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1.0
Introduction

This technical memo describes the specific requirements of and objectives for the water quality model to be developed as part of the Environmental Protection Agency (EPA) Targeted Watersheds grant in the Bear River Basin.  The water quality model will be developed to specifically meet the needs of the water quality trading study that is also part of the Targeted Watersheds Grant.  The information in the memo was arrived upon after coordination between the model development team and the water quality trading team.  The requirements set forth in this document will govern the selection of an appropriate water quality modeling approach and its application in the Bear River Basin.

The focus of the water quality modeling work will be on establishing the environmental equivalence of potential trades of total phosphorus in the Bear River Basin.  In the context of the model, this includes estimating equivalence ratios that account for pollutant load delivery from sources on the land to active stream reaches, and, subsequently, from stream reaches to downstream receptor points within the watershed.  These equivalence ratios are essentially defined by the amount of phosphorus loading (or load reduction) from a particular source that reaches a downstream receptor point, and as such can be directly tied to the output from the water quality model.

Other ratios may be considered in the water quality trading study.  These include uncertainty ratios, which attempt to account for the uncertainty present in the estimates of loads and potential load reductions (i.e., credits available to be traded).  In addition, the concept of retirement ratios may be considered at the discretion of the water quality trading team.  Retirement ratios have been used to ensure an overall reduction in pollutant loading by requiring that a certain percentage of all pollutant credits available to be traded are put into a credit bank and removed from the market.  Uncertainty and retirement ratios are not directly tied to the output of the water quality model (i.e., they are not based on changes in loads or concentrations); however, at least in the case of uncertainty ratios, they are tied to the uncertainty of the model predictions and as such will be evaluated as necessary with the water quality trading team.

2.0
Water Quality Modeling Objectives

The selection of an appropriate model depends on the application needs or objectives.  The definition of these needs or objectives is an essential first step in the development of a modeling approach (Shoemaker et al., 1997).  The following objectives have been identified for the water quality modeling effort, and the water quality model that will be developed will be required to provide sufficient information to enable the following objectives to be met: 

1. Evaluation of individual trading viability by incorporating total phosphorus discharges from reach-specific point and nonpoint sources.

The viability of potential trades is affected by the ability of one particular source to reduce loading to a point at which they have something to sell, the financial incentive for them to do so, and by the location of the source in relationship to the buyer.  The viability of a potential trade generally decreases as the distance between the buyer and seller increases, depending on the river conditions and operational activities that occur between potential buyers and sellers.  These factors will be specifically accounted for in the water quality model, and so the results of the water quality model will provide the means by which viability of trades can be examined with respect to the physical characteristics of the system.

2. Tracking of the effects of potential trades under different meteorological inputs and flow regimes

The water quality benefit that results from potential trades must be viable under a variety of seasonal (spring runoff vs. late fall low flows) and climatic (wet year vs. dry year) conditions.  Potential trades will be evaluated by running the water quality model using a variety of forcing data as input so that the variability in the resulting water quality caused by differences in season or climate can be considered.

3. Examination of the general changes in water quality over time and distance

The water quality model will provide the framework within which proposed trades can be evaluated.  However, in a more general sense, the model can also be used to evaluate changes in water quality that may be associated with other, exogenous factors, such as changes in point source loading associated with population growth, or changes in nonpoint source loading associated with land use change.  The resulting water quality associated with different scenarios can be evaluated over time (i.e., now vs. 20 years from now) and space (upstream vs. downstream conditions).  In addition to its primary purpose, which is to support the water quality trading study, the water quality model could be used as a general tool for evaluating and managing nutrient-related water quality in the Bear River Basin.

4. Examination of the effects of timing, river distance between potential seller’s and buyer’s locations, river conditions, and operational activities such as withdrawals and diversions

The environmental equivalence of potential trades is determined by several factors, including the distance between buyers and sellers, timing, river conditions, and operational activities.  Within the water quality model, pollutant sources will be located with the greatest degree of spatial resolution available, allowing the environmental equivalence of potential trades to be established in the context of distance, river conditions, and operational activities such as withdrawals and diversions.  Timing is also critical as load reductions sold as credits must correspond in time with additional discharges from buyers (i.e., credits generated from reductions in spring runoff loading from nonpoint sources are likely not equivalent to increased loading from a point source in fall or winter).

5. Comparison of the water quality outcomes of different management options

The water quality model will provide a framework in which the outcomes of different management options can be evaluated in terms of the resulting water quality.  Management includes any potential trades, but it can also include land management practices, or other management practices that may or may not be part of the trading program (i.e., the implementation of BMPs through public cost share programs).

6. Establishment of environmental equivalence between potential trades

The model will provide the ‘physical’ information needed to evaluate the environmental equivalence of potential trades.  In context, this means that the model output will allow us to evaluate the equivalence of loads and load reductions at buyer’s and seller’s locations (i.e., if the load is reduced at a seller’s location, what is the equivalent load reduction at buyer’s location).  As stated above, environmental equivalence is affected by timing, distance, river conditions, and operational activities, and these processes can be specifically accounted for in the model.

7. Assessment of nonpoint source load reduction potential

In addition to the model component that routes pollutant loads through the stream network, it may also be necessary to employ a variety of methods to assess the load reduction potential for point and nonpoint sources.  It is important to assess each source to determine what the current loading is and what it could be reduced to after implementation of management alternatives.  This can range from estimating pollutant loads from point sources after implementation of best available technology (BAT) to simulation of load reduction from nonpoint sources following BMP implementation.  In some cases this can be accomplished by simply applying information obtained from the literature and without specifically simulating the processes by which the load is reduced.

3.0
Spatial Extent

In order to perform a detailed study of the feasibility for and potential mechanisms of water quality trading in the Bear River Basin, a focus area has been chosen.  Several factors contributed to the selection of an appropriate water quality trading and modeling focus area.  These include:

1. The existence of TMDLs that have been developed and are driving total phosphorus load reduction

2. The existence of a significant number and mix of point and nonpoint sources of phosphorus that could be potential participants in a water quality trading program

3. The availability of existing water quality and streamflow data

4. The ability to select, develop, and adequately run a water quality model of sufficient spatial and temporal resolution to support the evaluation of potential trades

The spatial extent of the water quality model has been defined as the mainstem of the Bear River from Oneida Narrows Dam downstream to Cutler Reservoir, including the Cub River drainage.  In addition, the model will cover the Little Bear River and Spring Creek Drainages at the south end of Cache Valley.  Although they are located outside of the selected area, the Logan City Lagoons may be included, but will be modeled as a direct point source to Cutler Reservoir.  Figure 1 shows the water quality trading and modeling focus area that has been selected.

[image: image1.jpg]Cutler Reservoir

D State Boundaries

Bear River Watershed
E NHD Water Bodies
— River Reach File, V1

| I Model Focus Area

o

Idaho

Bear River

~ Utah |

-





Figure 1.  Water quality trading and modeling focus area.

The spatial extent of the water quality model is important because it defines the area in which detailed information regarding the environmental equivalence of potential trades will be available.  The model provides the mechanism by which potential trades between two sources are evaluated in terms of distance between buyer and seller, timing, river conditions, climate conditions, and operational activities such as diversions.  This detailed information for sources outside of the water quality trading and modeling focus area will not be available.

The modeling approach to be implemented in the focus will be designed so that it is scalable or expandable.  The detailed model output required to provide the necessary information for establishing the environmental equivalence of potential trades constrains the spatial resolution of the selected modeling approach (the level of detail associated with the model segmentation into watersheds, river reaches, etc.), but for practical purposes, the spatial extent of the model (the area within which the model is applied) has been limited to fit the purposes of the Trading study.  As additional TMDLs are developed in the Bear River Basin and the feasibility for trading increases in other areas of the watershed, water quality managers may wish to increase the spatial extent of the model to included additional areas.

4.0
Spatial and Temporal Resolution

The spatial and temporal resolution of the water quality model are driven by several factors that are described in more detail in the sections below.  It is important that the model be capable of providing enough spatial resolution to evaluate potential trades among a variety of sources, both point and nonpoint, and enough temporal resolution to ensure that potential trades are viable throughout the year and over time.

4.1
Spatial Resolution

The spatial resolution of the model controls the level of detail at which important processes can be evaluated and the type and number of locations at which model output is available.  In general, the water quality model must have sufficient spatial resolution that the effects of potential trades between both point and nonpoint sources of pollution can be evaluated.  It is important that the effects of changes in loading from individual sources (such as a single point source or a group of farms) can be evaluated in terms of changes in water quality that result at critical downstream receptor locations.  These critical locations may include water quality sampling/compliance stations, stream confluences with major receptors such as Cutler Reservoir, or locations of potential pollution credit buyers and sellers.  

The issue of spatial resolution is mainly one of model segmentation, which is the mathematical division of space and matter into segments or compartments (Chapra, 1997).  In a model, the natural system is divided up into segments or compartments, each representing one component of the physical system.  For example, a stream network may be divided up into a series of stream reaches, and each reach may be divided up into a series of computational elements or control volumes.  Similarly, land segments may be divided up into watersheds, subwatersheds, hillslopes, patches, etc., all with the goal of creating a level of spatial granularity that is consistent with the process that is being described and that allows us to apply a series of mathematical equations describing the mass balance and interaction between compartments.  The final goal is to simulate the movement of constituents through the natural system, which, in the context of the model, means simulating the movement of constituents from one compartment or segment to the next.  

In some cases, the properties of the constituent determine the required spatial resolution of the model.  For example, enteric bacteria die rapidly after being discharged to a water body.  Because of this, these bacteria are typically at high levels near a sewage discharge, but they tend to decrease rapidly as the distance from the source increases.  Therefore, a model designed to simulate bacterial pollution would require relatively fine spatial segmentation around the source or outfall.  In other cases, the physical characteristics of the system can dictate the required level of segmentation.  This is the case where the natural system is complicated, such as a lake that has many embayments or is thermally stratified.  In such cases, it is unrealistic to treat the system as a single compartment or segment, and, in general, the number of compartments increases as the complexity of the natural system increases.  Regardless of whether the segmentation is controlled by the constituent being modeled or the complexity of the natural system, segmentation is fundamental to the application of mass conservation to water-quality problems (Chapra, 1997).

It is anticipated that the segmentation of the water quality model to be developed in the Bear River Basin will be controlled principally by the physical characteristics of the system to be modeled rather than the properties of the constituent to be modeled (total phosphorus).  One of the most important requirements of the model is that it must enable the Water Quality Trading team to examine changes in water quality at specific receptor points resulting from management applied to specific sources.  For example, what happens to phosphorus concentrations at a specific water quality monitoring location as a result of a reduction in loading from an upstream point source?  The level of spatial detail required to adequately represent all of the potential sources and receptors will likely be more than adequate for the representation of important physical and chemical processes that control phosphorus concentrations in a stream system.  

The water quality model will require that the spatial location of phosphorus sources and potential receptors be known and represented in the model with some certainty.  Unfortunately, it is anticipated that information available to adequately characterize the spatial locations of pollutant sources and loads within the model will vary by source.  Point source locations are known with a relatively high degree of certainty, but available information on nonpoint sources such as animal feeding operations may be inadequate to define exact spatial locations.  In cases such as this, sources may have to be summarized at a subwatershed or stream reach level, depending on available information.  

In order to address this issue, the selected model or group of models must be capable of representing loads from point sources added to the stream network at a point, and nonpoint source loads generated in a subwatershed and added incrementally along the length of a stream reach.  Land areas represented by the model will be divided up into subwatersheds and the stream network will be segmented into a series of stream reaches.  Specifically, the USGS 12 digit hydrologic units will be used as the primary watershed units.  All subwatersheds represented in the model will be subsets of the USGS 12 digit HUCs – the 12 digit HUCs may be subdivided to satisfy the needs of the model, but they will not be aggregated (i.e., the largest potential spatial element representing the land surface will be a single USGS 12 digit HUC).  The medium resolution National Hydrograpy Dataset (1:100,000 scale) will be used to define the stream reaches in the model.  Subwatersheds and stream reaches will be segmented within the model such that adequate representation of pollutant source and receptor locations can be maintained.  In addition, stream reaches will be divided into computational elements, allowing model output (phosphorus concentrations and flows) to be generated along the length of the stream network.  
4.2
Temporal Resolution

Similar to spatial resolution, the temporal resolution required to adequately describe a process can be affected by the properties of the constituent and the characteristics of the natural system.  

Because both point and nonpoint source loads vary from time to time, the water quality model will need to be able to simulate or incorporate major load variations that occur over the course of the year.  Potential traders must meet TMDL timing requirements (which may be seasonal or annual), and the water quality model must have sufficient temporal resolution that the effects of changes in the seasonal and climatic driving forces within the model (streamflow, precipitation, etc.) can be evaluated along with the timing of the loading from each of the sources.  

Point source loads are generally pretty constant over time, but nonpoint source loads can be the result of episodic events that may occur over time periods of days or even hours.  Both point and nonpoint source loads can be influenced by seasonal or climatic driving forces such as precipitation, runoff, streamflow, etc.  It is also important to consider that variability in loading may be due to seasonal management.  For example, a point source may choose not to discharge during the summer because they can move to land application during these months, or downstream effects of a nonpoint source may not be realized because a large portion of the water is diverted prior to reaching a downstream receptor.  

Given the above considerations, it is likely that a daily time step will be required for the water quality model.  Daily model output can be summarized monthly, seasonally, or annually and should provide the necessary temporal resolution to evaluate potential trades in the water quality trading focus area.  Using a daily time step, the water quality model will be capable of simulating a variety of streamflow conditions (i.e., wet year, drought year, etc.) and a variety of seasonal conditions (i.e., late fall/winter base flow vs. spring runoff conditions) to ensure that load reductions that result in potential trades are viable year-round (under a variety of seasonal conditions) and that they are viable regardless of climatic conditions that vary from year to year.
5.0
Required Model Input and Output Options

The most important output of the water quality model will be estimates of phosphorus concentrations at locations throughout the trading focus area.  These concentrations, coupled with estimates of streamflow will enable the examination of changes in loads, while still maintaining the ability to evaluate instream concentrations against water quality criteria, which are expressed in terms of concentrations and not loads.

The water quality model will supply the water quality trading team with information needed to accomplish the goals outlined in Section 2.0 above.  It is important to note, however, that the trading team may incorporate the water quality model output or information derived from the water quality model output into a number of economic models designed to evaluate the potential for and mechanisms of a water quality trading program in the Bear River Basin.  Figure 2 shows a simplified schematic of the anticipated flow of information associated with the water quality model and the water quality trading program.
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Figure 2.  Schematic depicting the potential flow of data and information between the water quality model and the water quality trading economic model(s).
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