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Purpose

The Water Quality Modeling Team worked with the Bear River Watershed Information System Team on a regular basis and determined a straight forward approach to integrating the model results into the WIS.  This technical memo provides a description of the agreed upon approach.

Introduction

In order to set up a water quality trading framework, the primary informational requirements of the Water Quality Trading Team from the Water Quality Modeling Team were: 

· current conditions seasonal total phosphorus loads at a farm or field spatial scale (i.e., seasonal farm/field loads); 

· seasonal fractions of the total phosphorus farm/field loads that reach a receptor point (i.e., seasonal delivery ratios); and

· fractions of a farm/field load that can be offset through BMP implementation (i.e., % BMP reduction).  

Each of these components is necessary to complete the calculations required for a water quality trading framework.  The driving force behind these requirements was that each individual polluter in a basin needs to know the amount of phosphorus they have available to trade.  This quantity is dependent on the amount of a polluter’s total phosphorus load delivered to a designated receptor point that can be offset through management actions.  This quantity, designated here as the “tradable load,” is a function of the farm/field load, the associated delivery ratio to a receptor point, and the ability to mitigate the current load.

To calculate the amount of phosphorus a polluter has to trade, a seasonal farm/field delivered load must first be calculated.  This seasonal load delivered to a receptor point from each farm/field is calculated by multiplying seasonal farm/field loads by the seasonal delivery ratios (Equation 1).
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  Equation 1
The Farm/Field Tradable Load, or fraction of the Farm/Field Delivered Load that can be offset through the implementation of management practices, can then be determined by multiplying the Farm/Field Delivered Load by a % BMP reduction (Equation 2).
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  Equation 2
Once the Farm/Field Tradable Loads are determined, each farm/field owner knows the total phosphorus credits they own and can sell to another point or nonpoint source trying to offset a portion of their load.

Bear River Modeling Results

Although the modeling effort included both the Little Bear River and Bear River watersheds, for this technical memo, example results will be provided only for the Bear River portion of the water quality trading study focus area (Figure 1).  Two tables, which were derived from the detailed modeling results, will be the primary information driving the WIS interface to the water quality model and the trading program.  These include: 1) seasonal farm/field total phosphorus loads; and 2) delivery ratios for the stream reaches within each subbasin.

The water quality model, which is discussed in detail in the deliverables from Task 19 and 20, produced results that represented the water quality trading focus area using a regularly spaced grid.  Executions of the model resulted in total phosphorus loads that were calculated for each grid pixel (30m x 30m) during each season of the year.  These loads were based on the prediction of saturation excess runoff and event mean concentrations which determined the phosphorus load generated. Figure 2 shows an example of the seasonal total phosphorus loads per pixel for the Bear River water quality trading focus area. The red areas represent higher loads, yellow represents medium loads, and the green areas are lower loads. This figure shows that the bulk of the total phosphorus load from this basin originates in the eastern portion of the watershed during winter and spring seasons.

Once the seasonal load calculations had been completed for each pixel, additional steps were taken to aggregate the loads from individual pixels to create farm/field loads by summing the values for all the pixels contained first within the boundary of each field and then each farm (made up of multiple fields). Figure 3 represents the seasonal farm/field loads from the portion of the watershed where farm/field location and ownership information was available.  As shown in Figure 3, necessary information for determining farm/field boundaries and ownership was primarily available in the Utah portion of the water quality trading focus area and, therefore, farm/field loads were only calculated where farm/field boundary data was available. Table 1 shows a subset of the detailed information underlying the maps shown in Figure 3.

The last piece of information resulting from the modeling effort was the determination of delivery ratios.  The details of how the delivery ratios were calculated are contained in the deliverable from Task 19 and 20, but we have included a simple description here.  Total phosphorus seasonal delivery ratios were calculated for each stream reach within the water quality trading focus area by: 1) accounting for losses in the stream due to the fate and transport of total phosphorus using QUAL2E, and 2) accounting for diversions from the river in the instream modeling structure.  Each of the subbasins represented in the model contain a single stream reach so the delivery ratio associated with a subbasin is the same as the delivery ratio associated with the reach within the subbasin.  Table 2 includes the subbasin seasonal delivery ratio for each reach within the water quality trading study area.  It is assumed that all farms/fields contained within a subbasin have the same seasonal subbasin delivery ratio.  The seasonal delivery 
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Figure 1. Bear River Basin subbasin delineations.
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Figure 2. Bear River Basin seasonal total phosphorus loads per pixel.

ratio for the total phosphorus load from a subbasin to a receptor point can be calculated by multiplying each of the seasonal subbasin delivery ratios leading up to the receptor point of interest.

Modeling Results and Watershed Information System Integration 

As described above, the primary information resulting from the modeling effort consists of farm/field loads and delivery ratios.  Tables of farm/field loads (Table 1) and delivery ratios (Table 2) were presented to the Watershed Information System Team in the form of a relational database.  As shown in Figure 4, the common field between the tables is the “Subbasin #.”

From these tables, the necessary calculation of a Seasonal Farm/Field Delivered Load can be completed by:

1.) Querying a specific user identified “Field ID” or “Farm ID” 

2.) Determining the Seasonal Farm/Field Load
3.) Determining which subbasin that field is in
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Figure 3. Bear River Basin seasonal farm/field total phosphorus loads.

4.) Determining the appropriate delivery ratio for that subbasin based on a user identified receptor point

5.) Completing the calculation shown in Equation 1

Once the Seasonal Delivered Farm/Field Load has been calculated, the Seasonal Tradable Farm/Field Load can be calculated by:


1.) Completing the calculation shown in Equation 2 based on a user identified % BMP Reduction.

The % BMP Reduction will need to be provided by the user of the WIS based on the local knowledge of the farm/field in question.  This is necessary due to the large ranges of BMP types and effectiveness given soils, land uses, water quality impairments that are being addressed, etc.

Table 1. Example of total phosphorus farm/field loads per season table.

	Subbasin #
	Field ID
	Field Area (m2)
	Farm ID
	Ave Winter TP Load (g/season)
	Ave Spring TP Load (g/season)
	Ave Summer TP Load (g/season)
	Ave Fall TP Load (g/season)
	Average Event Mean Concentration

	1
	2612
	900
	36526
	0.0
	0.0
	0.0
	0.0
	0.0

	1
	9938
	900
	36591
	0.9
	0.5
	0.2
	0.5
	0.4

	1
	9952
	1800
	36367
	0.9
	0.5
	0.2
	0.5
	0.2

	1
	11214
	900
	36971
	0.9
	0.5
	0.2
	0.5
	0.4

	2
	17108
	1800
	38195
	4.4
	1.8
	0.5
	2.5
	0.8

	2
	17114
	1800
	36394
	4.4
	1.8
	0.5
	2.5
	0.8

	2
	17114
	1800
	38195
	4.4
	1.8
	0.5
	2.5
	0.8

	2
	15041
	3600
	38179
	4.6
	1.9
	0.6
	2.6
	0.4

	3
	15458
	900
	33750
	0.9
	0.3
	0.1
	0.3
	0.4

	3
	11291
	3600
	27380
	0.9
	0.4
	0.1
	0.3
	0.2

	3
	14824
	900
	30408
	0.9
	0.4
	0.1
	0.3
	0.8

	3
	13160
	900
	30542
	0.9
	0.3
	0.1
	0.3
	0.4

	47
	15364
	1800
	33033
	3.0
	1.4
	0.1
	0.9
	0.8

	47
	17093
	3600
	30464
	3.2
	1.6
	0.2
	1.2
	0.3

	47
	13644
	2700
	30378
	3.3
	1.6
	0.2
	1.2
	0.4

	47
	3658
	32400
	30297
	115.9
	75.2
	33.5
	119.9
	0.8

	48
	11436
	1800
	33160
	16.4
	27.3
	4.1
	7.7
	0.8

	48
	3846
	1800
	32803
	16.4
	27.2
	4.1
	7.8
	0.8

	48
	3880
	1800
	-1
	17.4
	28.7
	9.3
	10.0
	0.8

	48
	11410
	1800
	31691
	17.4
	28.7
	9.5
	11.5
	0.8

	49
	7222
	307800
	30478
	2360.5
	11323.1
	977.7
	498.4
	0.3

	49
	13685
	414900
	32984
	2810.4
	12392.6
	1219.9
	681.3
	0.3

	49
	13685
	350100
	30476
	4154.0
	18132.1
	1745.3
	1030.0
	0.6

	49
	7223
	1197000
	40396
	8875.9
	42621.8
	3690.1
	1842.7
	0.3

	50
	17222
	900
	36394
	0.0
	0.0
	0.0
	0.0
	0.0

	50
	13818
	900
	18871
	0.9
	0.8
	0.1
	0.4
	0.3

	50
	13805
	900
	20782
	1.2
	1.2
	0.3
	0.8
	0.3

	50
	13805
	900
	22305
	1.2
	1.2
	0.3
	0.8
	0.3


Table 2. Table of seasonal subbasin delivery ratios between each subbasin in the Bear River Basin.

	Subbasin #
	Winter 
	Spring
	Summer
	Fall

	1
	1.00
	1.00
	1.00
	1.00

	2
	1.00
	1.00
	1.00
	1.00

	3
	1.00
	1.00
	1.00
	1.00

	4
	1.00
	0.87
	0.76
	1.00

	5
	1.00
	1.00
	1.00
	1.00

	6
	1.00
	1.00
	1.00
	1.00

	7
	1.00
	1.00
	1.00
	1.00

	8
	1.00
	1.00
	1.00
	1.00

	9
	1.00
	1.00
	1.00
	1.00

	10
	1.00
	1.00
	1.00
	1.00

	11
	1.00
	0.82
	0.75
	1.00

	12
	1.00
	1.00
	1.00
	1.00

	13
	1.00
	1.00
	1.00
	1.00

	14
	1.00
	1.00
	1.00
	0.99

	15
	1.00
	0.85
	0.82
	0.99

	16
	1.00
	1.00
	1.00
	1.00

	17
	1.00
	1.00
	1.00
	1.00

	18
	1.00
	1.00
	1.00
	1.00

	19
	1.00
	0.85
	0.82
	0.99

	20
	1.00
	1.00
	1.00
	1.00

	21
	1.00
	0.82
	0.75
	1.00

	22
	1.00
	1.00
	1.00
	1.00

	23
	1.00
	1.00
	1.00
	1.00

	24
	1.00
	1.00
	1.00
	1.00

	25
	1.00
	1.00
	1.00
	1.00

	26
	1.00
	1.00
	1.00
	1.00

	27
	1.00
	1.00
	1.00
	1.00

	28
	1.00
	1.00
	1.00
	1.00

	29
	1.00
	1.00
	1.00
	1.00

	30
	1.00
	1.00
	1.00
	1.00

	31
	1.00
	0.99
	0.83
	1.00

	32
	1.00
	1.00
	1.00
	1.00

	33
	0.93
	0.93
	0.93
	0.99

	34
	0.96
	0.54
	0.02
	0.99

	35
	1.00
	1.00
	1.00
	0.99

	36
	1.00
	0.97
	0.68
	0.99

	37
	0.96
	0.54
	0.02
	0.99

	38
	1.00
	1.00
	1.00
	1.00

	39
	1.00
	1.00
	1.00
	1.00

	40
	0.97
	1.00
	1.00
	0.99

	41
	1.00
	1.00
	1.00
	1.00

	42
	1.00
	1.00
	1.00
	1.00

	43
	1.00
	1.00
	1.00
	1.00

	44
	0.94
	0.43
	0.10
	1.00

	45
	1.00
	1.00
	1.00
	1.00

	46
	1.00
	1.00
	1.00
	1.00

	47
	1.00
	1.00
	1.00
	1.00

	48
	1.00
	1.00
	1.00
	1.00

	49
	0.95
	0.44
	0.03
	1.00

	50
	1.00
	1.00
	1.00
	1.00
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Figure 4. Relational database containing relevant information for Water Quality Trading portion of the WIS.

Example Calculations

As an example of the integration of the modeling results into the WIS, a simple case study using a farm located within the Cub River portion (Figure 5) of the Bear River Basin will be discussed.   

In this example, the receptor point of interest will be the outlet of the Cub River (subbasin #24) where it enters the Bear River.  We are going to say that we want to know the seasonal tradable load from Field # =14514 because according to our local contacts, this particular farmer tends to contribute large phosphorus loads and he expressed an interest in participating in trading.  

From the “BR FarmFieldsLoads” table in the Bear River relational database (Figure 4), we can quickly find the information for Field # = 14514, shown in Table 3.  From this table, we now have the Seasonal Farm/Field Loads of 1306 g in the winter, 798 g in the spring, 272 g in the summer, and 1017 g in the fall.  We also now know that this field is located in the subbasin # 39.

This subbasin # tells us the location of the field within the entire basin. An already established network of subbasin connectivity (shown in Figure 5) identifies the subbasins that lie between the subbasin containing the farm/field and the receptor point.  With this information, the seasonal delivery ratio can be calculated.  In our example, we can look at Figure 5 and determine that the load from the farm/field will travel from subbasin #39

[image: image7.emf]!

!

!

!

!

!

!

!

!

!

!

!

!

39

36

37

35

41

34

40

44

47

45

38

42

46

27

33

26

32

31

29

43

28

30

25

24

0 4 8 2 Miles

Receptor Point

!

!

!

!

!

!

!

!

!

!

!

!

!

39

36

37

35

41

34

40

44

47

45

38

42

46

27

33

26

32

31

29

43

28

30

25

24

0 4 8 2 Miles

Receptor Point


Figure 5. Portion of the Cub River within the Bear River Basin showing subbasin numbering scheme.

to #38, #31, #30, #29, #28, #27, #26, #25, and then to the receptor point at #24.  Since the “BR Delivery Ratios” table in Figure 5 consists of seasonal subbasin delivery ratios, each subsequent subbasin’s value will have to be multiplied to determine the seasonal delivery ratio. Equation 3 details the calculation of the seasonal delivery ratio from each of the seasonal subbasin delivery ratios associated with the subbasins the load will travel through.
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  Equation 3
Based on seasonal subbasin delivery ratios from Table 2, Table 4 shows the resulting seasonal delivery ratios to the receptor point (subbasin #24) for Field # = 14514 (and all of the other fields within subbasin #39).

The calculated seasonal delivery ratio results (Table 4) show that 100% of the Field # = 14514 load will be delivered to the receptor point during the winter.  However, there is some loss during spring (98.4% delivered) and fall (99.4% delivered).  In summer, primarily due to diversions, there is a much lower delivery ratio (82.6% delivered) and will result in less phosphorus that will be available for trade.

With the seasonal delivery ratios and the seasonal farm/field loads, the seasonal delivered loads can now be calculated according to Equation 1.  The resulting loads are shown in Table 5.

With the seasonal delivery ratios and seasonal delivered loads now determined, the seasonal tradable loads can be calculated.  As shown in Equation 2, a % BMP reduction is required to be provided.  For this particular field, we will assume that a 50% reduction of total phosphorus can be achieved through the use of a filter strip. The resulting seasonal tradable loads are presented in Table 6.

Once these seasonal tradable loads have been calculated, a farm/field owner now knows the possible amount of total phosphorus credits they have available for sale.  In this example, however, a lot of simplifying assumptions were made to illustrate how to take the modeling results, calculate tradable loads, and incorporate them into a water quality trading study.  In the real world, participants and facilitators will need to consider how to incorporate TMDL load reduction requirements, safety factors, retirement ratios, etc. into the tradable load calculations. 

Table 3. Information from Farm/Field Loads table for Field # = 14514.

	Subbasin #
	Field ID
	Field Area (m2)
	Farm ID
	Ave Winter TP Load (g/season)
	Ave Spring TP Load (g/season)
	Ave Summer TP Load (g/season)
	Ave Fall TP Load (g/season)
	Average Event Mean Concentration (mg/L)

	39
	14514
	372600
	-1
	1306
	798
	272
	1017
	0.8


Table 4. Seasonal delivery ratios for farm/fields in subbasin #39.

	Subbasin #
	Winter Subbasin DR
	Spring Subbasin DR
	Summer Subbasin DR
	Fall Subbasin DR

	38
	1.000
	1.000
	1.000
	0.996

	31
	1.000
	0.986
	0.828
	1.000

	30
	1.000
	1.000
	1.000
	1.000

	29
	1.000
	1.000
	1.000
	1.000

	28
	1.000
	1.000
	1.000
	1.000

	27
	1.000
	1.000
	1.000
	1.000

	26
	1.000
	1.000
	1.000
	1.000

	25
	1.000
	1.000
	1.000
	0.999

	24
	1.000
	0.999
	0.998
	0.999

	Seasonal Delivery Ratio
	1.000
	0.984
	0.826
	0.994


Table 5. Seasonal Delivered Loads for Field # = 14514 (grams).

	
	Winter
	Spring
	Summer
	Fall

	Farm/Field Loads
	1306
	798
	272
	1017

	Delivery Ratio
	1.00
	0.98
	0.83
	0.99

	Delivered Loads
	1306
	786
	225
	1011


Table 6. Tradable loads for Field # = 14514 (grams).

	
	Winter
	Spring
	Summer
	Fall

	Tradable Loads
	653
	393
	112
	506
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