of erosion's
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effects on productivity or because they are economically irrational provide

a poor basis for public intervention.

What Do We Know?

Off-farm costs of erosion. There are no reliable estimates of the costs

of off-farm damages of erosion. Pimentel et al. (1976) cite an estimate of

500 million annually as the cost of dredging rivers and harbors ($250 million),

the loss of reservoir capacity ($50 million) and other sediment related

damages ($200 million). These estimates are for the 1960s or earlier. In

current dollars they probably would be $1 billion to $1.5 billion. The

figures do not include the loss of recreational values caused by dirty water

or the costs of cleaning the water to make it usable for human or industrial

consumption.

According to the National Resources Inventory (Soil Conservation Service,

1980) sheet and rill erosion from cropland, pasture, forest and range was

about 4 billion tons in 1977 (about one-half from cropland). Streambank

erosion added about 550 million tons and gullying, road building and construc-

tion an equal amount. Sheet and rill erosion from agricultural land thus is

about four-fifths of total erosion by water. However, erosion from agricul-

tural land accounts for only a little over half of the sediment delivered to

water bodies (RCA, 1980, p. 3-82) because sediment delivery ratios for this

land are lower than for other sources of sediment. Streambank erosion,

for example, accounts for about 25 percent of total sediment delivered (RCA,

1980, p. 3-82) but for only about 10 percent of total erosion.

Whatever the cost of sediment damages, erosion from agricultural land

presumably contributes about one-half. If, as indicated above, annual costs
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of dredging rivers and harbors, lost reservoir capacity, and other such costs

currently are $1 billion-$1.5 billion, the contribution of agricultural land

to this is roughly $500 million-$750 million.

These estimates are for the nation. For both analytical and policy pur-

poses we need much additional information indicating specifically (1) where

the costs are incurred, e.g., where dredging is done and what the annual costs

are; (2) where the erosion from agricultural land originates; and (3) coefficents

(sediment delivery ratios) linking sources of erosion with places where costs

are incurred. The first two sorts of information are available. The Corps

of Engineers could provide much of the first sort, and the National Resources

Inventory (NRI) contains data showing erosion, calculated with the Universal

Soil Loss Equation, from about 200,000 precisely located points all around the

country.

Data for sediment delivery ratios, however, are deficient except for

estimating delivery within small watersheds. For areas as large as the 105

Producing Areas (PAs) used in the Iowa State University model of U.S. agri-

culture sediment delivery ratios are unreliable.
2

Erosion-induced productivity loss. There are three ways to assess what

we know about the effects of erosion on productivity. One is to examine the

literature reporting studies done around the country on the effects of ero-

sion on crop yields. A second, which builds on the first, is to estimate

the effect of erosion in reducing the present value of land rent. And a

2
Leonard Gianessi, Resources for the Future, verbal communication.

Gianessi, with Henry Peskin, has built a water quality model which allocates

sediment and other pollutants delivered to surface water bodies all. around
the country.
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third is to seek evidence that the effects of erosion are reflected in

prices of agricultural land.

There recently have been a number of surveys of the literature dealing

with effects of erosion on crop yields (Shrader, no date; Shrader and Langdale,

to be published; Science and Education Administration, 1981). These sur-

veys suggest to me that while we are by no means ignorant of the quantitative

effects of erosion on yields the information is not available in a form use-

ful for policy purposes. There are several reasons. One is that much of the

data show the difference in yields if there are, say, 6 to 8 inches of topsoil

and if all the topsoil is removed. Since the social interest might require

intervention before all the topsoil is lost, what we need is the function re-

lating increments of topsoil loss to increments of yield loss. The "before

and after" studies give us only the two limiting points on the needed function.

The usefulness of the studies is limited also because they generally do

not allow for effects on yields other than erosion. Shrader (no date) argues

that by reducing soil organic matter and damaging soil structure cropping may

adversely affect yields quite independently of erosion. One might respond,

alright, but one problem at a time, please. However, if the effects of less

soil organic matter and weakened soil structure are present but unrecognized

on the same land studied for erosion effects, estimates of the latter will be

biased. Shrader sees this as an important limitation of many existing studies

of yield-soil loss relationships.

A related and more important limitation is that the studies do not ade-

quately account for the effects of technological change on yields. Typically

the studies hold technology constant to isolate the yield effects of erosion.

This is respectable scientific methodology but it limits the usefulness of



-13-

the results for policy purposes since technology can substitute for land in

maintaining or increasing production. From a policy standpoint technology

is an alternative to erosion control. It would be useful, therefore, to have

studies showing the separate effects over time of erosion and technology on

yields.

Our knowledge of erosion-yield relationships is inadequate also because

relative to the great diversity of soil, climatic and cropping conditions

under which American farmers operate the number of studies is small. Shrader

(no date) asserts that "A representative sampling of the studies that deal

directly with the effect of erosion on crop production under modern conditions

...(shows that).. .only a few soils under a very limited number of climate and

cultural conditions have been studied." (p. 34). Shrader believes that the

best estimates of the relationship between yields and soil depth are those in

the various county soil surveys published by the Soil Conservation Service,

of which there were about 1,300 in early 1980. These estimates are given for

uneroded, moderately eroded and severely eroded soils on slightly-to-steeply

sloping land. While useful, these estimates are subject to all the limita-

tions previously discussed.

The most ambitious attempt to use existing data on erosion-yield relation-

ships to explore conservation policy issues was done in connection with the

USDA's work on the Resource Conservation Appraisal (RCA, 1980). These data

were drawn together in a yield-soil loss simulator which was linked with Iowa

State University's model of U.S. agriculture. It then was possible to incorp-

orate yield effects of erosion on farm income and therefore on cropping

patterns, tillage practices and regional location of production. In addition
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the RCA included projections of the cropland equivalent loss of production

because of erosion.

The RCA's use of existing yield-soil loss data was bold and innovative

but also seriously flawed, not because of methodological errors but because

the effort put a greater burden on the data than they could support. ?arhaps

the most valuable outcome of the exercise was to demonstrate the importance

of greatly improved yield-soil loss data. Recognizing this, the USDA's Science

and Education Administration and Soil Conservation Service have launched a major

research program to improve the yield-soil loss data for use in the 1985 RCA.

Finally, the demonstration that erosion reduces yield does not by itself

make a case for public intervention. One would need to compare the present

value of net returns to the land if erosion continues unchecked with the

present value of net returns after allowing for the cost of alternative means

for reducing erosion. In the reviews of the literature on erosion-yield

relationships, there is no mention of studies which take this approach.

There are such studies, however. Bunce (1942), Hammer (1942), Ibach

(1940), Johnson (1942), and Ciriacy-Wantrup (1942) did early theoretical work

on the effects of erosion on net returns to the land (hereafter called rent),

and on the conditions under which farmers would have incentive to adopt

erosion control measures. More recently a number of empirical studies

(e.g. Seitz et al.) have estimated the effects on net farm income of adoption

of erosion control practices, for example to meet the SCS's maximum T value

of 5 tons per acre per year. Typically these studies show that adoption would

reduce income. They provide insights, therefore, to explain why erosion

continues to exceed 5 tons per acre per year on a significant proportion of
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the nation's cropland. They do not demonstrate, however, that the social

interest requires lower rates of erosion on these lands, unless one assumes

that the 5 ton per acre per year standard defines the social interest. It

is widely recognized that the 3 :on stantard is

on many soils losses in excess of that amount would not significantly

threaten long-term productivity.

Variations on the effect-of-erosion-on-rent approach are being developed

by Arnold Miller in a special study for Resources for the Future. In one

of the variations Miller calculates the present value of rent under alternative

assumptions and attributes this value to the topsoil. Depending upon the

number of inches of topsoil this gives an estimate of the value per acre inch,

which translates into value per ton of topsoil on the assumption that 1 acre

inch equals 150 tons. One can then directly calculate the annual value of

erosion-induced losses of topsoil and compare these values to the cost of

alternative measures of erosion control.

Miller's results, which are not yet in, will of course be no better than

the data and assumptions which underlie them. The value of his approach is

that it organizes the data in a way which makes the results useful for policy

analysis. The results will not directly reveal whether a case exists for

public intervention to control erosion. Given data on the costs of erosion

control, however, one can experiment with values of the variables determining
:7

rents to find those sets which equate the value of, e.g., a ton of topsoil

with the cost of reducing erosion by one ton. One can then examine the plausi-

bility of the values of the variables which meet this condition. The exercise

should provide evidence for or against erosion control, a crucial first step

in determining whether public intervention would be justified.
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A third way to assess the effects of erosion on productivity is to look

for evidence that these effects are reflected in prices of agricultural land.

One could easily find land formerly in crops which because of erosion now

=7.:or: only scl-.1 aiu use, such as timber or grazing. The price

of such land would be less than if it were still in crops, and the difference

could fairly be attributed to erosion.

It is easy enough to visualize such situations. It is another matter to

find studies of them. In preparing this paper I discovered none, but I do

not claim to have made a thorough search.

Studies of the effects of erosion on prices of land still in crop pro-

duction evidently also are rare. The only reference to the issue I have found

is in Held and Clawson (1965, p. 110) where it is asserted that "The land

market seems to take little account of the soil conservation status of the

farm..." I suspect, however, that the lack of evidence is due primarily to

absence of systematic efforts to look for it.

Policy Issues

The case for erosion control policies is much stronger where the issue

is damages to water quality than where it is productivity loss. For off-farm

damages we can assume a divergence between the farmer's interest and society's

interest in erosion control. Upon investigation we may decide that the

divergence is not so wide as to justify public intervention. But the prima ,

facie case for divergence is plain.

This is not so for productivity loss. The farmer has a direct economic

interest in maintaining the productivity of his land. It is his principal

asset. Moreover it is plausible to assume that he is economically rational
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and that he knows better than anyone else the effects of his practices on

the long-term productivity of his land. If, given these circumstances, he

appears to permit erosion at a rate threatening long-term productivity

should we take this as evidence for public intervention? I think the answer

is "not necessarily." The threat may be more apparent than real. In

addition, the social interest does not necessarily require indefinite main-

tenance of the productivity of the land. The farmer, responding to market

signals, may be as well informed in this regardas those acting to protect

society's interest in the land.

In my judgment the main argument for a divergence between the farmer's

interest and society's interest in maintaining the productivity of the land

is that society should take fewer chances than farmers about future demands

on the land and the availability of technological substitutes for it.

Farmers should be free to take such risks as they like. Society must be

more prudent.

This is a philosophical argument for intervention to protect productivity,

not one based on economics, although ecbnomics is not irrelevant to it. It

follows that economic analysis alone will not make the case for intervention,

nor will studies of erosion-yield relationships, no matter how numerous or

well done. We need more such studies, but even more we need to think through

the variety of conditions under which intervention would be justified. This

is an area in which public policy should proceed slowly.

By contrast, we can if we will move much more rapidly and confidently

to develop more effective policies to limit off-farm damages of erosion.

We already have or can get without too much trouble the data needed to
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locate the principal sources of erosion, the places where they impose

costs and the magnitude of those costs. The principal data lack is sediment

delivery ratios linking erosion source with site of damage. If these data

are obtained the information requirements for an effective, well targeted

program to reduce off-farm erosion damages will be satisfied. The principal

issue then will be a shift in policy to concentrate erosion control efforts

and funds on those areas and farmers most responsible for the problem.

Achieving this shift in policy will not be easy. The current policy of

spreading erosion control funds widely is hallowed by tradition and supported

by a powerful constituency. But the case for a shift in policy is strong.

And unlike the issue of productivity loss, the rationale for intervention is

clear. As a guide to public action, that is not a negligible difference.
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