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Toward a Sustainable Coastal Watershed:

The Chesapeake Experiment. Proceedings of a Conference
1-3 June 1994. Norfolk, VA

Chesapeake Research Consortium Publication No. 149

| MPLEMENTATION OF THE PoNT SourcE NuTrRIENT CoONTROLS IN THE CHESAPEAKE
BAay WATERSHED

Joe Mackni s
U.S. Environmental Protection Agency

Abstract - Beginning with the Upper Chesapeake Bay Phosphorus Limitation Policy in 1979, the Chesa-
peake Bay jurisdictions have developed and implemented regional point-source control policies to
improve water quality and dissolved oxygen conditions in the Bay. Most recently, the Chesapeake Bay
Agreement of 1987 committed the Bay states to reduce phosphorus and nitrogen loads to the Bay by 40%
by the year 2000.

This paper reviews the effectiveness of these policies in reducing point-source nutrient loads and
reports on the status of state efforts to control point-source loads in response to the 1987 Agreement.
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AGRI CULTURE AND WATER QUALI TY: THE

Econom ¢ EFFECTS OF

NuTRI ENT MANAGEMENT

K. Segerson and Li h-Chyi Wén
University of Connecticut

Abstract :

Agricultural production is a major source of pollutants contributing to reduced water quality in the

Chesapeake Bay. Fertilizers and pesticides leach to groundwater and run off into surface water bodies that flow
into the Bay. These pollutants can be reduced through nutrient management. For example, changes in the
amount, timing, source, and method of application of fertilizers can reduce both runoff and leaching of nutri-
ents. However, these changes have potential impacts on farm revenues and costs and thus on profitability.
Policies designed to encourage farmers to improve nutrient management and thus reduce pollution may be
necessary if farmers are to be induced to engage in these practices.

This paper uses a linear programming model of a representative dairy farm in the Lower Susquehanna
River basin to examine the potential effects of improved nutrient management on both farm profitability and
pollution. The model, which was developed primarily by researchers at Virginia Polytechnic Institute, includes
information about both economic parameters and site characteristics. Site characteristic data were obtained from
the Area Studies Survey conducted by the Economic Research Service at of the U.S. Department of Agriculture.
A hypothetical tax on nitrogen runoff is used to induce improved nutrient management. The effect of the tax on

both profitability and runoff is examined. The paper draws conclusions about the potential for using nutrient

management as a pollution control approach.

I NTRODUCTI ON

Agricultural production is a major source of
pollutants contributing to reduced water quality
in Chesapeake Bay (U.S. Environmental Protec-
tion Agency 1993, Maryland Department of the
Environment 1993). Fertilizers and pesticides
leach to groundwater and run off into surface
water bodies that flow into the Bay (Donigian et
al.). These pollutants can be reduced through
nutrient management. For example, changes in
the amount, timing, source, and method of
application of fertilizers can reduce both runoff
and leaching of nutrients (Huang et al . 194,

Bosch et al. 1994). Similarly, changes in crop mix
and tillage can affect required nutrient applica—
tions and/or the associated runoff and leaching.
However, these changes have potential impacts on
farm revenues and costs and thus on profitability.
Policies designed to encourage farmers to improve
nutrient management and thus reduce pollution
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may be necessary if farmers are to be induced to
engage iIn these practices. The effectiveness of
these policies depends on the availability and
cost of altermative nutrient management ap-
proaches.

This paper uses a linear programming model of
a representative dairy farm in the loner
Susquehanna River basin to examine the potential
effects of reducing nitrogen runoff on both farm
profitability and pollution. The model, which was
developed primarily by researchers at Virginia
Polytedmic Institute and State Uninersity (WPI),
includes information about both economiic parareters
ad site daracteristics. Restrictions on nitrogen
delivery are used to induce inproved nutrient manage-
mert. The relationship between profitability and
nitrogen delivery is examined. The paper draws
concllusians about the potential for using nutrient
management as a pol lution control approach.



The Study Area

The loner Susquehanna River basin is located
primarily in southem Permsylvania, with a small
portion lying in Maryland (see figure 1). About 386 of
the besin is egegd inagriaultural ectivities. The
region includes aress wirth heavy niltrogen gopllications,
both from commercial fertilizer and manure spreading
(see figure 2). For earple, camercial nitrogen
fertilizer wes goplied to 9% of the com for grain (field
com) acres in the region, wirth an average goplication
rate of 66 lbs/acreAear. Similarly, 8% of the sillage
acreage received camercial nitrogen goplications,
wirth an average gplication rate of 58 Ibs/acreAear. In
addition, manure wes gpplied to 63% of the field com
acreage and 91% of the sillage acreage (U.S. Department
of Agriaulture 1993). Ore of the heaviiest manure
spreading aress is Lancaster County, located in the
sautheestem part of the besin.

Because of the heavy fertilizer use intre areaad
the potential contributiion to pollution in Chesapeske
Bay, the loner Susguehanna River basin was chosen as
ore of several aress to be included in the Area Study
Project conducted jointly by the Econamic Research
Service (BRS), the Soil Consenvation Service (5), the
U.S. Geological Suney (USGS), and the National
Agricultural Statistics Service (NASS). The Area

Section 6: Tributary Strategies |mplementation

Study Project was developed under the President’s
Water Quality Initiative. Ineach of the study
areas, surnvey data were collected on agricultural
activities, including both field-level and whole
farm data. The data relate to production technolo-
gies, cropping pattems, and agricultural activities
(including conservation practices). The sample
used for the survey was designed to overlap with
sample points used in the National Resources
Inventory (NRI), a survey conducted every 5 years
by the SCS. The NRI is described in detail in Soil
Conservation Service ad lona State Statistical
Laboratory (1987). The NRI collects information
on physical and natural resource characteristics of
the site. Lirking the two suneys thus provides site-
specific information on both physical and econamic
daracteristics of fams. Availability of these data
provides a unique opportunity for modeling
environmental problems, such as water quality
where the pollution levels depend on both physical
dharacteristics of the lad and production decisions
made by individual farmers.

The major crops produced in the lower
Susquehanna study area are com (field ad for silage),
alfalfa, other hay, ard pesture. This reflects tre distribu-
tion of farm types within the area.  In the area 50% of
the farms are dairy fams. Of those, 39 have sales

Figure 1. US. Departrent of Agriculture studies survey sites.
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Fi gure 2. The | ower Susquehanna Ri ver basi n.

between $100,000 and $249,999, and 83% have sales
between $60,000 and $499,999 (U.S. Department of
Agriculture 1993). Thus, this study focuses on
nutrient management on a typical dairy famm in
the region with net revenues between $100,000
and $200,000.

The sunvey results indicate that some famers in
the region are already using nutrient management
practices (U.S. Department of Agriculture 1993). For
example, soil nitrogen tests were used on 14% of the
Tield com acreage and 23% of the silage acreage. In
addition, as indicated in tables 1 and 2, many
farmers are already engaging in some kind of
conservation tillage or other conservation practices
that can reduce fertilizer ruoff, such as strip
cropping. Conservation tillage (reduced and no-till)
is used on well over half of the com acreage, and
nearly half of the com acreage uses stripcropping.-

An Overvi ew of the Mdel

In an effort (1) to uderstand better the
relationship between decisions regarding agricul-
tural practices and water quality, ad (2) toaid in the
evaluation of policies aimed at improving water
quality, researchers at \PI are developing a linear
programming model of a representative dairy farm

in the Lower Susquehanna River basin region (Bosch
and Heimlich 1994) . WPI researchers are using the
under lying model structure to study other types of
farms both within the region and in other regions as
well. For a discussion of this research effort, see
Bosch, et al. (1994). The model is being developed as
part of a cooperative agreement between ERS, WPI,
and the University of Connecticut. An interim
version of the model is used in this resecarch. The
model is being refined in response to coments and
Teedback from other researdhers, therefore the results
presented here are viewed as preliminary and
subject to change as the model is improved. The
model assumes that farmers make production
decisions to maximize net revenues (i.e., revenues
minus direct production costs), subject to a nurber
of constraints (described below). These decisions in
tum affect both runoff and leaching of nitrogen. The
primary data sources for the economic and techno-
logical parareters of the model are the Area Study
Survey, the Farm Costs and Retum Survey (FCRS),
the NRI, the Penn State Agronomy Guide (Serotkin
1993), and Penn State Enterprise Budgets (Depart-
ment of Agricultural Economics and Rural Sociology
1993). The leaching and runoff parareters cone
primarily from Yagow et al . (1993).
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Table 1. Tillage types, Inthe |ower Susquehanna R ver basin ( Pennsyl vani a, 1991)

Item Corn(Field) Corn (Silage) All Tilled Land
Conservation Tillage: 63 57 54
No Till 26 16 19
Mulch/Other Cons. 37 41 34
Conventional Tillage: 37 43 46
Moldboard plow 31 40 40
Other Conventional 6 3 6

Source: U.S. Department of Agriculture / Econamic Research Service/ Resources And Technollogy Division

Tabl e 2. Conservation practicies, Inthelower Susquehanna R ver basi n (Pennsyl vani a, 1991)

Pratice Corn Corn Alfalfa Hay Pasture
Eeld) Gilep)

Chiseling & 3 37 8 N/A N/A
subsoiling

Cover or green 20 23 17 14 N/ZA
manure crop

Crop residue use 44 30 15 7 20

Grassed waterways 33 26 20 10 5

Stripcropping yi'e] 48 2 37 N/ZA

Pasture & hay N/A N/ZA 35 18 15
management

Planned grazing N/A N/ZA N/ZA N/ZA 15
system

Rotations 76 74 61 43 N/A

N/A indicates not applicable
Source: U.S. Department of Agriculture / Econamic Research Service/ Resources And Technollogy Division
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To maximize net revenues, the farmer makes
decisions regarding the folloving:
= The size of the herd.
= The rations 1o be fed to the herd the pos sible rations

are a 50-50 alfalfa-com silage ration, acom silage

only ration, an alfalfa ra tion, ad a haylage ration.
= The acreage for each crop the crops in the model
are com for grain, com for sillage, alfalfa, wheat,
soybeans, cates, other hay, rye, and pasture.
= The crop rotation (if any) 1o be used.
= The tillage type to be used for each acre
the possible tillages incluce aonentiaal, re-
duced, no-till and nore, although there are re-
strictions on the crop/tillage conbinations
that are alloned.
The source of nutrients (including manure
and purchased camercial fertilizer).
The timing and method of application of nutri
atts the timing refers to the seesa (Winter,
spring, sumer, fall) ad the method refers to
whether the fertilizer is inoorporated or not.
The purchase and sale of crops.
The amount of labor to be hired.
The two sources of revenue for the farmer are the
sale of livestodk and theiir products, which depends
directly on tre size of tre herd, ad tre sale of agps
produced on the farm.  Any production in excess of the
anount needed for feed is assumed to be sold. The
direct oosts that the farmer inours incluce the aosts of
= purchasing crops for feed,
= purchasing comercial fertilizer,
= building manure storage,
= spreading manure,
= purchasing pesticides,
< hiring labor, ad
= other production costs such as machinery
oosts, sead, line, ete.

Inmeking his productionHrelated decisiaons, the farmer
is slbject to anunber of constraints. These include:
= limits on the amount of cropland and the

amount of total land availeble,
= a capacity limit on the size of the herd,
= a capacity limit on manure storage,
= required per acre pesticide goplication

leels for each crop ad tillage aonbiration, and
= requiired per acre rutrient gplication leels

foreechat.

These requirements reflect crediting for nitrogen
Ffixation by legumes, the nutrient content of manure
that is spread, and residual levels of potash ad
phosphate in the soilll as detected by soil tests. In
addition, adjustiments are mede to reflect volatiliza-
tion, runoff, and leaching priior 1o crop uptake.
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In addition to the resource constraints, the
farmer is subject to a nunber of balance equations.
For example, the farmer must ultimately spread all
of the manure that is produced (although he can
adjust the timing of the soreading throuch storage) -
In addition, he must have enough ration to feed his
herd and cannot sell more of a crop than the amount
that he produces in excess of his feed requirenents.

The farmer”s decisions regarding his crop
acreages, his nutrient sources, and the timing ad
method of application of nutrients then combine
with site characteristics to determine the anount
of soluble nitrogen runoff, nitrogen loss in sedi-
ment, and nitrogen leaching from the farm.
Delivery ratios based on the distance from the field
to the nearest water body and the intervening land
cover are then used to predict total nitrogen
delivered to the water body. This includes both
nitrogen fram fertilizer use and natural sources
such as nitrogen in precipitation and mineralization of
soil organic nitrogen.

A summary of the output of the model in the
absence of any specific nutrient management
policy is given in the first colum of table 3. This
represents a preliminary estimation of the operat-
ing decisions of the farm that would maximize net
returns without any govermment policy aimed at
pollution reduction. Under this base case, the
farm’s net retums, i.e., retums above variable
operating costs, are $138,110. The farm has a herd
size of approximately 110 milking cons. Ithas 7.4
acres in a field com-alfalfa rotation and 145.6 acres
in a silage-alfalfa rotation, for a total of 3.7 acres of
field com, 72.8 acres of silage, ad 76.5 acres of
alfalfa. Inaddition, 17.0 acres are in cortinuous
pasture. The farm produces alfalfa in excess of its
Teed requirements and sells the excess in the
market. It must, however, purchase feed products
from the market as well. The farm uses both cow
manure and commercial nitrogen fertilizer as
sources of nitrogen for the agps. Totall nitrogen
celivered 1o the nearest water body is 104.07 Ibs.

Ef fects of Nutrient Managenent

The model described above provides a tool for
analyzing how improved nutrient management is
likely to affect famret retums. In particular, mgping
the relationshiip between ret retums and total nitrogen
delivered to the nearest water body provides an
indication of the econamic impact of reductions in
nitrogen celinvery.

The model suggests that there is a range over
whiich farmers can reduce nitrogen delivery whille
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Tabl e 3. Summary of cases

Base Case 10%Reduct. 30% Reduct. 70% Reduct
Net Revenue $138,110 $138,065 $136,930 $111,724
Total nigtron 1041 RB7 9 32
delivered to stream
Total nitrogen 1786.0 145 A7 30.0
leached
# of milking cows 109.6 109.6 100.6 100.6
Feed Ration:
com-Silage 100.6 100.6 100.6 8.1
haylage 0 0 0 3H5
Crop Acreage:
Jotal 10.0 10.0 10.0 127
Alfalfa %5 7’5 7’5 519
Corn-Grian 3.7 3.7 3.7 0
Com-Silage 8 8 8 519
Pasture 17.0 17.0 17.0 18.9
Rotation Acres
w/ Stripcropping 0 0 919 133.8
Manure Spreading:
Winter 0 .5 107.6 0
Spring 183.4 130.2 130.2 0]
Summer a4 a4 816 3/8.5
Fall 1627 6L4a 0] 0]
New Manure Storage 0 0 0 189.2
Commercial Nitrogen 5.0 5.0 35 6.9
at the same time actually increasing net retums. Because no-till com results in higher net retums,

This occurs through the adoption of no-till technol- the base case run of the model includes no-till
ogy on com. The output from the model suggests rather than converttional tillage for com. Given

that a significant decrease in nitrogen delivery the economic benefit from no-till, farmers can be
(fran 235.8 Ibs. 1t 104.07 1bs.) can be achieved expected to adopt this technology voluntarily. The
through swirttching firom conventional to no-till data in table 1 regarding actual adoption of
production of com. The result is obtained by reduced or no-till provide some evidence that this
comparing the base case to a model run in which is, infact, oocourring in the study region.

no-till and reduced-tillage com acres are restricted Further reductios in nitrogen delivery (to levels
tobe zero ( thus forc ng the model to choose bel ow104.07 1 bs.) areunl i kd'y to be nade vd un
converttional tillage for com) Such a switch will tarily becaseay futher reductiasresut in

also incresse net retums from $136,462 to $1338,110. reductiosinna reuns. Hvever, futher
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reductions could be induced through govermment
policies that either regquire or encourage those
reductions. To analyze the economic effect of such
policies, we consider hypothetiical restrictions on
nitrogen delivery. We consider different restric-
tions, ranging from a 10% reduction to a 90%
reduction, and examine the impact of these restric-
tions on the net retums of the fam.

The net retums associated with the different re-
strictions are depicted in figure 3. The results suggest
that farmers are able to achieve fairly large reduc-
tions in nitrogen celivery at relatively lovaost, i.e., with
relatively small reductions in net retums. For
eamle, a 10% reduction in delivered nitrogen reduces
net retumns by only .03% (from $138,110 to $133,065) -
Similarly, a 50% reduction in delivered nitrogen reduces
net retums by only 2.4%. Beyond 50%, however, fur-
ther reductiaos cause much larger losses for farmers. For
example, a 90% reduction in delivered nitrogen re-
duces net retums by over 50%.

A description of the adjustments that the farmer
is predicted to make in order to reduce nitrogen
delivery by the different anounts is given in table 3.
As can be seen, a 10% reduction is achieved by
simply changing the timing of manure spreading.
Fall spreading is reduced, spring Soreading is in-
creased, and some manure is now spread during the
winter aswell. These changes reduce nittrogen runoff
and thus nitrogen delivery. The cost comes prima-—
rily from increased labor costs.

A 30% reduction in delivered nitrogen is
achieved by further changes in the timing of

manure spreading (withfall spreading el iminated
entirely) ad by adopting strip aggping. Al of the
acreece in the com for grain-alfalfa rotation isow in
strip cropping, as is more than half of the acreage in
the silage-alfalfa rotation. As a result, the anount
of comercial nitrogen that is purchased is re-
duced. These changes reduce sediment loss. They
thus reduce the amount of nitrogen loss in sedi-
mert, aswell as the loss in runoff. Both of these
effects contribute to the overall reduction in
nitrogen delivery.

To achieve a 70% reduction in delivered nitrogen,
nore substantial dhanges are required, with a corre-
spondingly larger reduction in net revenues. First,
the farmer begins to idle some of his land. The
total acreage in crop production falls fraom 170
acres to 122.7 acres. Com for grain is o loger
gon. Al of the acreece in tre sillege-alfalfa rotation is
now in strip cropping. The farmer must now purchase
more feed and switches part of his feed ration to
haylage. Inaddition, it now pays for the farmer to
increase his manure storage capecity, which alloas him
to spread all of his manure during the sumer. The
aonbined effect is a further reduction in sediment
delivery ad a further reduction in the anount of
nitrogen loss in both sediment and runoff.

Note, however, that, in contrast to the previous
cases, these reductions in delivered nitrogen are
accompanied by an increase in the total nitrogen
leached from the farm. This suggests that at this
level of reduction a tradeoff between improve-
ments in surface water quality and groundwater

quality may exist.

Figure 3. The i npact of reductionin nitrogen on net revenue of firm
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CONCLUSI ON

Thiis paper has used a model that corbines infor-
mation about both the economic and physical
characteristics of a representative dairy farm in the
lower Susquehanna River basin to examine the
econamic impacts of reductions in nitrogen celivery.
The preliminary results suggest that significant
reductions in nitrogen delivery are possible at no
cost to the farmer through the adoption of no-till
tedolagy. Infact, adyption of o-tall is predicted to
result in a net increase in net farm retums.  Thus,
the resulting reductions in nitrogen delivery can be
expected to occur voluntarily as farmers choose
no-till (or reduced tillage) for purely economic
reasons. However, adoption may require education
ad tednical assistance or possibly even limited-
term incentives to help overcone initial resistance
due to uncertainty about the associated costs.

Beyond the adoption of no-till, however, further
reductions in nitrogen delivery are likely to require
govermment policies such as restrictions on allon-
able delivery. While such policies would impose
costs on fams, the results reported here suggest
that these costs would be relatively small for fairly
substartial reductions in delivered nitrogen, at
least for the type of dairy farm modeled here. For
example, even a 50% reduction is estimated to
reduce net retums for the farm by onlly about 2.4%.
While future refinements of the model used here
may produce different quantitative estimates of
these costs, even a doubling of the costs would not
change the general conclusion there appear to be
same fairly lown-cost means of achieving substan-
tial reductions in delivered nitrogen. These
include changes in the timing of manure spreading
and the adoption of strip cropping. Such changes
are predicted to result in a reduction of delivered
nitrogen of at least 30%. Required reductions in
excess of 50% might require more substantial
changes in the farm’s operation. For example, they
might require changes in cropping patterms and
everitually an idling of land. The costs of this type
of adjustment are cbviously higher. However,
even a required reduction of 70%, which induces
this type of adjustment, results ina loss of oy
about 20% of net revenue for the farm. Thus, while
farmers are unlikely to adopt nitrogen-reducing
practices (except no-till) woluntarily, goverment
policies designed to induce them to do so do not
appear to entail large costs for famers of the type
discussed here. \Whether these conclusions would

aoly to famers of other types remains to be seen.
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THE EFFect oF ERrosioN ConTRoL PracTices oN  PHospPHORUS TRANSPORT FRoM  COASTAL
PLaiN AGRI cULTURAL WATERSHEDS
K W Saver and R B. Brinsfield
University of Maryland
Aostract: Strategies for reducing phosphorus losses from cropland have general ly focused on controlling soil

erosion. Erosion and phosphorus surface runoff losses were measured continuously from 1984 through 1993 in
adjacent field-scale coastal plain agricultural watersheds in which various widely utilized management strate-
gies were implemented. No-till and conventional tillage practices were compared throughout the period. The
effect of cereal grain winter cover crops was evaluated under both tillage regimes from 1988 through 1993.
Grassed waterways were installed in both watersheds in 1990. No-till practices reduced soil losses, especially
during the growing season. However, reduced erosion rates did not translate into reductions in total phospho-
rus losses. Winter cover crops had only minor effects on annual erosion losses, in that their primary impact
coincided with a period of high residue cover in both watersheds. Soil losses from both watersheds decreased
after the establishment of grassed waterways, most dramatically in the conventionally tilled watershed. How-

ever, reductions in particulate phosphorus transport were proportionately less than reductions in soil erosion,
and erosion control practices demonstrated little potential for reducing dissolved phosphorus losses. Conse-
quently, even near-complete control of soil erosion did not result in major reductions in total annual phosphorus
losses. Reducing phosphorus transport from coastal plain cropland will require management of near-surface

soil phosphorus concentrations.

I NTRODUCTI ON

As a result of the link established between
nutrient loading and water quality degradation
in Chesapeake Bay (U.S. Environment Protec-
tion Agency 1982), the current Bay restoration
strategy has a goal of reducing both nitrogen
and phosphorus inputs by 40% by the year 2000.
Measurable reductions have been achieved in
point-source phosphorus inputs to the Bay
(Malore et al. 1993), but evidence of reductions
in nonpoint source phosphorus inputs is less
apparent. Estimates of nutrient inputs to the
Bay from the Maryland portion of the watershed
attribute over 40% of total phosphorus inputs to
agricultural activities (Chesapeake Bay Program
1988), suggesting that reductions in phosphorus
transport from agricultural land will be neces-
sary if overall nutrient reduction goals for

Chesapeake Bay are to be achieved.
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In Maryland, initial efforts to reduce the inpact
of agricultural activities on Chesapeake Bay focused
on educational and incentive programs to encourage
implementation of practices designed primarily for
reducing the movement of sediment from cropland
Gtaeretal. 199). \While this strategy hes proen to be
successful for reducing phosphorus transport into
aguatic systams in agricultural ly dominated water-
sheds predisposad o hich rates of soil erosion (Forster
etal. 1985), the link between soill erosion and phospho-
rus trangport in the intensive grain/poultry producing
aress located in the acoestal plain region of the Ghesa-
peske Bay vatershed is less clear. Adding to this
uncertainty are the likely danges in soil ercsiav
phosphorus transport relationships that have oocurred
inthe last saveral decades onviing to increases inthe
phosphorus contentt of agricultural soils inMarylad
(F. Coale, University of Maryland, pers. cam.).
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Long-term application of inorganic phosphorus at
rates higher than crop removal rates will increase
soil phosphorus levels, but even more dramatic
increases occur when animal manures or sewage
sludges, enriched in phasphorus relative to
nittrogen, are applied to cropland at rates based on
crop nitrogen requirements (Sharpley et al. 194).
The large quantities of poultry manure applied to
cropland in the coastal plain region of the Chesa-
peake Bay watershed, as well as the utilization of
cropland for application of sewage sludge (cur-
rently at rates based on crop nitrogen require-
ments) gererated by treatment facilities in the
large urban centers in the watershed, suggest that
traditional erosion control practices may not be
adequate for achieving desired reductions in
phosphorus discharge rates from coastal plain
cropland. This study investigated changes in
phosphorus transport from field-scale coastal
plain agricultural watersheds that occurred after
implementation of several widely utilized
erosion cortrol practices.

METHODS

This study was conducted in the Wye River
drainage basin in Queen Anne’s County, Mary-
land (38455 N, 762 09" W). Soils at the site
belong to the Elkton and Mattapex series, and
are silty moderately well drained, and nearly
level (0-3% slopes). Surface runoff was monitored
in two naturally defined watersheds located
completely within a 28 ha agricultural field
from 1985 through 1993. The entire field has
been planted continuously in corn for grain
production since 1984, utilizing conventional
tillage (CT) methods in one watershed and no-till
(NT) methods in the other. Chisel plowing was
the primary tillage operation employed in the
CT watershed in conjunction with disking and
the use of a field cultivator. Herbicides were
used to control weeds in both watersheds
following planting. Phosphorus was applied in
a solution with nitrogen at planting in both
watersheds at a rate of approximately 25 kg/ha
in a band 5 cm below and 5 cm to the side of the
seed. Generally, corn was planted in mid-May
and grain was harvested in September. From
1984 through 1987 both watersheds remained
fallow during the nongrowing season. Following
grain harvest in 1988 through 1992, a rye cover
crop wes planted in both vwatersheds using aNT drilll.
Follloving com harvest in 1990, 6 m wide grassed
weternays vwere installed in both watersheds. For
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the entire study period, edge-of-Field surface
runoff volume was measured continuously and
sampled voluretrical ly to determine surface runoff
suspended solids (> 0.45 micron) and phosphorus
trangort rates (Staer et al. 1988).

RESULTS

Differences in amual surface runoff volures
between the two watersheds were minor throughout
this study. Runoff volure tended to be loner from the
NT watershed during small runoff evertts during the
groving season, but these differences were offset by
slightly higher runoff volumes fram the NT watershed
during winter and early spring, aswell as imediately
following spring tillage in the CT vatershed. Because
precipitation patterms varied franyear to year, statisti-
cal acormparisons of runoff volures after the use of
winter cover crops wes initiated in 1988, ad after
instal lation of grassed vaterays in 1990, with beseline
runoff volumes observed firom 1985 through 1988 were
not possible. From 1985 through 1983, amual precipita-
tion averaged 87.8 am, producing annual surface runof f
volumes of 8.13 cm and 8.65 am from the CT and NT
watersheds, respectively, with over half of the runoff
occurring fram December through February (Figure 1).
For the 1992 and 1993 water years, during which

60

|
27

CT Runoff volume (8.13 cm/yr)
CT Totol suspended solids (746 kg/ha/yr)

50 I CT Particulate phosphorus (290,gm/ha/yr)

40

30 +

20 |

Fraction of annual total (percent)

R

d a g
NT Ruroff volume (8,65 cm/yr)
NT Total suspended solids (216 kg/ha/yr)

50 | NT Particulate phosphorus (210 gm/ha/yr)

40 |

Fraction of annual total (percent)

Fgure 1l Monthly fractionof annual total runoff
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phosphor us transport fromthe conventional till (CT)
and no-till (NI) watersheds from1985 t hr ough 1988.



winter cover crops were planted and grassed
waterways were well established in both water-
sheds, annual precipitation averaged 92.4 cm,
producing average annual surface runoff volumes
of 14.14 cm and 12.24 cm from the CT and NT
watersheds, respectively. Approximately half of
the surface runoff from both watersheds during
the 1992 and 1993 water years occurred during
March (Figure 2), when precipitation was approxi-
mately double long-term average rates. The
higher rates of surface runoff after implementation
of erosion cotrol practices resulted primarily from
changes in the distribution of precipitation during
the postimplementation period, and an apparent
absence of any strang negative influence of the erosion
aontrol practices on the gereration of overland Fllow.
Although erosiion control practices appeared to
have only minor effects on surface runoff volume
from the experimental watersheds, effects on
sediment transport were much more evident.
During the 1985-83 baseline period, total sus-
pended solids (TSS) concentrations were consis—
tently lower in runoff from the NT watershed,
particularly when major runoff events occurred
soon after com planting (Figure 3). Total sus-
pended solid losses from the NT watershed were
approximately 29% of those observed from the CT
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Figure 2. Monthly fraction of annual total runoff
vol unme, total suspended solids and particul ate

phosphorus transport fromthe conventional till
(CT) and no-till (NT) watersheds for the 1992-93
wat er years.
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Fgure 3. Average nonthly edge-of-fieldtotal sus-
pended sol i ds (TSS) concentration in surface runof f
fromt he conventional till and no-till watersheds from
May 1985 t hr ough Sept enber 1993.

watershed. The largest differences were observed
in May, when over half of the TSS losses oocurred in the
CT watershed as compared to only 6% in the NT
watershed (figae 1) Inthe fall of 1990, the highest TSS
concertrations obsened in the entiire study periiod were
observed in the CT watershed when an intense storm
ooccurred inmediately after instal lation of the grassed
waterway. After the waterways became well estab-
lished, TSS concentrations were cosistantly low in both
wetersheds. Despite the higher amual rates of surface
runoff during the 1992 and 1993 water years, amual
TSS losses fram both watersheds decreased approxi-
mately 736 relative to beselire conditions (figure 2).
These reductions are somewhat misleading in the case
of the CT watershed, given the lack of runoff during the
high erosion potential postplanting periad of the 1992
and 1993 water years. If May data are discounted,
for the remaining months TSS loads from the CT
watershed only decreased approximately 50%
from the 1985-88 baseline observation period to
the 1992-93 water years.

Differences in particulate phosphorus transport
between the two watersheds during the 1985-88
baseline period were much less than were differ-
ences in TSS transport (Figure 1). While annual
TSS losses from the NT watershed averaged only
29 of those from the CT watershed, particulate
phosphorus losses were approximately 72% of
those from the CT watershed. The average phos-
phorus concentration of particulate matter trans-
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ported in surface runoff during this period was
0.039 and 0.097% for the CT and NT watersheds,
respectively. This suggests that the higher TSS
concentrations in surface runoff from the CT
watershed were attributable to the transport of
particles having a relatively low phosphorus
concentration. The variable relationship between
TSS and particulate phosphorus transport was
especially evident in May when over half of the
TSS discharge, but only 24% of the particulate
phosphorus discharge occurred from the CT
watershed (Figure 1).

The approximately 75% reduction in TSS
transport rates that occurred in both watersheds
from the 1985-88 baseline period to the 1992-93
water years resulted in much less dramatic
reductions in particulate phosphorus transport
(figure 1 and 3). Particulate phosphorus trans-
port rates declined only 16 and 47% from the CT
and NT watersheds, respectively, after the use of
winter cover crops was implemented and
grassed waterways were established in both
watersheds. This suggests that the added
management practices were most effective iIn
preventing the movement of particles that had
relatively low phosphorus concentrations. For
the entire study period, the event volume-
averaged phosphorus concentration of particu-
late matter in surface runoff decreased as TSS
concentration increased (Figures 4a and 53),
probably owing to the larger fraction of small
phosphorus-rich particles that were transported
in surface runoff when TSS concentrations were
low, relative to when TSS concentrations were
elevated. The water year average phosphorus
content of particulate matter also decreased as
average TSS concentration increased (figure 6),
varying approximately by a factor of five in
both watersheds. As a result of the decreasing
particulate phosphorus concentration as TSS
concentrations increased, surface runoff total
phosphorus concentrations were only weakly
tied to TSS concentrations (Figures 4b and 5b).

Surface runoff dissolved phosphorus concen-
trations in the NT watershed were consistently
higher than those in the CT watershed through-
out the entiire 9-year dbservation period (figure 7).
Increased dissolved phosphorus transport from
the NT watershed more than offset the reduc-
tions in particulate phosphorus transport
resulting from the use of NT methods. NT
methods did tend to reduce total edge-of-field
phosphorus discharge during summer months,
primarily as a result of lonver runoff volumes,
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and higher particulate phosphorus losses from
the CT watershed during intense summer
convective storms. Neither winter cover crops
or grassed waterways appeared to dramatically
affect dissolved phosphorus concentrations in
either watershed. Despite the differences in
runoff patterms, volume-averaged surface runoff
dissolved phosphorus concentrations were
approximately 0.43 mg/L in the CT watershed
during the 1985-88 baseline period as well as
during the 1992-93 water years, and increased
slightly in the NT watershed from 0.88 to 1.05
mg/L. As a result of only minor changes in
dissolved phosphorus concentrations, surface
runoff dissolved phosphorus transport increased
between the baseline and treatment periods in
proportion to the increase in runoff volune. Asa
result of decreases in particulate phosphorus
transport, the ratio of dissolved to total phospho-
rus transport in surface runoff increased from 0.55
0 0.72 in the CT watershed, and from 0.78 to 0.92
in the NT watershed from the 1985-1988 baseline
period to the 1992-93 water years. In both water-
sheds, total phosphorus concentrations were more
closely tied to dissolved phosphorus concentra-
tions (Figure 8) than to TSS levels (figures 4b and
D).

a.s
Conventional till watershed

oe o & ° o o o

Conventional till watershed

Surface runoff total phosshorus (mg/L) Suspendec solid phosphorus concentration (%)

4 5 & 7 8 9 10 11 12 13 14 1§

Surface runoff total suspended solids (gm/L)

F gure 4. Vol une- aver aged phosphor us cont ent of
suspended sol i ds i n surface runoff (a) andtotal
phosphor us concentration (b) as functions of total
suspended sol i ds concentrations inall runoff events
fromthe conventional till watershed fromMy 1985
t hr ough Sept enber 1993.



F gure 5. Vol une - aver aged phosphorus cont ent of
suspended sol i ds i n surface runoff (a) andtotal
phosphor us concentration (b) as functions of total
suspended sol i ds concentrations inall runoff events
fromthe no-till watershed fromMay 1985 t hr ough
Sept enber 1993.

F gure 6. Vol une- aver aged phosphour s content of
suspended sol i ds i n surface runoff fromthe conven-
tional till andno-till watersheds for the vater years,
from1985 t hr ough 1993.
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CONCLUSI ON

These studies suggest that edge-of-Field reduc-
tions in soil erosion in coastal plain vwatersheds
cannot be accurately translated into reductions in
phosphorus transport by utilizing a linear phos-
phorus/soil relationship. As soil erosion rates are
reduced, the phosphorus content of suspended
solids in surface runof f tends to increase as a
consequence of reterttion of larger particles with a
relatively low phosphorus content. Thus, reduc-
tions in surface runoff phosphorus transport tend
to be less than would be expected based on
reductions in the transport of suspended particu-
late material. Even though NT methods were
found to reduce edge-of-field suspended particu-
late matter transport by approximately 75%
relative to rates in a CT system, reductions in
particulate phosphorus transport were much more
modest. Likewise, when the use of winter cover
crops and a grassed waterway were added to a
tilled system, large reductions in particulate netter
trangport hed littde effect on particullate phogdorus
transport. The carbination of NT methods, wirnter
cover crops, and a grassed waterway did reduce
particulate phosphorus transport approxinately 60%
relative to a setting where no erosion cotrol practices
were inplemented.  Surprisingly, additional erosion
aontrol practioss vere as effective for reducing partiau-
late phosphorus loads from the NT watershed as from
the CT vattershed. Despite the gereral findings that
reductios in particulate matter transport firan coestal
plain agricultural systarms have proportionately lesser
impacts on particulate phosphorus transport, it shauld
be noted that sediment constitutes the primary
nonpoint-source pol lutant of strears and rivers
Q\atiomal Research Courcill 1992), resulting in hebitat
degradation independent of the effects of associated
nutrient inputs (Berkman and Rabeni 1987). Thus, the
greater than 90% reduction in sediment transport
that was achieved through the use ofNT methods,
winter cover crops, and grassed waterways is of
enviromental significance, even though the reduction
did not result in equivalent percertage reductions in
phosphorus transport.

Allthough the use of erosiion control practices resulted
inmgjor reductias in eche-of-field surface ruoff
trangport of partiaulate matter ad to a lesser extent
particulate phosphorus, these practiices did not reduce
surface runoff dissolved phosphorus concentrattions.
NT methods actually increased surface runoff dissolved
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Figure 7. Monthly vol une- aver aged di ssol ved and
total phosphorus concentrations in surface runnof f
fromthe conventional till (@) andno-till (b) water-
sheds fromMay 1985 t hr ough Sept enber 1993.

Fi gure 8. Vol une- averaged surface runoff total
phosphor us concentration as a function of total
di ssol ved phosphorus concentrationin all
surface runof f events fromthe conventional till
(a) and no-till (b) watersheds fromMay 1985

t hrough Sept enber 1993.
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and total phosphorus concentrattions relative to those in
the tilled vatershed. Oving 1o the limited mobility of
phoshorus in these soillls, phogphorus fertilization of
the top 5 an of the soill profille ad leaching of phospho-
rus fram plant residues 1o the soil surface aonbire to
concentrate phosphorus levels in the top 5 an of the soill
profille inthe absace of tillage (figure 9). Becase
surface runoff phosphorus concentrattions are deter—
mined primarily by soil phosphorus lewvels in the top

5 anof tre soil profile (Sins 1993; Sarpley etal. 1999),
NT practices increased dissolved phosphorus concen-
trations, even though average phosphorus concen-
trations in the top 30 an of the soil profille vwere
simillar to those in the CTvatershed. It is likely trat
higher phosphorus concentrations near the soill surface
also contributed to the general ly higher phosphorus
content of particulate matter transported fran the NT
wetershed.

These studies suggest that the 40% reductiion in
nonpoint-source phosphorus discharge being sought in
‘the Chesapeake Bay restoration effort camot be
achieved for coastal plain cropland through inplemen-
tation of erosion control practices alore. Honever,
because runoff volure and erosiion poterttial for a given
pattem of precipitation are both largely determined by
soil texture and topography, erosion potential should
give an indication of where runoff volure is sufficient
o trangport significant quantities of dissohved phosgo-
rns. Thus, the potential for reduction of dissohved
phosphorus transport willl gereral ly be greatest on the
sare cropland where an erosion potential exists. The
soils in the experimental vatersheds investigated in this
study are classified predominantly in hydrologic
group C, indicating a greater potential for surface
runof f then many of the nore coarse-textured soils
utilized for arop production in the costal plain. Hov-
ever, even though the soills at the study site heve a
higher potential to gererate surface runoff than meny
aoestal plain soils, the rates of soill erosion dosened in
the aosence of any erosion controll practiices indicate a
low poterttial for phosphorus transport in the ranking
system recently developed by Srarpley et al . (1994).
Recent studiies in the coestal plain (Mozaffari ad Sins
1994) have indicated that phosphorus enrichment of
uaper soil horizas hes not reeched sufficient leels to
result in phosphorus transport beyond the crop rooting
zore (i-e., into sallov groundhater).  This suggests
that in the nearterm, anly negligiblle dhanges in
nonpoint phasphorus discharge can be accomplished
through changiing management practices on flat coarse-
textured soils, regardless of aurrent soill phosphorus
leels, ad that oerall there isavery limited potential
for reducing nonpoint-source phosphorus discharge
from coestal plain aropland.



Figurg 9. Soil phosphorus concentration
(Mehlich-1) inthe top 30 cmof the soil profilein
the conventional till and no-till watersheds

fol | owi ng corn harvest in 1992.

IT reductions in surface runoff phosphorus
transport are to be achieved, the transport of
dissolved phosphorus will need to be addressed.
Reductions in dissolved phosphorus transport in
surface runoff will require management of phos-
phorus levels in uppermost soil horizons. Unfor-
tunately, one of the most effective and widely
uti lized methods for controlling erosion, NT, may
actual ly increase phosphorus levels in upper soil
horizons. Periodic tillage may be useful for
reducing elevated near—surface phosphorus concentra-
tion that develgp in the aosence of tilllage. Honever, of
greater inportance is the need for more intensive
management of phosphorus Inputs. Recent sunveys of
il test results indicate that over 60/ of soills tested in
Maryland have soil phosphorus levels in the range
where phosphorus fertillizers have minimal effects on
plat grovth (Sins 1993).  This suggests that rates of
phosphorus fertilization coulld be reduced on many
tracts of aropland without affecting production. Whille
this is straigitfornard where inorgenic fertilizarsare

221

Section 6: Tributary Strategies |mplementation

used, it isnore diffiault in the case of paultry merure
and sewage sludge, which are widely applied to
cropland in the coastal plain region of the Chesapeake
Bay watershed. Crop nutritional requirements as
well as harvest removal rates dictate a supply
ratio of nitrogen: phosphorus of approximately 6:1
on a weight basis, which is more than double the
ratio of plant-avai lable nitrogen:phosphorus in
poultry litter (Sims 1987) and most sewage sludge
applied to cropland in Maryland (T. Blair, Md.
Depart. Environ., pers. com.) Application rates
of animal manures and sewage sludge to cropland
in Maryland currently are determined by crop
nitrogen requirements, resulting in phosphorus
fertilization rates that are several times greater
than annual crop needs. Long-term repeated
applications of paultry litter to coastal plain
cropland have been shown to raise soil phospho-
rus concentrations to levels well above the highest
values observed in the experimental watersheds
(Mozaffari and Sims 1994), suggesting the potertial
for surface runoff dissolved phosphorus concentra-
tions higher than those observed in this study.
Redistribution strategies are needed that minimize
cortinued overgpplication of phosphorus to crop-
land prone to surface runoff, particularly where
soil phosphorus levels are adequate for crop
production. Currently there is little information
on changes in surface runoff phosphorus concen-
trations in response to reduced phosphorus
application rates. However evidence that soil
phosphorus levels decrease very slowly even with
elimination of phasphorus applications (McCol lum
1991) suggests that changes in nonpoint source
dissolved phosphorus discharge will take many
years to achieve, even with effective management
of phosphorus inputs.
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STRATEGI ES

James W Ceorge
Chesapeake Bay and Watershed Management Administration

Abstract:

As the next major step in the continuing effort to restore Chesapeake Bay, the states of Maryland,

Virginia, and Pennsylvania and the District of Columbia have made a cormitment to develop and begin
implementiing specific nutrient reduction strategies for each of their tributaries. The State of Maryland has
been partitioned into ten tributaries, and draft strategies have been developed for each one. Estimating the
cost of the Tributary Strategies begins with acknowledging what is meant be “cost” in a broad sense. Such a
broad definition is often associated with a formal cost benefit analysis that recognizes various lost opportunity
costs and costs of nonmarket goods. Maryland’s cost accounting effort takes the more restricted interpretation
of costs as expenditures associated with specific activities that reduce the nutrient loads. This paper describes
the methodology and limitations of Maryland’s Tributary Strategies cost evaluation. The cost evaluation
distinguishes costs associated with ongoing activities from those that are prompted by meeting the quantita-
tive goals of Tributary Strategies. Historic mechanisms for funding costs imply a distribution of costs among
private and public sectors; however, a governor-appointed panel on funding the Tributary Strategies may
recommend altermative funding mechanisms that alter the distribution of costs.

| NTRODUCTI ON AND DI SCUSSI ON

The 1992 reevaluation of the Chesapeake Bay
Agreement reaffirmed the goal of reducing controllable
nutrients flushed into the Bay to 40% below the 1985
lewels. Thisgoal is to be met by the year 2000 ad
mairtained at or below that level each year thereafter.
To attain this goal, awatershed-based gpproach hes
been adopted In which each participating state is to
develop separate nutrient reduction strategies for each
of itsmgjor subnatersheds of the Chesapeake Bay
watershed. Maryland has been partitioned into ten
watersheds, and a draft nutrient reduction strategy hes
been developed for each. The Maryland Department of
the B'viroment (MEE) is the agency assigned to lead
this joint effortwith the govermor’s office, the dgoart-
ments of Agriculture and Natural Resources, and the
Office of Plaming.

The draft nutrient reduction plans, called Tributary
Strategies, are designed to meet the 40% reduction goal
in each of ten slbnatersheds. Control practices inthe
strategies fall into three catsgoriies: westenater treat—
ment plants with floas exceeding 500,000 gal/day
(point sources), cotrol practices on developed
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land and agricultural lad, and natural resource
protection (e.g- , Torest manegament, riverbank protec-
tion). The strategies require yograding all treatment
plants with design floas of 500,000 gallons per day, and
continuing existing state regulatory prograns and
existing incentive prograns.  Invatersheds having a
gap remaining in meeting nutrient goal reduction,
additional activities were selected on the besis of cost-
effectiveress. Practical limitatios govemirg the
eqected level of participation in each of the volutary
actvitiesvere factorad into the strategies.

Many parties have a stake in the way these strate-
gies are developed and inplemented. They include
many elements of state govermment, local elected
officials ad progran staff, avariety of business sectors
(@elgers, agriaulture, forestry, industry and con-
merce), and nongovermmental orgenizations, asvell as
individials. To date, parties have participated in the
develgoment of the strategies through nurerous public
meetings, written caments, and intergovermental
staffwork sessions.  The comirtment of local jurisdic-
tions has been formallized in a highly publicized



George

agreement signed by Maryland’s governor and
county leaders.

Significant scientific and plamning resources
have been expended to bring us to where we are
today. Measurable progress has been made over
the past decade primarily owing to the ban on
phophorus in detergents and the upgrading of
wastenater treatment plants. Nevertheless,
Maryland has more than half way to go in reach-
ing the 40% nitrogen and phosphorus goals, and
each additional percertage point is more costly
than the last. Maryland currently has feasible
strategies; honever, their success depends on
engendering the collective will to implement them.
The success or failure of the Tributary Strategies
rests on implementing a set of workable funding
schemes, which have yet to be identified. Methods
of funding the strategies are being investigated this
summer, 1993 by a governor appointed panel of
individuals from the financial , business, academic,
and public interest sectors.

This paper addresses the more limited issue of
the cost inplications of the Tributary Strategies as
opposed to the means of funding these costs. In
actuality, costs and funding mechanisms are
coupled because the cost of an activity may change
depending on the funding mechanism used; we all
know a car costs less if you pay cash than if you
take out a loan. Nevertheless, the subtleties ard
conplexities of the Tributary Strategies cost
evaluation warrants separate attertion.

Def i ni ng Cost s

The common interpretation of the term “cost”
does not hold up well when considering an
undertaking as complex as Maryland’s strategy to
reduce nutrients. In this section, some of the many
Taces of the word “‘cost’” are presented to provide
an gppreciation for the difficulty in answering the
seemingly simple question of “how much will the

Tributary Strategies cost’™?
Broad and Narrow Definitions of “Cost”

Estimating the cost of the Tributary Strategies begins
with acknowledging what is meant by “‘cost” in a broad
sense. Such a broed definition is often associated with a
formal aost berefit aalysis that recogniizes varios lost
opportunity costs and costs of nommarketablle goods.
Suppose sediment from a construction site results in the
loss of fish in a stream thatt otherwise would have been
goad for fishing.  Suppose further that a kid fran far
anay visits his uncle who has promised some good
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fishing, but the kid fails to catch any fish owing to
the earlier sedimentation event. This failed fishing
trip represents a cost for which some economists
might assign a dollar cost. Altermatively, one could
assign a value to the beneficial aspects of the
healthy stream and water bodies that it feeds.

Some might argue that performing an account-
ing of all costs and berefits is gopropriate In
developing a strategy. The current cost accounting
effort, honever, uses anore restricted interpreta—
tion of costs. Roughly speeking, costs have been
defined as the expenses associated with specific
activities that reduoe the rutrient loacs.

The folloving rationale supports the doice of this
more limited definition of “‘oost.”” A berefit/oost
analysis is most gppropriate for deciding whether or
not to carry aut a large project.  Such a decisionvwes
made when Maryland entered into the Chesapeake Bay
Agreementt. The 1992 reevaluation further supported
this inftdal decision. Thus, the large decision hes alreedy
been made and reaffirmed. The issue addressed by the
Tributary Strategies is hov to inplament this earlier
decision inavey that is efficient ad equitzble, which
does not reguiire a benefit/oost goproach.

A“Cost-Efectiveness” Definitionof Cost

Grappling with the term “‘cost” did not stop at
setting this narrow soope oan the definion. First, duriing
the developrent of the Tributary Strategies, itwes
necessary to define unirt cost estimates for each of the
nutrient control gptios.  The estinates were used o
identafy trenost aost-effective lewels of activities
needed 1o meet the 40% goal .  Development of these
unit costs ves subject to strict tine arstraints, which
necessitated making some sinplifying assurptions
and disregarding the costs of mandatory elements of
the strateyy (regulated ectivities).  As a aonsequence, the
resulting set of aost estimates wes limited inuse to
making relative conparisons anong altemative
nutrient control gptions on a tedrology besis. The
existence of these unit costs resulted in sore confusion
anong parties outside of the strategy development
process because, on the face of it the unirt aost estimates
oould be nulitiplied by the total goplicable acresges to
ariveata“total ast.” This“total ast’’, hoever, ismot
an acourate estinate because the unit cost estinates
vere notall inclusive.

A Prelimnary Cost Eval uation
When it came time to address the elusive

question of the absolute cost of the Tributary
Strategies, the cost of each nutrient reduction



activity vwes evaluated fran a broader standpoint than
sinplified init cost estinates.  This aost evaluation
eercise had tre potential to dage the aost—effective-
ness rarking of the gptians; honever, the gereral trerd
wes 1o increese the unit aosts whille maintaining the
relative order anog ectivities.

Costs vere 1o be partitioned anog federal, state,
local, ad private sources of fuds.  Insoe cases the
methods used to generate the estinates differed firom
those used in the develgoment of unit costs. Thiswes
done 1o accamodate the distribution among funding
sources, o maeke use of new information, or because
more accurate esitmates could be developed with little
additioal effort. Agpin, aswith the unit aost estination
e@rcise, tine arstraints limited the sophistication of
these cost estimates.

This effort wes both a refinerent of the unit costs
and an opportunity to acoount for cost elements that
were anrtted fran the unit cost estimations. Asan
extrene exanple of an amission, Itwas not necessary to
determine cost estinates for several existing mandatory
activities because, as regulatory requiranents, they hed
o be part of the stratey regardless of aost. State-
regulated stormater management, erosion and
sediment conrol, and forest conservation progrars fall
into this category.  Ingereral, where possible, adninis-
trative aosts were also included in the oost estinates.
(As noted in the sectiion on “‘caveats’” bellow, some
anissias still ramain.)

Another interpretation of the cost arrises when one
asks, “hat ecctly are “the Tributary Strategies™?”
\Whille conductiing the cost evaluation, It wes recognized
that many existing programs with nutriient reduction
berefits woulld proceed regardless of whether or not the
state enbarked on a Tributary Strategies carpaign.
Costs associated with these an-going activites represant
abeseline. Thus, a cost accounting converTtion wes
adopted that recogniizes o cllasses of activitiies, that
provide berefits that count tonard reaching the 40%
rutrient reduction goal . Plamed ectivities are the
beselire of activities that would coour regardless of the
Tributary Strategies effort. Trilutary Strategy ectivities are
additional actions needed to meet the 40% nutrient
reductiongoal . Tributary Strategy activities may be an
eqasion of an ogoing activity or anew activity. This
samenhat artificial accounting construct allons new
oosts 1o be distimguished from the beselline aosts.

More Ways to Express Costs

Two basic cost categories are operations costs
and capital costs. These two types of costs may be
defined by how they are funded. Operations costs
are associated with activities that are funded
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wirthout borrowing, and capital costs are funded by
borrowing.

Typically, capital costs are associated with
epensive projects that ertaill construction. Buying a
house, whille not a project per s, is a capital expense
that sernves as a familiar model for exploring the
different ways, inwhich capital costs can be ex-
pressed. IT asked how much your house costs, you
can ansier in at least three ways. The price may be
$150,000. IF you seaure a loan, the house may cost
$325,000 in principle and interest. Perhaps the most
meaningful expression of this cost is sare statement
of your mortgage payment, say $12,000 per year -

The oost associiated with the Tributary Strategies is
Sbject to this sare issLe of eoressing cpital oosts;
honever, it is further complicated. Because the method
of paying for the Tributary Strategies hes yet to be
determined, the cost cannot be determined without
meking assunpitions about what the capital costs are.
In theory, the total cost estinate could be reduced by
hundreds of millions of dollars in interest paynents it
the state Iggislature vere to tamporarily raise taxes
rather then use debt financing to pay for the Tributary
Strategies. Ben if the traditiaal cpital projectsare
finenced by debt, assunptions about interest rates can
Sbstantially alter the aost estinate.

Sone Caveat s

Regardless of how costs are expressed, some
underlying caveats nust be noted. It is essential to
recognize that a number of activities accounted for
in the strategies are motivated primarily by
objectives other than nutrient control. One ex-
amle is stream bank erosion control, which is
dore primarily to protect retural hebitats. Aother is
septic system maintenance, which is motivated by
public health aoncerms.. I other, nore aost effective
options were made mandatory or received special
fuding, these less aosteffective activities migit not be
<selected as elamants of a nutrient reduction strategy.
Because these on-going activities do provide nutrient
reduction berefits, honever, they must gopear in the
nutrient load acocountting and, therefore, nust gopear in
the acost acoounting asvell. Such activities bias the
strategy cost estinate upnards because they include
aosts for unrelated berefits that are, practical ly speak-
ing, insgoarable fram the nutrient control aost.

Recall that the current draft strategies are
composed of mandatory programs plus the most
cost effective nutrient reduction gptions that
conbine to reach to goal. Another caveat is that,
although an option included in the strategy may
be very cost effective in theory, practical funding
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limitations for that activity might meke it very
difficult o implement. It is conceivable that other
activities that are less cost effective may be easier
to fund, and thus, could everitual ly replace a
current element of the strategy.

Ancther caveat is that sare of the current cost
estimates may not be comprehensive enough. Two
noteworthy examples suggest that more thought may
be needed in this area. Some have argued thatt setting
aside land to construct stormater managemert ponds
for new developments represents a lost opportunity
oost. For instance, the land coulld be used for another
housing unirt thatt coulld ke solld to incresse the profat.
This lost profit could be viened as a cost. The currant
cost estimate for stomater managemertt on new
developments does not include the lost gpportunity
oost of having to build a pord instead of a house.

A simillar situation arises when land is set aside
for stream buffers. In cases where the land is being
used for agricultural production, the current cost
estimate for stream buffers does not include the
opportunity cost of forgone profits from lost crop
acreage. An analogous, yet less pronounced,
opportunity cost occurs on nonagricultural land
where stream buffers could be planted.

Despite the similarity between these two
activities, there is a distinct difference. Stormuater
management on new development is a regulatory
requirement, but planting stream buffers is volun-
tary. For both of these activities, the costs associ-
ated with outlaying money for construction or
plarting have been included in current cost estinates
honever, the ggportuniity costs for other uses of the
land have been anitted. I the aosts for these two
activities are reevaluated at a future date, an argurant
exists for counting the goportuniity oosts associated
with stream buffers, but continuing to omit the
opportunity costs associated with constructing
stormwater cortroll deviices on newly developed land.
In particular, the goportunity aosts for stomvater
management are like sunk costs, which are not consid-
eraed inmeking decisios.  For voluttary ectivities, like
stream buffers, the lost crop production profits
influence the decision o participate inthe activity.
Thus, it is unlike a sunk cost and may be more appro-
priate to include in a cost acoounting.

For both of these activities, the land value has
also been anitted from the cost estimate. For the
stormwater management activity, the land is
essertially sold by the developer and its value is
again like a sunk cost, which can be omitted
according to the argument above. For stream
buffers, the land may reside in the possession of
the original owner or the owner may want to have
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the land purchased by the govermment or a land
presenation trust. I the buffer is forested, the oner
may seek a Forest Conservation and Management
Program tax break, which represents a cost in terms of
lost tax revene.  As a future refinement of the Tributary
Strategies aost estimate, a rage of aosts acould be
developed for the stream buffer land value.

A Cost Estimate

“How much willl the Tributary Strategies cost?”’
Because the Chesapeake Bay Agreement necessitates a
loading cap at 406 of the estimated 1985 nutrient loed,
the veritable ansier is an infinite amountt of money
owver a long time. Most people, honever, inplicitly
qualify this guestion with their oan interpretation of
what is meant by ““the Tributary Strategy’”. One
qgalification is that the tine horizon for nesting the
406 goal is the year 2000. Moreover, people typically
wart an amual figure even if the oosts are not expected
10 be distributed uniformly in tine. Thus, amore
precise question is, “Onaverage, what willl it cost per
year 1o reach the 40% goal in the year 20007 A separate
question, not addressed in this paper, is “Watwill it
cost each year to maintain the 404 cap?”’

With the qualifications discussed above, an
educated guess at the total cost of meeting the
40% nutrient reduction goal ranges from $1.5
billion to & billion (plus any finance costs) over 6
years. Almost 80% of these costs represent a
continuation of ongoing efforts, leaving between
$300 million and $400 million in new costs.

The aost figure of particular inportance is the
revenue shortfall or “gap’” that must be funded to meet
thegoal. Inaddition to the new resource needs, sore of
the angoing efforts are expected to have funding
shortfalls, which range fram $100 to 250 million.
Tagether, the new activities plus the dortfall foran-
going activities range fran $400 to $BE0 million.

To derive an average annual funding gap that
accounts for financing aosts, assure that 60% of the
funding gap represents cagpital costs. Assuming a 15-
year capital recovery period and 6% interest, the
average annual cost through the year 2000 ranges from
B0 million to $Emillion. This rough estinate is used
as the hypothetical anual cost for the anallyses below.

Cost I nplications
Meeting the Conmitnent with a Vol untary Approach
Maryland”s governor and county leaders have

made a goodwi Il conmitment to implementing the
Tributary Strategies to meet the nutrient reduction



provision of the Chesapeake Bay Agreement. The
govermor has also promised local jurisdictions that
he would not impose any new unfunded mandates.
Ore could interpret the nutrient reduction effort as
an old unfunded mandate that dates back to the
signing of the Chesapeake Bay Agreement. Regard-
less of the interpretation, meeting the comitment
to inplement the Tributary Strategies will require
additional revenue fram all sectors of the comu-
nity or transfers from loner priority prograrns.
Without an aggressive acceleration of funding or a
shift in priorities, the 406 nutrient reduction gaal is
unlikely to be achieved by the year 2000.

Because the Tributary strategies are being inple-
mented on a voluntary besis, econanics, political
pressure, and goodvil Il will be the three driving foroes.
In cases where goodwi Il dominattes, free riding is gpt o
ooour. That iis, sare will pay for the berefits that others
receive for free, which represants an inequity. Many
agpects of the Bay and its tributaries represent
nommarketable public goods. Some would argue that
the proper role of state goverrment in this case would
be to protect the common good in an equirtable mamer,
which inplies creating a level playing field through the
use of mandated actions. The voluntary approach,
honever, is reasonable given the socope and experimen-
tal rature of tre aurent strategiies. Thiswill allovthe
Hexibility for tre tributary strategies to evolhve as rew
insights are discovered.

A Sense of Scal e

To place the strategy Into perspective, aosiicer the
estimated shortfall of funds needed 1o meet the nutrient
recuction goal by the year 2000 (850 milllion to $5
million per year). Given that there are about Smilllion
pecple in Maryland, the cost per person would be
between $10 and $17 ayear. This translates to between
$26 and $44 per year for the average housghold. Ona
daily besis, this equates to about the cost of a nengpa-
per, or isa little nore then the aost of amonth of ceble
TV service or an amnual megazine subscription.

Because these are average estimates, some
Families would pay more and some would pay
less. For a family purchasing a newly constructed
home, there might be a few hundred dollars
embedded in the cost to cover the contractor’s
erosion control practices during construction.
Perhaps owners of boats kept at a marina would
pay an annual deposit, which would be returned
in part each time they pumped their septage at a
designated punping station. In the more typical
situation, a family’s annual costs would be spread
out among a number of fairly nominal costs such
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as a new stormwater management fee of $15a year,
and perhaps a slight increase in parking fees

owing to parking garages passing on their new
stormuater management fees, a few extra dollars in
sales tax for lawn fertilizer, or perhaps anew
excise charge on the professional lawn care bill,
maybe an increase of $2 a month in the wastewater
bill or a similar annual charge for omers of septic
systens, perhaps a fraction of a cent increase in the
property tax per $100 of assessed value or a flat &2
bump-up in the income tax table.

Fran thiis perspective, the scale of the fuding
probllen is not too striking. A nunber of less-forturnate
fami lies would be burdened by such costs; honever,
they are likely to eqerience belov-average oosts.
Furthemore, provisions, similar to those enployed by
pover utilities, could be designed into any darge
system to accommodate such situations. This rough
analysis sugests that oost is ot a tedmical limitation
implementing the Tributary Strategies; hovever, a
political barrier ramains to be overaome.

D stribution of Costs

Many cost evaluations investigate equity Issues
regarding how costs will be distributed among the
various affected sectors.  They identify howmuch the
state cotributes, hovmuch is borme by local jurisdic-
tios, what oosts various business sectors nust bear,
adsoon. Toa large extent, such analyses perpetuate
what can be called the fallacy of aost distributios. A
aarplete analysis should show that utitimately
consuners and taxpayers bear most of the cost.  Both
state and local governmments pess their costs on to the
gereral public, as does the building industry. The real
question is, which sectors willl bear the resparsibillity of
raising funds from the general public?

The most pronounced exception to the rule that “the
gereral public ultimately pays the aost” arises Inparts
of tre agricultural ssctor.  Innost cases, famersare
price takers, meening that they sellll their products at
market price, which may be set by those not affected by
enviromettal responsibilities. As a consequence, sore
Tarmers may not be able to pass on their costs for
nutrient controls, unlike hame builders whose market
gererally alloas them to incresse their priices 1o recap
oosts for enviromental aontrols.

When specific funding mechanisms are consid-
ered in detail, issues of cost distribution becore
further refined. For instance, one might ask ifa
particular funding scheme will distribute the costs
equitably between residenton large versus small
lots. Such analyses are beyond the scope
of this paper.
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Transfers Versus New Money

In view of tre significant sortfall of fuds, the
voluntary aspect of the Tributary Strategies effort,
coupled with pledges of no unfunded mandates, is
likely to result in fuding trarsfers. Tre illustration for
aosts borme by a typical family suggest that gererating
new reverues would be fairly painless. I, honever,
Fiscal constraints and policy comirtments to “no new
taes” warrant transfers of funds anay from existing
programs, all state prograns should be considered. As
noted earlier, sore of the prograns that are less aost
effective frana nutriient reduction standooint are
included in the nutrient balance primarily toensure a
conplete acoounting. These programs are motivated
by needs other thaen nutrient reduction, such as hebitat
restoration, which plays a significant role in the Chesa-
peske Bay restoration effort. Inasase, these progrars
are like any other state program, exoept that they also
have sare nutrient reductiion benefits associated with
them. Thus, itwould be an error to view these less aost
effective progrars differently then other state progrars
when considering how to transfer funds to pay for the
fuding ortfalls.

Econom c I nplications

No sophisticated input/output modeling has been
performed regarding the wider econanic inplications
of tre Tributary Strategies. Nevertreless, agualitative
analysis can be surmised. Because the Strategy is
voluttary, it isunlikely trat itwill cause necatinve
econamic inpects.  More likely, the strategy elements
that are implemented willl stimulate econamic activity.

Saveral of the gotions have the potential to gererate
economic activity.  The use of certified private consult-
ants to develop ad revise agricultural nutrient nen-
agement plans represents a growing area of the private
sector. Bolstering the stormater management and
sediment and erosiion cortrol programs coulld create 60
new jaos at the local level of goverment. Furthermore,
increased compliance would inply the need for more
meterials used to inplerent these activities, sore of
which are provided by Maryland-based businesses. An
aggressive sgptic system maintenance program could
result in eqading business goportunities for private
septage pumping canpanies. Construction companies
stand 1o do nore business If the wastenater treatment
plan upgrade are funded.

For each of these primary econaomic activities
there are secondary and tertiary activities, as
people with new jobs spend the money they earn
for goods and services that are unrelated to the
nutrient control effort.
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CONCLUSI ON

The shortfall in funds to mest the 40% nutrient
reduction goal by the year 2000 gopears to be attaireble,
being roughlly $26 to $44 per household a year. Qurrent
professional judgement suggests thatt wirthout a mgjor
fuding effort, the Tributary Strategieswilll not be
implementted by the year 2000. The current political
atmosphere is utfavorable o raising new revenues.
This is likely to result in adelay of strategy inplemerita-
tion ad transfers of funds from prograns of loner
priority. If trasfers are saught to pay for the Tributary
Strategies, all state progrars should be gpen to consid-
eration rather then just those prograns listed as
potential Tributary Strategies gotians.  This is because
sare of the less aost-effective gotions are motivated
primarily by benefits other then nutrient reduction.

Because the Strateyy is avoluttary effort, actios
that are econamiical ly detriinental are unlikely to be
pursted vigorasly.  Meny of the activities that are
likely to be promoted by the strategy have the poterntial
o pramote _jaos in the construction sector, the new
private agricultural plaming sector, the septic mainte-
nance providers, and local goverrment.

As the next major step in the cortinuing effort
to restore Chesapeake Bay, the states of Maryland,
Virginia, and Pennsylvania and the District of
Columbia have made a commitment to develop
and begin implementing specific nutrient reduc-
tion strategies for each of their tributaries. The
state of Maryland has been partitioned into ten
tributaries, and draft strategies have been devel-
oped for each one. Estimating the cost of the
Tributary Strategies begins with acknowledging
what is meant by “‘cost’” in a broad sense. Such a
broad definition is often associated with a formal
cost benefit analysis that recogniizes various lost
opportunity costs and costs of nonmarket goods.
Maryland’s cost accounting effort takes the more
restricted interpretation of costs as expenditures
associated wirth specific activities that reduce the
nutrient loads. Maryland’s Tributary Strategies
cost evaluation distinguishes costs associated with
ongoing activities from those that are prompted by
meeting the quantitative goals of the Tributary
Strategies. Historic mechanisms for funding costs
imply a distribution of costs among private and
public sectors; however, a govermor-appointed
panel on funding the Tributary Strategies may
recommend alternative funding mechanisms that
alter the distribution of aosts.
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Abstract:

The most specific pollution control effort in the Chesapeake Bay region is the cormitment to
reduce controllable sources of nitrogen and phosphorus by 40%.

Each of the states in the region is

pursuing this goal through an effort termed the “Tributary Strategies” which is focusing attention on the
rivers that discharge to the Bay and that are the primary recipients and transporters of nutrients. Meeting
the nutrient reduction goal will involve the participation and conmitment of resources by citizens,

businesses, and all levels of government.

Involvement and commitment by these stakeholders can only
be achieved through an understanding of the problems and their solutions.

In many cases, providing this

understanding requires the translation of complex technical information into a form understood by
citizens and managers. In Maryland’s Tributary Strategies approach, various levels and types of informa-
tion have been produced for target citizens, elected officials, local govermments, and business interests.
The nature of this material and the experiences in using are discussed.

I NTRODUCTI ON

Proceeding with Chesapeake Bay restoration
requires continuing political support fron three
constituencies: elected officials, inplementation
officials (e.g-, regulators at the state ad local
levels), and grass-roots involvement to maintain
political support.

Having heard from many citizens that the
Bay ecosystem was being degraded, elected
officials vwere ready to be convinced that there
was a problem requiring a solution. It fell to the
scientific coomunity to define the problem and
proposed a solution. Monitoring and research in
the late 1970s and early 1980s presented three
issues; excess nutrients leading to eutrophication,
excess sediment erosion and deposition, and
toxics. Eutrophication was the most pervasive
problem and was exacerbated by the Bay’s
physical characteristics of a degp central basin
ad tendency to stratify. Fortunately this
problem was wel l-understood and many tools
were available to contribute to the solution,
convincing legislators and regulators that there
were politically acceptable solutions.

Corvincing the public, especially  incressingly tedmi-
cally proficiett enviromental groyss, wes not difficult
because they were already demanding that something
needed 1o be done. Reaching agreement on the
priorities and megnitude of the necessary actios wes
nore difficult ad contiinues today.

It should be understood, hanever, that while
adeguate scientific foundations and tedmiical sypport
are necessary, they praoeblly are not sufficient to
maintain momertum in the restoration effort. The
special role played by Chesgpeake Bay in the history,
recreation, ad livelihoods of pegple in the surrounding
states is requisite to naintaining the sygport necessary
for fuding the restoration ad instituticalizing the
process and structure.

BACKGROUND

Saveral mgjor scientific milestones have contrributed
1o the scientific foudation and aredibility of the Bay
restoration effort. These inclucke the validation of the
percgption that the Bay”s degradation s real; recognirtion
that the sollution must be regiionall ; acceptance,
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reevaluation, and subsequent affirmation of a
quantitative goal ; and widening the restoration
focus from the Bay’s mainstream to its watershed.
The reevaluation and previous work led to the
1992 Amendments to the 1987 Chesapeake Bay
Agreement which required development, of
specific, quantitative, watershed-based strategies
to continue the restoration effort.

Identifying and Denonstrating the Probl em

Recognition of the regional nature of the
problem and solutions led to the first regional
Chesapeake Bay Agreement.

Development of monitoring programs were
required by the 1987 Agreement and needed to be
both long-term and comprehensive. Four purposes
needed to be served:

1.) More and more current information was needed t
better evaluate the cunrent status of tre Bay, especially
wi'th respect to water quality and  eutrophication
factors. This would corfirm earlier conclusions as to
the nature and severity of the problem.

2.) The monitoring data collected must be appro-
priate for trend analysis to determine the effective
ness of management actions.

3.) The monitoring program needed to contribute
to our understanding of Bay processes to direct
management actions most effectively,

4.) tneedd to antribute to the reevaluation of the
nutrient reduction goal required by the 1987
Agreement.

The 40%St r at egy

Although the signatories agreed to the 40%
reduction goal in the 1997 Agreement, there was
sufficient uncertainty surrounding that nurber
that a scientific reevaluation of the goal wes called
for in 1991. Itwas anticipated that by 1991 addi-
tional data would be been collected and the
original static, one-dimensional model would be
expanded to more realistically represent knowl-
edge and understanding of Bay dynamics.

Reeval uation of the Strategy and t he
1992 Amendnents

The reevaluation was based on bringing
together modeling, monitoring, and research. A
key component of the reevaluation was the three-
dimensional, dynamic, water quality model. The
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model provided a technical decisionmaking tool
that was considered objective and therefore
political ly acogptable.

Various sets of scenarios were nun that included
different amounts of reduction for both nutrients,
different amounts for each nutrient, and reductions in
differat regias of the Bay.

The model results indicated that a 40% reduction in
control lable nutrient loads would result ina 20%
reduction in dissolved axygen anoxic volure days (a
measure of the volure of water multiplied by the
nurber of days that volume was bellow 1% dissolved
ayoen).- This resultwes aonsidered a sufficiently
significant improvement to validate and reaffim the
40 goal. It also indicated that the most would be
gained by reductions in Maryland’s loeds.

The Tributary Strategies

Maryland has since taken aggressive action in
developing plans to achieve the required nutrient
reduction. The magnitude and costs of the nutrient
reduction suggested that political support would
be esserttial and therefore that the process for
developing the nutrient strategies would need
extensive public involvement, which would
require the comunication of technical findings to
the public in such a way as to demonstrate that
both the problem and solutions were correctly
defined. Because of the potential costs, all reduc-
tions needed to be shown to be both required and
cost effective and relevant to the ultimate goal of
increased living resources.

The Process

A process that provided for a series of informa-
tional and interactive meetings with both the public
and local govermments was deemed most appropriate.
A parallel effort wes developed by the Marylard
Department of Agriculture, which assembled
agricultural tributary strategy teans in each water-
shed to provide additional feedback on the detaills of
agriaultural aspects of the strategy.-

These teams, consisting (depending , on the vwater-
shed) of Soill Conservation District persorel, famers,
Farm Bureau merbers, extension service persorel,
etc., helpad to determire aunvent lewels of agriauktural
best management practices (BWs), which BWPs were
likely to be nost effective and most readi ly acoepted by
the local farm comunity, and what levels of inplle-
mertattion could be considered feasible.

Three series of public meetings were held. The
firstves strictly educational, and presented ina



norttechniical way, the foundation for our under-
standing of the Bay’s problems and a description
of the probable solution. Significant time was
allowed for questions, but there was no real
discussion. The second meeting presented
quantitative information on land use, nutrient
sources population, potential fish spawning
areas, and submerged aquatic vegetation acre-
age in each watershed.

At the third meetiing , the gptions for nutrient
reduction (BMPs and management options such
as waste water treatment plant upgrades) and
relative costs were discussed in small groups.
Feedback was sought on what the local people
thought would work best, which altermatives were
not presented but should have been, and how the
people viened the relative costs.

Numerous questions were raised about where
the load estimates came from and the efficiencies
of the BVWPs for nutrient reduction. A single
statewide meeting was held to explain the water-
shed model and how the data were derived. Most
of the participants left this mesting satisfied that
the Bay restoration and nutrient reduction strat-
egy was well-founded and technical ly credible.
Questions about the derivation of the loads were
significantly reduced after this meeting, and
convincing participants, especially the tednical
farm comunity, of the validity of the effort was
probably essertial to continuing the process in a
productive manner .

At this point, two rounds of meetings were held
with local govermments to review our under-
standing of current implementation levels, work
out application levels for the BWS, and develop a
clear understanding of how the process would
continue and what the role of local govermments
would be. There were again numerous technical
questions regarding land use estimates, WTP
upgrades, and, most frequently, funding.

Again, convincing participants of the technical
sufficiency wes difficult. Honever, everitually
agreement was reached that the quantitative
decisions were accurate enough to allow the
process to proceed.

RESULTS

The result of the process is a “‘strategy’” for
each of the watersheds that includes more than
90% of Maryland and alll of its Chesapeake Bay
watershed. The strategy is a series of policy
statements and quantitative goals. The policies
include upgrading all sewage treatment plants
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greater than 500,000 gallons to biological nutrient
removal for nitrogen (or equivalent) and provide
for complete inspection and enforcement of
sediment and erosion control, and storm water
management regulations. Chemical phosphorus
removal was already in place at most plants, but
would be required if not in place.

One of the key results of the meetings with local
governments was general acceptance of the
nurbers (e,g., land use. BWP efficiency and
feasibility, estimated load reduction) as a valid
starting point. Critical to this acceptance wes the
admnission by the state agencies that the nurbers
“Were not perfect” and that there would be future
opportunities for revision of the nurbers as better
data became available.

CONCLUSI ON

Scientific and technical information surround-
ing the Chesapeake Bay restoration and leading to
the Tributary Strategies for nutrient reduction
played a critical role in the political aswell as the
scientific developrent of these efforts.

The first was to clearly define the problem and
to begin to understand the possible solutions.
Without a defined probllem, it would have been far
more difficult to gather the funding necessary for the
monitoring , modeling, and research programs that
provided for definition of some potential solutions.

Definition of a sinple and sinply stated goal,
i.e., a“4d0h reduction”, wes alsocritical to
maintaining support because it provided focus,
and a solution that most could understand, at least
in a general way.

The second aspect of technical requirements
was the provision by the water quality model of a
technical ly sound basis for allocating reductions to
each jurisdiction. Hownever, equally important
was the perception that the model provided an
objective allocation that was not political ly based.
The model also provided a basis for supporting the
nutrient reductions, because officials could clearly
state what the results of the reductions would be:

a 20-25% reduction in the volume and duration of
anoxic water and a resulting improvement in the
Bay”s hebitat for living resources.

Finally, itwes critical to be able to convince
both the citizens who would bear the costs and
the local govermments responsible for much of the
implementation that the entire effort had a sound
technical basis and that results could be predicted
with an acceptable level of accuracy.



