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CRUCIAI: KNOWLEDGE GAPS IN THE RELATIONSHIP
BETWEEN AGRICULTURAL PRODUCTION AND
ENVIROMMENTAL QUALITY

By
George L. Casler and James J. Jacobs

The purpose of this paper is to point out needs for biological,
‘physical and economic research that are crucial to economic analysis of
agricultural production systems in relation to environmental guality.

The comments presented here are based largely on observations as
participants over the last 18 months in an interdisciplinary research
progect on the management of agr:culturaﬁ notrients to enhance water
quality,

This paper focuses on three major points:

1. #In a quantitative sense, the effect on the environment of
residuals from agricultural production is largely unknown.

2. FKnowledge of the relabionship bhetween farm practices and
the amounts of residnals released to the environment is
extremely limited. This situation severely limits empirical
economic analysis. ‘ '

3. This lack of knowledge renders inappropriate, in the case
of most externalities from agricultural production, the
concept of effluent charges which has received wide support -
among economists ag the most efficient method to achieve
improved water guality.

Residuals and Water Quality

Degpite the rhetorlc of envirocmmentalists who state that Lake Erie
is dead and that man’s activities have greatly speeded eutrophication,
serious study of research data on water quality indicabes that relatively
1ittle is knowm gquantitatively about the envircmmental effects and social
costs of residuals deposited in water. As Boulding has pointed out,
biologists don't really kncew the effect of DDT on the biosphere (2).-
Similar comments could be made about obher residuals, particularly those
related to nutrients used in agricultural production. The question which
we are conbinually faced with in our interdisciplinary work is "what are
the relationships between individual prodactlon practices and their
residuals and water quality"?

It has been generally assumed that elther phosphorus or nitrogen is
the limiting element for algal growth. It has also been agsumed that in
most hodles of water, nltrogen is availsgble in above-critical guantities
from natural sgources. Therefore, the key to the control of algal growth



(and evtrophicatinn) ie control of man-made sources of phosphorus (8,9,10).
More recently, several scientists have concluded that carbon (in the form
of carbon dioxide) is the limiting element in many waters and thus the
key to the coutrol of algal growth (3). This suggests that the

limiting element is not likely to be the same in all bodies of water

and that the Iimiting element is not easily identified.

The important point here ig that if the limiting element is assumed
to be phosphorus, and measures are taken to reduce phosphorus below the
critical level, eutrophication will not be arrested if, in fact, some other
nutrient ig the cpritical element. Furthermore, this action assumes the
relationships hetween production practices, phosphorus regiduals and
water quality are known. If these relabionships are not quantified,

farmers and society may expend large amounts of resources with little
or no improvement in water quality.

Agricultural Practices and Residuals

In some cases, the relationships between agr%cultural practices
and residusls deposited in the eaviromment are easily identificable. For
example, smoke from burning the residue from grass seed production in the
Williamette Valley of Oregon can be seep znd traced to the field being
burned. While the specific residusls released to the atmosphere and
the economic value of the damages causad by the externality have not
been quantified, society <through the Oregon Legislature, has decreed
that the practice of open field burning will sbtop. If all agricultural
residuals were as easily identifiable, reducing such externalities would
be gimply a matbter of legislative axticn. Of course, the cost to farmers
and to consumers (to the extent such costs can be passed on) might be
rather high in some cases. One 1s inclined to think of this as a
classic example of an externality from agricultural productlon. In
fact, it is a very atypical case. A more typical case is that of
residuals such as nutrients, sediment and pesticides, the effects of
which are largely unknown. The two major difficulties of reducing such
residuals from agricultural production are: (1) the diffuss source of
these residuals and (2} determining the relationship of variables
including time of application, locetion of application, amount appiled,
duration of application, type of chemical applied, and land practices
with the losses of these potential poliutants. Those types of relation-
gships are essential in suggesting reﬂulatwoas or controls for fertlllzers)
chemicals and/or erosion.

Agriculiture vs. Non~Ag~1cultural Sources

Except for a few residuals which come from point rather than diffuse
sources, the specific faym from which the agricultural residuals are
discharged is not easily identifieble. Thus,.it is not likely that we
will be able %o relate practices on each specific farm to the residuals
from that farm deposited in the strsam by the farm runoff. Perhaps, the
best we can do is the development of relationships batween specific



practices on spacific soil types and topography and stream water guality.
Suech data could then be used to formulate policy alternatives for
farmers operating on similar land resources.

In addition, many residuals such as nitrogen, phosphorus and sediment
are the same as those naturally present in stream water and/or the same
as those produced by non-agricultural activities. Examples of the latter
are sediment (from any type of earthmoving activity), phosphorus (from
sevage)} and pesticides (from lawns and gardens). Thus in many instances,
it is not only impossible to identify the farmer who produced the residual
but also impossible to decide whether the major source of the residual
ig agricultural production or some non-agricultural activity.

An example will illustrate this point. Canadarago Lake in upstate
New York has a surface area of 2.04 squere miles and drains a 67 square
mile watershed, of which about 50 percent is agricultural land (cropland
or pasture). A village of 1500 people located near the head of the lake
discharges its sewage effluent into a tributary and in summer ebout 1300
people occupy cottages on the lake shore. FPhosphorus has been identified
as the most likely limiting element for algal growth, and farmland was
assumed to be a major source of phosphorus. A study by the New York
State Department of Envivonmental Conservation estimated that for the
year April 1969 to March 1970, Wl percent of the annual and 68 percent
of the growing season phosphorus was contributed by the village while
drainage from the watershed contributed 52 percent of the annual and
ol percent of the growing season phosphorus (5). If soluble rather than
total phsophorus is considered, the village contributed 72 percent of the
annual and 80 percent of the growing season phosphorus. My calculations
indicate that about 28 percent of the total phosphorus comes from farm-
land on an annual basis. :

What is the appropriate strategy for impreving the quality of the
water in Canadarsgo Lake? The sewage phosphorus can and will be virtually
eliminated by tertiary treatment. This may or may not improve the lake
water to acceptable standards. Reducing the phosphorus input from farm-
land may be very difficult, particularly in watersheds such as that
surrounding Canadarago Lake where only a small part is in cultivated crops.
Furthermore, since most of this phosphorus is particulate tather than soluble,
it may not be important to algal growth. One could question whether a '
substantial expenditure of regources to reduce phosphorous from the farm-
land around this lake could be justified without knowing the importance of
particulate phosphorus. Many lakes in New York and other states have a
gimilar intermingling of municipal and agricultural sources of phosphorus.
Before regulations or incentives are instituted to try to reduce phosphorus

Cfrom farmland, a study on the Ffeasibility and cost of alternative methods
of controlling phosphorus should be undertaken. This would provide an
information base which could be comparved with the cost of phosphate re-
moval from sewage. This ghould improve decisions on the extent and
method of controlling phosphorus in Canadarago Lake.



Data Heeds

The vast and complex relationships between agricultural production and
water guality indicated above necessitates communication and interaction
among researchers in various disciplines. The interdisciplinayy project with
which we are associated includes researchers from agricultural engineering,
agronomy, and conservation. The engineers are primerily interested in
treatment processes Tor animal wastes, the agronomists in runoff at the edge
of plots, and the couservationists are interested in gtudying lake eutro-
phication. No one, with the exception of a systems analyst in engineering,
ig atbempting to research the relationshlp between specific agricultural
practices and the residuals deposited in streams. Without such data it ig very
difficult to perform meaningful economic analysis. While it is easy to
eriticize researchers in other disciplines for not collecting needed dafa,
ane must also blame economists for not effectively communicating to such
researchers the type of data needed for an economic analysis.

Tengham, "in an article on pollution,” stated: "As applied researchers,
we have been somewhat guilby of playing down the role of observation and
data collection and dwelling on technigques which assume the existence of
data. (8) I would comment that dwelling on techriques in the absence of
data is not particularly harmful if our research is used primarily for the
edification of our colleagues. FEconomic research om agricultural pro-
duetivity and environmental quality may be used as one of the inputs in
policy decisgions. If such research is based on poor or assumed data, some
costly policy decisions will be made. ' '

‘While communication across disciplines appears to be difficult, a dig-
cussion of the physical system illustrated in Figure 1 may be helpful.
Specifically, Figure 1 indicates the physical linkage system for the potential
pollutants of nitrogen, phosphorus and sediment from agricultural practices.
It also suggests some alternatives for alleviating divergences between stream
quality and the quality desired oy subseguent uses.

The ungvailability of data relating agricultural practices to residuals
discharged to stream water reguires the estimation of these relationships to
make economic analysis possible. In a study of agricultural production and
water quality in a 2000 sguare mile watershed in Wesbern Lowa (6), analysis
was focuged on sediment and phosphorus. Because data relating agricultural
practices to sediment and phosphorus was unavailable, it was necessary to esti-
mate the technical coefficients which specify these reiationships. BErosion
losses from fields were estimated by using the Wischmeier-Smith soil loss
equation (12): but because not all this soil reachs * the river, alternative
delivery ratios were employed. Fhosphorus relationships were developed from
the pounds of phosphorus per ton of top soll, Top goil loss from erosion; an
enrichment ratio (to reflect the inereased concentration of phosphorus in the
eroded soil), and the delivery ratios employed above. Using thege two
equetions, estimates of sediment and phosphorus losses under alternative
combinations of crop rotations, tillage methodg and conservation practices
were obtained. However, considering the number of egtimates made because
of incomplete knowledge, it is difficult to
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know how closely the estimated relationships approximate veality.

While the results of this research may be good enough to aliow
formulation of reasonable policies, one would feel more comfortabie

with more complete “nowledge about the relationships between farm
practices and sediment and phosphorus deposited in the stream. Witrogen
was not considered because of lack of data to make guestimates of

the relationship between nitrogen fertilizabion practices and nitrogen
lost to stream water. '

While the physical system deplcted above provides information on the
extent of pollutants under various practices and possible methods of
control, the question of the level and method of control remains. Since

the physical system provides no criteria of choice, economlc considerations
must be brought into the analysis %o answer these questions..

The solution to which conirol method and the extent of it depends on
(1) level of water quality desired, (2) technical coefficients of the
alternative methods, i.e., unit effectiveness of each control method

with respect to a particular pollutant, and (3) the mmit cost coefficients
of the alternative methods. It is in estimating these coefficients and
constraints needed to conduct. economic analyges where the knowledge of
regsearchers in other fields must be enlisted,

The above suggests that the following are strategic to analyzing
agriculture's -role in water quality management: (1) the estimation of
technical and cost coefficients associated with various agricultural
practices and their respective pollutants, (2) specification of desired
levels of quality, and (3) quantification of the stream linkage system.
Another area of concern is the appropriate institutional Fforms to use in
reducing environmentally damaging externslities, which is discussed in
the next section.

Beonomic Incentives

Alternative methods for reduction of environmentally damaging
externalities have received sgubstantial attention in the literature.
These include effluent standards, stream standards, effluent charges,
payments for reducing effluents, taxes on products causing poliution,
and subsidies for constructing effluent treatment facilities. While
arguments have been presented for and agalnst each of these alternatives
for pollution control, effluent charges have the widegt support among
economigts as the economically most efficient method to achieve improved
water quality {1L,L,7).

Some economists insist that the effluent charge for a particular
residual should be equal to the marginal or incremental damage caused
by the pollutant, or conversely, the marginal benefit from the reduction
of the pollutant. Stream or effluent gtandards would not be part of
the effluent charge systenm. : :




In the case of water, calculation of the benefits of higher gquality
ig very difficult because of the fact that esthetic and recreational uses
reguire higher quaii®ty than municipal and industrial uses. While the
value of increased water quality to municipal and industrial ugers may
not be eagy to calculate, the attempts %o estimate such values for
recreational and esthetic uses indicate that useful data is not likely
to be generally available in the near future. This situation, plus the
fact that the states are committed to the improvement of water quality
through the use of stream standards, has led many economists to argue
that effluent charges would be the least cost method to achieve a given
level of stream water quality (1,4).

The effluent charge system can work only if the residuals emanating
from a particular production site can be measured. At the very least,
this implies point rather than diffuse gources of pollutants. Although
there are exceptions such as agricultural processing plants and some of
the concentrated livestock production units, most of the residuals from
agricultural production come from diffuse rather than point of sources.
Tdentifying the specific farm from which nitrogen, phosphorus, pesticides,
sediment or other residuzls in a stream were deposited would be extremely
costly and in most cases impossible. Thus, for most pollutants from
agricultural production, effluent charges are an irrelevant economic
incentive. Agricultural economists have been remiss in not pointing out
this flaw in the conclusion by economisss that effluent charges are the
most efficient method to increase water quality. A greater nsed, however,
ig for agricultural ecornomisis to conduct research on the most efficient
incentive, economic or otherwise, for controlling rasidualy from agri-
culbural production. ¥For e amp]e iz cost sharing under the Rural
Environmental Assistance Program (ﬁL&P) as efficient in reducing pollution
ag a legislated standard or some alternative program? Would a tax on
nitrogen fertilizer be the most efficient method of reducing the level,
of nitrate in the rivers draining the corn beli? The most efficient
method of reducing externalities from agricultural production is not
likely to be the same for all residuals. Assuming that there are
benefits %o society from decreasing the residuals from agricultural
production, agricultural economists need to research the alternative
policies for achieving such a reduction.

Summary

The comments in thls paper have been directed toward the followzng
points:

1. The effect on the enviromment and the social cost of many of
" the residuals from agricultural production is unknown.
Research is needed to guentify these effects.

2. The relationship between most farm practices aad the quantities
of regiduals deposited in water is not well defined. TUntil



researchers in other disciplines identify such relationships,
only very limited econcmic analysig can be accomplished.

Effluent charges are an inappropriate economic incentive for
reduction of poliutantes from most agricultural production
activities. Research is needed on other types of incentives.
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