Comments provided by Dave Montali (WVDEP) re: January, 2016 Beta Version

1.       Review of application to crops is compromised by inaccurate crediting of poultry animal waste management systems in Beta 1.  Our history reporting of AUs is by flock size, not animals and therefore the BMPs are under-credited by the flock/year factor.  In turn, that creates lesser amounts of manure to be distributed.  With respect to  app to crop,  correction of the BMP crediting will aggravate over loading in “excess counties” but may help the apparent under-loading in some of our counties.  

2.       There is a need to review/improve the animals and feeding space area in partial counties.  Of most concern is Monroe, where the current method creates 20-15 acres of feeding space (1985-2013) but local info suggests there should be next to none.  There are no poultry in the Bay portion of the county, and the numbers of beef and sheep that are present are small.  A solution may be to simply allow override of the Ag area weighting protocol with local animal numbers.  

3.       Consider creating an independent  spread protocol  for biosolids.  In many scenarios, biosolids are applied preferentially to hay and pasture land uses for which the existing spread with manure protocol does not recognize.

4.       Observation – in counties without substantive manure, existing protocols result in Napp/goal ratios for corn less than 1.  This suggests that the fertilizer distribution method is not providing enough commercial fertilizer to parts of WV.  Most prevalent in Jefferson and Berkeley counties and worse in recent years.  A mitigating factor ( i.e App/goal <1 ok) may be that residual N from prior crops is not accounted for.  

5.       May need to reevaluate classification methodology to determine manured areas.   A large majority of our grain and silage acres are classified as “without manure” even in counties with abundant manure.  

6.       Uniform nutrient loading on turf and tree canopy over turf needs revisited.  It’s too much everywhere and in Berkeley, Jefferson and Hampshire counties urban nitrogen application approaches, and in recent years exceeds, nitrogen application to agricultural lands.

7.       New methods for determining horse numbers need to be explored and horse manure representation needs to be reconciled with manure transport BMP reporting.  A shift to litter representation may be possible but litter from racetrack operations may be substatntively different from other scenarios. Confinement fractions are near 100% and excessive bedding replacement ( 50# bale/stall/day) creates more litter, and more bedding in dryer litter.  

8.       Still working on contrasting the new direct deposit methodology and old TRP Loads and BMP effectiveness.  No fatal flaws in what I’ve done so far, but I need to evaluate more.

Comments provided by James Cropper (Northeast Pasture Consortium) re: January, 2016 Beta Version

Review of the Scenario Builder Input Data and Assumptions
This is not a complete review of Scenario Builder, but I looked specifically at the pasture data as it relates to N loading and, to a smaller extent, P loading in:  SB_Applications_to_Landuse_January2016Calib.xls.  The other xlsx file was too large to open.  I also looked at the riparian pasture sections and Appendix B in Chesapeake Bay Program Partnership’s Phase 6 Scenario Builder Documentation, Draft Document for Partnership Review, January 21, 2016.  

In SB_Applications_to_Landuse_January2016Calib.xls, several states used 15 pounds per acre (NY-16) as the crop goal.  This is an extremely low N need for a mostly grass pasture.  For a pasture to be N sufficient without fertilizer N, the pasture would have to have a legume composition of at least 30 percent by weight.  Most pastures in the Bay rarely approach that percentage or only do so infrequently when there is a flush of white clover.  Direct deposition of grazing animals helps, but simply is putting back some of the nitrogen that was ingested while grazing on the grass in the pasture.  With ammonia volatilization losses from urine and, to a lesser extent, dung, this return of nitrogen is always going to be less than what was eaten.  Long term pastures are most often nitrogen deficient unless additional N is applied via poultry litter or chemical fertilizers.  Spreading confinement manure of the same animal species on pastures is rarely done because of animal health issues unless they are slurries put on with irrigation equipment.  N being an ephemeral nutrient - here today, gone tomorrow, the N crop need is greater than 15 pounds per acre.  It is more on the order of 150 pounds per acre on a productive pasture.

However, the N crop goal turns out to be a state decision it seems.  Pennsylvania's N crop goal is 150 pounds per acre.  This is a reasonable estimate for productive pastures, perhaps a bit on the high side for pastures on less productive soils that are continuously grazed.  Meantime, Virginia's N crop goal for pasture is 60 pounds per acre.  For most production agriculture pastures that are either continuously grazed or rotaionally grazed with infrequent moves among pastures, this is a good low estimate especially on endophyte infected tall fescue pastures that need very little N to grow well.

I would look into the rationale of why the big discrepancy in pasture N crop need among the states.  Get the rationale used by each state.  Some resolution of the big range from 15 pounds per acre to 150 pounds per acre is needed.  It is important if the Chesapeake Bay Model is going to show huge amounts of unused N left to enter Bay waters when all the sources of N application are much higher than that.

The next issue I saw with pasture N, was an anomaly in the Kent Co. DE data for Fertilizer N applied and Direct Deposit Manure N.  I will deal with the Direct Deposit Manure N first as it relates back to an issue I addressed about using Ag Census County data on livestock numbers without drilling into that data and accounting for how much actual time the different livestock types are really on pasture.  See Using NASS County Level Livestock Data - an Analysis of Washington County, MD N loading on Pastureland by Direct Deposition.  Looking at the Kent data, if you take the total pounds of  N applied by direct deposit and divide by the number of acres of pasture, the direct deposit N is a whopping 323 pounds per acre.  Either some of these pasture acres are actually unpaved heavy use areas, or the County data was used en total without regard to whether or not the livestock were pastured and for how long during the year.  New Castle and Suffolk counties in DE also had elevated direct deposit N, with New Castle at 175 pounds of N per acre and Suffolk at 80 pounds per acre.  Suffolk could be possible depending on the degree at which pasture is used to house livestock and how much supplemental feed is being fed while on pasture (dairy or swine or free range chickens).  When the Washington County, MD census data was looked at more critically, the amount of direct deposit N was calculated to be 72 pounds per acre.  Therefore, the Suffolk County data appears to be reasonable and many of the other states' county data hovered around that value.  When they go over 100 pounds N per acre, it might be good to review livestock numbers used.  In beef cow-calf operations, did they use the appropriate number of months the calves were on pasture before they went to the feedlot somewhere?

The second issue is the fertilizer N applied in the Kent County data.  48,252 pounds of N fertilizer were spread on 6,688 acres.  This is an average of just over 7 pounds per acre.  Fertilizer cannot be spread that thin over an acre.  Perhaps the Model takes all these inputs together and derives something from the total rather than from the individual inputs.  However, no matter which way the data is treated, I would be curious to know that number of 48252 was arrived at.  How did they know it was applied to pastureland?  Or, is this some pro rata thing, where some N fertilizer is assumed to go on several different landuses?  In most cases, the states assumed no fertilizer N was applied to pastures.  This is probably a safe assumption unless some tall fescue pastures are fertilized with N to get a spurt of growth in late summer to produce more stockpiled tall fescue for late fall and early winter grazing.  In more northern pastures in PA and NY some early applied N to jump start spring grass growth might also occur.  Suffolk County, DE also had a pro rata 7.3 pounds of fertilizer N applied to pasture.

Baltimore County, MD pasture acres seem rather high at 22,971.  Notice I round to the nearest acre.  I would round everything to the nearest whole number, not take everything out 2 more decimals.  It implies way too much accuracy in an otherwise broad brush approach.

Baltimore County has a high horse population.  There is a need to be sure how many of these horses are actually on pasture and how many are primarily stabled and put out on exercise lots.  The direct deposit N is 120 pounds per acre.  This reflects animals being more in a confinement situation rather than being on pasture.  Most of the dung would be collected, for appearances if nothing else.  Only the urine would remain in the "pasture".

Another big issue with nitrogen is that the total N applied column totals do not include direct deposit N applied.  I must be missing something there.  N applied is N applied regardless of how it got there;  unless the thinking is: that all that direct deposited nitrogen was already in the field and is the same N being returned by the grazing animal.  That is only true if the animals are never fed any supplemental feeds or hay while on pasture.  Dairy cows are fed partial TMR's if on pasture or at least some concentrates.  Sometimes pasture forage may only make up about 30% of their diet.  Beef cattle are most often wintered on pastures and eat hay that came from some other field fertilized with commercial or confinement manure N.  Horses that are on small suburban farms eat more hay than standing grass in the "pasture".  Pastured youngstock of beef and dairy are often creep-fed additional feedstuffs.  This is why precision feeding is so important especially as it relates to P build-up in pastures.  It can also affect N balances too, which are more likely to end up in Bay waters.  High N excretion rates can result from overfeeding protein rich feeds while on high protein testing pasture forages.  This N, if not denitrified, will within a year of deposition find its way into Bay waters.  This is a hard category to deal with as there is no really good source of information to narrow it down to a more precise answer.  But as stocking numbers go over 1 animal unit per acre, more and more of that direct deposit N comes from somewhere else other than the grass growing in the pasture until it becomes a unpaved feedlot (often mistaken as pasture), then all the N is imported just like the fertilizer N.  I would suggest that a concise footnote explaining the rationale used and asterisk attached to the total N applied column to indicate why the direct deposit N column data was ignored.  It could be a bone of contention with our more environmentally oriented reviewers.

The same thing would apply to direct deposit P.  If the livestock are being fed mineral blocks with P in it and fed hay or a partial TMR, P is being imported into the pasture so not all the P came from the grass that they ate in the pasture either.  This is why NY has been so successful in lowering P balances on dairy farms.  It is not just fertilizer P, but the P being imported into the farm or transferred from one field to another through the feeding of corn silage, haylage, or hay that came from another field on the farm or rented farm down the road.

Section 4.2.1 Direct Deposition on Pasture of  Chesapeake Bay Program Partnership’s Phase 6 Scenario Builder Documentation, it is stated that "The manure is simply applied to the pasture land use and becomes one source of applications to that land use. Additionally, this manure is not assumed to be applied toward crop need.  This means that regardless of the amount of direct deposition on pasture, it is always eligible to receive supplemental manure and/or inorganic fertilizer applications later in the scenario simulation."  This somewhat explains why the direct deposit N and P are not accounted for in the N and P total applied columns.  However, I did explain earlier that one cannot assume that all that N and P came from the grass grazed in that field.  Only a small fraction of N and P ingested goes off the pasture as milk or meat.  If a lot of the direct deposition manure comes from imported-to-the-pasture feedstuffs, N and P are being imported into the pasture just as if they had come from commercial fertilizer or confinement manure.  No one would apply manure or commercial fertilizer to a unpaved feedlot regardless of how much deposition of manure occurred on it, why do it on a pasture?  I would rethink the logic of the statement in that section.  Pastures would still be eligible to receive manure or commercial fertilizer (direct deposit of manure happens if it is pasture, barnyard, or an exercise lot) but it should be tempered by taking soil tests on those pastures that are receving additional nutrients from imported feedstuffs and all other pastures.  Mass balance accounting should also be done to not be so completely in the dark about how much extraneous N and P are going on the pasture from feedstuffs imported to it.

In regards to 4.2.2 Direct Deposition to Riparian Pasture Areas, Table 13, and Appendix B Pasture Subgroup Recommendations for Direct Deposition in Riparian Pasture Access Area  in Chesapeake Bay Program Partnership’s Phase 6 Scenario Builder Documentation, there are several research papers from Iowa State University that are rather definitive about the time cattle spend in the stream and areas adjacent to the stream.  This work was done in southern Iowa where endophyte infected tall fescue is a rather dominant grass so it is highly appropriate to the Chesapeake Bay even if a long ways off.  Endophyte infected tall fescue has an alkaloid in it that cause cattle to run a low grade fever.  This can make them want to seek water to cool-off although they prefer to immerse themselves in ponds.  Streams will do so they can cool their hooves so to speak.  Here is a quote from Grazing Management and Microclimate Effects on Cattle Distribution Relative to a Cool Season Pasture Stream: "Based on GPS collars, mean percentage of time cows in continuously stocked pastures with unrestricted access to a stream (CSU) were in the stream (1.1%) and streamside zone (10.5%) were greater (P,0.05) than cows in continuously stocked with restricted access (CSR) (0.2% and 1.8%) or rotationally stocked (0.1% and 1.5%) pastures.  Based on GPS collar data, off-streamwater did not affect the percentage of time cattle in CSU or CSR pastures spent in the stream.  Probabilities that cattle in CSU and CSR pastures were in the stream or riparian zones increased (P,0.05) as ambient temperature, black globe temperature, temperature heat index, black globe temperature heat index, and heat load index increased.  Rotational stocking and restricted stream access were effective strategies to decrease the amount of time cattle spent in or near a pasture stream."  This is important work because it shows that although livestock exclusion can work well, rotational grazing schemes can work even better, and there is no need to build a permanent fence along a stream that may have a floodplain that receives floodwaters on a regular basis to blow out some or all of the permanent fence.  Or at the very least, it becomes a maintenance nightmare of removing flood debris off the fence and restringing wires, or see an oxbow move over and undercut the fence so that it needs to be moved over every now and then.  These all happen that is why the only floodprone fences on a farm I own are along the road right-of-way and at the property lines.  The stream goes out-of-bank about once a year on average.  The rest in the floodplain were removed and moved out of the floodplain.  No amount of costshare will change that scenario.  

Rotational grazing also protects the whole pasture and makes it a grass buffer when residual stubble heights after a grazing event are 3 to 4 inches.  An occasional dung pat here and there will have no impact on water quality.  The most definitive research papers on that comment are Ground Cover Impacts on Nitrogen Export from Manured Riparian Pasture and Ground Cover Impacts on Sediment and Phosphorus Export from Manured Riparian Pasture.  The other interesting thing from those two papers is the bare ground treatment.  Losses of N, P, and sediment were high on bare ground.  A permanent fence will allow trees to grow on the streamside of the fence.  Shade will develop and bare ground will develop in the shaded area just a few feet from the stream.  Did we solve a water quality problem with the fence, or make it worse?  Temporary interior paddock fences can be arranged to fence off the stream.  Livestock ponds should be fenced off with permanent fence, and if needed for stockwater, there are several options available to water the livestock from it.  There are several others papers done at Iowa State that reinforce the work in the paper cited above.  Even pasture configuration about a stream greatly impacts how much time cattle spend in the adjacent area to a stream and the stream itself.  If  the landowner has cropped everything that is feasible and leaves a small corridor pasture along the stream, then of course they spend all their time adjacent to the stream and work on its banks.  Again, there is no simple thing that can be modeled on this.  It all depends.

[image: image2.emf]The above figure 2 is from the Iowa State research paper Grazing Management and Microclimate Effects on Cattle Distribution Relative to a Cool Season Pasture Stream.  Time in the stream is very low.  In the streamside zone, commonly more time is spent there especially if continuously grazed with unrestricted access to the stream.  The fall flush of grass growth in the fall was more pronounced in the streamside zone for rotational pasture than other areas of the pasture due to better soil moisture conditions so the cattle spent more time (7%) there in September.  Streamside zone was defined as 100 feet (33m) on either side of the streambanks.  They also spent considerably more time in the transition zone in September too for the same reason.  The use of GPS collars in this study makes this study very definitive on where the cattle were at all times.  It avoids estimates that may be good guesses but far from being truly correct.  Other studies also can be misleading if there were cattle attractive things such as hay bunks close to the stream.
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Comments provided by Alisha Mulkey (MDA) re: January, 2016 Beta Version
1.1.1 Growth Regions for Crops

Additionally, much of the crop data used by Scenario Builder can vary at a “growth region” level. For example, the planting and harvesting dates for a crop dictate when applications can be made and uptake occurs, and those dates vary by growth region. There are twelve growth regions in the Chesapeake Bay Watershed. Each state is necessarily its own region, since there are separate crop management and nutrient guidelines for each state. Where the agronomy guide from each state divided the state into different growing regions, then those regions were used. Where the guides did not make a distinction, the 1990 USDA Hardiness Zone delineations were used to see if the state should be divided. The more recent 2003 hardiness zones were not used since it is considered unlikely that farmers changed planting dates and 1990 is closer to the mid-point of the modeled period (1982 – 2005
). The USDA Hardiness Zone boundaries are set where there is a 10° Fahrenheit difference in the average annual temperature. The lines were established by comparing multiple maps and determining which counties fell into which regions. Boundary lines were shifted to match county lines. Specifically:

· In New York, the portion of the state that lies in the watershed is primarily the central part, which the Cornell Ag Guide considers one region. 

· In Pennsylvania, the Agronomy Guide divides the state into separate growing regions for each crop; however, the lines of the regions are very similar to each other and to the lines of USDA Hardiness Zones. Therefore, it was determined that Pennsylvania would be divided into three regions that follow the boundaries given in the Agronomy Guide: Zone 1, Zone 2 and Zone 3.

· In West Virginia, the portion of the state that lies in the watershed was in a single USDA Zone, so WV has one region.

· Maryland’s Nutrient Management Manual does not divide the state; however, there are two USDA Zones. Therefore, MD was divided into USDA Zone 6 and USDA Zone 7. Concern arose that this left an eastern shore county in the same zone as a Western Maryland county and were thus subject to the same conditions. To address this concern, a third zone, “Western MD” was added that includes Garrett, Allegheny and Washington counties.

· Delaware also falls into one USDA Zone, and was therefore left undivided.

· Virginia’s Agricultural Guide divides the state into three sections that roughly follow geologic provinces: Eastern, Piedmont and West of Blue Ridge. 

3Land Use Acres
Scenario Builder provides the Watershed Model with an estimate of land use acres in each land-river segment based upon data provided by the USGS Chesapeake Bay Land Change Model (CBLCM) and the USDA Census of Agriculture. Table 2 provides a list of land uses provided. Land uses are grouped into agricultural, developed and natural categories. Details about how acres of each land use are generated are included within this section, followed by a description of how the two sets of land use acres are combined to create a final set for each land-river segment.
Table 2. Phase 6 Land Uses

	Agriculture
	Developed
	Natural

	
	Non-Regulated
	MS4
	CSS
	

	Ag Open Space
	Non-Regulated Roads
	MS4 Roads
	CSS Roads
	Disturbed Forest

	Full Season Soybeans
	Non-Regulated Buildings and Other
	MS4 Buildings and Other
	CSS Buildings and Other
	Harvested Forest

	Grain with Manure
	Non-Regulated Tree Canopy over Impervious
	MS4 Tree Canopy over Impervious
	CSS Tree Canopy over Impervious
	Forest

	Grain without Manure
	Non-Regulated Tree Canopy over Herbaceous
	MS4 Tree Canopy over Scrub Shrub
	CSS Tree Canopy over Scrub Shrub
	Palustrine Forested Wetland

	Legume Hay
	Non-Regulated Turf Grass
	MS4 Tree Canopy over Herbaceous
	CSS Tree Canopy over Herbaceous
	Palustrine Scrub-Shrub Wetland

	Silage with Manure
	 
	MS4 Turf Grass
	CSS Turf Grass
	Palustrine Emergent Wetland

	Silage without Manure
	
	MS4 Construction
	CSS Construction
	Open Space

	Small Grains and Grains
	
	 
	 
	Water

	Small Grains and Soybeans
	
	
	
	Non-Regulated Tree Canopy over Scrub Shrub

	Specialty Crop High
	
	
	
	 

	Specialty Crop Low 
	
	
	
	

	Other Agronomic Crops
	
	
	
	

	Other Hay
	
	
	
	

	Pasture
	
	
	
	

	Farmstead

	
	
	
	

	Permitted Feeding Space
	
	
	
	

	Non-Permitted Feeding Space
	
	
	
	


3.2.3Estimating Double-Cropped Acres
The Census of Agriculture reports harvested acres of over 115 individual crops grown throughout the watershed. These harvested acres naturally add up to more than the acres of agricultural land within the watershed because many acres are reported as being harvested for two different crops in a single year. This is most common within the widely-maintained corn/soybean/wheat crop rotation. To avoid double-counting some agricultural acres, Scenario Builder estimates those acres that have two or more crops harvested from them using the following procedure. The acres resulting from this procedure are assumed to be major field crops and become the acres of the small grains and soybeans land use. 

Double-Cropping Procedure using Census of Agriculture Harvested Crop Acreages

1. Determine acres that are double-cropped:

a. Determine total “Major Field Cropland Harvested Area” by subtracting acres harvested of the following crops from “Harvested Cropland Area.” The result of this step should represent the geographic extent of acreage from which two crops could theoretically be harvested.

i. Alfalfa hay

ii. Berries – all 

iii. Cut Christmas trees

iv. Land in orchards

v. Nursery, greenhouse, floriculture, aquatic plants, mushrooms, flower seeds, vegetable seeds, and sod

vi. Other managed hay

vii. Short-rotation woody crops

viii. Small grain hay

ix. Vegetables (includes many crops)

x. Wild hay

xi. Dry edible beans, excluding limas

xii. Tobacco

xiii. Potatoes

xiv. Field and grass seed crops

xv. Sunflower seed (all varieties)

xvi. Cotton 

xvii. Canola

xviii. Popcorn

b. Determine the total acres harvested of the “Major Field Crops” listed below. The result of this step is often greater than the geographic extent of “Major Field Cropland Harvested Area,” thus representing the acres from which two crops could theoretically be harvested. 

i. Barley

ii. Buckwheat

iii. Canola

iv. Corn for grain

v. Corn for silage

vi. 
Emmer and spelt

vii. Oats for grain

viii. Rye for grain

ix. Sorghum for Grain

x. Sorghum for Silage

xi. Soybeans for beans

xii. Triticale

xiii. Wheat for grain

c. If “Major Field Cropland Harvested Area” – “Major Field Crops” >= 0, then there are no double-cropped acres in county. 

If “Major Field Cropland Harvested Area” – “Major Field Crops” <0, then this amount becomes the double-cropped acres (acres of small grains and soybeans) in county.

3.4Acres of Feeding Operations
The Census of Agriculture does not provide an estimate of animal production areas. These areas include barnyards or feedlots and structures such as dairy barns or poultry houses. These production areas can be large sources of nutrient runoff if not properly maintained with BMPs. To estimate these acres, Scenario Builder assumes that each animal raised requires an average area of barnyard and or structure for production purposes. These average areas per animal are provided in Table 7. These are multiplied by the estimated number of animals produced in each county.

Table 7. Estimated Animal Production Area Requirements
	Source Name
	Open-Air Barnyard (sq feet)
	Roofed Structures

(sq feet)
	All Area
(sq feet)
	Cycles (NRCS)
	Adjusted All Area (sq ft)
	All Area (acres/animal)

	
	MAX
	MIN
	MED
	MAX
	MIN
	MED
	Total
	Total
	Total
	Total

	Pullets* 
	
	
	
	
	
	1.0
	1.0
	2.25
	0.44
	0.000010

	Turkeys
	
	
	
	2.0
	2.0
	2.0
	2.0
	2.00
	1.02
	0.000023

	Broilers* 
	
	
	
	
	
	0.85
	0.85
	6.00
	0.14
	0.000003

	Layers
	
	
	
	1.7
	1.7
	1.7
	1.7
	1.00
	1.72
	0.000040

	Hogs for Slaughter
	
	
	
	9.7
	9.7
	9.7
	9.7
	2.00
	4.84
	0.000111

	Hogs and Pigs for Breeding
	
	
	
	13.6
	13.6
	13.6
	13.6
	1.00
	13.56
	0.000311

	Beef (Beef Heifers) 
	60.3
	50.6
	55.4
	35.5
	18.3
	26.9
	82.3
	1.00
	82.31
	0.001890

	Dairy (Dairy heifers) 
	96.8
	96.8
	96.8
	28.6
	28.6
	28.6
	125.5
	1.00
	125.46
	0.002881

	Other Cattle 
	50.6
	39.8
	45.2
	24.7
	11.8
	18.3
	63.5
	1.00
	63.48
	0.001458

	Horses 
	147.3
	147.4
	147.4
	147.3
	147.3
	147.3
	294.7
	1.00
	294.66
	0.006765

	Sheep and Lambs*
	
	
	
	
	
	25.0
	25.0
	1.00
	25.02
	0.000574

	Goats*
	
	
	
	
	
	15.0
	15.0
	1.00
	15.00
	0.000344


*Maximum, minimum and median values provided by Maryland Department of Agriculture, 2015.

All other maximum, minimum and median values provided by FASS, 2010. 

The values in the table were provided by the Federation of Animal Science Societies (FASS) and by the Maryland Department of Agriculture. The median values for open-air barnyard and roofed structures were combined to create the average square footage required to raise a single animal. However, some farms have multiple animals which share the same space at different times during the year. For example, a broiler may require 0.85 square feet of production area, but a producer may move flocks of broilers in and out of the house six times over a single year. Thus, the 0.85 square feet is used by six broilers. To avoid counting the same area six times, the median values were divided by the average number of cycles (or flocks) of animals produced, as provided by NRCS, 2003 as shown in equation 3. 

Equation 3. Countywide Acres of Feeding Operations = All Area (sq ft)/Yearly Cycles of Production X 2.296e-5 (acres/sq ft) X Animals Produced in County

Total acres of feeding operations are then broken further into permitted and non-permitted feeding space land uses based upon the fraction of animals that are permitted and non-permitted in each county. These fractions are provided by each jurisdiction, and can vary by year. Scenario Builder does not treat nutrients deposited on permitted feeding operations differently than those deposited on non-feeding operations. 
4.8Optimizing Manure Applications to Higher-Commodity Crops

A fundamental assumption within the new Scenario Builder is that all manure estimated to be available to crops in a county must be applied. This means that in counties with high animal populations and little manure transport data, manure may be applied above and beyond the manure application-eligible goal specified for each crop by the jurisdictions. Likewise, applications could be far lower than the manure application-eligible goal in counties with very few animals. Scenario Builder attempts to simulate all potential cases such as these with a single set of application curves which optimize application to higher-commodity crops such as vegetables and corn before applications occur on crops such as pasture, hay and other legumes. The optimization curves are included in Figure 3. Rather than creating over a hundred individual curves, crops were lumped into land use groups, and as discussed previously, each land use contains multiple crops. Table 18 lists the land uses included in each land use group.
Figure 3. Manure Nitrogen Application Curves by Crop Group
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Table 18. Land Use Groups for Manure Application Curves
	Land Use Curve Group
	Land Use

	Grains/Silage
	Grain with Manure

	Grains/Silage
	Silage with Manure

	Grains/Silage
	Small Grains and Grains

	Specialty
	Other Agronomic Crops

	Specialty
	Specialty Crop High

	Specialty
	Specialty Crop Low

	Row/Hay Legumes
	Small Grains and Soybeans

	Row/Hay Legumes
	Full Season Soybeans

	Row/Hay Legumes
	Legume hay

	Pasture
	Pasture

	Non-Legume Hay
	Other Hay


As Figure 3 indicates, Scenario Builder prioritizes applications to specialty crops and grains/silage crops first. For example, if the manure nitrogen available in a county only equals 40 percent of the manure-eligible application goals of all specialty crops and grains/silage crops, then no other crops within the county will receive manure. However, applications to other crop groups quickly begin as more manure nitrogen becomes available in the county. The last crops which will receive manure are leguminous crops including hays and soybeans. Additionally, applications to grains begin to level off in counties with large amounts of manure nitrogen available. As these applications level off, Scenario Builder assumes applications to pasture, non-legume hays and manure-eligible vegetables continue steadily. 

Phosphorus manure nutrient applications are tied directly to nitrogen manure applications in Scenario Builder. For example, if the ratio of nitrogen to phosphorus in a county’s total manure pile is 3-to-1, than for every three pounds of total nitrogen applied, one pound of phosphorus is applied. The Agricultural Modeling Subcommittee understands that some farmers are now applying manure nutrients to meet phosphorus application goals rather than nitrogen; however, Scenario Builder was designed to simulate applications from 1985 through the present, and it was determined that nitrogen-based manure application more accurately reflected applications on the majority of acres throughout the watershed
. 

Note that the Watershed Model only sees organic nitrogen and ammonia nitrogen from manure. While mineralized nitrogen is tracked separately within Scenario Builder, it is considered by the Watershed Model to be ammonia nitrogen.
 
5.1.1Aggregating Fertilizer Sales to Regional Scale

Table 23. Regional Rolling Average Fraction of Farm Fertilizer Sales 

	Year
	Raw Fraction for N
	Rolling Average Fraction for P

	Raw Fraction for P
	Rolling Average Fraction for P

	1985
	0.000000
	0.871537
	0.000000
	0.901213

	1986
	0.280182
	0.871537
	0.301093
	0.901213

	1987
	0.437241
	0.871537
	0.425402
	0.901213

	1988
	0.849291
	0.871537
	0.880281
	0.901213

	1989
	0.865909
	0.871537
	0.893873
	0.901213

	1990
	0.719825
	0.871537
	0.796829
	0.901213

	1991
	0.900965
	0.871537
	0.927798
	0.901213

	1992
	0.874691
	0.871537
	0.935436
	0.901213

	1993
	0.838954
	0.871537
	0.840405
	0.901213

	1994
	0.933644
	0.882430
	0.925574
	0.900471

	1995
	0.839021
	0.870540
	0.880662
	0.882214

	1996
	0.847761
	0.873475
	0.904753
	0.903663

	1997
	NULL
	0.843391
	NULL
	0.892707

	1998
	0.863840
	0.855801
	0.914484
	0.909618

	1999
	0.895126
	0.879483
	0.906692
	0.910588

	2000
	0.937799
	0.898922
	0.873298
	0.898158

	2001
	0.796009
	0.876312
	0.850070
	0.876687

	2002
	0.848041
	0.860616
	0.882786
	0.868718

	2003
	0.794728
	0.812926
	0.828444
	0.853767

	2004
	0.738918
	0.793896
	0.829786
	0.847006

	2005
	0.793964
	0.775870
	0.843939
	0.834057

	2006
	0.762974
	0.765285
	0.836313
	0.836680

	2007
	0.670699
	0.742546
	0.699998
	0.793417

	2008
	0.752353
	0.728675
	0.810832
	0.782381

	2009
	0.840673
	0.754575
	0.893735
	0.801522

	2010
	0.880733
	0.824586
	0.932942
	0.879170

	2011
	0.870651
	0.864019
	0.862052
	0.896243

	2012
	0.847669
	0.866351
	0.827531
	0.874175


6Legume Fixation
Table 29. Total Nitrogen Pounds Fixated by Leguminous Crops by Growth Region

	Crop Name
	DE_1
	MD_1
	MD_2
	MD_3
	NY_1
	PA_1
	PA_2
	PA_3
	VA_1
	VA_2
	VA_3
	WV_1

	Alfalfa Hay Harvested Area
	180
	300
	300
	300
	120
	240
	240
	240
	180
	180
	180
	180

	Alfalfa seed Harvested Area
	180
	300
	300
	300
	120
	240
	240
	240
	180
	180
	180
	180

	Birdsfoot trefoil seed Harvested Area
	120
	80
	80
	80
	180
	180
	180
	180
	160
	160
	160
	160

	Dry edible beans, excluding limas Harvested Area
	300
	300
	300
	300
	300
	300
	300
	300
	300
	300
	300
	300

	Green Lima Beans Harvested Area
	300
	300
	300
	300
	300
	300
	300
	300
	300
	300
	300
	300

	Haylage or greenchop from alfalfa or alfalfa mixtures Harvested Area
	180
	300
	300
	300
	120
	240
	240
	240
	180
	180
	180
	180

	Peanuts for nuts Harvested Area
	90
	90
	90
	90
	90
	90
	90
	90
	90
	90
	90
	90

	Peas, Chinese (sugar and Snow) Harvested Area
	300
	300
	300
	300
	300
	300
	300
	300
	300
	300
	300
	300

	Peas, Green (excluding southern) Harvested Area
	300
	300
	300
	300
	300
	300
	300
	300
	300
	300
	300
	300

	Peas, Green Southern (cowpeas) – Black-eyed, Crowder, etc. Harvested Area
	300
	300
	300
	300
	300
	300
	300
	300
	300
	300
	300
	300

	Red clover seed Harvested Area
	120
	80
	80
	80
	180
	360
	360
	360
	160
	160
	160
	160

	Snap Beans Harvested Area
	300
	300
	300
	300
	300
	300
	300
	300
	300
	300
	300
	300

	Soybeans for beans Harvested Area
	30
	40
	40
	40
	130
	130
	130
	130
	40
	40
	40
	40

	Vetch seed Harvested Area
	300
	300
	300
	300
	300
	300
	300
	300
	200
	200
	200
	200


�Is this the correct model period?


�I believe Farmstead may have been dropped recently due to spatial imagery limitations in quantifying these acres.


�Options for double-crop with corn grain and silage are very limited in my opinion. Should these be removed from the list?


�Per our conversation (email) 2/24/16, this equation is not correctly represented in Beta 1 output, i.e. acres of Feeding Operations are reduced by a factor of 6. 


�Continued discussion among AMS on how to simulate the portions of P-based acres.


�Clarify this for application purposes, please? Does this mean 2x ammonia-N seen in the watershed model?


�Should this label say N, not P?


�Maryland has not had an opportunity to review these rates yet





