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EXECUTI VE SUMVARY

One of the objectives of recent soil conservation and |and retirenent
prograns in the US. has been to inprove environnental quality. Severa
prograns enabled by the 1985 farmbill explicitly list reduction of
agricultural nonpoint source pollution (NPSP) anong their objectives.
(bservers have questioned, however, the effectiveness of sone prograns in
achi eving specific environnental goals and have proposed changing the way
such progranms are inplenmented to better "target" environmentally sensitive
ar eas. In this study, micro-targeting is defined as differentiating anong
i ndividual land parcels in a watershed for programinplenmentation

This study examned several related questions:

1. To what extent can the cost effectiveness of prograns be inproved
by micro-targeting for NPSP reduction within a watershed?

2. To what extent is it worth obtaining additional information about
het er ogeneous bi ophysi cal and economnic characteristics of fields
to inplenment such a targeted progran?

3. Gven limted resources, how should agencies allocate efforts
between collecting infornation and program inplenentation?

4, Which variables characterizing watershed NPSP response provide the
nost useful information for determning inprovenents in cost
ef fectiveness and under what circunstances do they make
i mprovenent s?

The project investigators used a case study approach in which detailed

data were collected for the Robinson Creek Watershed (RCW |ocated in

sout heastern Mnnesota. The 11,000 acre RCWis primarily agricultura
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(typical of the surrounding region) and | ocated upstreamfrom a
recreational |ake experiencing sedimentation and nutrient problens. The
primary focus in the study was downstream water quality, rather than on-
site erosion. However, managenment controls were targeted on-site to
achieve downstream water quality inprovenent. Sedinent yield (and
reduction) at the watershed outlet were used as a general index of NPSP
status because of ease of estinmation and because other water quality
paraneters depend highly on sedi ment status.

The unit of analysis used within the watershed is a 40 acre square
parcel of land for which topographic, |and nanagenent, and soils data were
collected. This database was used to run a NPSP transport nodel (called
Agricul tural Nonpoint Source or AGNPS) to sinulate the effects of policy
instrunents that acquire sone or all cropping rights on selected parcels of
| and.

The overall policy instrument sinulated was a take-it-or-|eave-it
offer (hypothetically) made to | andowners who respond by either enrolling
the parcel (if the offer is sufficiently attractive) or continuing current
managenent practices (if it is not). Variations on this generic policy
instrument were developed to exanine the effects of: 1) varying the
physi cal variables upon which to base targeting; 2) acquiring sonme but not
all cropping rights; 3) basing the policy instrunent on worst case versus
current land nmanagenment practices; and 4) using uniformversus parcel -
specific opportunity costs of cropping rights in the paynents offered.
Alternative policies were sinmulated by solving correspondi ng mat hemati ca
programming problens that, in turn, yielded a particular pattern of Iand

managenent in the watershed as well as total sedinent reduction at the



wat ershed outlet. Each problemwas solved for nine |evels of budget

constraints assumed to face the agency admi nistering the program

Qualitative results fromthe sinulations are as foll ows:

Targeting based on environnmental and/or soil productivity variability
has potential for increasing cost effectiveness (defined as % sedi nment
reduction/$ outlay).

In general, decreasing marginal cost effectiveness is exhibited as
budgets increase.

The relative cost effectiveness of different targeting options is
sensitive to the size of the budget.

Unbundling (inposing partial management restrictions on) cropping
rights offers potential cost effectiveness gains over conparable ful
retirement options.

Mcro-targeting offers potential cost effectiveness gains regardless
of whether the base case is assumed to be current |and nanagenent or
the nost erosive managenment conditions.

The range of magnitude of potential savings in governnent outlays for
a given level of sediment reduction is sufficiently large to suggest
that, when information acquisition and administrative costs are
positive, mcro-targeting is worthwhile under sone budgetary and

physi cal conditions but not others.

These results have several inplications for design of federal |and

retirement legislation

1)

Design policy instrunents to avoid disincentives for targeting (such

as total national acreage goals) and provide positive incentives for



targeting (such as substantive environmental inprovenent goals) in

| ocal program inplenentation.

2) Change | and enrol | ment procedures to nininize overpaying or
underpaying for cropping rights, such as by instituting conpetitive
bi ddi ng.

3) Seek a better match of objectives with policy instruments.

4) Al l ow unbundling of cropping rights rather than full retirenent only.
In addition, there are several inplications for l[ocal inplenentation

of federal |egislation:

1) Use avail able information about |andscape heterogeneity to the fullest
extent to rank parcel eligibility for receiving subsidies.

2) Estimate ex ante the potential benefits of targeting to deterni ne what
data, if any, are worth collecting given the characteristics of a
specific watershed.

3) Al l ocate budgets for targeting-related activities (data collection and
anal ysis) relative to | andowner paynments for |and nanagement changes
according to projected cost effectiveness gains from targeting.

Future research efforts could be directed to incorporating greater
realismin the sinmulations, exam ning other policy instruments besides
payments to |andowners, analyzing trade-offs anong nultiple conservation
obj ectives, seeking ways to inprove the net benefits of targeting itself,

and conducting field studies of the nore promising sinulated policies.



Chapter 1. Policy Background
[. Introduction

The policy background for this study can be viewed in ternms of the
deci sions facing governnent in seeking to reduce nonpoint source
pol lution. The government nust first determine what policy instrunent
(standards, taxes, subsidies, liability rules, etc.) are available to
induce a reduction in NPSP. Second, the government nust decide at what
points to intervene in the pollution production process (input purchases,
production technol ogy, output, pollution enissions, danages, etc.).

Third, the governnent must decide how to allocate control efforts anong
i ndi vi dual agents.

The policy instrunents traditionally available to governnent to
address pollution can be categorized al ong two di mensions--the nature of
the legal or economc incentives involved and the point of intervention in
pol lution production processes. Figure 1 present a matrix show ng
representative along these two dinensions. Perhaps the nmost common policy
instrunent used in the U S. to address air and water pollution (in the
context of this matrix) is the inposition of physical em ssion standards.

Wth respect to the horizontal dinension, the alternative policy
i nstrunents have theoretical advantages and di sadvantages with respect to
social welfare that are well documented in the literature. 1In general
policy instruments that take into account differences in marginal costs of
pol lution control anobng agents (such as taxes and tradable permits)

outperformthose that do not (such as uniform em ssion standards).



Figure 1

Matrix of Pollution Control Policy Instruments and Points of Intervention

Stages in Policy Instrunent
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Wil e policy makers have been aware of the tenporal and spatia
externalities associated with farmng in the United States for some tine,
the set of policy instruments available to address these externalities has
been limted by historically allocated property rights. Thus, nost of the
policy instruments proposed have offered subsidies (either direct nonetary
paynents or subsidized information services) to induce pollution-reducing
behavior. \Wile this report analyzes policy instrunents that can be
categorized as subsidies (in the sense of being positive, rather than
negative, econonmic incentives), it does not address their welfare effects
relative to other generic policy instruments.

Subsi dies allow the actions of economic agents to be nodified, even
when current allocation of property rights is sufficiently entrenched to
preclude governnment from forcing the nodification. Wile subsidies have
long been a fixture of agricultural policy, they have rarely been used to
promote environmental policy, which has tended to use negative econonic
incentives or other coercive instrunents to achieve its goals. Property
rights assignnents can be argued to be irrelevant froma social welfare
perspective, suggesting that subsidies and taxes have symetric socia
wel fare results. However, differences may arise out of the incentive

structure that each creates.1

1 Wth respect to land retirenent, there are several ways that
inefficiencies nay arise out of the incentives created by subsidies.
First, offering a subsidy for land retirement may distort farners
deci sions on how to most cost effectively conserve soil (such as terracing
versus land retirement). Second, |arge subsidies may affect overall cash
flows to the extent that farmers stay in business who would not survive in
their absence. Third, the conbination of positive financial incentives
and eligibility based on erosion levels may reward poor |and stewardship
in order to qualify for enrollnent. Fourth, by obviating the need to
i ncorporate environnental effects of food production in commdity process,
subsidies do not allow the price nechanismto optimally allocate
resources. Finally, farners may have incentives to msrepresent private
costs (such as for establishing plant cover) in an effort to gain higher

3



Wth respect to the vertical dimension in Figure 1, from an
efficiency standpoint, the closer the correspondence between the objective
and the point of intervention the better. For exanple, if the objective
is conserve soil productivity, the policy instrunment should be ainmed at
reducing soil loss in those locations where productivity is nost
threatened. Alternatively, if the objective is to reduce downstream
eutrophication, the policy instrument should be directed to reducing the
greatest sources of nutrients. In terms of this study, this decision
relates to choosing on-site erosion (anal ogous to em ssions) vs.
downstream wat er quality (anal ogous to exposure or ambi ent conditions) as
a point of intervention.

Gven this framework for classifying environmental controls, policies
have been enacted or proposed to intervene in farmer decisions regarding
i nputs, production processes, and outputs, as well as efforts to contro
em ssions (soil erosion), anbient conditions (downstream concentrations of
sedinent and nutrients), and danmages (adverse effects on receptors in
different downstream |ocations). Several boxes in this matrix have thus
been exenplified by federal |egislation and/or are being contenpl ated at
this tine, sone of which are discussed below. In this study, we exani ned
only the intersections of the subsidy colum with the rows corresponding
to em ssions and ambient conditions. However, our analytical franmework

could as well be applied to other conbinations.

paynents.

Once established, subsidies are politically hard to abandon. The
| ongevity of some agricultural program benefits has raised their status
close to a property right. If land retirenent paynents achieve this
status, incone transfer effects could dominate policy decisions over the
programis future, regardless of the achievement of social welfare goals



[1. Current and Future Conservation Legislation
Conservation Reserve Program

The Conservation Reserve Program (CRP) is authorized under provisions
of the conservation title of the 1985 Food Security Act. The CRPis a
hybrid of previous land retirenent and soil conservation prograns, in
addition to having some novel features. Under the CRP, farmers agree not
to produce crops on qualifying highly erodible land for ten years in
exchange for annual rental payments. During announced enrollnent periods
farmers submit bids to their county Agricultural Stabilization and
Conservation Service (ASCS) office indicating the acreage and doll ar
anount per acre they are willing to accept in conpensation for retiring
the land. The ASCS | ater announces the maximum acceptable bid level for
the nulti-county pool in which the farmis located. Land nust be bid at
that level or lower to be eligible for enrollnent. Since the maxi mum
allowable bid in different pools has changed little, if any, since the
program began, nost farners |earned the allowable bid and now bid very
close to the maximum If a bid is initially accepted, the Soi
Conservation Service (SCS) then verifies that the parcel fulfills
erodibility and other requirements. In addition, participants nust have
an approved plan for permanent vegetative cover, for which the governnent
offers up to 50% cost-sharing

There are several objectives associated with the CRP. One is to
conserve soil productivity for future generations. Another is to inprove
surface and ground water quality by reducing runoff and use of farm
chemicals. A third is reduction in environnental danmages associated with
wind erosion. The change in |and use fromcrops to cover vegetation is

intended to inprove wildlife habitat quantity and quality and increase



ecol ogical diversity. Another objective is the opportunity of a
guaranteed income supplenment to farmers, sone of whom have enrolled their
entire farms. Last, but by no neans least, is an objective of reducing

surplus crop production.

Conservation Conpliance and Ot her Existing Conservation Prograns

The Conservation Conpliance (CC) provision of the 1985 FarmBill is
an exanple of a policy instrument that is based on a shift in pre-existing
property rights assignnents. The shift, however, is only real if farm
program benefits are treated as a property right. In terms of the matrix
of environmental control interventions, CC cones closest to a production
tax. That is, CC causes farnmers to receive |ess noney per unit of output
if they "pollute" than if they do not. However, the CC "tax" is not
closely correlated with the amount of pollution, giving rise to potentia
i nefficiencies. Farners nmake a binary decision of whether or not to avoid
the tax based on whole-farm not marginal, penalties and conpliance costs.

Under current CC rules, cropping restrictions apply to all fields
that are classified as highly erodible. The restrictions reduce the rate
of erosion to sone level. The decision faced by farners is whether income
is higher by participating (resulting in government program benefits but
cropping restrictions) or by not participating (no program benefits but no

cropping restrictions). The practices that enable farmers to avoid the



tax vary by farm as do the incentives and farners' opportunity costs of

participation.

Fiel ds can be brought into conpliance by:

1) Crop rotations - opportunity cost of having to produce crops with
[ower or no net returns (lower yields, grass in rotation, etc.) and
purchase of additional equiprent necessary for new crops

2) Conservation Tillage - opportunity cost of yield decrease, higher
production costs, and ownership cost of new or additional equipnent
required

3) Physi cal Conservation Measures - terraces, grassed waterways, strip
cropping, etc. that have establishment and maintenance costs,
hindrance to field operations, and opportunity costs of land renoved

from production

2In Mower County, where alnost all of the Robinson Creek watershed is
| ocat ed, conservation conpliance requirements nay include any of the
fol | owi ng:

corn tilled on contour with 50%resi due

no-till corn into soybeans
-- rotations that include hay and conventionally tilled corn with 40%
resi due

-- tillage with chisel plow and disking

Wil e used el sewhere in SE M nnesota on steep sloping land, terracing is
not generally required on highly erodible land in Mower County for CC.
Rotations are al so not being recomended by coordinators of a voluntary
conservation plan for the Upper North Branch Root River (that includes
Robi nson Creek) because of anticipated resistance by farmers.



4) Retirenent - opportunity cost of foregone net returns from

production mnus CRP payment or other revenues

Farners are heterogeneous with respect to factors that affect the CC
participation decision. Factors that are positively correlated with a
decision to participate are historic programcrop yields, deficiency
payments, CRP paynents, and other program benefits. Factors that are
negatively correlated with participation are set-aside requirenents, per
acre opportunity cost of set-asides, per acre opportunity costs of
conservation cropping systems, and market prices (increases with decreased
program benefits and increased opportunity costs). (Holloway) Like the
CRP, CC divides those potentially affected into two groups. |Instead of
the groups being based on eligibility, however, the CC division is based
on conpliance or lack thereof. In this respect, it does not incorporate
the full range of information avail abl e about management of |and parcels
that determ nes whether a farmis in conpliance. Rather than switch on or
of f access to governnent paynments according to farmer conpliance with a
conservation plan, payments could be restricted in varying degrees
dependi ng on the nmagnitude of downstream water quality effects associated
with different cropping systems (as expressed through cover and practice

factors).

Ot her Existing Federal Legislation

There are several other land and water conservation prograns
authorized either by the 1985 farmbill or other legislation. Sodbuster
and swanpbuster provisions of the 1985 bill are similar to CCin the sense
of being rather blunt instruments that do not relate financial penalties

to the extent of nonconpliance. Technical assistance and cost-sharing for



conservation nmeasures have traditionally been offered on a first-coneg,
first-serve basis, although there has been some nmovenent in the direction
of differentiating anmobng potential participants.

In addition to farm legislation, Section 319 of the federal 1987
O ean Water Act focuses attention on NPSP control fromland runoff. To
conply with this legislation, states nust identify and devel op managenent

plans for high priority watersheds

[1l1. The 1990 Farm Bill

As of June, 1990, U S. Senate and House of Representatives mark-ups
of the 1990 farmbill contain extensions of and nodifications to the CRP
While the final version will not be known until after this report is
conpleted, there are several apparent trends. Several mllion additiona
acres are being authorized for enrollnent with explicit consideration of
surface water quality inprovement. Parcel eligibility criteria are being
rel axed to account for regional differences in environnental objectives in
addition to erosion reduction. There is also explicit consideration of
water quality objectives through a separate water quality reserve program
The discretionary authority for water quality objectives may be either at
the Secretary or local level. Finally, there are provisions to inprove
cost effectiveness by acquiring |ess than full cropping rights, allow ng
lands to be bid out of the program and acquiring permanent easement
rights rather than linmted-term contracts.

Any changes in the CRP at the federal level that allow nore |oca
discretion in programinplementation will |ikely have several effects on
| ocal ASCS and SCS offices. Sone |ocal offices have been hard pressed to

acconmodat e the increased workload fromthe CRP, even when they coul d



adopt a purely reactive node (Kozloff, 1989). To the extent that program
changes require or enable greater differentiation anong |and parcels than
has been the case thus far, there will be increased cost of informtion
acquisition and analysis. There nmay al so be increased adninistrative
costs fromnore transactions with each potential participant and the need
to overcone |local resistance to unequal treatnment of participants. In
addition to possible increases in local inplenentation costs, contenplated
changes in the CRP represent an incremental novenent away fromthe
traditional egalitarian concept of eligibility for agricultural prograns
that may be resisted by | andowners and possibly by | ocal USDA staff.

There are several other possible policy changes whose inplenentation
could be relevant to the issues considered in this study. These include
allowing greater flexibility in crops that can be planted on specific
commodity program acres, limting the maxi mum percent of program acres in
any one crop, reducing outlays for farm price support and conservation
prograns due to budget deficits, continued erosion of traditional property
rights assignnents, nore stringent enforcenent of existing |egislation
such as conservation conpliance, sodbuster, and swanpbuster, and controls

on agrichemcal inputs.
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Chapter 2: Conceptual Framework

This chapter summarizes the conceptual background for this study.
First, literature related to targeting is briefly reviewed. Next,
theoretical conditions for efficiency are discussed. Finally, the
accounting perspective used in this study is reviewed, with attention to

reasons why it deviates from theoretical conditions.

Review of Literature Related to Targeting

Targeting soil conservation efforts within a watershed to reduce
nonpoi nt source pollution has been studied by Duda and Johnson (1985) and
by Maas et al., (1985). Duda and Johnson (1985) showed that targeting
pol lution "hot spots" such as streanbank erosion caused by grazing, is
nore cost effective than uniformapplication of policy instruments. They
suggested that targeting could be carried out by visual inspection

Targeting anong watersheds within a region or across the country has
al so been exam ned (Snell, 1985; G anessi et al., 1986; R baudo, 1986;
1989). Using a nationw de system of 99 watershed units, Ribaudo rated the
units based on water quality nmeasures and levels of different water
resource uses. Targeting for these off-site factors was shown to be nore
cost effective than targeting sinply on the basis of on-site
consi der ati ons.

There are several studies denonstrating increnental benefits from

targeting soil conservation efforts to nmaximze the reduction in on-site
soil loss (Park and Sawyer, 1985; Raitt, 1986; Stults, 1987; Wl ker, 1983;

and Lovejoy et al., 1986). In addition, the USDA Econonic Research Service
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has published a series of reports on a pilot effort at targeting soi
conservation prograns (N elsen, 1985). These reports generally concl uded
that targeting has the potential for increasing programefficiency in
terms of tons of soil saved per program dollar expended

At | east one investigation has exam ned efficiency gains from
targeting agricultural nonpoint pollution controls. Using a hypothetica
targeting approach based on a case study fromthe Rural O ean Water
Program the authors found that program cost effectiveness could be
i nproved up to 80% by targeting areas with the highest fine sedinment |oads
(Setia and Mgl eby, 1988).

Two studies exami ne the effect of variable payments for conservation
cost sharing. In one, the paynents were based on off-farm sedi nent damage
(M chael son and Brooks, 1984). In the other, the variable paynments were
based on farnmers' private benefits and costs from changi ng managenent
practices (Kugler and Libby, 1985).

Jacobs and Casler (1979) exanmined the effect of a uniformversus a
targeted mandatory policy instrunent. They conpared the effectiveness of
a uniformreduction in phosphorus discharge a phosphorus effluent tax and
found the tax to have greater social efficiency in achieving a given leve
of reduction.

Bouzaher et al. (1988) used dynam c programming techniques to conpare
a hypothetical nost efficient central control of sedinment with a uniform
tax and with a uniform standard. They found that, while central contro
outperforned the two policy instruments at all levels of control, the tax

only outperforned the standard at certain levels of control. This

12



di screpancy from economi ¢ theory was attributed to the nonnmonotonic nature
of sedinment accumul ation throughout a watershed

As part of a larger study of the Conservation Reserve Program (CRP),
AGNPS was used to simulate various hypothetical schenmes for renoving | and
from crop production (Kozloff, 1988). Targeting those cells that
generated the highest sediment |oads was found to reduce sedinment |oads by
al nost twice as much as the current CRP, for the sane nunber of acres
retired.

Not all research that addresses targeting issues are about targeting
per se. Russell and Smith (1988) estinated the marginal and tota
benefits fromthree increasingly know edge based approaches to
environmental standard setting: 1) Benefits estimates were based on the
change in the average regional water quality frominposing a uniform
di ssol ved oxygen standards over an entire river. 2) The same uniform
standard was inposed, but benefits were counted on only those reaches of
the river not meeting the standard. 3) Individual discharges were reduced
differentially and benefits were counted with full know edge of how
pollution is transmtted from several point sources to the different
reaches of the river. The three approaches were tested under different
standards. The results indicate that incorporating information about
pol lution transm ssion processes |eads to nore accurate benefits estinmates
than when such processes are ignored. Also, the differences in benefit
esti mates between 1), 2), and 3) were sensitive to the level at which the
standard was set.

There is also a body of literature that may not use the term

"targeting", but uses mathematical optinization techniques, such as

13



multiple objective programmng, to maxinize some environmental policy
subject to constraints (Haimes, et al., 1979; Boggess et al., 1980; Carvey
and Croley, 1984; Setia, et al., 1988; Prato, et al., 1989; Robillard et
al., 1980). Wiile these investigations have different research

objectives, they all seek to conmbine sone physical nodel of soil erosion
or nonpoi nt source pollution with an econonic optim zation nodel.
Consequently, they offer nethodol ogical insights for developing a

targeting evaluation framework.

[1. Theory of environmental control

Targeting, as used here, is an application of the econonic theory of
the environnental control. In the sinplest static nodel of environnental
control, an optimal |evel of control is achieved when marginal social
benefits are equated with marginal social costs. The level at which an
envi ronnental control is set in those sinple nodels is based on its
impacts on a representative average firm or consuner.

Setting an environnmental control goal based on averages, however, may
result in an inefficient use of society's resources. Not only are
pol I ution-generating agents heterogeneous with respect to the costs
associ ated with conparabl e reductions in enissions, but also pollution-
receiving agents are heterogeneous with respect to benefits derived froma
unit of emssions reduction. This is because the sane | evel of enissions
fromtwo enterprises may result in different |levels of exposure to humans
or ecosystens and because society places a higher value on reducing
exposure in some |locations than others. Consequently, equal changes in

em ssions fromdifferent sources may cause different novenents along a
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societal marginal benefits curve, depending on the type and magnitude of
human activities in the location affected (Tietenberg, 1978; N chols,
1984; Russell and Smith, 1988).

The use of a uniformcontrol when different firns have different
mar gi nal benefit and marginal cost functions causes welfare | osses because
firms under or over allocate resources to pollution control. The steeper
are the functions, the greater the welfare | oss associated with uniform
controls (Kolstad, 1987). For exanmple, if the narginal increment in water
quality benefits fromeach additional acre of land being retired is al npbst
constant, the welfare losses due to a uniformeligibility standard contro
are less than if marginal benefits are rapidly changing with acreage
retired. According to Kolstad, (1987, p. 397) "Wth benefits and costs
changing rapidly in the vicinity of efficient emissions, errors associated
with uniformregul ati on become nore serious, resulting in significant
changes in costs and benefits fromjust noderate changes in the output of
each product”.

When there are multiple polluting sources, the efficiency goal is
served by seeking the follow ng:

a. Al locate control efforts within each source to mininize the cost

of a given level of damage reduction fromthe source:

b. Al locate control efforts across sources to mnimze cost of

total damage reduction fromall sources; and

C. Strike a bal ance between benefits and costs of damage reduction

(Nichol's, 1984).
The first criterion arises when there are alternative means of achieving

sone | evel of damage reduction within the same source. In the context of
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this study, alternatives mght include crop rotation, land retirenent,
mnimum tillage, etc. The second criterion inplies that opportunities for
damage reduction be chosen in order of increasing marginal cost across
sources as well as within sources. The third criterion requires that
benefits be nonetized and conpared with costs of achieving a given |eve

of dammge reduction. This criterion was expressly onmtted fromthe nandate
of this research project. Excluding the third criterion, one could (and
we do) posit acreage or nonetary constraints on total control efforts for
the watershed as a whole. Setting different constraints for individua
wat er sheds inplies some sort of conparison of potential danmage reduction
across watersheds (Tietenberg, 1978).

Al though the above criteria generally favor policy instruments that
differentiate anong polluting sources, the salient characteristics of
agricultural nonpoint source pollution of surface water deviate fromthe
conditions under which these criteria suffice for maxim zing efficiency.
First, as discussed earlier, property rights allocations (and al so
transactions costs) linit feasible policy instruments. Traditiona
property rights assignnents regarding |and resources linmt government
interventions to address environnental externalities largely to voluntary
prograns with positive incentives for participation. If the targeted
policy instrument differentiates anong potentially affected agents solely
on the basis of public benefits, and if these benefits diverge from
private benefits, the agents are likely to behave in ways that limt
potential efficiency gains fromtargeting. The nore separated the public

and private streanms of benefits are to potential participants in space or
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time, the nore incentive they have to behave in ways that diverge from
soci al objectives.

A profit-maximzing farmer will not participate in a voluntary
program unl ess the economic incentive offered is greater than foregone
revenue or sone other private welfare neasure. To naximize potentia
efficiency gains, however, a targeting schene nust obtain participation by

those farners whose |ands offer social benefits that exceed social costs.

The governnent thus faces a "principal -agent"” problemin that it mst take
the outcomes of farmers' behavior into account in establishing a targeted
policy instrument. The need to consider individual farnmers' private
decision rules raises the cost of targeting by forcing the principal to
obtain information on foregone private revenue (or other decision
parameters) as well as on social benefits.

A second set of consideration follow fromthe presence of multiple
sources of uncertainty and asymretric information such that a watershed
manager faces different sources and magnitudes of uncertainty than do
farmers in the watershed (Shortle and Dunn, 1986; Segerson, 1988). The
sources of uncertainty fromthe perspective of the farmer include:

1) the effect of weather, pests, and soil erosion on crop yields;

2) input and output prices; and

3) future government prograns.

These sources of uncertainty are also relevant to the watershed
manager since they affect the farmer's reservation prices and thus whet her

a given farmer will participate in a given program offering
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The wat ershed manager faces the followi ng sources of uncertainty:
1) the effect on farners' reservation prices of direct and indirect
i nput costs, managenent, transaction costs, risk attitude, and other
factors;
2) nonecononic factors affecting farners' participation decisions;
3) the relationship between actual downstream effects and those
predicted by targeting variables;
4) the mx of stormevents occurring over life of project that affect
environmental benefits (prevented damages); and
5) government program budgets
Achi eving conditions that promote efficiency is further conplicated
if farmers and watershed nmanagers are risk averse. From the manager's
perspective, there is likely to be sone mnimmthreshold | evel of water
qual ity that nust be achieved; otherwise, it is not worth spending any
public funds in the watershed. Oherwi se, with positive transaction
costs, there is the possibility of an ex post decrease in social welfare
from paying farmers to change |and management practices. From the
farnmers' perspective, there is likely to be aversion to income variance
Thus, conservation prograns that have the effect of reducing incone

variance are to be preferred over those that don't, all else equal

I1l. Accounting Perspective

It is inmportant to specify the accounting perspective used, since it
can determine how enpirical results are interpreted for policy
i nplications. If our research goal was to evaluate the welfare effects of

a given policy instrunent, we would seek to compare the present val ue of
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social benefits and costs. The theoretical optinumis achi eved when
mar gi nal social benefits equal marginal social costs. For exanple, in the
context of the CRP, such an optinmum nmi ght be achi eved when the nargina
water quality and other benefits froman additional acre of retired |and
equal the marginal costs to society in terns of the social value of
foregone crop production and transaction costs.

In this study, our narrower research goal is to evaluate the
nonnonetized water quality effects of targeting. Thus, we conpare
alternative policy instruments based on a single cost effectiveness
criterion of percent sedinent reduction at the outlet per dollar
government outlay. The accounting perspective used by us is different
than that used in a typical benefit/cost analysis in several respects.

First, social benefits are not nonetized so that, if nultiple benefit
categories were considered, sonme inplicit or explicit set of policy
wei ghts woul d be required. However, we consider only a single water
qual ity objective

Second, we neasure opportunity costs differently than in benefit/cost
anal yses that typically use a social accounting perspective. In a
benefit/cost framework, the opportunity costs of land retirenent woul d be
primarily measured by the net social value of foregone crop production
whi | e governnent outlays would be considered only transfer paynments. In
our analysis, governnent paynments to |andowners are relevant opportunity
costs under the presunption that such paynents result in foregone
opportunities for making paynents on other |and parcels or expenditures

for other government programs. Public expenditures raised through taxes
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however, may generate social opportunity costs by distorting the
allocation of resources in the econony.

Because of government price supports and other farm prograns, the
social value of foregone crop production differs fromprivate opportunity
costs. The net social opportunity costs of foregone corn and soybean
production in southeast Mnnesota, for exanple, are probably |ess than
private opportunity costs and nay actually be negative (Kozloff, 1989).

As well, government paynments differ fromtrue private costs unless

| andowners can be induced to reveal those costs. Regional disparities in
CRP participation rates suggest that government paynents are nore
conpatible with private opportunity costs in sonme |ocations than others.

The distinction between social, governnental, and private neasures of
opportunity costs is policy relevant in that using one or another could
generate different policy results. For exanple, if targeting is based on
mexi m zi ng qgovernnment cost effectiveness, the set of individuals who
sel ect themselves into a programmay not be optimal froma social welfare
perspecti ve.

A third deviation froma benefit/cost framework is our use of ex post
measures of program effects. When uncertainty about program benefits or
costs exists before a programis inplenented, a benefit/cost franework
di stingui shes between ex ante and ex post nmeasures of benefits or costs.
Whil e uncertainty regarding both program costs and benefits is present
here, we have used a deterministic accounting perspective that does not
differentiate ex ante from ex post values. That is, the decision
regardi ng how nmuch information to obtain for targeting is nmade ex ante

(before program inplenentation). Qur estimates of cost effectiveness
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however, are calculated ex post, that is, as though all uncertainty has
been resol ved.

If the value of information is defined as the expected benefits of a
nmore infornmed over a less infornmed decision (Chavas and Pope, 1984;
Dasgupta and Heal, 1981), then the value of information required for
different targeting schemes can be conpared with the costs of obtaining
it. Results presented in Chapter 4 enable alternative targeting schenes
to be conpared with respect to government expenditures required to achieve
sonme |evel of environnental inprovenent. CQur use of ex post val ues has
policy inplications since estimates reflect "potential" differences in
cost effectiveness fromusing information for targeting. Mre realistic
i ncrenental decreases in uncertainty would yield nore nodest cost
ef fectiveness gains than total elinmination of uncertainty.

Finally, if the government is risk averse with respect to uncertain
program effects, a program decision rule under benefit/cost analysis would
be further nodified to account for the effects of information on the
variance in program effects. Qur accounting framework does not

incorporate this effect of information obtained for targeting.
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Chapter 3: Data and Research Met hods

For this project, we used a case study approach in which several
hypot hetical policy options are sinulated using data froma M nnesota
wat ershed. Results froma physical sinulation nmodel of NPSP transport are
conbined with economic data in an optimzing framework. Policy options
represent alternative versions of a policy instrument in which some or all
cropping rights are acquired in exchange for annual paynments. Sinulation
results are then conpared on the basis of cost effectiveness.

In this chapter, we first describe the watershed chosen as our case
study. Next, we discuss the primary analytical tool and requisite data
for simulating changes in nonpoint source pollution. W then evaluate the
qualitative and statistical characteristics of candidate variabl es that
could potentially be used for targeting policy instrunents. In
particular, we seek to identify characteristics to which the gains from
targeting appear sensitive. Finally, we discuss the generic policy
instrunent used for the sinmulations and the general mathenati cal

programming franework.

Description of Study Watershed

The 11,400 acre Robinson Creek Watershed (RCW constitutes about 25%
of the drainage area of the Upper North Branch of the Root River, |ocated
in Mwer and O nmsted Counties southeast Mnnesota. The terrainis flat to
gently rolling. Land use is primarily agricultural, domi nated by a two

year corn-soybean rotation., There are about 40 farm management units in
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the RCW of which 10 have |ivestock operations large enough to qualify as
feedlots in a state database. A breakdown of land uses as of 1987 is:
corn 44. 36%

soybeans 31.93%

oats 2.35%
hay 11. 84%
ot her 7.76%3

In general, there has been a trend toward increased acreage in
cultivation over the last 20 years. Figure 2 depicts the pattern of 40
acre cells that were at |east 50% cultivated in 1969. Figure 3 depicts
the conparable pattern for 1987. The RCW probably because of
t echnol ogi cal and market trends in agriculture area in cultivation
increased from 73% to 82% nost of the noncultivated land area is in
pasture and woods, land area is in pasture and woods, |and uses with | ow
erosion potential.

An artificial inpoundnent of |ocal recreational value, Lake Florence,
is located just downstream from the RCWs outlet. Lake Florence has
experienced sedi ment and nutrient problems for many years. The reach of
the Root River between the outlet of the RCWand Lake Florence and Lake
Florence itself have been identified as use-inpaired by the M nnesota
Pol lution Control Agency (Division of Water Quality, 1987). Furthernore,
a special USDA Soil Conservation Service project is focusing on the entire

drai nage area for Lake Florence (Soil Conservation Service, 1988).

3fncl udes ot her crops, grassed waterways, terraces, farnsteads,
roads, woods, and set-aside acreage.
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Figure 2: Cultivated and Non-cultivated Land Use Pattern in Robinson Creek

Wat ershed in 19691

" lgource: MIMIS, 1988
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Figure 3: Cultivated and Non-cultivated Land Use Patterns in Robinson Creek
Wat ershed in 1986
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[I.  Nonpoint Source Mdeling Tool and Database

The first step in the study was to devel op the database for the
simul ations. The econonic and | and managenment data col | ected consists of
| and managenent characteristics, soil productivity values, farm managenent
units, costs of production for different tillage/rotation conbinations,
sensitivity of crop yields to erosion by soil type, and participation in
governnent prograns.

Anal ysis of erosion and sedinmentation processes in the watershed was
conducted using the Agricultural Non-Point Source (AGNPS) nodel (Young et
al., 1987; 1989). AGNPS is a watershed based nodel that was designed to
simulate NPSP paraneters for assumed rainfall events. The nodel uses a
nodi fied Universal Soil Loss Equation (USLE) for erosion generation and
sedi ment transport algorithns that trace overland flow and sedi nent
deposition through the watershed. AGNPS requires input data on runoff 21
variables listed in Table 1 for each 10 or 40 acre square cell within the
wat er shed' s boundaries. AGNPS provi des output on the follow ng NPSP
paraneters at both the watershed outlet and on a cell by cell basis:
runoff volume, peak runoff rate, sediment-attached and sol ubl e nitrogen
and phosphorous, chemical oxygen demand, and tons of sediment in different
particle size classes. A sanple of AGNPS output for the outlet cell under
1988 land use (base case) conditions is shown in Table 2.

Four AGNPS input data sets for the RCWwere obtained fromthe St

Paul office of the US. Soil Conservation Service. The different sets

capture 1) sheet and rill erosion, 2) sheet, rill, and epheneral gully
erosion, 3) sheet, rill, ephermeral gully, and streanbank erosion, and 4)
sheet, rill, epheneral gully, and streambank erosion, and feedlots. The
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AGNPS | nput Parametersl

Tabl e 1:
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Table 2. Watershed Summary

Cct 4, 1989
Wat er shed Summary
Wat er shed st udi ed UPPER NORTH BRANCH ROOT RI VER
The area of the watershed is 11400 acres
The area of each cell is 40.0 acres
The characteristic storm precipitation is 4.0 inches
The storm energy-intensity value is 94
Val ues at the watershed outl et
Cel | nunber 4
Runof f vol une 1.8 in.
Peak runoff rate 2875 cfs
Total Nitrogen in sedinent 5.47 | bs/acre
Total soluble nitrogen in runoff 4.41 |bs/acre
Sol ubl e nitrogen concentration in runoff 10. 82 ?pm
Total Phosphorus in sedinent 2.73 |bs/acre
Total sol ubl e Phosphorus in runoff 0.93 Ibs/acre
Sol ubl e Phosphorus concentration in runoff 2.28 ?gm
Total sol uble chem cal oxygen demand 64. 42 s/ acre
Sol ubl e chemi cal oxygen demand concentration in runoff 158 ppm
_ Cct 4, 1989
Sedi nent Anal ysi s
Area Weighted Area
Er osi on Delivery Enrichment Mean Wi ght ed
Particle Upland Channel Ratio Rati o Concentration Yield Yi el d
type (t/a)  (t/a) (% (ppm) (t/a)  (tons)
CLAY 0.26 0.20 99 5 2231. 59 0. 45 5180. 70
SILT 0.42 0. 32 70 3 2530. 47 0.52 5874.57
SAGG 2.62 1.99 22 1 4948. 96 1.01 11489. 17
LAGG 1.62 1.23 0 0 15. 21 0.00 35. 30
SAND 0.32 0.25 0 0 4. 60 0.00 10. 87
TOTAL 5.24 3.99 21 1 9730. 82 1.98 22590. 41
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21 AGNPS input variables were obtained by interpreting U S.GS.

t opographi ¢ maps, 1987 aerial photos, coupled with site verification. The
SCS adjusted these data sets to be consistent with nmonitored in-stream
flow data. W also checked the input values for internal consistency.

W ran the nodel for the four candidate input data sets for the RCW
and two candidate stormevents (5 and 25 year events). \ile our origina
intention was to use the annualized version of AG\PS, delays in the
availability of that version limted us to using the nost recent event-
based version. W decided to use the input data set capturing all water
erosion types as well as feedlot pollution and a 25 year storm event. 4

Unl ess stated otherw se, the objective of the various policy
simulations is to reduce total sedinent (fromall size classes) reaching
the watershed's outlet cell. The relative "success" of different policy
options is based on sedinment reduction at the outlet over baseline
condi tions. In previous analyses, we found sedinent-attached nutrient
reduction to be highly correlated with sediment reduction. Because the
nureri cal output values associated with pollutants froma 25 year event do
not reflect annual val ues and because such val ues vary wi dely across
wat er sheds, nost of our results are presented in terns of percentage
changes in sediment and nutrients. W inplicitly equate changes in the
outlet cell to changes in pollution receptors; ideally, however, the

outlet cell would be linked to Lake Florence via a stream nodel.

4Yhile a 5 year event gives outlet cell values that may be closer to
annual rainfall, the 25 year event performed slightly better in
differentiating cells for targeting purposes. The relative ranking among
the cells in terms of nonpoint source pollutants was virtually identica
for the two stormevents as was the percent differences in outlet val ues
bet ween current conditions and changing individual cells. W note,
however, that the choice of stormevent can affect even the percent
reduction in outlet values from changing |and managenent input values in
an AGNPS simulation (Prato et al., p. 16).
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I1l. Analysis of Variables Considered for Policy Sinmulations

Because the nonpoint source nodeling tool chosen requires data at the
40 acre level, this unit determned the level at which all other data were
collected and analyzed. The use of 40 acre square cells as the unit of
anal ysis has inplications for how both physical processes and | and
managenent decisions are mbdeled. In watersheds with relatively sharp
relief, a 40 acre scale could obscure runoff flow patterns and sedi nent
deposition sites. \Wile other parts of southeast M nnesota have such
relief, this is not the case in the RCW

Wth respect to | and nanagenent decisions, 40 acres is simlar to the
size of many fields in southeast Mnnesota. Since the rationale for
targeting is related to the heterogeneity anong | and parcels, aggregating
critical factors to a 40 acre scale could reduce the apparent benefits of
targeting. For exanple, a cell mght contain ten different soil types,
each with different erodibility and productivity characteristics. In
general, the greater the |oss of nodeling accuracy by aggregating data up
to some uniform spatial scale, the smaller the scale should be. However ,
the smaller cells become, the nmore difficult it is to accurately reflect
all differences in terns of information likely to be avail abl e.
Furthernore, if public or private decisions are not likely to made for
| and parcels less than some size, further disaggregation may not be policy
rel evant .

The nmost serious potential source of bias in using uniform40 acre
cells as our unit of analysis probably arises fromthe |ack of

i ncorporation of "whole farn decision factors. Wth an average size farm
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in the region being the equivalent of six or seven such cells, treating

i ndividual cells as separate decision units is unreal istic. ®

Economi c vari abl es

Soi | productivity values by 40 acre parcel are available in the form
of Crop Equival ency Ratings (CERs) (Rust et al., 1984). The CERs are
based on actual net returns per acre for the nost conmonly grown crops in
the region and scaled so that the nost productive soil in the state has a
CER of 100. Each of the 35 soil mapping units present in the RCWhas an
associ ated CER  Each 40 acre cell in the RCWcontains as many as ten soi
mapping units, so a cell's CERis an average weighted by the acreage of
different soil mapping units in it. CERs for the RCWrange from51 to 87
with a nean of 77.9. Thus, CERs averaged by cell exhibit less variation
than do individual soils.

Wil e CER values for soil nmapping units do have crop prices at a
point in time enbedded in them the variation among themis driven
primarily by yields for the dom nant crops grown on the mapping unit.
Thus, to the extent that relative crop prices remain constant, CERs can be
treated as indicators of relative physical productivity.

W used two variables as proxies for farmers' reservation prices

necessary to induce a managenment change in a particular cell. For the

5 Because of fixed costs, |ivestock feed requirenents, and other
resource immobilities, the variation in our estimated reservation prices
(due to variations in soil productivity) over 40 acre parcels is likely to
overstate the anmpunt of variation in true reservation prices faced by
farmers as a function of retiring a specific parcel of land. That is,
actual |and nanagenent changes, such as retirement, are less likely to
occur than suggested by reservation price values that vary only according
to soil productivity.
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first phase of our study, which focused only on land retirement, we chose
a reservation price based on the average cash rent value for the region in
which the RCWis located and adjusted for land productivity, W exam ned
both county and statewi de farm and rental value surveys to select for the
base value. The cash rent service value is taken fromiso-rent bars for
agricultural land rents and ranged from 70 to 79 dollars per acre in the
RCW (Kilgore, 1986). Figure 4 shows cash rent isolines for Mnnesota

The factor we used to adjust the base value of $75/acre is defined as the
CER for the cell in question divided by the average CER for all cells in

t he watershed.6 The resulting set of reservation prices is not directly
affected by cropping practices at a point in tinme, but rather, by |ong
term soil productivity. This is consistent with sinulating farners

deci sions regarding long termland retirement. For conparison, the
current CRP (1989) Maxi num Acceptable Rental Rates (MARR) for Mower County
and O nsted County, the counties in which the RCWis located, are $85 and
$80, respectively.

For | ater phases of our study in which we considered | and managenent
changes other than retirement, we determnined reservation prices somewhat
differently than above. W examined three candidate sources of direct
costs--field records fromlocal farns (O son, 1987), extension service
recommendations for the soil region in which the RCWis |ocated (Fuller
1989), and statewi de data conpiled by ME roy et al., (1989). W used

extensi on service recommendations since they include the |argest set of

6Cur nmeasure of reservation price, based on CERs, shows little
variation conpared to environnmental variables; this nay be because |and
productivity is fairly honogeneous in this watershed and/or because
variation is obscured by averaging soil type-based CERs over the 40 acre
parcel s
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possible crop rotations and tillage combinations. G oss returns per acre
is the product of crop yields and crop prices received, averaged for
rotations if necessary. Net returns are derived by subtracting direct
from gross returns. For purposes of devel oping reservation prices, we do
not subtract indirect costs under the assunption that these would still be
incurred. Thus, this is a crop enterprise level calculation, not a whole
farm calculation of reservation prices.

The resulting average net revenue val ues used are $119 for two year
corn-soybean rotation with conventional tillage, $114 for the same
rotation under no-till, and $49 for pasture with haying and or grazing

W treated all reservation prices as uninfluenced by productivity
| osses under a continuation of current cropping practices, despite the
l'i kel'i hood of erosion-induced yield penalties on some parcels. Such
penalties occur fromloss of both replaceable (major nutrients) and
nonrepl aceabl e soil characteristics (primarily depth of favorable rooting
zone and water holding capacity). In addition, land retirenment is thought
toresult in a short termincrease in yields fromaccunul ated nutrients
and organic matter. The extent to which these effects actually influence
and individual farmer's decision regarding whether to change |and
managenent depends on the susceptibility of the particular soil types to
erosi on-induced yield |osses and on whether farmers incorporate these

effects in determning reservation prices.7

7me consi dered including a variable in our policy simulations to
reflect a given cell's potential vulnerability productivity loss to
erosion. The rationale is that a farner facing high vulnerability to
erosi on-i nduced productivity |osses would have a private incentive to
change to a nore soil-conserving managenent, thus [owering the reservation
price for the cell. Wre examned the potential productivity |osses from
| oss of nonreplacable soil characteristics using the Productivity |ndex
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Physi cal variabl es

W examined two categories of environmental variabl es--estinates of
on-site erosion and estimtes of downstream sediment. 8 Wth respect to
the former, we examined the commonly used RKLS, and RKLSCP val ues (the
uni versal soil loss equation with and w thout cropping and practice
factors), and the AG\PS-derived variable "within-cell" sediment based on
both current nanagenment and "worst case" |and cover conditions.? As
expected "actual" soil loss is less than, but correlated with "potentia
soil loss. Table 3 shows the corresponding correlation coefficients. The
perfect correlations between "AGNPS potential" and "RKLS" and between
"AGNPS actual " and "RKLSCP" sinply reflect that USLE and AGNPS derived
neasures of within-cell erosion differ only by a rainfall scale factor

The | and managenent changes that we sinulated using AGNPS required

that up to seven input paraneters be adjusted in affected cells. These

nodel devel oped at University of Mnnesota (Pierce et al., 1983). Soi
inthe RCWvary in their susceptibility to erosion induced productivity
| osses from nonrepl aceabl e soil characteristics. Some soils in the RCW

woul d begin to suffer yield losses with the first centineter of soil |ost,
while others would not for over 100 centineters. By using bulk density
rel ationshi ps and known erosion rates, centimeters of soil |oss can

converted to years. Due to tinme constraints, this procedure was not
incorporated in the study.

8while AGNPS i nput paraneters were calibrated to be consistent
with data on in-streamflow, all of the variables used in our simulations
are proxies for nonitored on-site or in-streamconditions. The effect of
nmanagenent changes in a set of land parcels to sedinent at the watershed
outl et could conceivably be neasured by actual in-stream changes,
simul at ed changes using event-based or annualized nobdels, or estimtes of
simul ated changes.

9 There has been discussion in the conservation community as to
whether eligibility for soil conservation prograns should be based on
actual or potential erosion reduction (so as not to appear to reward poor
land stewardship). A simlar issue is whether targeting of nonpoint
source programs should be based on the effects of current |and managenent
practices or on the inherent physical characteristics of the |andscape.
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Table 3: Sinple Correlation Coefficients for Four Measures of Soil Loss

RKLS RKLSCP AGNPS AGNPS
Pot enti al Act ua
RKLS 1.00
RKLSCP 0.65 1.00
AGNPS Pot ent i al 1.00 0.72 1.00
AGNPS act ual 0.65 1.00 0.72 1.00

parameters are SCS Curve Number, Cropping Factor, Manning' s Roughness
Coefficient, Surface Condition Constant, Practice Factor, Fertilizer
Level, and Qully Source Level. The values chosen to reflect different
managenent conditions were based on known characteristics of the
wat er shed, recommendations in the AG\NPS manual, and professiona
j udgernent .

The SCS Curve Nunber determines direct runoff volume froma given
rainfall event. It varies by soil type so that AGNPS cells reflect

wei ghted averages.

The Cropping (C) Factor expresses the ratio of soil loss froma given
| and managenment practice to soil loss from continuous fallow The closer
it isto 1, the greater the soil |oss.

Manni ng' s Roughness Coefficient indicates how the texture of a
channel affects the speed of channelized flow. As roughness increases,
runoff velocity decreases. Different values are used for cells that
contain stream channel s than those that do not.

The Surface Condition Constant is a value based on |and use that
adjusts for the effect land use has on channelization of overland runoff.
For vegetated land uses, its values ranges from1.00 (grass waterway) to
0.05 (straight row crop).
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The Practice (P) Factor adjusts the USLE based on the existence of
conservation practices such as terracing. Wrst case conditions give a P
factor of 1.

The fertilizer level in AGNPS has possible integer values of 0-3,

reflecting the followi ng Nitrogen and Phosphorus application rates:

Pounds/ Acr e AGNPS | nput Val ue
N P
0 0 0
50 20 1

100 40 2

200 80 3

The Qully Source Level indicates the tons of sediment resulting from
gully erosion. Values are derived fromrunning a separate epheneral gqully
erosi on nodel

Wth respect to downstream sedinent, we derived two variabl es based
on AGNPS out put values at the watershed outlet cell. In addition to the
base case |and cover conditions (prevailing in 1987 when the aerial photos
were taken), we ran AGNPS for two reference conditions for the purpose of
quantifying the potential inmpact of changing an individual cell's |and
management on pol lutants at the watershed outlet. In each set of runs, we
changed the above input values for each of the 285 cells individually
leaving all other cells in base case conditions.

Cells that are classified as being covered by 50% or nore forested
area were held at their current conditions under our assunption that they

woul d not be nodified by any future management changes. In one set of
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runs, we altered the values to reflect continuous, well-nanaged permanent
pasture to sinulate the effects of land retirement. W also elininated
the ten feedlots. In the other set of runs, values were changed to
reflect maxi mum erosion conditions, specifically, a corn/soybean rotation
wi th conventional noldboard tillage and a plant canopy corresponding to
the seedbed preparation period. This "worst case" reference condition
approxi mates the potential erosion characteristics of the parcels,divorced
from current management practices. |Input values for each set of runs are
shown in Table 4. W recorded the values of all nonpoint source
pollutants at the outlet cell.

These two reference condition values allowed us to derive two
measures of a cell's relative contribution to downstream sedi ment
reduction by changing | and managenent. The difference in outlet sedinent
val ues under base case and retirement conditions is one measure. The
difference in outlet sedinment between worst case and retirenent conditions
t he other neasure we devel oped.

Wth this database, we addressed the issue of whether rankings of
cells based on different candidate targeting variables would be nuch
different from each other. |f two variables give rankings that are
simlar to each other, but one is less costly to obtain than the other
then a watershed manager mght be better off with a | ess accurate but
still acceptable targeting variable.

In particular, there has been policy debate over the extent to which
targeting on the basis of on-site erosion is an adequate proxy for
reduci ng downstream effects. Figure 5 shows a scatterplot of the AGNPS

derived on-site erosion and off-site sediment neasures. The two are
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Tabl e 4: AGNPS Paraneter Values Used to Sinulate Reference Conditions and

Intermediate Land Managenents

Par amet er Land Managenent Category
Wor st Cor n\ Soy Cor n\ Soy Cats
Case Conv. Till No Til

Curve Nunber 78 78 78 78

Manni ngs 1

Coef fici ent 0. 045 0. 100 0. 100 0. 200

Croppi ng

Fact or 0.74 0.58 0.18 0.12

Surface

Condi tion 0.05 0.29 0.29 0.29

Practice

Fact or 1.00 0.74 0.74 0.74

Qlly

Er osi on

(tons

Per cell) 191.4 160 160 160

1

A value of 0.048 was for cells having established channels.
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clearly correlated. In addition, the density of cells having a | ow val ue
of both variables suggest that, for the majority of cells in the
wat er shed, which variable is chosen for targeting nmakes little

difference. W also calculated Spearman's rank order correlations. Al

of the rank order correlations between a downstream sedi ment variable and
on-site erosion variable were found to be significant (M cro-Targeting
Research Goup, 1989). \Wether these correlation results are an artifact
of AGNPS or represent real world conditions is key to whether they have
policy relevance.

The observed correlation between on-site erosion and downstream
sedi nent variables is consistent with what is known about water erosion
mechanics. The starting point for both variables is the nodified
Uni versal Soil Loss Equation used by AGNPS. Subsequent algorithns trace
t he novenment and deposition of soil particles.

Because AG\PS is relatively insensitive to small topographic features
that may cause deposition within a cell, on average, AGNPS overpredicts
net sedinment yield froma cell and, nodeled net sedinent available to the
next cell downstream probably does not vary across cells as nuch is
actually the case. Smaller cell sizes capture nore topographic features
that are not incorporated at the 40 acre |evel (see Panuska and More,
1990). The correlation between AGNPS-derived on-site and off-site
vari ables mght thus be biased upward. If so, potential gains from
targeting on the basis of the off-site variable could be underestinated.
Presunably, further disaggregation of topographic data (for exanple, ten

acre cells) would enable topographic features that affect sedinment
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nmovenent to be nodeled, Doing so, however, would require four tinmes as
mich data to be collected.

The single stormevent feature of AGNPS may al so have inplications
for the relative inportance of on-site versus off-site targeting.
Sensitivity of sediment particle movenment to a single stormevent is
different than to a succession of stornms throughout the year. For
exanpl e, some sedi nent particles may be noved only to a channel from one
storm event, while other particles that reach the outlet cell are already
in channels. The variation in the anount of sedinent a cell delivers to
the outlet cell is different for a single event than for annual rainfal
of equivalent magnitude. Thus, the event-based version of AGNPS probably
gives different estimates of the potential gains fromtargeting on the
basis of the off-site neasure over the on-site neasure than would an
annual i zed nodel .

W al so devel oped neasures of erosion and sedi ment change to be used
for internediate |and managenent changes sinulated by "unbundl ed" cropping
rights policy instruments. In addition to land retirenment with no
econonmi ¢ use, unbundl ed cropping rights options allowed permanent pasture
with haying or grazing and a two-year corn/soybean rotation with a soil-
conserving zero tillage system It was not feasible to change each cel
in the AGNPS database to reflect these additional |and nmanagenent options
and then run AGNPS each time we sinmulated a unbundled policy.

Consequently, we developed two related procedures to estimte water
quality effects associated with |Iand nanagenent changes for individua

cells.
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In one procedure, we used the values fromthe worst and best case
reference conditions derived previously to identify the maxi num possible
change in outlet sedinent fromland managenent change in each cell. W
next determ ned appropriate AGNPS input paraneter values to use for
specified land nmanagenent changes. These are shown in Table 4. W
changed the input values for 30 randomy selected cells in the watershed
and ran AGNPS both after changing each individual cell and for all 30
cells. W then calculated the change in sedinent for each cell expressed
as a percent of the total difference in sedinent between worst and best
case reference conditions. Finally, we averaged these percent changes and
applied the resulting percent change to nmaxi mum potential sediment change
in all cells in the watershed

In the other procedure, we identified fromair photos those cells in
t he wat ershed whose area is covered at |east 75% by a single |and use.
Those | and uses for which a sufficiently large nunber of cells contained
only that land use are corn/soybeans/ot her new crops and hay/grass.
Average AGNPS input values for these land uses are shown in Table 5. W
then followed the above procedure to derive percent differences between
wor st and best case sediment val ues.

Based on the two above procedures, we derived a set of adjustment
factors used to pro-rate sediment changes from unbundl ed cropping rights
scenarios that we subsequently sinulated. These factors are shown in
Tabl e 6.

After obtaining sedinent and erosion values for internediate |and
managenent changes, we sought to determine whether intermediate changes
from base case conditions behaved sinmilarly to land retirement in terns of

the sum of individual cell effects being linearly related to aggregate
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Tabl e 5: Average AGNPS Paraneter Values for Cells Wose Current Land
Managenent is at least 75%in Designated Category

Par amet er Land Managenent Category

Cor n\ Soy\ Row G ass\ Pasture Aver age

all cells

Curve Number 77 73 77
Manni ngs
Coef fici ent 0. 053 0.064 0.05
Croppi ng
Fact or 0.59 0.197 0.58
Surface
Condi tion 0. 089 0.254 0. 096
Practice
Fact or 0.75 0.72 0.74
Qlly
Er osi on
(tons per
cell) 116.7 160. 5 159.5
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Table 6: Adjustnent Factors Used for Estimating Sedinent and Erosion
Changes in Individual Cells from Specific Land Managenent

Practices
Worst Case Cor n\ Soy Cor n\ Soy Hay\ Gr ass Best Case
Er osi on 1.00 0.64 0.10 0.00
Sedi nent 1.00 0.78 0. 30 0.00

effects. Using the same 30 randomly selected cells as above, we found
less than a 1% di fference between sedinment reduction at the outlet when
all 30 cells were changed from base case conditions and the sum of

sedi ment reductions from changi ng individual cells.

V.  Devel opment of Ceneric Policy Instrument

As stated earlier, the generic policy instrument used in this study
consists of take-it-or-leave-it offers of annual paynents to | andowners in
exchange for giving up some or all cropping rights on a given parcel of
land. Farners are assunmed to participate according to the sinple decision
rul e of choosing the | and managenent option (including current managenent)
that yields the greatest sum of the government offer and residual net
returns (if any) from cropping. Thus, the governnent's choice variable is
the set of nonzero offers nade to induce |and managenment changes on
parcels of land in the watershed. The value of the offer that we assigned
to a given parcel is determ ned by assunptions made about the government's
know edge of other variables. For exanmple, the government could be
assuned to have no information about reservation price except the nean and.
perfect information about erosion value which could then be used to
prorate governnent offers.
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In the course of this project, we used two procedures for simulating
alternative policy instruments: spreadsheet software conmands and the
mat hematical programming. Most of our sinulations use the |atter because
of its flexibility in sinmulating alternative program options under
different budget constraints. W recognize that mathematical progranmm ng
is inmpractical for w despread use at the county level for targeting
purposes. However, many county SCS and ASCS offices now use conputer
spreadsheets routinely. The results of spreadsheet sinulations presented
inour interimreport (Mcro-Targeting Research Group) denopnstrate that
simlar results can be obtained for many targeting options. One possible
subsequent application our research woul d be devel opnent of a spreadsheet
tenplate to facilitate evaluation of targeting options at the county

| evel .

General Math Progranm ng Mde

We used integer programming formulations to nodel the |ogica
conditions inherent in the decision to participate in the program thus
altering the managenent of a parcel of land (WIlians, 1979). W used the
PC and mai nframe versions of the General Al gebraic Mdeling System ( GAVB)
to solve the problems (Brook et al., 1988).10 The following is the
formulation used to represent a problemin which the governnent seeks to
mnimze sedinent at the outlet of watershed subject to budget and

farmers' decision rule constraints.

| C
Mn TOT = Z = SedOutj, * Xie (1)
i c

10The mainfranme version was required when C > 2.
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subject to

c
£ Xjc = 1 for all i 1...I (2)
(o}

I¢

% T OFFjo * Xjc < BUD (3)
ic

(OFFjc - RPjc) * Xjo O for all i 1...I and ¢ 1...C (4)
I¢

£ ¥ OnEroj. * Xic = EROS (5)
ie

wher e

0 =X30.=1

1...0...1 | - 285 cells in watershed

1...¢...C C- 5 land managenent options

and

SedOutj. = total sedinent at the watershed outlet associated with a
gi ven croppi ng/ managenent managenent option ¢ in cell i.

BUD = total governnent outlay available for payments to
| andowners to induce |and managenent changes. By
varying BUD, we can sinmulate how targeting is affected
by relaxing budget constraints.

RP; ¢ = reservation price for managenent option c in cell i.

OFF; e = governnent offer for managenent option c in cell i. For
some sinulations, we held governnent offers constant
over all cells, while in other sinulations, we varied
the offers

OnEroj, = W thin cell erosion associated w th management option c

incell i.
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Variables are defined as follows:

Xie = decision variable bounded by 0 and 1 that indicates the
proportion of a given cell's acreage in each of the
possible land cover types. Because of the algorithm

used by the solver, Xj. takes a value of 0 or 1 for al

but one cell.

TOT = the sum of each cell's contribution to sedinment at the
wat ershed outlet.

ERCS = sum of on-site erosion fromall cells in the watershed

In the sedinent mnimzation problem equation (1) is the objective
function. Equation (2) is a block of equations that constrain the
proportions of each cell's acreage in different |and nmanagenent options
sumto one. Equation (3) constrains the sum of accepted offers to be no
more than available funds for the watershed. Equation (4) is an equation
block that defines the farners' decision rule; it requires that each Xj.
be zero if the government's offer is less than the farmer's reservation
price for a given |and nmanagement change. Equation (5) is not a
constraint but an accounting convenience that shows the effect of solving
the sedinment mnimzation problemon on-site erosion

W also sinmulated an on-site erosion mnimnzation problemto exam ne
the effects of such policies on downstream sedinment. In this version of
the nmodel, equation (5) becones the objective function and (1) becomnes the

accounting conveni ence. 11 Finally, we simulated a problemin which

11goth of the above specifications have the government choosing
bet ween payments of $0 for the land remaining as is or the nonzero offer
amount for retirement. Wiile this feature may appear an unnecessary
conplexity for the sinple land retirement problem it useful in analyses
in which different paynent anounts are possible for different cropping
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farnmers maxi mze income (the sum of residual cropping incone and
gover nment payments) subject only to the watershed' s budget constraint.
For this problem we use the follow ng objective function in which REVjq

is defined as the net returns realized from using managenent ¢ on parce

IC
Max =2 Xjc * INCj. where
ic

INCi o OFFj. + REVy, when OFF;. > RPj. and

INC;. = REVj. otherw se
In this problem we retain earlier equations (2) and (3) as constraints

and (1) and (5) as accounting entities.

restrictions on a given parcel
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Chapter 4: Policy Simulation Description and Results

In this chapter, we describe the various targeted policies simlated
and their relative performance with respect to cost effectiveness.
Results fromthe first two phases of the study (focusing on |and
retirenent only) have been presented to projects sponsors previously
(Mcro-Targeting Research Goup, 1989) and will not be repeated. Their
qualitative results are sinmlar to subsequent simulations reported here.12
Bel ow, we do conpare the results of sinulating bundl ed (managenent options

restricted to land retirenent) and unbundl ed (other nmanagenents possible)

policies

Description of Policy Instrunents Sinulated

The policy options were devel oped in order to address the overal
objective of evaluating the cost effectiveness of alternative targeting
schenes. Wthin this objective, there are two types of questions that can
be posed. The first has to do with which paraneters are "better" to use
for targeting than others. The second question has to do with how ruch
infornation the decision maker is assumed to have about these paraneters
at the time offers are made. The extremes are no information and perfect

i nformation. Intermedi ate possibilities are information about neans,

12 Quantitative results fromour first set of sinulations are not
directly conparable with those obtained later. Since our first set of
simul ati ons focused on land retirenent, we used a CRP-like reservation
price based on local cash rent. For the later sinulations, reservation
prices are based on net returns fromthe various |and managenent
practi ces.
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ranges, variance, etc. \Wile the nunber of ways of conbining the above
paraneters and information assunptions is limted only by one's
i magi nation, we explored a few representative targeting options.

As described earlier, the generic type of policy instrunent sinmulated
is one in which the governnent offers take-it-or-leave-it paynments to
| andowners in exchange for making specific |and managenent changes on a
parcel by parcel basis. Wthin this franework, the policy instrunent was
varied in several ways:

1) Whet her _governnment offers are fixed, matched to reservation prices in

each parcel. or pro-rated according to environnmental benefits.

There are nmany ways that governnent offers can be varied by cell. At
one extreme, the decision naker is assumed to have know edge only of the
nean reservation price for various |and management restrictions. At the
other extreme, we assune the decision maker has perfect information about
reservation price. Partial information scenarios, for exanple, whether a
given cell's reservation price |lies above or below the nmean for the
wat er shed, were not exan ned here.

W devel oped a set of government offers based on the concept of tying
paynent levels to the social benefits that accrue from|and nanagenent
changes. In this variation, we assumed that the governnment has
infornmation only about the nean net returns fromtypical |and managenent
practices, such as the two year corn-soybean rotation, and about on-site
erosion levels. These assunptions are roughly consistent with the
information currently available to local CRP adm nistrators.

Specifically, we scaled the watershed average reservation price for

land retirement ($119/acre) by the square root of the ratio of individua
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cell erosion value to nean erosion value. (W used square roots to keep
the adjustment factor within reasonabl e bounds as the ratio otherw se
varies by nore than a factor of ten) In addition, we capped the
government offers at $150/acre, representing a governnent decision about

t he maxi mum possi bl e reservation price for the watershed.

2) The second policy choice considers whether all cropping rights are

acquired (total retirenent) or only sone cropping rights are acquired

(allowing an econonic return)

Cropping rights are assumed to be bundl ed or unbundl ed. In the
bundled simulations, |and retirement is the only |and nanagenent deci sion
allowed. In unbundled sinulations, we added two management alternatives
to the decision:

a) Per manent pasture in which haying and/or grazing is allowed.

The derivation of each cell's paraneter values are discussed
earlier. Water quality inplications are less than for conplete
land retirement, but reservation prices are also |less since an
economc return is allowed. W assune that the return is the
average of net returns from haying and grazing in the area. (Net
returns for the two activities are different because both gross
returns and costs are different.)

b) A two year corn-soybean rotation in which a nmore soil conserving

tillage systemis practiced than is currently prevalent in the
RCW  Wile conpliance nonitoring may be nore difficult than
for cropping alternatives, such a systemis inportant to node

because it offers significant water quality inprovenments over
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current practices and may be nore attractive to farners than the

ot her options.

For each potential change fromcurrent |and nmanagenent practices,
there is an associated reservation price that we define as the m nimum
annual paynent a | andowner would require to induce nmaking the change on a
specific parcel

When all cropping rights are acquired, the government cannot select
the nost cost effective cropping restriction within each cell. The nore a
policy instrument allows cropping rights to be unbundl ed, the nore cost
ef fectiveness can be attained within as well as across cells.

While adding two alternatives enabled us to denonstrate at minim
conputing cost the changes in sinmulation results from unbundlings, there
are several other ways in which unbundling could be sinulated:

a) Allow a greater range of specific |and managenent options

b) Acqui re what ever unspecified cropping rights are necessary to

achieve a desired |evel of environnental protection (for
exanple, a soil loss no greater than "T") on each parcel or for
the watershed as a whol e

¢) Acquire specific rights such as row cropping or all rights

except that to grow pernmanent pasture

3) In the third policy choice. cells are prioritized for managenent

change according to on-site erosion or off-site sedinment.

This choice determ nes whether the AGNPS-derived variable for on-site

erosion or off-site sedinent is used in the objective function of the

optimzation problem For on-site measures of erosion, we assumed perfect

knowl edge for each cell of the within-cell erosion for a given storm
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event, an AGNPS output variable. An alternative would be an annualized

soil loss measure

For the off-site measure, we used the off-site sedinment variable
created by running AGNPS for each cell. An alternative to this sedinent
vari abl e used woul d be sonme proxy that is highly correlated with it.

4) The fourth choice is whether governnment offers and

erosion/sedi nent reduction are based on current |and managenent

or_worst potential |and nmnagenent.

Under the current [and managenment assunption, we used |and use data
taken from SCS 1987 air photos of the watershed. Wen acquisition of
partial cropping rights were assuned possible, sedinent savings and
reservation prices remain positive only on those cells not already in
pasture. Alternatively, when we assuned the base case to be corn/soybeans
under conventional tillage, government offers were based on reservation
prices associated with growing corn and soybeans under conventiona
tillage. Potential sedinment savings were, of course, greater than when
current land uses were assunmed to be retained w thout governnent
i ntervention.

The two data sets are based on two alternative assunptions. One is
that current land managenment (at |east as of the date in which watershed
data was collected) represents profit-maximzing conditions for |andowners
with no potential for future |Iand nmanagenent changes absent government
i ntervention. Thus, payment offers made to | andowners need only reflect
the opportunity costs of moving from current managenent practices to ones
that have |ower net returns. The ot her assunption is that any parcel of

land has the potential for being converted to conventionally tilled corn-
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soybean rotation; consequently, government offers must reflect the
reservation price of noving fromthis managenent to one of the others.
Wen the latter assunption was used, we also assuned that sediment and
erosi on changes also reflect conventionally tilled corn/soybean rotation
as the initial condition in all cells.

O the 24 possible pernutations of the above choices, we have
examned the set that is listed below Each option is designated by a
conposite acronym nmade up of the acronyns associated with its respective
feat ures.

Governnent  Offers

Fixed Ofer: FX
Mat ch Reservation Price: RP
O fer Based on Erosion Ratio: RAT

Croppi ng R ghts Acauired

Retirement Only Allowed: RET
Unbundl ed Cropping Rights Possible: UN

Physical Variable for Tarqgeting Priority

On-Site Erosion: ON
Of-Site Sedinment: OFF

Base Case Land Managenent Assunption

Current Conditions: CC
Wor st Case Conditions: WC

W anal yzed the followi ng set:

WC- UN- FX- OFF CG RET- FX- ON
WC- UN- RP- OFF CC- RET- FX- OFF
WC- RET- FX- OFF CC- RET- RAT- ON
WC- RET- RP- OFF CC- UN- RP- OFF
WC- RET- FX- ON CC- UN- RP- ON
WC- RET- RP- ON CC- RET- RP- ON
WC- UN- FX- ON CC- RET- RP- OFF
WC- UN- FI X- OFF

WC- UN- RP- ON
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In addition, we sinulated four options that changed the optim zation
probl em from one in which the government mininzes sedinment to one in

whi ch | andowners maxini ze income (defined as the sum of cropping revenue
and government paynents) still subject to the government's budget
constraint. These "untargeted" instrunments served as a basis for
conparison with various targeted instrunents. Two are based on fixed
offers and worst case base case conditions. Their only difference is that
one allows retirement only while the other unbundl es cropping rights.
Because there is no targeting based on physical variables, their acronyns
are: WC-RET-FX-NO and WC-UN-FX-NO.  The other two are based on current

| and managerment and land retirenent. Their acronyms are: CC RET-RX-NO

and CC- RET- RAT- NO

Il. Sinulated Land Use Changes

Sinmul ation results can be presented spatially, that is, by show ng
the pattern of cells in different |and managenent practices resulting from
optimzing a given policy instrument at a given budget level. This is
exenplified in Figures 6 and 7 that show, respectively, the pattern
resulting fromsinulating WC- UN- FX- OFF and CC-UN-FX- OFF, both at a
$160, 000 budget. In both figures, land retirenent tends to be
concentrated near the watershed outlet where there is relatively little
opportunity for sedinent deposition to occur before it reaches the outl et
cell. In Figure 6, corn/soybean no-till acreage is concentrated in the
m ddl e of the watershed and tends to be near stream channels. The

remai nder of the cells are unchanged. Figure 7 illustrates the ability
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Figure 6: Land Management Pattern Resulting from Sinulation of WC UN FX-
O f at $160, 000 Budget
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Figure 7: Land Management Pattern Resulting from Simulation of CC UN- FX-
OFF at $160, 000
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of the same budget outlay to affect alnost all the cells when current
conditions are used as the base

Sinul ation results can also be displayed to show how total acreage in
di fferent managenent options changes as the budget increases. Figures 8
and 9 depict acreage resulting WC- UN-FX- OFF and CC UN- FX- OFF,
respectively, for the full range of budgets. As shown, increasing budgets
result in a shift in total watershed acreage fromno-till to the nore
expensive permanent pasture/no economc return option. Increasing the
budget, however, does not necessarily result in greater total acreage
being affected. The total acreage of |and whose managenent changes
remai ns about the sane over all positive budgets. For these unbundl ed
options, management restrictions intensify, rather than extensify.
However, when retirenent is the only managenent change allowed, tota

acreage retired increases steadily as the budget increases.

I1l. Cost Effectiveness Results

The renminder of this chapter discusses sinulation results presented
as cost effectiveness curves. W conpare subsets of the above policy
instrunents in several graphs to focus on specific questions. The
horizontal axis of each graph represents the nine budget constraints used
in the simlations, ranging from $40,000 to $360,000. To give perspective
to this range, at an average reservation price of $119/acre, the budget
constraints would allow fromroughly 2% to 22% of the watershed to be
conpletely retired.

The vertical axis of each graph is the percent reduction in sediment

at the watershed outlet. Cost effectiveness is then neasured as the
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Figure 8
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Figure 9

~Management Changes Under Increasing Budgets
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percent reduction for each budget expenditure. The next several graphs
contain results fromsinulations in which base case conditions are assuned
to reflect worst potential erosion. Figure 10 conpares five retirenent

. 13
only options.

WC- RET- FX-NO (i ncorporating no targeting), perforns the
worst, with respect to cost effectiveness and WC RET- RP- OFF perforns the
best (targeting based on off-site sedinment and matching reservation
prices), as expected. Not anticipated was the sensitivity of other
options to the budget constraint. For budgets greater than $160, 00,

mat chi ng reservation prices appears nore cost effective than targeting on
the basis of off-site sedinment. This is discussed further bel ow.

Figure 11 conpares five options that allow unbundling into the four
| and managenent practices. As in Figure 10, the option that targets on
off-site sedinment and nmatches reservation prices perforns the best and the
option with no targeting and making fixed offers performs the worst.

Here, however, the option that matches reservation price and targets on
site erosion outperforns the option that targets on off-site sedinent but
offers uniform paynments over the full range of budget constraints.

Figure 12 highlights the relative cost effectiveness of targeting on
the basis of off-site sedinment, unbundling cropping rights, and matching
reservation prices. Unbundled rights/fixed offer options outperform
retirement/ matched reservation price options only in the lower half of the

budget range. To interpret this result, remenber that unbundling cropping

rights allows the variation in sediment reduction fromintermediate

13Results are somewhat different than in the retirenent options
anal yzed earlier in the study because, here, reservation prices have a
different base than before. As before, whether it is nore advantageous to

incorporate information on reservation prices or on downstream sedi nent
contributions of cells depends on how nuch noney the manager has to spend.
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Figure 10
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Cost Effectiveness of Retirement and Unbundled Options
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managenent restrictions anong individual cells to enhance cost
ef fectiveness. Since this variation is linmted by the variation in
sedi nent reduction fromtotal retirenment across cells, cost effectiveness
gains are simlarly constrained. The distribution of sedinent reduction
val ues is such that nost cost effectiveness gains are exhausted after a
smal | percentage of the watershed's land area is affected. In contrast,
the distribution of reservation price values is such that matching
reservation prices continues to yield cost effectiveness gains over
uniformoffers for the full budget range. (For further discussion on the
distribution of these variables, see Chapter 3.)
The next three figures (13-15) present sinilar conparisons to those
above but take current |and managenent conditions as the base case.
Figure 13 conpares five retirement only options. In contrast to the
conpari son of the sane options when the base case is "worst nanagenent,"
here the ordering of options is constant over the entire budget range.
That is, targeting off-site sediment with fixed offers never outperforns
targeting on-site erosion with variable offers. W speculate that, while
using current conditions introduces additional variability into both
sedi nent reduction and reservation prices across cells, the effect on cost
effectiveness is dom nated by increased reservation price variation
Figure 14 conmpares the cost effectiveness of unbundling cropping
rights with that of targeting on the basis of off-site sedinment when al
options match reservation prices. Here, while unbundling dom nates
targeting off-site sedinment, cost effectiveness curves for CC UN-RP-ON and

CC- RET- RP- OFF appear to be converging at high budget |evels.
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Cost Effectiveness of Current Conditions/Match RP Options
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Finally, Figure 15 conpares five options reflecting three types of
government offers--fixed offers, matched reservation prices, and offers
based on the erosion ratio described above. Al options are for
retirement only. The ratio offer schenme results in a mxed cost
ef fectiveness performance. CC-RET- RAT-NO out perfornms CC- RET- FX- NO over
the entire budget range. Thus, when farners are simulated to naximze
i ncone (rather than the government mnimzing sedinent), the ratio-based
offers simulate the effect of targeting on physical variables. However,
CC- RET- RAT-ON is outperformed by CC-RET-FX-ON in the |ower half of the
budget range and the two converge for the remainder. WWen the governnent
targets on sedinent, cost effectiveness then depends on whet her
governnment offers exceed reservation prices. This is the case for 146
(out of 285) cells when offers are fixed and only 125 cells when the offer
is ratio-based. These results suggest that ratio offer schenes offer
potential cost effectiveness gains over uniformoffers, especially when
targeting on physical variables is otherwi se conpletely absent. However,
t he number of cells in which underpaynent and overpaynment occurs (relative
to private reservation prices) for a given ratio offer scheme could stil
exceed that from a fixed offer option.

From the above conparisons, we can make the follow ng genera
observations:

1) Policy instruments that differentiate parcels on the basis of

either an environmental variable or reservation prices
out perform those that do neither.
2) Policy instruments that differentiate parcels on the basis of

both an environnental variable and reservation price outperform
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those that differentiate on the basis on just one of these

The relative cost effectiveness gains from matching reservation
prices versus targeting off-site sedi nent appear sensitive to
the size of the budget.

Unbundling cropping rights offers cost effectiveness gains over
retirement only options; however, the effect of unbundling can
be domi nated by other effects.

Not all allowed | and nmanagenent options are necessarily
expressed in the realization of an unbundl ed policy instrunment.
Varying governnent offers on the basis of the relative

envi ronnental benefits of |and managenent changes across parcels
outperfornms fixed offers only under certain conditions.

Mar gi nal cost effectiveness tends to (but does not always)

decline for a given option as the budget constraint is relaxed.

The inplications of these observations are discussed in the next

chapter.
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Chapter 5: Conclusions, Policy Inplications, Caveats, and Future
Research Agenda

Concl usi ons

To recap the results fromthe previous chapter, cost effectiveness
tends to increase as policy instrunents incorporate nore information about
het er ogeneous characteristics in the watershed. Options that incorporate
i nformation about both physical characteristics (sedinment at the outlet or
on-site erosion) and econom ¢ characteristics (reservation price) of
i ndividual cells outperform options incorporating just one or the other
type of information. Recall that all of the targeted policy options
simulated in this report incorporate nmore infornation than does the
current CRP. The CRP has an eligibility standard for land to be enrolled
allowing all parcels meeting that standard to be retired at the same tine.

The efficiency gains afforded by options using a cell's contribution
to outlet sediment as the targeting variable (as opposed to on-site
erosion) tend to decline as increasing proportions of the watershed are
retired. There are relatively fewcells with extremely high outl et
sedi nent val ues that don't also have high erosion values. Once these
critical cells have been brought into the program incremental sedinment
reduction does not vary nuch regardl ess of whether targeting is based on
on-site erosion or off-site sediment variables.

For relatively large budgets, using individual reservation prices to
target land retirements has as large a cost effectiveness inpact as
estimating and enpl oyi ng downstream sedi nent contribution, rather than on-
site erosion, to target retirements. This is because the frequency

distribution of reservation price is such that the marginal cost of

73



enrol Il ment is relatively constant over the full range of budgets
consi dered, while marginal benefits approaches zero at high budget |evels.

The cost effectiveness of all options tends to decrease as an
i ncreased proportion of land is affected by the policy instrument. The
mar gi nal gains fromtargeting dimnish because the difference in
environmental danages anong many cells is very snall

Unbundling cropping rights offers potential cost effectiveness gains
over restricting managenent options to land retirement. However,
managenent options nust be chosen that fulfill two criteria in order for
potential gains to be realized. The first is that the percent sedinment
reduction per dollar of governnent offer nust be greater than for other
management option for at |east some cells. The second is that government
offers nust exceed reservation prices in those cases. The pasture with
hay/ grazi ng managenent option did not fulfill both criteria. Hence, it
was never chosen when an unbundl ed policy instrument was optim zed.

Cost effectiveness gains fromtargeting are sensitive to assunptions
regarding future |land managenent in the absence of inducenments to change
managenent . If we assune that current |and nanagenent practices will
prevail in the future (absent any of the sinulated policy instrunents)
regardl ess of changes in relative input and output prices, then government
offers can be pegged to reservation prices based on current nmanagenent
practices. Alternatively, if we assume that future price (and comodity
program conditions potentially induce each parcel to be nmanaged in the
nost erosive manner currently practiced on sone parcels, then reservation
prices are higher. Consequently, both government offers and sedi nment

reduction are higher per acre under this assunption than with the other
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assunption that current managenent practices will be maintained. In the
study watershed, the net effect of spreading the budget over nore parcels
but having smaller percent sediment reduction per parcel is greater cost

ef fectiveness. Some cells with high environmental sensitivity are
currently being managed in ways such that erosion is kept low. These
results strongly support the conclusion that nicro-targeting offers
potential cost effectiveness gains. As discussed in Chapter 3, however,
this is different than concluding that the benefits of micro-targeting are
worth its costs. Wiile the above targeting schenes could presumably be
arrayed according to their data collection and other costs, a rigorous
benefit/cost analysis of each scheme is beyond the scope of this study.
However, the magnitude of savings under some options is sufficiently large
to suggest favorable benefit/cost results, given certain strong
assunptions. The first assunption required is that the sinul ated
differences in percent sedinent reduction reflect actual differences that
woul d be observed under the various schemes. The second assunption is
that such actual differences translate into absolute sedinment reductions
that are meaningful in nonetized or unnonetized social benefits. The
third assunption is that savings in budget outlays achieved ex post can be
known ex ante.

G ven these assunptions, one can conpare the required budget outlays
to achi eve sone | evel of sedinment reduction under the various schenes.
Depending on the sedinment reduction goal, budget constraint and policy
instruments being conpared, annual savings in government outlays from
mcro-targeting are as high as $200,000 within the study watershed. The

front end costs of targeting would then have to be conpared with the
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di scounted present value of this stream of benefits over the period of
enrol lment of a given land parcel. Applied to a CRP-like program such
savings woul d be realized each year of the contract period. For permanent
easenent programs, all savings would be realized in the first year (our
study exanmines annual savings, not in present value format; however,
qualitative results would be the same). In either case, the present value
of savings in outlays could easily exceed the one time costs of data
acquisition for certain of the targeting options. From this perspective
mcro-targeting appears worthwhile in the study watershed for a w de range
of discount rates, budgets, and policy options.

From our experience, however, the costs of some targeting schenes
appear sufficiently large that net present val ues cannot be assuned
positive for all targeting options in all watersheds. Wiile our results
do not indicate firmdecision rules for deternmining the relative
i nportance of alternative variables upon which to differentiate |and
parcels in a watershed, they do suggest sone general guidelines for
allocating a |inmited budget between targeting activities (such as data
col l ection and analysis) and actual outlays to | andowners.

First, existing (no cost) data could be used to estinmate ex ante how
het er ogeneous the watershed is with respect to | and managenent practices,
t opography, and soils (both productivity and erodibility characteristics).
The greater the heterogeneity of sone characteristic, the greater the
potential cost effectiveness gains fromtargeting based on that
characteristic and the nore nmoney it is worth spending to obtain data

needed to inplement a targeted schene.
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Second, the total budget avail able could be conpared to the
watershed's area. |If severe budget constraints limt estimted total
sedi ment reduction to a small fraction of the total potential reduction
al locating resources to targeting activities nmay leave too little nmoney
for cropping rights acquisition. At the other extreme, if the budget is
sufficiently unconstrained to acquire cropping rights for nost of the
wat ershed's land area, targeting on the basis of physical variables will
yield little cost effectiveness gains (although nmatching reservation
prices might still be effective).

Third, if two watersheds have conparable outlet sedinment yields under
current conditions, their acreage could be conpared. A snmall watershed
whose physical or economic variables exhibit |large dispersion may be a
better candidate than a |arge watershed whose variabl es exhibit snal
di spersi on. For the same gain in cost effectiveness, fewer data are
required for the small watershed (assuming the required |evel of spatia
di saggregation is the sane for both) which nmeans that targeting costs are
lower. This guideline nmust be qualified because the relative the proximty
of the watersheds' outlets to damage sites affects the benefits of

sedi nent reduction

[1. Policy Inplications

Design of federal |egislation

Qur findings suggest that federal land retirenent and other
conservation | egislation be designed to take advantage of cost
effectiveness inprovenents offered by targeting. One way to facilitate

targeting is to recognize the effect that changing information technol ogy
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can have on program inplementation. Information systens that enable

m cro-targeting (whether hardware and software intensive geographic
information systens or sinple conputerized spreadsheets) are likely to
become less costly and nmore wi despread in the years ahead. Wile such
systens are unlikely to be devel oped at the |ocal level solely to support
NPSP reduction programs, they are attractive due to their flexibility in
provi ding anal ytical support for a wide range of resource nanagement
programs. Once installed, the variable costs of applying such systens to
specific problems is relatively low Differential reductions in the cost
of obtaining information on various targeting variables could conceivably
affect the choice of targeting strategy. For exanple, information about
physi cal variables nay be nore anenable to cost reduction than infornation
regarding reservation prices.

Federal programs for land retirement, conservation easenents, and
other land nanagement restrictions should, at a mininum not discourage
mcro-targeting for water quality goals and positive incentives should be
considered. The type of targeting that is appropriate varies anmong
wat er sheds due to the degree of heterogeneity anong |and parcels and to
the magnitude of the water quality problem Thus, federal |egislation
should be witten in a manner that facilitates flexibility at state/loca
l evel s in programinplenentation with respect to the |ocation and type of
targeting for conservation objectives.

In addition, federal funding for acquiring some or all cropping
rights should be linmited adnministratively as an incentive for targeting,
whil e additional funds to collect and analyze data for nore cost

effectively allocating program payments should be provided. Under current
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arrangenents for the CRP, for exanple, there is little incentive for

adm ni strative staff to pro-actively seek out those parcels of |and whose
enrol | ment woul d generate the highest per acre benefits. This is because
there is no overall funding limt (other than the 25% acreage limt and
the per acre MARR) and because administrative funds may be barely adequate
to cover a reactive inplenentation node (Kozloff, 1989). Current and
proposed CRP acreage enrol Il nent goals are counterproductive fromthe
perspective of governnent cost effectiveness in achieving environmenta

obj ecti ves.

Wiile legislation can better facilitate targeting, potential cost
effectiveness gains may be frustrated if prograns attenpt to achieve
several conservation objectives with the sane policy instrunent. It is
difficult both in theory (Tinbergen, pp. 39-42) and in practice to
optim ze several objectives with a single policy instrument. Sedi nent
reduction inposes a different priority on |land parcels, for exanple, than
does on-site erosion reduction or soluble nutrient reduction (M cro-
Targeting Wrk Goup, 1989). Wiile not studied in this project, it is
likely that non-water quality-related environmental objectives would
i npose an even greater difference in priority. Even wth prograns whose
primry goal is nonpoint pollution control, there may be nultiple loca
obj ectives (reduction in sediment deposition in water conveyances,
improvenent in clarity of downstream |akes, and objectives that may focus
on sedinment versus nutrients or episodic events versus anbi ent water
quality).

The difficulty of optimzing nore than one objective with a single

policy instrument suggests that there needs to be better matching of
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obj ectives and policy instrunents to facilitate both the technical and
institutional aspects of micro-targeting. This could be acconplished by
limting the nunber of conservation objectives attached to a given policy
instrument. Furthernore, federal |egislation and local inplenentation
could be explicit in establishing priorities anong nmultiple (and possibly
conpeting) program objectives.

Finally, administrative guidelines established to inplement federa
prograns should recognize that environmental objectives can be served by
meki ng paynents that approximate reservation prices. By reducing the
over paynent or underpayment for cropping rights, the governnent can exert
greater control over which parcels beconme enrolled and thereby retain nore
funds to allocate to additional parcels. The policy instruments sinulated
inthis study presunmed that the government makes "take-it-or-Ileave-it"
offers to landowners, a procedure that requires the government to have
estimated individual reservation prices. An alternative for federa
legislation is to pronote or, at least, not inhibit the devel opnent of
| ocal procedures that induce |andowner revelation of reservation prices.

If incentive conpatible policy instrunents could be devel oped, cost
effectiveness gains fromnatching (or nore closely approximating)
reservation prices could be realized without the need to devel op

reservation price data

Local Inplenentation of Federal Legislation
Qur research also has inplications for state and |ocal inplenentation
of federal legislation. One is that better use can be made of avail able

i nfornmation about |andscape heterogeneity to rank parcels for program
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eligibility for receiving paynents. At present, for exanple, land is
either eligible or not eligible for enrollment in CRP based on estinates
of erodibility. The same estimates could be used to priority rank |and
parcels. Simlarly, other land characteristics data that are readily
avail abl e, such as location in watershed and stream channel proximty,
could be used for parcel ranking. Such physical characteristics could be
used to pro-rate paynents levels as well.

As noted in Chapter 2, the theoretical efficiency gains of
differentiated over uniform environmental control instruments depend on
the steepness of narginal social benefit and cost curves. This suggests
that the allocation of limted resources for targeting-related data
col lection versus actual payments should vary across watersheds. The
problemis that it is difficult to compare the relative worth of targeting
across watersheds ex ante, that is, before actually analyzing the data
necessary for targeting. However, the guidelines listed in section | of
this chapter could be used to help allocate resources for data collection
and anal ysis.

In voluntary programs, efficiency considerations nust be bal anced
Wi th acceptability anpng potential participants if efficiency goals are to
be realized. In this case, acceptability may be related to whether the
reasons for wunequal treatment of |andowners are apparent. If two or nore
targeting options appear to have conparable potential for cost
effectiveness gains, |ocal agencies mght consider which option is likely
to have the greatest |andowner acceptability. For exanple, an option that
pays fixed anmounts for acquiring different cropping rights and targets

parcels on the basis of erosion nmay be nore acceptable than one that
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mat ches reservation prices for land retirements and targets on the basis

of downstream erosion.

[1'l. Caveats and Directions for Further Research
Caveat s

The study has limtations with respect to both physical and econonic
rel ationships nodeled as well as the lack of certain institutiona
consi derati ons. In the first category, any nodeling system necessarily
sinmplifies physical and economic relationships. These sinplifications can
bias quantitative results regarding the cost effectiveness of alternative
targeting schemes. Consequently, reported results are nore reliable as
indicating relative rather than absolute cost effectiveness of different
policies in reducing nonpoint source pollution.

In addition, the characteristics of physical and economic vari abl es
in other watersheds could cause at |east quantitative results to differ
from those found here. Extrapolation of results to other watersheds nust
be done with caution since reasons for the superior performance of sone
targeting schemes over others are not always clear cut. To the extent
that the relative performance of targeting schenes in other watersheds is
related to unknown statistical characteristics of relevant physical or
econonic variables, few generalizations are possible.

An inportant question is whether conducting the sane analysis in
ot her wat ersheds could give rise to conclusions and policy inplications
different from those realized here; The cost effectiveness gains from
targeting are sensitive to |andscape heterogeneity. Relative to other

wat er sheds in southeast Mnnesota, the RCWis only nbderately
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het er ogeneous, being located in a transitional zone between the corn belt
and nore rolling river valleys and karst topography to the east. | f
targeting is worthwhile in the RCW it is also likely to be worthwhile in
a substantial nunber of watersheds in southeast Mnnesota with nore
relief. The relative perfornmance of different targeted policy instrunents
in response to different budget constraints is also likely to vary across
wat ersheds in response to watershed characteristics discussed earlier.

Anot her technical question is whether our findings such as those
regarding off-site and the | ess expensive on-site neasures of
environmental sensitivity, reflect real world conditions or are only
functions of AGNPS algorithnms. This question is relevant to policy if the
di vergence between nodel ed results and real world conditions would result
in substantially different rankings of cells and/or policy options. If
(as discussed in Chapter 3) the apparent correlation between AGNPS-derived
on-site and off-site variables mght be biased upward, potential gains
fromtargeting on the basis of the off-site variable may be
under est i mat ed. Perhaps the best indication of the quality of the

physical npbdel is not its accuracy in absolute ternms, but whether it

provides appropriate guidance to policy decisions. given the spatial and
tenporal scale at which those decisions are made

Besi des these technical considerations, the study is also linmted in
that it does not address certain institutional issues. \Wile the origina
CRP legislation allows local environmental criteria to be used in program
i mpl enentation, |ocal agencies may not have incentives to make use of
these provisions. Institutional resistance to targeting has been alluded

to already and studied el sewhere (N el sen 1985); however, sone reasons for
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it bear repeating. First, targeting has equity inplications; there is no
reason to expect a positive correlation between financial need and
environmental objectives. In fact, if environmental benefits are based on
current |and managenment practices, there may be a negative correlation
bet ween private need and social benefits. |If equity considerations
conflict with efficiency considerations, the historical precedent set by
federal farm prograns would tend to favor private needs, especially if
cropping rights payments are viewed as entitlement. The conbination of
conservation objectives in general with wealth redistribution objectives
renders targeting politically difficult to inplenent. Targeting

i nherently treats | andowners differently on the basis of socia

objectives, regardless of their private economc circunstances. As |ong
as policy instruments explicitly include wealth redistribution as an
objective or have that result, there will be resistance to targeting.

In addition, there may be additional transaction costs associ ated
with a targeted policy instrunent above and beyond data collection and
analysis. Unless the policy instrument involves incentive conpatible
bidding, it may be necessary for the administering agency to approach high
priority |andowners individually to induce their participation

The costs of nmore information-intensive policies need to be bal anced
against their benefits. The costs of targeting are primarily staff time
and rel ated expenses for data collection and anal ysis and admi ni stration
The benefits of targeting are measured as |ower outlays to achieve the
same |evel of program effects, an increased |evel of program benefits for
the sane outlay, or both. If all programeffects remain at the same

| evel, but necessary outlays decrease, then targeting benefits are sinply
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the total dollar value of the decrease in expenditures over the watershed.
However, if different objectives are affected differently by targeting (as
is probable), measuring targeting benefits by changes in program effects
requires that all the effects be nonetized or at |east quantified using
policy weights or other units that can be conpared across program options.
For exanple, we found that some targeting options performbetter with
respect to downstream water quality inprovenent than with on-site erosion
reduction, while the reverse is true with others. Unless sonme options
outperformothers with respect to all objectives associated with a |and
managenment program the tools used in this analysis don't provide a basis

for ranking the options.

Further research needs

There are several policy issues that this study was not able to
addr ess. In addition, the study raised some new issues. G ven the
magni t ude of budget exposure from federal |and and water conservation
prograns, payoffs from policy-relevant research that identify ways to
i mprove program cost effectiveness are potentially large. In this
section, several avenues for further research are discussed, including
extensions of the basic framework used in this study, formal benefit/cost
anal ysis of targeting incorporating uncertainty and risk, and field study
of targeted policy instrunents to understand how physical and
institutional systems affect mpdeled results

One extension of the nodel used here is to explicitly consider the
trade-offs among nultiple objectives fromtargeting | and managenent

prograns. Because it is likely that new policy initiatives relating to
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nonpoi nt source pollution will enconpass multiple objectives, it is

i nportant to accommodate the effects of nultiple objectives on the cost
effectiveness of targeting. Some program objectives may not be at al
related to nonpoint source pollution control, as is the case with the CRP
whose objectives include preservation of soil productivity, reduction in
governnent outlays associated with surplus commodity production, and
enhancement of wildlife habitat. Data are available at the same spatia
level to evaluate trade-offs anong at |east some of these objectives. For
exanpl e, one could exam ne explicit trade-offs between environnenta

obj ectives and conservation of soil productivity using intertenpora
nmodel s of soil erosion/fertility relationships.

To address the effect of targeting for reduction of one pollutant
on the level of another, AG\PS could be run to individually target for
several different pollutants. One could then conpare the relationship
bet ween individual cell contributions of one pollutant to other pollutant
level s at the outlet. In addition, single event and annualized versions
of AGNPS could be run to determne the difference made in targeting |and
parcel s by episodic versus average anbient |evels of nonpoint source
| oads.

One approach to the multiple objective issue is to nonetize al
objectives so that a single neasure, dollars, is being maximzed. Another
standard approach is to assign subjective policy weights to the different
obj ectives and then solve a multiple objective progranmi ng problem (Cohon
and Marks, 1975). The effect of different targeting schemes and different
| evel s of participation on the solution to the problemcan be exam ned.

There are also |less formal approaches than mathematical progranm ng that
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al so involve assigning weights to different objectives (Nagel, 1987).
Anot her approach, which does not require weights, is to establish criteria
for selecting a single objective to maxim ze fromanong all program
objectives. Possible criteria include the relative variance in benefits
associated with participation of individual agents or the relative extent
to which different program objectives would be achieved by private actions
in the absence of positive or negative incentives offered by the program

Anot her extension of the framework used woul d be to exami ne effects
of other policy instrunents besides cropping rights acquisition. In
particular, targeting could be applied to policy instruments that are
prem sed on different property rights assignnents, such as Conservation
Conpliance. To evaluate the effect of targeting Conservation Conpliance
for water quality, we could conpare the current policy with alternative
targeted approaches. W outlined a procedure for evaluating a targeted
Conservation Conpliance policy in our second quarterly report and wll not
repeat that discussion here

A potentially important topic for further research is to devel op and
test bidding schemes for prograns in which the governnent is acquiring
some or all cropping rights to serve environmental objectives. Economc
theory suggests and our research supports the potential for cost
ef fectiveness gains of incorporating heterogeneity anmong | and parcels
reservation prices in a cropping rights acquisition program Under sone
conditions, it appears that such gains are larger than those realized by
i ncorporating heterogeneity anong the parcels with respect to their
contributions to environnental quality. A limted watershed budget,

combi ned with an environmental quality inprovenent goal, provides an
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incentive to government to neither under- nor over-pay farmers for
acquiring their cropping rights. Unfortunately, farnmers thenselves only
have some estimate of their true reservation prices, and the governnent
has even less information about those prices than farners. The governnent
could invest in obtaining information that would reduce, but not

elinmnate, its uncertainty regarding individual farner's reservation
prices. However, such an investnment woul d reduce the governnent's budget
remaining for actually acquiring cropping rights. The primary advantage
of a bidding scheme over a take-it-or-leave-it offer scheme or "pseudo-

bi ddi ng" schenes like the one used in the CRP is the potential for agents
to reveal their estimated reservation prices through bidding behavior.14
If farmers could be induced to do so, the cost effectiveness gains
associated with reservation price heterogeneity could be achieved, while
retaining nore of the budget for actually acquiring cropping rights.

A final extension of the behavioral aspect of our framework woul d be
to nodel the farmer's response to a given policy instrument nore
realistically. Farners' decision rules regarding the CRP are thought to
incorporate whole farm as well as intertenporal considerations

A second mmj or avenue for further research would be to nore formally
anal yze benefits and costs of infornmation required for targeting. The

conceptual foundation for evaluating mcro-targeting of policy instrunents

14In this brief discussion, the deviation of farmers' estinmated from
true reservation prices is assumed to based solely on uncertainty
regarding future states of the world (crop prices, yields, etc.) and not
on the bidding behavior of other farmers. O course, the actual anount a
farmer bids can be affected both by estimated own reservation price, risk
attitude, and bidding behavior of others. The distinction between true
and estimated reservation prices should not affect the outcome of a
bi ddi ng scheme unless farners are able to update their estinates and then
opt in or out of the program
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designed to inprove water quality relies heavily on applying welfare

econom cs and the economnics of information to environmental contro

problens. To address the question of whether a given targeting scheme is
worthwhile, it is necessary to conpare social costs and benefits relative
to sone untargeted or less targeted base case. Unfortunately, while there
is an extensive literature on conditions for maximzing social welfare
with respect to environnental controls, there have been few "policy
relevant” applications of information econonmics related to inplementing
environmental controls. Consequently, the gap between theoretical results
and policy inplications yawns wi de.

There are at |east two reasons why a nore fornal and explicit
treatment of the value of information in reducing uncertainty may be

wor t hwhi | e:

1) Perfect information in the sense of ex post values is unrealistic. A
wat er shed nmanager is not likely able to run AGNPS to determne the
outcone of a given option in advance of nmaking offers to | andowners
or opening up an enrollment period

2) Both farners and watershed managers are likely to be risk averse, so
expected val ues al one nay not indicate a ranking of program options
from their respective accounting perspectives. In many watersheds
there is some threshold value of reduction in sedinent or nutrients
bel ow which water quality benefits are insignificant. Water quality
may be nore a function of severe stormevents than average anbi ent
conditions in some watersheds with the reverse true el sewhere. Both
of these factors argue for taking reductions in variance as well as
i ncreases in nmean sedinment reduction into account in choosing anong

policy options.
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There are several ways risk could be incorporated into our existing
nmodeling framework. One way is to inpose reliability constraints on the
objective function. Another approach is to include uncertainty in the
governnent's objective function with some policy weights assumed for
sedi ment reduction and variance in sedinent reduction. For exanple, the
optim zation problem could be forrmulated to nmaxim ze expected sedi ment
reduction less a weighted variance of sedi ment reduction

A third nmajor avenue of research is field study in a watershed or
wat er sheds of the nore promising sinulated targeting options in a
wat ershed or watersheds. W have already alluded to several factors that
coul d cause divergence between sinulated and actual cost effectiveness
gains from targeting such as agency-level institutional constraints
farmer responses to program offerings, and physical responses to |and
management changes. The nagni tude of the long term financial conmtnent
associated with national prograns |like the CRP suggest the value of a
research phase between policy sinulation and full scale program
i npl enent ati on. Furthernore, we hypothesize that the effect of the above
factors is to decrease actual cost effectiveness gains fromthose
siml ated under our sonmewhat idealized conditions

To limt the opportunity costs of delaying decisions about program
i mpl ementation, field studies could be conducted in two phases. In the
first, agency-level inplenentation and farmer-response issues could be
tested. The phase would provide data on the agency's application of
analytic tools to develop a targeted policy instrunent and the extent to
which a given policy instrunent can actually cause nanagenent changes on

targeted land parcels. The second phase could nonitor the short and |ong

90



term response of the physical system in terms of NPSP reduction, to the
indicated |and managenent changes. Results fromthe first phase of field
research could be available relatively quickly and may provide sufficient
gui dance to elinminate certain targeting options and nake other program
inpl enentation decisions. Results fromthe second phase coul d be used to
refine the application of physical nodels for targeting as well as to

eval uate program cost effectiveness.
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