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Introduction

The Chesapeake Bay is the largest and, historically, most productive estuary in the United States of America (USA). The Bay is long and narrow being about 250 km long and 25 to 50 km wide.  The estuary is very shallow with an average depth of only 7 m, but it contains a narrow, deep trench up to 60 m deep that is the drowned river valley of the Susquehanna River.  What is remarkable about the Chesapeake Bay is the very large size of its watershed to its relatively small water volume.  The watershed is approximately 100,000 km square in size (Fig. 1).  The Bay has a watershed area to water volume ratio of about 2400:1, which is six times greater than the estuary with the next largest watershed area to water volume ratio, The Bay of Finland. 
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The Chesapeake Bay has been in some stage of decline for more than 200 years with sedimentation, wetlands loss, fisheries over harvesting, and toxicant and pathogen pollution as principal causes of decline prior to 1950. However, during the 1960’s and 70’s, widespread loss of submerged aquatic vegetation (SAV) and increased evidence of hypoxia and anoxic zones in the summer became apparent.  Congress authorized a major research effort in the mid-1970’s to determine the cause of this accelerated decline in habitat and living resources in the Bay. When this research was completed, it became evident that nutrient over enrichment was the principal cause of the more recent systemic decline (U.S.EPA 1999).  
Nutrient over enrichment, or eutrophication, has caused excessive algal growth, which can result in areas of low to no oxygen in most deep waters and some shallow creeks and rivers from May through September.  This effectively eliminates the cooler, deeper waters as warm weather habitat for finfish and shellfish and makes survival of benthic organisms difficult.  In shallow tidal rivers and creeks, low oxygen is responsible for many reported fish kills, particularly during Spring.  The excessive algal concentrations also impair clarity in shallow water, and in tandem with sediments, are responsible for turbidity that has resulted in the loss of most of the underwater grasses in the tidal shallows (0.5-2.0 m depths).  These grasses are critical habitat for many species of finfish and crabs, serve as filters to improve water quality and clarity, and buffer shorelines from wave action. (U.S. EPA, 2003).  It is estimated that nitrogen and phosphorus loads are more than six times pre-settlement loads.  All sources of human activity contribute to these loads but agriculture is a major source of nutrients from the watershed.  Reducing the impact of nutrients on Chesapeake Bay water quality cannot be achieved by point source reductions alone but must include extensive reductions from non-point sources, particularly agriculture.  Figure 2 provides a model-based estimate of the relative contribution of different sources to nutrient loads in 2003. 
Figure 2
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In 1983, the states of Virginia, Maryland, and Pennsylvania, the District of Columbia and the Federal government signed the first Chesapeake Bay Agreement, committing in very general terms to work together to reduce nutrient pollution in the Chesapeake Bay.  In 1987, a second Chesapeake Bay Agreement was signed by the same parties which committed to reducing “controllable” loads of nitrogen and phosphorus from within their state watershed boundaries by 40% by 2000.  This represented approximately a 22% reduction in actual nutrient loads to the Bay.  In 1992, that agreement was amended to require each state and the District of Columbia to develop tributary specific strategies to achieve the 40% nutrient reductions in each of their tidal tributaries.  In 2000, a new agreement was signed that committed to removing all nutrient and sediment impairments to Chesapeake Bay.  In 2001, the headwater states of Delaware, New York and West Virginia signed a Memorandum of Understanding joining the Chesapeake Bay Program (Fig. 3) in its efforts to achieve its water quality commitments.

Figure 3 
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The Chesapeake 2000 agreement contained more than 100 commitments on a wide range of topics.  However, the most significant commitment was to remove the Bay from the Clean Water Act list of impaired waters by 2010.  Three years were spent deciding the nutrient reductions needed to restore dissolved oxygen, chlorophyll and clarity to unimpaired levels (U.S.EPA, 2006).   If, at a minimum, strategies to remove these impairments are not in place and being actively implemented by 2010, a regulatory TMDL (total maximum daily load) may be initiated for the Chesapeake Bay and its tidal tributaries.  Thus, the new nutrient loading goals and associated tributary specific strategies are an effort to accomplish regulatory objectives in a cooperative, blended (mix of voluntary and regulatory) program.  This results in an even greater need for scientifically defensible goals and implementation strategies that can withstand scrutiny by regulators, stakeholders and, in all likelihood, the judicial system. The loading caps that must be achieved to remove nutrient impairments require reductions far greater than those currently achieved and can only be achieved through a major acceleration in the implementation of point and non-point source nutrient control practices (Fig. 4). 
Figure 4
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Goal Setting and Nutrient Reduction Load Allocations

One of the hallmarks of the Chesapeake Bay Program has been a willingness to set challenging quantitative goals with deadlines for implementation of the practices, programs and policies that will achieve these goals.  The 1987 Bay Agreement committed to a forty percent reduction in nonpoint source and point source loads from the signatory jurisdictions of Pennsylvania, Maryland, Virginia and the District of Columbia by 2000 from a 1985 base year.  In 1992, this agreement was amended to require the development of basin-specific strategies to accomplish these goals in each of the major river basins leading to the Chesapeake Bay.  While these goals were not achieved by 2000, significant progress towards the 40 percent nutrient reduction goal was made through agricultural best management practice (BMP) implementation and urban point source controls (largely wastewater treatment plants).  Progress was estimated based on reported practice implementation and associated reduction efficiencies as projected using the Chesapeake Bay Watershed Model (WSM), a state-of-the art model based on the Hydrologic Simulation Program – FORTRAN (HSPF) model.  It was estimated that about 75% of the phosphorus goals would be met but that the nitrogen reduction would only achieve about half of that needed to reach capped loads. Further, these were model estimates. Actual monitoring data at the fall line on major rivers showed some progress, but not as much as the WSM projected. However, data in the tidal portions of the same rivers and the main stem of the Bay showed little or no improvement. While the apparent discrepancies are still not completely understood, nutrient transport, lag times from ground water, in-stream and tidal nutrient processes, model limitations, and overly optimistic assumptions regarding BMP performance are widely considered the principal causes of model versus monitoring discrepancies. The last two factors will be the subject of considerable discussion in this paper.
The goals were essential to provide direction and guidance to the jurisdictions funding, programs and policies that were needed in support of the strategies.  The original forty percent nutrient reduction goal was expected to reduce anoxic-volume days in the bay by about half.  It was considered a potentially achievable goal that would provide substantial improvements in water quality, but would not necessarily eliminate nutrient related impairments.  


The Chesapeake 2000 Agreement committed to remove all nutrient impairments to the Chesapeake Bay by 2010.  It took three years to determine the loading cap needed to remove impairments.  The load reductions required more than double the progress that had been made from 1987 to 2000.  This was particularly challenging since many of the more easily accomplished reductions had been implemented to make the progress noted in 2000.   Tributary-specific strategies were again developed in an attempt to meet the loading caps needed to remove all nutrient impairments.  However, the required reductions were so great that it has become apparent that they cannot be implemented by 2010 and in fact required funding, policy reform and political will beyond what currently exists.  Efforts are underway to re-evaluate the goal and also to look at longer-term strategies to achieve the needed reductions that are economically and politically feasible.  


Goal setting has been critical to maintaining the commitment of the different jurisdictions to attempt to accomplish these challenges.  It is our feeling that quantitative goals are an essential driver of public and private actions in any water quality restoration program.  In addition, allocating the loading caps or nutrient reductions to each of the signatory jurisdictions is essential to provide a base upon which they can develop their strategy.  The allocation process was kept as technically based as possible but, of necessity, was largely driven by model-based estimates.  These estimates were then presented to policy level managers for final negotiation.  In 1993, the three original Bay states and the District of Columbia each agreed to take on a certain load reduction.  In 2003, all six Bay states and the District of Columbia reached agreement on individual loading cap allocations.  While this was clearly a mixture of science and policy negotiation, assigning loads by jurisdiction and gaining the commitment of each jurisdiction to achieve their portion of the goal is essential to coming close to accomplishing the goal. State sub-basins receiving allocations are shown in Figure 5.
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The Chesapeake 2000 goal may have been so challenging that it resulted in allocations that required drastic measures to be achieved.  This appears to have resulted in the development of tributary strategies that required higher levels of implementation of control measures than could be accomplished with current funding, political support and voluntary participation of the farm community.  We must recognize that the load allocations were based on our best scientific estimates of the needs to fully restore the living resources so reductions less than those required by the allocations would remove the impairments.  However, we are still struggling with the issue of maintaining progress and implementation when there is relatively widespread recognition that the strategies designed to meet the goals cannot be implemented as currently written.  

Tributary Strategies


In 1992 and again in 2003, the signatories to the Chesapeake Bay Agreement committed to develop strategies that would achieve their needed nutrient reduction based on load allocation.  These strategies were based upon control measures that would reduce loads from sewage treatment plants, agriculture, urban stormwater, forest management and for 2003, atmospheric deposition of nitrogen.  
Tributary strategies were developed through an extensive stakeholder involvement process that solicited input from local government, business and industry and farmers on the most appropriate and acceptable control measures that should be used in their area to achieve needed reductions.  They were asked to help estimate levels of implementations that could be achieved with different levels of resource inputs, incentives and programs.  In 1993, this was done in an iterative process until model estimates suggested goals could be met.  In 2003, this process was repeated but reduction goals were so major, on top of 1993-2003 efforts, that jurisdictions had to finalize strategies by implementing measures at levels above those recommended by stakeholders or by implementing innovative practices not yet fully supported by stakeholders.  

Estimates of the effectiveness of various practices, systems and approaches in reducing nutrient pollution were developed for each of the control measures in the strategies.  These were developed based on the best available scientific information.  As discussed below, the reduction efficiency estimates developed during 1992 to 1993 were based on limited available research results and did not account for spatial or management variability that might occur when these control measures were applied at a watershed scale.  The ramifications of this are discussed below.  In 2003, reduction estimates were revised to reflect our increasing understanding that research level efficiencies likely overestimated watershed scale implementation of practices and that tracking reporting and operation and maintenance of the control measures had also likely been overestimated.  These changes created both a policy and public reaction since they reduced the model-estimated impact of the control measures that had been implemented through 2003.  As shown in Figure 6, a reduction in model estimated progress was reported for 2003.  This was difficult for policy makers to explain since they had annually been reporting on the positive progress based on model results.  It was also difficult for the public, particularly farmers, to have it suggested that the amount of progress due to their efforts was actually less than had been previously reported.  The lesson that was learned from this activity was that there had been an over-reliance on model output as an estimator of progress in water quality improvement with a concurrent under-reliance on actual monitoring data that must eventually show the real impacts of our actions.  
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Modeling and Monitoring to Support Watershed Restoration

Modeling


Monitoring and modeling are both essential to development, implementation and evaluation of watershed restoration strategies.  The appropriate role and relative reliance on each should be determined early in the restoration program.  Modeling is essential to allow prediction of the impact of nutrient reduction strategies and action to current and future land use, population and agricultural conditions.  It allows for the development of “what if” scenarios that can enhance development of cost effective strategies using practices, programs and approaches that are more politically, socially and economically acceptable.


Caution must be exercised when using models to estimate restoration progress.  The Chesapeake Bay Program began running annual “Tributary Strategy” Implementation Progress Scenarios in the mid-1990’s.  These were used as estimators of progress, arguably to allow estimation of loads when various lag times in practice implementation, “maturity” and surface and groundwater processing, etc.  Such lag times were said to not allow progress to show in monitoring data for some period after implementation.  While there was certainly some validity in lag time assumptions (and the lack of them in model output), overoptimistic assumptions about Best Management Practice (BMP) implementation, operation and performance appears to have resulted in overoptimistic model based progress estimates.  However, for many years, annual progress in reducing nutrient pollution and restoring the Chesapeake Bay was reported by state and federal political officials based on modeled BMP implementation impacts.  In 2003, the Washington Post did a series of investigative articles entitled “Bay Progress Overstated” that provided a rather sensationalized perspective on the misuse of model information in estimating progress in Bay restoration.  Bay Program management had been advised of these issues for several years.  This has resulted in several Congressional and Executive Branch investigations into progress estimation for the Chesapeake.  What was found was that a sincere, non-malicious attempt to provide simplistic estimates of progress based on model output had become perceived and used by officials as if it were actual progress.


The program reviews also pointed out the need to separate “implementation” progress from “restoration” progress.  Strategies, with implementation plans, were essential to successful watershed restoration.  The ability to show progress in implementation of these strategies is equally critical to maintain public and political will.  However, we have learned that scientific uncertainties about BMP efficiencies, large spatial variability in BMP performance, management and programmatic uncertainty about level of BMP adoption or implementation and operation and maintenance make estimation of actual impact of practice implementation on water quality extremely difficult.  As a result, we now use model-based BMP impacts as estimates of “implementation progress”.  


In other words, they are used to estimate what proportion of the potential nutrient reducing impacts of implementing an adopted strategy has been achieved based on the amount and robustness of practices implemented.  This is no longer directly linked to suggested water quality response since it has been determined that monitoring is ultimately the only way to determine actual impact of practice, program and policy implementation.  The WSM continues to be a critical toll to develop strategies, evaluate new practices, program and policies and predict the impact of future land use, population or agricultural changes.  The WSM is no longer used as a substitute for monitoring in estimating actual progress in achieving Bay water quality goals.


The Chesapeake Bay Program has chosen to rely on two very large coupled models to simulate conditions in the watershed and in the Bay.  The Chesapeake Bay Water Quality Model is used to estimate projected changes in Bay water quality and living resource conditions based on changes in nutrient loads from the rivers.  The Chesapeake Bay Watershed Model has been the dominant tool used to estimate nutrient loads from different geographic regions and land uses throughout the watershed.  The Watershed Model is calibrated at the river input monitoring stations of all the major rivers and at other calibration stations within the watershed.  As a result, the above-fall line nutrient loads are accurately reflected in the model; however there are continual refinements and upgrades to the model to better distribute those loads within the watersheds and to simulate the impact of management actions.  We have chosen to rely on one very large watershed model that is based on the Hydrologic Simulation Program-Fortran (HSPF) model.  The HSPF model is widely used to estimate nutrient processes and loads typically from much smaller watersheds than the Chesapeake Bay.  We have been continually refining HSPF for the Bay and are now in Version 5 of the model.  While it is clear that each new version of the model is a substantial improvement over the previous one, it remains challenging to accurately simulate land use conditions, changes and the impacts of control measures throughout a 100,000 square kilometer watershed using one large model.  We feel, and independent reviewers have verified this, that we now have as detailed and refined a simulation of the watershed as we can get based on available data and our ability to define and simulate land uses in land-river segments.  There is much discussion about whether to continue to refine the HSPF model for further application in the Chesapeake Bay Watershed.  Some recommend looking for other types of models for the entire watershed that may be used in concert with HSPF to enhance our simulation capabilities while others suggest different models that best simulate land uses, conditions and processes in different parts of the watershed to develop more accurate “representative” simulated sub watersheds.  
Monitoring

The Chesapeake Bay Program implemented an extensive river-input and tidal water monitoring program in the mid 1980s.  This has provided critical information for calibration of both the water quality and watershed models and allows us to observe long-term trends in nutrients related both to control measures and climatic variation.  Since 1985, many other monitoring stations have been added to enhance our calibration capability for the watershed model.  This was particularly important to allow calibration of the model at jurisdictional boundaries so that loads and load reduction allocations could be made.  The monitoring network has provided extremely important trend information over the last two decades; however, as stated above, from the mid 1990s until recently progress was more likely to be based on modeled loads than on monitored loads.  This was justified based on information that suggested lag times in seeing the impact of actions on the land.  It has become apparent that progress is being overestimated using the model and that monitoring offers the only real tool that can be used to determine whether or not water quality is really improving.  However, the extreme inter-annual variability due to climate makes seeing trends in water quality extremely difficult over anything but a very long sampling period.  In an attempt to dampen the effect of inter-annual variability, the monitoring data has been converted to loads based on average hydrology.  While this may be the only realistic way to compare loads over time given the huge variability, it can also result in monitoring information that does not seem logical to the public or policy makers since they, and the living resources of the Bay, see actual water quality conditions, not the average or flow-adjusted hydrology.  Efforts are being made to use both flow-adjusted hydrology to determine long-term trends while reporting near real-time monitoring that reflects the actual climatic conditions that were observed during the past water year.  
When looking at the long-term monitoring data for the Chesapeake Bay, statistically significant reductions in nitrogen and phosphorus occur at the majority of river-input stations.  It is unclear why phosphorus shows some signs of continuing to increase in the lower rivers of the Bay. (Figure 7.)  
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Evaluation of long-term monitoring data also suggests that the rate of reduction may be slowing in recent years.  It is unclear if this is due to increases in load due to population growth and development, higher loads due to high precipitation years in recent years or increasing difficulty in continuing progress and reducing nutrient pollution load sources.  While some progress in reduction has been apparent at river-input stations, limited reductions have been observed at the mainstem tidal monitoring stations.  It is unclear if this is simply an artifact of very slow processing of nutrients within the tidal system or if load increases from below the fall line (below the river-input stations) have been sufficient to offset reductions observed at the river-input station.  However, even if progress at the river-input station is used as a gauge of success, it is far below what would be needed to remove the nutrient impairments to the Bay and substantially below what has been estimated based on model projects of control measure implementation.  

Both modeling and monitoring are essential to the Chesapeake Bay Restoration Program.  Modeling allows us to estimate land use loads and to project the impact of actions that we propose to put into tributary strategies.  It can also provide an estimate of our progress in implementing the strategies.  Increasingly, we feel that modeling should be used as a planning tool and for projecting future conditions.  Monitoring, on the other hand, has no capability of projecting future conditions of the impact of proposed actions; however, monitoring is critical to the evaluation of long-term trends in water quality due to changes in land use and the impact of control measures.  In the short term, monitoring is critical to understanding the impact of major climatic events on Chesapeake Bay water quality and living resources.  
Current BMP Definitions, Efficiencies and Implementation Assumptions

Much of the progress towards the 2000 nutrient reduction goals came from state reported implementation of agricultural best management practices (BMPs) between 1993 and 2000.  Both structural BMPs, e.g. lagoons and sheds; and agronomic management practices e.g. cover crops and nitrogen management, are included in state tributary strategies.  BMP definitions vary somewhat between states but are coordinated and made consistent by the Chesapeake Bay Program.  Each practice has an approved definition, reduction efficiency and tracking/reporting procedure (U.S.EPA, 1998).  BMPs may be applied in three ways (Fig. 8).  Some BMPs represent land use conversions such as the change from conventional tillage to conservation tillage or from crop land to forest or perennial grasses.  Other practices are simulated in the model by a change in the rate, timing or method of nutrient inputs.  Nutrient management, estimated to have been implementing about 1 million ha, is the most widely implemented practice that is simulated in the model by changing inputs and application timing.  Other practices that cannot be represented in the model either by a land use change or simulation are credited using a post processor with a standard reduction applied to the load from a specific land use based the implementation of this practice.  The post process reduction efficiency for any one practice varies throughout the watershed based on soils, climate, topography, cropping systems, etc.  
Figure 8
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 There currently are about 40 BMPs or land use conversion practices that are approved for use by states in tributary strategies and are tracked, reported and represented in the Chesapeake Bay Watershed Model (WSM).  There are also nearly 20 new practices awaiting peer review and approval by the Chesapeake Bay Program so they can be used (Fig. 9) (U.S.EPA, 2006).  The U.S. Environmental Protection Agency has recently funded the author of this paper to lead a team to review and revise all existing BMP definitions and efficiencies and to develop definitions and efficiencies for new practices.
The Chesapeake Bay Program appears to be the only program nationally that has developed such a sophisticated quantitative BMP tracking and crediting system (i.e. assigning numerical load reduction efficiencies to various practices for nitrogen and phosphorus).  The fact that it has been in existence for 10 years, has undergone two self-imposed internal re-evaluations, and has openly identified a list of weaknesses and needed improvements, is laudable. However, the scientific community is somewhat skeptical of the quantitative use of model based results such as Bay-wide nutrient reductions based on reported BMP implementation and efficiency assumptions when they are used to shape policy. Progress is likely overestimated.

Figure 9
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BMP Definitions and Efficiencies

Evaluation of the BMP crediting system reveals both strengths and weaknesses.  While practice definitions appear to be consistent within the watershed, the Watershed Model is limited in its capacity to simulate different land uses and different crops, i.e. it only simulates a “composite crop” for each watershed segment that may be many hundreds of square kilometers in size.  As a result, it is a daunting task to develop an approach that adequately describes practice efficiency.  The CBP has tried to account for this by limiting the acreage reported treated by a down gradient practice (e.g. buffers) or by limiting the potential for nutrient loss from certain confined animal operations.  Such efforts are useful in trying to limit over estimation of nutrient reductions but may still not be adequate.

Nutrient reduction efficiencies are based on research results and field observations of what constitutes a practice or system.  Research results are usually from plot scale data and are typically on a newly (and perfectly) implemented practice.  The newly implemented research scale practice is likely to function well than when the practice is implemented at the watershed scale.  As a result, it may be difficult to extrapolate plot scale research results directly into operational practice efficiency.  The CBP approach may be the best currently in use, but some mechanism should be used to adjust reduction efficiencies to better reflect field, farm or watershed scales versus plot scales.   It is apparent that more long-term small watershed scale research, in combination with plot work, is needed to better estimate actual reductions. 
The WSM assumes practice reduction efficiencies are the same for large geographic areas or the entire watershed.  There are substantial data indicating BMP efficiencies are highly site specific and can vary widely under different cultural and physiographic conditions.  Certain practices do vary in efficiency across WSM segments or between different hydrogeomorphic regions within the WSM.  This may be as refined as can be accomplished currently and should be used for as many practices as possible, but it must be recognized that “average” practice efficiencies do not properly represent the large variability in actual efficiency. Improved management models (based on physical and biological properties and processes) that allow evaluation of practices under different conditions are needed (Simpson, et.al. 2004)
Implementation

States are responsible for collecting and reporting levels of practice implementation on an annual basis. Implementation rates vary widely between states and from year to year within states.   This may be related to differences in staff support between states and political emphasis on the need for reporting.  Methods for tracking and reporting to the Bay Program are consistent but data collection within states varies.   There is concern that double counting of certain practices, particularly Conservation Planning and Nutrient Management may be occurring.  Since progress is based on reported implementation, there is also concern about overly optimistic reporting of implementation.   This is further complicated by the perceived need to always show progress.  If a state finds errors in previous reporting, they must reduce reported implementation and run the risk of being further from goals than previously reported. While the revised numbers may be more accurate, they may create public and political perception concerns. The Chesapeake Bay Program accepts state-reported implementation rates without question except when implementation in the WSM model segment exceeds available acres. More CBP or third party review of annual implementation progress should be conducted.  

Reported progress is usually based on plans written or structures designed not actual implementation. There is concern that this results in overestimation of implementation. A Rural Clean Water Project study in Pennsylvania found as low as a 22% implementation rate for some nutrient management plan and animal waste BMPs. (USDA-ASCS 1992). A 1998 statewide survey of nutrient management plan implementation in Maryland supported reductions in nutrient inputs as a result of the plans.   However, depending on definition, 40–70% of farmers reported “following the plan”, and many of those had not reduced nutrient inputs as much as assumed in the nutrient management reduction efficiency.  

Another WSM implementation assumption is that the practice is implemented as defined by the CBP. For example, cereal grain cover crops are an efficient post-harvest nitrogen management practice with high reduction efficiencies.  However, these efficiencies assume timely fall planting (before October 1 in the Coastal Plain).  In some cases, cost-sharing standards for cover crops have allowed planting until after November 1.  The same data on which the cereal grain nitrogen reduction efficiencies were based showed a major decline in efficiency of nitrogen reduction after October 1.  There are numerous other cases where either state requirements or farmer practice are inconsistent with CBP BMP definitions.
It has been suggested that the CBP should adjust implementation rates of practices based on available data.   Additional research and surveys should be conducted to refine actual rates of implementation and identify differences between practice definitions and what is being implemented (Simpson, et.al. 2004).   
All practices are assumed to be implemented and maintained as prescribed and to function at design efficiency over time and in all types of storm events.   The CBP has identified BMP function, maintenance and design event issues as items of concern for future improvement, but it must be recognized that these, along with optimistic efficiency and implementation assumptions, likely result in substantial overestimation of nutrient reductions.

Systems Approaches to Conservation and Nutrient Balances

The discussion above identifies specific actions that can improve estimates of progress from BMP implementation.  There are broader issues related to the overall approach to reducing farm nutrient losses using BMPs.  Most BMPs are selected to address the current farm nutrient budget using the current crop and animal production systems.   It appears to be important to address farm nutrient imbalances and to look at feasible changes in production systems as part of a comprehensive farm planning process.   Despite efforts for more comprehensive planning, BMP practices or systems are still frequently implemented individually without looking at how practices work together to address whole farm water quality concerns.   Current focus is on tactical plans that prescribe specific conservation practices for current systems rather than strategic actions such as feed management or alternative crop rotations.
Structural and pollution abatement practices are frequently considered equivalent to pollution prevention practices.  Efforts should be made through feeding, waste storage, cropping systems and nutrient management to minimize the opportunities for nutrient losses prior to using pollution abatement practices to treat lost nutrients.  The planning and implementation process needs to be an ongoing repetitive process that continually reassesses crop and animal management options at a farm, watershed and industry-wide level to meet water quality objectives.

The cost of BMP/farm system implementation is not currently part of production costs.  

As a result, farmers expect government cost-share to offset a large part of BMP expense.  Market incentives or disincentives are needed to build environmental costs into recoverable production costs.  Where cost share is used, it needs to be targeted and viewed in light of overall environmental objectives.  Cost share continues to be viewed and designed as another form of support payment to farmers.  The tendency, within government programs, to pay for implementation not consistent with CBP practice definition for the sake of farmer convenience, should be minimized or reduction efficiencies should be adjusted accordingly.  Cost share practices should support strategic, not just tactical, action and must fit within the whole farm environmental management system.  For example, most cost share standards call for six months maximum storage of animal waste.  This results in fall application just prior to the period of most intense runoff and leaching.  Care must be taken to assure that practices we design, and cost-share, do not reduce losses from one pathway while increasing them from another (Simpson, et.al. 2004).  

Specialization, intensification, and concentration of agricultural production, particularly poultry and livestock, have created field, farm gate, and regional nutrient imbalances. Historically, farms producing animals and animal products depended heavily on the farm crops to feed the animals. In the last half of the twentieth century, farms became more specialized and livestock and poultry production became more regionalized with crops to feed the animals being produced in other areas. As a result, crops are often not consumed on the farms where they are produced, but are exported to other farms and regions where intensive animal production is located. This new organization of production is typical for non-ruminant animals, such as poultry and hogs, and is becoming more important in the dairy industry. Although nutrients are removed from the farm where crops are produced and there is very little opportunity for them to return, the crop farms are sustained by the replacement of the exported nutrients primarily with fertilizer. In crop/feed importing regions, the flow of nutrients to individual farms may far exceed the flow of nutrients from the farm in animals, animal products, or crops. This imbalance in flows results in short or long-term accumulations of nutrients that are susceptible to unintended or unexpected losses to surface and ground waters (Simpson, et.al. 2004).
On farms or in production areas with substantial nutrient imbalances, the application of BMPs must be done in a manner to address the complete production system, from feed to animal to waste management to land application of manure (feed production).  Comprehensive plans are essential in areas with nutrient imbalances, but it may still not be possible to manage waste nutrients in an economically and environmentally acceptable manner.  On such farms or in entire production regions, transport of manure to nutrient deficit areas and/or development of high value alternative uses may be necessary to supplement on-farm BMPs.  While the Chesapeake region has several transport and alternative use programs, none have yet proven to be economically viable within substantial public sector subsidy.

Observations and Lessons Learned in the Chesapeake Bay Watershed

· The Chesapeake Bay restoration effort has been a unique partnership of six states, the District of Columbia and the Federal government.  Only two of these states have significant areas of the Bay within the boundaries so the fact that others are active in the partnership and have remained so for twenty years is laudable.  It is our conclusion that a formal partnership among watershed jurisdictions is an essential starting point for a long-term restoration program.  In addition, annual gatherings of the leadership of the jurisdictions demonstrating their political and executive support for the restoration effort are critical to maintaining both the partnership and restoration progress.  While goals have proven more challenging than expected, there is no question that what progress has been made would not have occurred without the strong support at the executive level from the jurisdictions and the Federal government.  

· Quantitative nutrient reductions goals or loading caps with deadlines to achieve them are essential to a successful watershed restoration program.  In the Chesapeake Bay watershed, recent goals were set to completely remove impairments in an effort to meet the objectives of Federal regulatory requirements through a voluntary partnership.  It appears that these goals may require such extraordinary reductions that they have made it difficult to maintain the support and momentum for the restoration.  While we strongly feel that goals should be based on improvement in living resources, it may be that interim goals or milestones that are challenging but within the realm of reality should be established along the path to full restoration of living resources.

· The ability to allocate loads to jurisdictions and allow those jurisdictions to develop control strategies consistent with their social, cultural, fiscal and political situation is also essential to development of accomplishable strategies and long-term maintenance of a true watershed partnership.
· Development of control measure nutrient reduction efficiencies allows jurisdictions to develop strategies and different scenarios that they can test them to see if, based on model estimates, they strategies will achieve needed objectives.  It is recognized that data supporting practice and control measure efficiency is limited and these quantitative efficiencies are relative estimates at best.  However, they are the foundation upon which any watershed restoration strategy must be built and so efforts must continue to improve our reduction efficiency estimates through additional research and small watershed monitoring during implementation of selected practices.  
· The appropriate balance between modeling and monitoring as evaluation tools must be established early in the restoration program.  As discussed above, over-reliance on model output to estimate water quality restoration progress resulted in overestimation of progress for the Chesapeake Bay and a substantial policy and public reaction when these efficiencies were corrected to more accurately reflect accurate progress.  However, model simulations are the only tools that allow us to project the impact of future land use, population and agricultural changes and to run “what if” scenarios to evaluate the most effective and cost efficient control measure strategies to achieve needed nutrient reduction.  
· Monitoring must be used as the primary tool to determine actual progress in achieving needed nutrient reductions, however, extreme inter-annual variation in climate makes it very difficult to see the relatively small incremental effects of control measure implementation.  A combination of long-term trends based on average hydrology and near real-time evaluation of actual water quality must be used to evaluate actual progress.  
· The Chesapeake Bay Program developed best management practices for control measure efficiencies before the mid 1990s, nearly a decade before anyone else attempted to do this.  It became apparent that these estimates assumed research level implementation of the practice, proper operation and maintenance, and long-term functioning of the practices.  It is apparent that all of these assumptions are overly optimistic and that watershed scale implementation under actual management operation and maintenance conditions will results in substantially less reductions than observed at a research scale.  It is much easier to address this through conservative efficient estimates initially than it is to try to adjust overly optimistic efficiency estimates.  These adjustments may make model estimates of impact closer to actual but can give policy makers and the public the appearance that progress towards goals is actually being reduced.  This can harm both public support and political will.  
· It is currently estimated that greater than a fifty percent reduction in nutrient loads, for a 1985 base, will be needed to remove the nutrient impairments to the Chesapeake Bay.  From our observation of other estuarine systems, reductions of this level may be commonly needed for water quality improvement.  Limited data is beginning to indicate that the application of most current best management practices or control measures to nonpoint sources of nutrient pollution, particularly agriculture, may only be capable of providing half to two thirds of this level of reduction.  This suggests that removing nutrient impairments to an estuary like the Chesapeake Bay will require full and rigorous implementation of existing practices but will also require some systems changes so that less polluting development and agricultural production systems are used.  For agriculture, this may mean looking for rotations that are longer with lower impact crops or for economically viable roles for perennial based agricultural systems.  Our experience suggests that full and rigorous implementation of current practice to current systems is extremely challenging and that systems changes are even more challenging and frequently met with resistance by the agricultural community.  

· In the Chesapeake Bay watershed, we are working to reduce very high nutrient loads, however, we must not just focus on reducing loads but on maintaining cap loads in the face of population growth and development and potential intensification of agriculture, particularly related to animal production.  In many parts of the Danube River Basin, nutrient loads were reduced as a result of economic upheaval more than a decade ago that both reduced the industrial sector and greatly reduced intensity of agricultural production in the watershed.  For the Danube, additional reductions may be needed but what it critical is that needed economic growth and development in industry or agriculture be done in a manner that does not increase current nutrient loads to the Danube and the Black Sea.  While the mechanism that caused nutrient reductions in the Danube was not a desirable approach, allowing loads to increase again as part of the price for agricultural and industrial economic growth will only transfer the burden and cost of nutrient pollution control to future generations.  It will also reverse improvements in water quality and the economic value of the fisheries in the lower Danube and nearby areas of the Black Sea.  
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