











48

apparent costs of gathering information to make a decision seems to
outweigh the potential benefits. Educational (including technical) assist-
ance is needed for those unable to adopt because of problems or uncer-
tainty about integrating the new practices into their operation. The ele-
ment of risk—whether perceived or real—can also be addressed in part
through education. In the case where adoption is not possible because
of economics (based on realistic financial analysis), cost-sharing is
needed to reduce the cost of the practice.

Table 4. Causes for nonadoption of BMPs and strategies for correction
(from Nowak, 1987).

Causes for Nonadoption Appropriate Program Strategy

Unnwilling to adopt due to:

Goal conflict Regulation

Rational ignorance Education
Unable to adopt due to:

Complexity of system Education

Too expensive Cost-sharing

Nowak (1987) points out that financial incentives only address one §
group of non-adopters, and that an implementation strategy needs to i
include multiple tools—education, incentives, regulation—to be effec-
tive. Research is needed to determine the distribution of land users
among these four groups. i

It is generally accepted that the private economic incentive for adopting ]
BMPs is not strong. In fact, from a systems perspective, BMPs represent 1
the introduction of environmental constraints to the agricultural produc- §
tion system, and an associated cost would be expected. However, there |
are BMPs (e.g., conservation tillage, and nutrient management) that can |
increase income. BMPs that provide a direct economic incentive can be 1
expected to be rapidly adopted provided that the necessary educational }
and technical needs have been met. Two examples follow. 4

Conservation tillage is a BMP that has been widely and rapidly adopted. §
In a national survey of farmers, reasons given for using conservation i
tillage gave equal importance to cost and time savings as to conserva-
tion benefit. Of the farmers who implemented a conservation tillage}
program in 1983, only 16% indicated that they were receiving any cost-
sharing assistance (Magleby et al., 1985). In contrast, reasons given by}
farmers for not implementing conservation tillage have pointed to con-}
cern of increased risk, unavailability of equipment, and limitations of}
soil and climate.

The nutrient (animal waste) management program in Virginia has been
well received following the implementation of education and demon-
stration programs and state cost-sharing support for construction of
manure storage facilities which make proper nutrient management
possible. Assistance in developing specific manure management plans
and the ready availability of manure nutrient analysis (provided free by
the state through a special program) has overcome some of the primary
technical obstacles that could limit implementation. A survey of dairy
farmers in Rockingham County, Virginia, revealed that nearly two-thirds
of the responding farmers would use a manure testing service (Halstead
et al., 1988).

Operators that are risk-averse may choose not to adopt new practices
voluntarily until the perceived risk (whether real or not) is reduced. In
some cases, additional experience and research is needed before the
risk associated with different practices can be better defined. Education
can reduce perceived risk that is due to incomplete understanding or
misinformation, and economic incentives can help overcome perceived
financial risk.

Education

Education is an essential component in increasing the adoption of
BMPs. Before behavior can be changed, a person must know about the
possible alternatives. Beyond this basic information, we question the
role education can play in motivating change in behavior. Awareness
(perception) of a problem, a need, or an opportunity can motivgte
change. Unfortunately, perceptions are not synonymous with real_lty,
and problems may seem less severe if they affect one’s operation
(Nowak and Korsching, 1983). It is crucial, then, that an education pro-
gram focus on engendering accurate perceptions of agricultural impacts
on the environment.

While the negative impact of soil erosion on productivity and water
quality may be widely recognized (Korsching and Nowak, 1983), knowl-
edge of it as a problem does not lead automatically to adoption of con-
servation practices (Kraft et al., 1986). Surveys have shown a majority
of farm operators are unable to provide reasonable estimates of the
economics of conservation practices (Nowak, 1987). Lack of information
(i.e., educational needs) on a wide range of other factors will affect any
decision. Uncertainty about weed and pest control (or other factors) will
also be a major hindrance to adoption. Simply creating an awareness of
a problem is not a sufficient educational approach. As Ladewig and Gar-
ibay (1983) found, a previous negative experience or unavailability of
technical solutions will limit adoption of new behavior.

From a survey of 1,200 Ohio farmers conducted in 1980, one conclu-
sion reached was that “lack of knowledge about conservation tillage’
8ppeared to be the principal barrier to adoption for the 57% of the
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respondents using conventional tillage practices. For those using con-
servation tillage, a concern for soil and water quality as well as per-
ceived economic benefit were the primary reasons given for selecting
that practice. Ladewig and Garibay (1983) recommended that educa-
tional programs be developed to address environmental factors of soil
and water quality as well as the economics of conservation tillage.
However, this study also demonstrated that while education is neces-
sary, it is not of itseif always sufficient for bringing the desired change
in behavior. For both adopters and nonadopters, the availability (or lack)

of necessary equipment was also a factor in whether conservation til-
lage was used.

The case studies summarized above contain examples of both types of
educational needs identified in Table 4, and there is likely no need to
distinguish between them. What is important is that an educational
program be comprehensive in addressing the complete range of infor-
mational needs and be flexible to address specific needs. The overall
objectives of an NPS pollution control educational program should be to
show land users that 1) a problem exists that will have serious public
and private consequences if left unresolved, 2) current practices are the
cause of the problem, and 3) economically and agronomically feasible
solutions to the problem are available {Nowak and Korsching, 1983).

Meeting these educational objectives will require different materials
and methods for different regions and target audiences. The difficulty in
implementing an educational program that can meet widely varying
information needs may be one reason why the impact of educational
programs may be limited.

From recent surveys, it would appear that educational efforts should
focus primarily on the third objective of providing information on eco-
nomicaily and agronomically feasible solutions. There is wide publicity
and public media attention to environmental issues and growing ac-
knowledgement and acceptance of their contribution to the problems on
the part of the agricuitural community (for example, the Rockingham
County survey by Halstead et al., 1988). The major educational need
thus relates to overcoming barriers to adoption by promoting (factually)
BMPs that can address specific problems. In regard to no-till, Carlson
and Dillman (1986) concluded that “the kind of promotional effort
needed now is to show precisely how no-till works in specific situa-
tions.” Farmers in the Northwest indicated that the primary sources of {
information and influence for adopting no-till were the SCS, other }
farmers, and field tours. Thus, the most important influences for adopt-
ing no-till were the practical, *hands-on”’ interactions; literature and
meetings had a much smaller effect. i

The rainfall simulator demonstration project in Virginia has used farm }
field days and other public occasions to graphically demonstrate the dif- 3

ferences that tillage practices can have on runoff and erosion (Dillaha et i
¢

al., 1988d). Responses from public officials_ a_nd farmers |n<|1|catefd t::;
the demonstrations created a new appreciation for thefva uv?/act)erg od
crop management practices for reducing erosion and sur 2ce vater plot
fution. The nutrient management program in Vlrgln_la aséj ercei?/ed
demonstrations on local farms to overcome gr_mcertamtles %‘1 pas elved
risks associated with using manure as a feryllzer source. | |sd zon o
the program has been important in generating support and adop

farmers.
Economic Incentives

Economic incentives are designed to increase par_ticipation in prach_c;;:s
beneficial to soil conservation and N?S pollution gontrol.. Possible
incentives range from incomg-_enhancmg cost sharing to |}:1cor;1:e—n
reducing taxation or other pupmve approaches. Cost. sharlﬂg a;:;ar e

the primary economic incentive' used. Ot‘her technlques avef 0g“cy
been proposed and evaluated using modeling studies as a part of policy

analyses.

Cost sharing has been used in some cases strictly as an lnducemtgnt,
providing better than break-even return .for adoption of a prac ﬁ)eé
Another motive for cost sharing is to dlstr!bute the cost burden to ok

public since farmers have no way to pass higher produ_ctlon costs to ?
consumer. This latter motive is one supported as an lmporta_nt ;I)_ar’gto
an overall BMP implementation strategy (Nowgk, 198_7). A major limi a:
tion of cost sharing is the vast resources required to implement a com

prehensive national program.

Several types of taxation could be used. A tax on pr.oductlon mp_utst(e.%.-,
fertilizer) would cause farmers to seek more efficient prog:iuctlc')o? eI(I:
niques and create an incentive to move to_alternate practices. » po tu-
tion tax has been proposed in some §tud|es. Such a tax wou put a
direct cost on poor management practl_ces and would place greater srl]g-
nificance on problem severity. The difficulty would be to enforce such a
policy.

incentive is to place restrictions on participation in price sup-
Q:rct)tgfz)tlr?gr income-enﬁancing programs. The cross-compllanpe provi-
sion in the 1985 Food Security Act is an example of this pollcz
approach. McSweeney and Kramer (1 936) found that such an approac
could be a strong inducement for pollution control among southeastern
Virginia farmers who participated in income support program.

Regulation

The 50-year effort in soil conservation has primaril.y been based _or:
voluntary participation. The more recent focus on agricultural n?_n%om
source pollution control and resource conservation has also re |eb, in
general, on voluntary participation. Economic incentives have also been
used to encourage participation.
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Re i
poﬁltjjtliaotrl‘onv:r?iIznr:pproqch for controlling agricultural nonpoint source
pollu corlmsidered ,cognlzeq as an alternative technique, has always
moamtie idere ess deSIrab_Ie than dependence on voluntary and
and e, ep.:tggra.ms. Various regulatory approaches are possible
i erfporc' Ication of 1) a method, technique, or activity, 2) a
oo P mance (e.g.: downstream water quality, and 3) the
» timing and type of activity (Bailey and Waddell, 1979)

Whi . . .
conltlrilt::szolssg;lsa:);gg laji:(r;‘g r?gglatclion in agricultural NPS pollution
owledged, it has been bypassed in
:tr\:)or:;n‘)tgtr)yllicagprct)?ch for several reasons. In generaylp there haf:vt?ereorr
entiment in the agricultural community aqai
e n | unity against land-
posérsoll:ragd reglulathns. lrpplementatlon of a regulatory?approach al::c?
_ ge problems in dgfmmg clear, measurable standards, in assess-

enco " i
urage use of BMPs, partially on the basis that scientists felt that

:;clt;sntrit‘alzgllyse;c;krr;?;;rledged, hgwever, that education and economic
, Y or together, are not suffici i i
oontiv ohanpe roucty r, sutticient solutions in the
_ s and practices for bette i

e r conservation and -
! g:trcoc:ng:‘ll.i r;znp;;cnetr;}age of land users will not cooperate in effo??s!l;jo

! Impacts and conserve resour
reject any attempt at governmental intervention. ces, and others

related to controlling soil erosi i
' osion (with some fo i i
: th cus on Wiscons
t;Tv(;aré;ei2enr1ao|rthemes on the accept_ablllty of regulation (SWCS "an)ng)unT?
e support for regulation among farmers than is'genere;lly

recognized, 2) this support has increased in recent years, 3) the accep-
tability of regulation is greater for those farmers actively supporting soil
conservation, 4) support for regulation increases as the focus of regula-
tion becomes more local, and 5) the acceptability of regulation in-
creases if cost-sharing is associated with the required behavior.

Soil erosion control regulations have been enacted by several states
and counties. An assessment of these programs showed that few cases
have ever been to court. The major perceived accomplishment of these
programs has been the educational benefit derived by raising public
awareness of the problem and of the appropriate solutions (SWCS,
1989). The Wisconsin chapter of the Soil and Water Conservation
Society (SWCS) presented to the state legislature a position paper that
outlined concepts of a state program to regulate soil erosion (SWCS,
1989). In the Wisconsin proposal, regulation would function along with
current voluntary, incentive, and educational programs, and would be
aimed at correcting excessive, worst-case soil erosion. Criteria and
standards would be established, with enforcement based on “‘scientific
and technical judgements and professionally accepted predictive tools,

such as the USLE.”

INSTITUTIONAL FACTORS

Part of the reason for limited adoption can be attributed to factors
beyond the individual land user. Inter-organizational and organization-
landuser relationships play a key role in implementation. The current
institutional groups include the Soil Conservation Service (SCS) (techni-
cal/educational assistance), Agricultural Stabilization and Conservation
Service (ASCS) (cost-share funds), Cooperative Extension Service (CES)
(education and technology transfer programs), and the Soil and Water
Conservation District (a local base of planning). The functioning of the
current system has been described as ineffective and inefficient, with
landusers confused over the identities and functions of the different

agencies (Nowak, 1987).

Nowak (1987) places much of the blame for the failure in the national
resource conservation effort on the lack of an effective organizational
structure. He presents a model of a “’bottom-up’’ approach where the
local conservation district would assume leadership and would have the
responsibility and authority to implement a conservation program.

RESEARCH NEEDS

At this point, there is a good understanding of what factors influence
BMP implementation. It is less clear, however, how effective recent pol-
icy initiatives have been in overcoming financial obstacles to BMP adop-
tion. In particular, little is known about how the Agricultural Conserva-
tion Program established by the Food Security Act of 1985 has in-
fluenced BMP adoption. More research is also needed on how the
effects of the cross-compliance provisions of this Act will affect the use
of practices that are primarily water-quality related.
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V. RECOMMENDATIONS FOR FUTURE RESEARCH

Considerable progress has been made in quantifying edge-of-field pollu-
tant losses for most NPS pollutants for site-specific conditions. In addi-
tion, a theoretical understanding of many of the processes affecting pol-
lutant transport has been developed. This has allowed the development
of a variety of mathematical models for simulating pollutant fate and
transport. Unfortunately, many of the models are highly site-specific
and the data required to use the models is not readily available. Also,

most models are research oriented and are not well suited for planning
purposes.

Continuing research needs include: monitoring studies to provide infor-
mation for characterizing systems, for improving management, and to
support modeling needs; and model development and validation to pro-
vide improved management and assessment tools. Further research is
needed in several general areas: supplying crop nutrient needs effi-
ciently, fate and transport of nutrients and pesticides through the soil to
groundwater, and pollutant transport from field to stream. Specific

research needs to improve the effectiveness of BMPs for NPS pollution
control are as follows:

1. Surface application of agricultural chemicals causes chemicals to
concentrate at the soil surface where they are most susceptible to
loss in surface runoff. To minimize this problem, research should be

directed toward the development of chemical application methods
that apply agricultural chemicals below the soil surface and minim-
ize disturbance of surface residue. Spoked-wheel injectors show

particular promise, and further research should be directed toward
their development and use.

2. One of the biggest needs in nutrient management is a reliable test
for plant available nitrogen. Currently, there is no widely accepted
test, and soil testing laboratories do not test for soil nitrogen. Plant
tissue analyses are available to determine plant nitrogen needs dur-

ing the growing season for supplemental nitrogen applications, but
these tests are not widely used.

3. The potential impact of preferential flow on fate and transport of
agricultural chemicals under conservation tillage is not well under- »
stood. Field studies are needed to define processes and important

parameters, to ‘develop management techniques, and to support &
model development. 1

4. Field investigations should be conducted to evaluate the losses of 3

pesticides and nutrients from tile-drained fields under various man- }
agement practices. ‘

10.

1

. Techniques should be developed to promote denitrification in con-

trolled drainage systems in order to minimize the loss of nitrate in
tile effluents.

A better understanding of pollutant transport processes between

-—

fields and streams is needed, with particular emphas_ls placed on
the role of filter strips and riparian zones. Researgh is neecfed to
develop modeling tools for more accurately predicting pol utan(;t
transport and loss during field-to-s_tream transport. Bo‘gh sho;t- anf
long-term dynamics must be considered to predict ultimate fate o
pollutants.

Satisfactory equations for describing sediment transport in shallow

overland flow are not available. Currently used equations were ?Irlg-
inally developed for deeper channel flow condlt_u_)ns, and s_ha h0\_N
overland flow violates most of the boundqry conditions used in their
development. New physically-based _sedlment transport equat!ons
are needed for shallow overland flow if NPS pollutant transport is to
be modeled successfully.

Comprehensive water management models should be developed to

predict the impact of various management prgc'gice_s, such as no-tilll
crop production, controlled drainage, and subirrigation, on the qual-
ity of surface and groundwater.

Comprehensive databases for model development, testing, and veri-

icati re not available. A series of intensively mo_nltored (long-
Ig'?;l)or\:v:tersheds should be esta_blished, \_/vith det_alleq data co:‘;
lected on weather, landuse, cropping, chemical appllcatlons, runo
quantity and quality, soil character_lstlcs, qnd other important var!a';
bles. Without this data, models wﬂl continue to bg evaluated ;vnt
inadequate databases, and modeI!ng limitations will be blamed on
data limitations rather than limitations of the models.

Model development efforts for BIV_IP assessment should concen:iralte
on physically-based, deterministic, dlsgrlbuted parameter mohe S.
These models are designed for use without calibration ant_j ave
significant theoretical advantages over other types of models |n| eva(;
luating BMP effectiveness. Standard rpethods negd to be deve qged
to determine whether model predicthns _fa_II W|th|n_ a prescribe
range of true values. Without this, it is Q|fflcult to tive models or
even determine the adequacy of their predictions.

. Advanced frameworks for management models must be developed

that integrate geographic information systems, remote sensing, and
knowledge-based systems to provide comprehensive, useable man-
agement tools.
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