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7 Section/: Landto-Water

7.1 Introduction

Phase 6 of the Chesapeake Bay Progra
LI NI YySNERKALIQa 2GS
has the overall structure shown Figure &
7-1. Landto-water factors represent the e e
effect of transport processeprior to -
delivery to streamsAs discussed in
Section 1, nutrient land simulation
targets do not represent edgef-field
(EOF) nutrient export, but rather the
average edgef-stream (EOS) nutrient
export, without regard to variadin in
nutrient delivery. In Phase 6, the
variation in delivery due to watershed
setting is represented band-to-water ,
factors, calculated based on USGS Figure7-1: Phase 6 model structure

Spatially Referenced Regression on

Watersheds (SPARROW) simulations of the Chesapeake Bay Watétshed §2011). Since the
average loads already represent E€28le nutrient loads, the weighted average foratid-to-water
factorsis constrained to equal on€The RUSLBasedsedimentloadsdescribed irSection 2, in contrast

to nutrients, represent sediment mobilizatioat the field scale The lanelo-water processes for
sediment represent hillslope transport that connect thield-scalelosses with the EOS and are therefore
true sedimentdelivery ratios that decrease the total sedimenbflby roughly an order of magnitude.

Phase 6 Model Structure

Average Load + A Inputs * Sensitivity
*
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% \7 "\ stream Delivery
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River Delivery
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Land Use Within a Segment

Previous versions of the CBP Watershed Model did not have extecaddiylated laneo-water factors.

Prior to Phase 5, spatial differences in land use loading rates were calibrated based on fewer than 20

water quality monitoring stations that aggregated many land uses and watersheds. In Phase 5, spatial
RATFSNBYyOSa Ay f2FRAY3 NIGSa 6SNBE aLISOAFASR o0& I

a given monitoring station. These regional factors ditihave explanatory power aside from matching
20a3SNUSR 6l SN ljdzt t AGe RFEGE @ ¢KS /.t LI NIOYSNAKA LI
favor of factors that were explainable based on observable properties of the watershed. In the Phase 6
Watershed Model, the lantb-water factors replace the regional factors with values that vary according

to watershed properties The Phase 6 lartd-water factors follow similar spatial patterns as the Phase

5 regional factors, but with much greater eaphtory power anan a finer scale.

As discussed in Sectionthe multiple modeling approach permi®haseb to represent processes on a
finer scale tha previous versionsfdhe Watershed Model. TableTprovides an overview of the

transport processefr nutrients and sediment represented haseb. Groundwater effects are

included in the transport processes for nitrogeBecause of the key role SPARROW plays in determining
the landto-water factorsand the delivery factors for nutrieatand sedimeinin small steams discussed

in Section 9,his section will open with an extended discussion of SPARROW, before torttiedand-
to-water factorsthemselves.
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Table7-1: Transport Processes RepresentethéPhase 6 Watershed Model

Process Phase6 Nutrients Phase6 Sediment
Edgeof-Field RUSLEstimates
Hillslope Average loads + input load variability + lang Interconnectivityfactors
to-water factors
Groundwater NA

SPARROMWtreamto-river factors

SPARRO\freamto-river factors AverageStreambank Erosion and Floodplal
Small Stream| AverageStreambank Erosion and Floodplaif Deposition
Deposition Streambank Erosion Due to Impervious
Cover
Large River HSPRiver simulation HPSRiversimulation

7.1.1 Definition of Lando-Water Factors

¢CKS (SNMIWSINKR KFa RAFTFSNBYG YSIFIyYyAy3aa Ay GKS {t! ww
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A SPARROW |atmtwater variable refers to an input variable wighvalue that is related to pollutant

transportby aSPARROW lafd-water coefficient. For examplén the example of the SPARROW

model in Sectiof7.2, groundwater recharge rate is positively related to nitrogen transport. Areas with

KAIK 3INRBdzyRgl 4§SNI NBOKFNHS KIFE@S I INBIFGSNI yAGNR3ISY
the SPARROW lato-water variable which is related to transport by a SPARROWttencter

coefficient.

SPARROW la#id-water variables are centered such that the average value of the variables used to
estimate the SPARROW equation is zérberefore, thenterpretation of a SPARROW latwdwater
variable combined with a SPARROW temivater coefficient is not a delivery factor that reduces load
through watershed processes. Rather, it represents the deviation from the average transport. The
combined effet of all SPARROW latwwater variables and coefficients for a particular area is known
as a Delivery Variance Factors (DVF) as defineétbby and McMahof2009. The name reflects the
interpretation as a factor that is an estimate of spatial varighiti transport rather than an estimate of
the transport itself.

Phase 6 lando-water factors areDVFs derived from selected SPARR@Wto-water variablesand
constrainedsuch that the weighted average valissequal to 1. The definition of these terisgevisited
in Section7.3.

Appropriately the landclass average loads describedattion 2and depicted irFigure7-1 assume
average transport condition® the EOS For a given segmentnty the productof the inputmodified
average land class loahd thePhase 6 lando-water factorshasa physical meaing ashe EOSoad.
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7.2 SPARROW

SPARROW is a nbnear regression model which predidime-averagedconstituent fluxes on the basis
of reach and catchment attributes. SPARROW can best be explained by eximtipie case, it is
convenient to choose the latest versiohthe SPARROW models of total nitrogen and total phosphorus
loads in the Chesapeake Bay watershed, CBTN_v4 and CBTP_v4 respédtitredymodel names
suggest, these are the fourth versions of SPARROW models of the Chesapeake Bay wat&rshedl
(2011) documergthe development of the models and analgzbeir results in detail.

7.2.1 Spatial Structure

The catchments and reaches used in CBTN_v4 and CBTP_v4 are taken from the National Hydrography
Dataset Plus (NHDPIus), version(Harizon Systems, 20LONHDPIlus catchments and river reaches are
delineated at a much finer scale th®mases. Over 80,000 reaches and catchments are represented in
NHDPIus$n the Chesapeake Bay watershed. The average catchsimmis about 500 acre&igure7-2
illustrates the difference in scale between NHD &fses. It shows the NHDPIlus reaches and
catchmentsand the Phase 6 lardver segments ifMontgomery County, MD.

The Mase GModel uses an overlapping scheme of land segments and river segments. Land segments
are generally counties while river segments are watersheds. -tiaedsegments are the intersection of
these two segmentation schemes. Section 11 describeBhihee 6 segmentation scheme in more

detail. Montgomery County is a single land segment inBrases Model. Multiple river segments

overlay the Montgomery County land segment. The intersection of the single land segment and the
intersecting river segmeda are represented ifrigure7-2 as colored regions named for the watersheds

in the legend.The darker blue lines show the rivi@hase Geaches represented in the countit is clear

from Figure7-2 that asingleland-river segment may contaijusta few NHPlus catchments oup to

dozens of NHBlus catchments.
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Montgmery County, MD
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Figure7-2: Comparison of NHDPlaatchments andPhase 6 \&tershedModel landriver segments

7.2.2 Estimated Equation
Reach and catchment attributes are the independent variables used imdidinear regression model

of nitrogen and phosphorus fluxes in the Chesapeake Bay watershed. The attributes can be divided into

three groups: (1) sources of nutrients; (2) attributes which control the transport of sources frorwoland
water; and (3) reeh characteristics which determine nutrient losses (aquatic decay) in the reach
network. The coefficientshat determine the lando-water factors in Phase &e derived only from the
land-to-water attributes (2).

The nutrient load in reachis determinal by the following equation (Preston and Brakebill, 1999):

Equation7-1: Sparrow

c:
p=x
@)
o]
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Where:

L = load in reach i;

n,N = source index where N is theal number of considered sources;
J(i)= theset of all reaches upstream and including reach i, except those containing or upstream of
monitoring stations upstream of reach i;

I h=estimated source parameter;

Snj = contaminant mass from source n in drage to reach j;

h ' SadAyYl i StewakBdelivetyboeficigntst | Y R

Z = landsurface characteristics associate with drainage to reach j;

1 T SaidAayYl SR -@Sparanetedsi@ fiverkedchdas)hNd | Y
Ti; = channel transport charaetistics.

For reservoirs, the term for instream losses takes the following form:

P
przn
Where:

gi = hydraulic loading rate
" SadAYFGSR O28SF¥FFAOASY

The reach and catchment attributes used in CBTN_v4 ang B&re shown in Taldl&-2 and 73.

These attributes represent conditions in 2002.K S h Qa > | Q&4 | yR { Cidearl NB
regression. These parameters are adjusted to minimize the sum of the square differences between
modeled fluxes and empirically calculated mean anfiuaks.

(p))
QX
[N
>

7.2.3 Calculation of Fluxes
The empirically calculated fluxes are determined using the USGS software FLUXMASTER. FLUXMASTER
estimates concentrations based on the following linear regression model:

Equation7-2: FLUXMASTER
G=1ob r*oib g% b *Tib #T4b FIA A YO HFHO 2 a1pHe™ ¢
where

G =natural log of concentration at time t;

g: = natural log of daily average flow at time t;

Ti = time in years as decimal;

e = error term; and

1 Qa ' SadAYFGiSR O2STFAOASyiGa

FLUXMASTER uses Tobit regression to treat censored concentration values and corrects for
retransformation bias (in converting back from natural log units) using a method that approximates that
used in the USGS software LOADESNkleet al,2004). FLUXMASTER was used to calculate mean
annual detrended nitrogen and phosphorus loads, using water quality data from 1994 through 2009.
Loads were adjusted to reflect mean hydrologic conditions overgedd flow period. Thyslthough
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SPARROW attributes represent watershed conditions in 2002, model loads represetetriong
conditions centerean that year.

There wee 181 FLUXMASTER load estimates] to calibrate the parameters in the nitrogen model
and 184 load estimates usedtime phosphorus model. Tald&- 2 and 73 show the estimated
parametersfor the nitrogen and phosphorus models, respectively

7.2.4 Nutrient Sources

There are five sources of nitrogen simulated in the SPARBBWN_v4(1) manure; (2) fertilizer and
fixation; (3) atmospheric deposition; (4) urban land; and (5) point sourddsf these sources are
simulated inPhaseb. Nitrogen loads from urban larahd point sources are explicitly simulatedPhase
6, whilethe impact ofmanure, fertilizer, fixation andtmospheric deposition are simulated through the
sensitivity of nitrogen export to inputs, described in Section 4.

The sources of phosphorus in CBTP_v4 are more heterogeneous. Like CBTN_v4, they include (1)
manure; (2) fertilizer; (3) urban land; and pbjint sources, but they also include the area underlain by

(5) siliciclastic rocks and (6) crystalline rocks. Phosphorus loads from urban land and point sources are
explicitly simulated in Phase 6, while phosphorus export is impacted by-estierctablephosphorus

and soil phosphorus storage. Phosphorus in manure and fertilizer directly influence soil phosphorus
storage in Phase 6 while and rock type probably implicitly influences the observations of soil storage on
which the modeled soil storage is leas Section 3 of this documentation describes the estimation of

soil phosphorus storage and Section 4 describes the influence the above factors have on phosphorus
loads.

7.2.5 SPARROWANndto-Water Variables

Fourwatershed propertiegontrol the transport ohitrogen from the sources to the reachd&) mean
enhanced vegetation index (EVI); (2) mean soil available water capacity (8yvian groundwater
recharge; and4) percent of catchment area in Piedmont carbonate. All of these variables are log
transformed before being used in the model. The EVI provides a measure of nitrogéwdasth plant
uptake. Soils with higher organic matter and finer texture are expected to have higher values of AWC:
these soils can be expected to be saturated more frediyeand provide reducing conditions which
enhance denitrification. Increased groundwater transport, as indicated by groundwater recharge, can
also be expected to enhance denitrificatioBroundwater transport is particularly dominant in areas
underlainby carbonate rocks in the Piedmont.

TheCBTP_vhas four laneto-water watershedvariableswhich control the transport of phosphorus

from sources to reaches: (1) soil eraititlp; (2) percent of weltlrained soils; (3) percent of area in the
Coastal Plaimand (4) mean annual precipitation. Phosphorus is primarily transported in overland runoff
and particulary in eroded sediment in runoffHigher values of precipitation and soil erodibility indicate
enhanced phosphorus transport, while a larger percenwell-drained soils (soils in Hydrologic Group

A) would indicatdess runoff and less erosion. Because phosphorus application rates have exceeded
crop needs on the Eastern ShorketCoastal Plain is associated with increased phargjsh
concentrations irthe soil;therefore, greater phosphorus losses can be expected from that regBwil
erodibility andpercent area in the Coastal Plain latodwater variablesare not applied to the rock type
sources.Phosphorus loads in the Phas&16del are dependendn stormwater runoff and sediment
washoffas discussed in Section 4
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7.2.6 NutrientLossesn Streams, Rivers, and Reservoirs

In CBTN_v4, nitrogen decay occurs infiteeing streams and rivers as well as reservoirs and other
impoundments. The amount of decaystreams and rivers is a function of travel time: the longer it

takes to travel through a reach, the greater the capacity for denitrificatioime rate of decay is also a
function of stream size, as measured by mean annual flow, and tye&0(19712000) average

maximum air temperature. Smaller streams and streams in warmer climates have greater decay rates.
Nitrogen losses in reservoirs are a function of the hydraulic loading rate, calculated as the mean annual
outflow from an impoundment dividedybits surface area. The larger the hydraulic loading rate, the
more riverinelike the water body, and the smaller the nitrogen losses. The coefficient can be
interpreted as an apparent settling velocity (Ator et al 2011), which includes, in additiettliog

other processes such as denitrification or algal uptake that contribute to the loss of nitrogen in
impoundments.

Phosphorus losses in streams and rivers are not included in CBTP_v4, holnasrqous losses in
reservoirs and impoundments ar¢ike nitrogen, they are a function of the hydraulic loading rai¢or

et al(2011) suggest that thiarger apparent settling ratéor phosphorus, compared to nitrogen, implies
that that physical settling is the dominant loss mechanism for phosphoruspoundments.

Tables 7-2 and 73 show the results of the Chesapeake SPARROW version 4 (Ator et af@a011)
nitrogen and phosphorus, respectivelyhe mean square error (MSE) for the nitrogen model is 0.0836.
The Ron fluxes is 0.978 and the? Bn yields is 0.858For phosphorus, the MSE fthve phosphorus

model is 0.225 The Rfor fluxes i€0.951andfor yields is 0.730The parameter estimates used to

derive the Phase Bnd-to-water factorswere based orthese modelsand the DVFs which selted.

Table7-2: Estimated Coefficients and Statistics from SPARROW Nitrogen Model of the Chesapeake Bay Watershed, Version 4

Variable ‘ Estimate | 90% Confidence Interva‘ Standard Error| P-value
Sources
Pointsources (kg ¥ 0.774 0.375¢1.17 0.242 0.0008
Crop fertilizer and fixation (kg ¥ 0.237 0.177¢0.297 0.0363 < 0.0001
Manure (kg yt) 0.0582 0.0138¢ 0.103 0.0269 0.0157
Atmospheric deposition (kg Yy 0.267 0.179¢ 0.355 0.0533 <0.0001
Urban2 (krd) 1090 707¢ 1480 234 <0.0001
Landto-Water Delivery
In[Mean EVI for WY02 (dimensionless)] -1.7 -2.65¢ -0.737 0.58 0.0039
In[Mean soil AWC (fraction)] -0.829 -1.26¢ -0.401 0.26 0.0016
In[Groundwater recharge (mm)] 0.707 0.499¢ 0.916 0.126 < 0.0001
In[Piedmont carbonate (percent of area 0.158 0.0755¢ 0.241 0.05 0.0018
Aquatic Decay
Impoundments
Inverse hydraulic load (yr #) | 5.93 0.271¢ 11.6 3.42 0.0424
Streams, time of travel (dMAQ=mean annual flow; T30 = 30 year mean maximum temperature
{YFtt oal!®') XX odnp |0.339 0.0936¢ 0.585 0.148 0.0118
Large (MAQ > 3.45%s?) T30 > 18.5°C | 0.153 0.0622¢ 0.245 0.0551 0.003
Large (MAQ >3.45%8%0 ¢ on K| 0.0131 | -0.111¢0.137 0.0751 0.431
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Table7-3: Estimated Coefficients and Statistics from SPARROW Phosphorus Model of the Chesapeake Bay Watershed, Version 4

Variable Estimate | 90% Confidence Standard P-value
Interval Error
Sources
Point sources (kg ¥y 0.877 0.573¢ 1.18 0.183 <
0.0001
Crop fertilizer (kg yh) 0.0377 0.0171¢ 0.0583 0.0125 0.0014
Manure (kg yt) 0.0253 0.0144¢ 0.0362 0.00658 0.0002
Siliciclastic rocks (K 8.52 6.10¢ 10.9 1.46 <
0.0001
Crystalline rocks (kfn 6.75 3.25¢ 10.2 2.12 0.0009
Urban2 (ki) 49 30.4¢67.7 11.3 <
0.0001
Landto-Water Delivery
Soil erodibility (K factor) 6.25 3.55¢ 8.95 1.63 0.0002
In[Well-drained soils (percent)] -0.1 -0.153¢ -0.0478 0.0317 0.0019
Coastal Plain (percent of area) 1.02 0.681¢ 1.35 0.204 <
0.0001
In[Precipitation3 (mm)] 2.06 0.567¢ 3.55 0.903 0.0237
Aquatic Decay
Impoundmentsinverse hydraulic load (yrn 54.3 12.1¢96.5 25.5 0.0174
1
)

7.2.7 SPARROW Simulation witgmd Classess Sources

The USGS performed new SPARROW simulations of nitrogen and phosphorus in the Chesapeake Bay
watershed explicitly to help inforrRhaset land classiverage loading rate as describedsection 2

These simulations used the acreage of ldmed dasses cropland, pasture, developed land, and natural
landt as source categories, in place of the original source categories in the CB_V4 SPARROW models.
The only sarce category retained from CB4 was point sources, though estimates of point source
loadswere updated using information frofAhase 6 Combined sewer overflows were also added as a
source which, like point sources, is directly applied to river reaches.

Like the SPARROW CB_v4 modeésneéw SPARROW simulations weet up to simulége inputs under
2002 conditions The 2002Phase Band use, which is tabulated End-river segment scalavas
disaggregatedo the NHDPIlus scale appropriate for inputs into SPARROW. Theskaddggregation

was based on th&0m-resolution raster datasetsdm the Chesapeake Bay Land Change M@EBLCM)
used in the beta versions &hase 6 Table 74 shows the mapping of CBLCM classdand classes

Land clasacreage, based on the 20@hase #and use, was assigned to catchments using the following

steps:

1. CBLCM land class area was determined for each catchment;

2. These areas were aggregatedRbase 6and classeaccording to Table-4;

3. For each catchment, the ratio of the area of tAkase 8and clasdo the total area of thePhase
6 land clas$n theland-river segment was calculated;

4. The 200ZFhase 8and use was aggregated inEnd classeby landriver segment; and
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5. For each catchment and eatdnd classthe total 2002and classrea in the laneiver segment
was multiplied by the area ratio in Step 3 to obtain the arealahd classn a catchment.

This method of disaggregating land use doesnemtessarilypreserve catchment area, but was deemed
appropriate since thdandclassacreagesre only being used as sources of nutrients, and not
catchment areas, which are derived directly from NHDPIus.

Table7-4: Phase 6 Land Classes for CBLCM Land Use Classes

Phase 6
Land
Class CBLCM Land Use Class
Developed | Impervious Roads

Developed | Impervious Non-Roads
Developed | Turf Grass

Developed | Tree Canopy over Impervious
Developed | Tree Canopy over Turf Grass

Natural Tree Canopy over Open Space
Natural Open Space

Natural Forest

Natural Floodplain Wetlands

Natural Other Wetlands

Natural Tidal Wetlands

Cop Cropland

Pasture Pasture

Table7-5 and %6 give the coefficientfor nitrogen and phosphorus, respectively, which westimated

by SPARROW in the simidas using lanalassess sourcesThe coefficients SPARROW calculates for

these landclasssources provide an estimate of the average export rate of nutrients (in Kgykm

across the Chesapeake Bay watersh&tese nutrient export rates were used to estimate the ratio of

nutrient export among thdéand classeas described in Section Zhe MSE for the nitrogen model is

0.106 and the MSE for the phosphorus model is 0.279. For nitroge bn fluxesis 0.971and the R

on yields is 0.820. For phosphorus, thed@ B I N3 nddpoc YR ndccp NBALISOUGA

Table7-5: Estimated Coefficients and Statistics from SPARROW Nitrogen Model of the Chesapeake Bay Watesiéed, Phas
2002 Land Class Acreage as Sources

Variable Estimate | Standard Error ‘ t-value ‘ P-value
Sources

Crop(kn¥) 2,552.46 | 357.80 7.13 2.83E11

Pasture(kn®) 1,070.23 | 232.23 4.61 8.02E06

Developedkm?) 873.69 153.95 5.68 5.99E08

Natural(km®) 51.82 34.94 1.48 1.40E01

Point sources (kg ¥y 0.90 0.27 3.29 1.23E03
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Septic systemgg yrY) | 0.94 | 0.42 | 225 | 2.54E02
Landto-Water Delivery
In[Mean EVI for WY02 (dimensionless)] | -1.99 0.62 -3.20 1.64E03
In[Groundwater recharge (mm)] 0.57 0.16 3.65 3.54E04
In[Mean soil AWC (fraction)] -1.09 0.30 -3.58 4.52E04
In[Piedmont carbonate (percent of area)] | 0.19 0.06 3.29 1.22E03
Aquatic Decay

Impoundments

Inverse hydraulic load (yr #) | 14.19 5.80 | 245 [ 1.55E02
Streams, time of travel (dAMAQ=mean annual flow; T30 = 30 year mean maximum tempera
{YLFLtf oal!®!) XX odnp 0.17 0.16 1.09 2.79E01
Large (MAQ > 3.45%s%) T30 > 18.5°C 0.16 0.06 2.60 1.02E02
Large (MAQ >3.45%80 ¢on X 10.09 0.09 0.95 3.43E01

The results of the nitrogen SPARROW model using land use as a source are consistent with other efforts
as discussed ifection 2 of this documentation. The source terms for point sources and septic should

be close to 1 given that these loads are direguits to streams. The values of 0.90 and 0.94 are

indicators that the model was effectively estimated.

Table7-6: Estimatedcoefficients and statistidsom SPARROW Phosphorus Model of the Chesapeakeaiaghed, Phase 6
2002land class acreage as sources

Variable Estimate | Standard Error] t-value | P-value
Sources
Crop(kn?) 106.50 | 20.87 5.10 8.75E07
Pasture(kn) 35.26 13.33 2.64 8.93E03
Developedkn?) 35.98 9.31 3.86 1.57E04
Natural (km?) 7.43 2.24 3.31 1.13E03
Point sources (kg ¥y 0.38 0.11 3.35 9.96E04
CSOgkg yrh) 3.49 3.37 1.03 3.02E01
Landto-Water Delivery
Soil erodibility (K factor) 5.13 1.29 3.97 1.07E04
In[Well-drained soils (percent)] -0.14 0.03 -3.92 | 1.26E04
Coastal Plaifpercent of area) 0.95 0.20 4.83 3.01E06
In[Precipitation3 (mm)] 0.55 0.92 0.59 5.53E01
Aquatic Decay
Impoundments inverse hydraulic load (yr # | 89.09 | 38.02 | 234 [ 2.03E02

The DVFs calculated in both the land use version of sparrow anetsiew 4as presentediboveare

similar and within the standard errors of each othe@ne difference that stands out is the higher

estimate of the effect of impoundments in the land use version of SPARROW for nitrogen. Version 4
DVFs weraisedfor Phaseb land-to-water factors rather than the land class sparrovgincePhase 6
land-to-water factors are responsible for estimating spatial variability, any spatial variability in the
manure, fertilizer, and atmospheric deposition sources that is spatiathglated with the DViariables

will be incorporated in to the DVFs and therefore introduce bias in the DVFs of the land use SPARROW.
For example, since cropland in tReedmont carbonate happens to have higher fertilization rates than
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cropland in othelareas, the DVF fdiedmont carbonate in the land use model would likely be higher
than the DVF foPiedmont carbonate in the model that incorporated cropland inputs. Since the Phase 6
Watershed Model also uses spatial variability in inputs, it is appatgpto use the version 4 SPARROW
model forPhase Bandto-water factors. Version 4 was also used in the calculation of the small stream
and impoundment factors as described in Section 9.

7.2.2 SPARROW Simulation of Sedimdhti€hesapeake Bayatershed

TheUSGS recentisompleted a updated of &SPARROW mod@rakebill, et al, 201@yhich simulates

sediment in the Chesapeake Bay watershed. Sediment sources included land use acreage in agricultural,
forest, or developed landTable 77 shows the estimated coefficientd’he MSE is 0.878, thé far

fluxes is 0.84, and the?or yields is 0.55The model estimates that sediment storage occurs in
impoundmentsanywhere in the watershelut only in coastal plaietreams.

Table7-7: Estimatedcoefficients and statistidfom SPARROW Sediment Model of the ChesapeakeaBenghed

Standard
Variable Estimate | Error P-value
Sediment Sources
Agriculture 71.024 | 15.019 <0.001
Development 2041.51 | 1096.131| 0.032
Forest 5.634 2.977 0.03
Landto-Water Delivery
Piedmont Uplands 0.1 0.031 0.001
K-Factor 8.77 3.013 0.002
Aquatic Storage
Streamsdn the Coastal Plain
Storage, all streams BFL| 1.27 | 0.419 [ 0.003
Impoundments
Reservoir Settlingelocity | 137.45 [ 61.05 | 0.013

The results of the SPARROW sediment model are preliminary and are subject to the following disclaimer
from the USGS:

This information is preliminary or provisional and is subject to revisia®mbeing provided to

meet the need for timely best scienckhe information has not received final approval by the

U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S.
Government shall be held liable for atgmages resulting from the authorized or unauthorized

use of the information

7.3 Phase @.andto-Water Factors

7.3.1 Calculation of Phase 6 LatedWater Factors

Asnotedin Sectior/.1.1, SPARROV&Nnd-to-water variables are input into the regression model
centered on their average value$he overall effect of the lantb-water variables has been called the
delivery variation factor (DVF) (Hoos and McMahon, 2009):
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Equaton 7-3: Delivery Variation Factor
DVFI' S E Luwhefe F %

h  vEctor ofestimated laneto-water coefficiens: and
Z = vector of laneto-water variables for catchment i, centered on average valu¢heiChesapeake Bay
watershed.

Whenall catchment variables equal the average value of the variatheDVF is equal to oneThe

DV can begreateror lessthan 1,depending on the relative size of the catchment variables and the
sign of the lango-water coefficients Thereforea DVF is not a true delivery factor, bameasureof

the deviation from average effects of transport from land to reaches. The overall effects of aquatic
decay,on the other hangcan never be greater than om&d can be intepreted as a true delivery
factor.

ThePhase 8andto-water factorsare based on the DVFs from SPARROW with one important difference.
DVFs are calculated from regressions with centered variables. Their aggregate effect is not constrained

to be zero sine there are spatial differences in loads. In contrastRhase 8andto-water factors are
re-centered with consideration of spatial differences so that they have no aggregate effect on loads. For
illustration, consider a simple example with two weglbeds. Watershed A has an initial edifestream

(EOS) load of 3000 with a DVF of 1.2. Watershed B has an initial EOS load of 1000 with a DVF of 0.8. The
average DVF is 1, but the aggregate, weighted average DVF is 1.1. To convert thesetovéiad

factors, both DVFs are divided by the weighted average DVF. Watershed A now hamanatet

factor of 1.09 and watershed B now has a laodvater factor of 0.73. The total EOS load before and

after the landto-water factors are applied is now 4000

DVFs arealculated byand classefcrop, pasture, natural, and developed land) applied at thdand
river segmentcale. Each MIDPlus catchment had a sind®/Hrom SPARROW. Howeyere fourland
classes were not evenly distributed between different catchments within a Phase-@ivendegment.
Weighting each catchment by the fraction of catchment in dacdl classllowed the development of
separateDVFdor each of the foutand classefor each laneriver segment in the PhaseMsodel.

A DVHor aland classat the land-river segmenscale is the average DVF at the NHDPIlus psah
scaleweighted by thdand clas® &  in th&chtchment in thdand-river segmentaccording to the
formula

Equation7-4: Areaweighted delivery variance factor
Ow'Q Ow™@O {70 |

Where:

DVkgrk= DVFor land clask at land-river segmentcale

DVFEF= DVF in NHDPIlus catchmeént

Ak =Areaof land clask incatchmenti in land-river segment

Ark= Total areafland clask inland-river segment

N = number of catchments wholly or partially in thedriver segment
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Theland clas@reas for each catchment were taken from ®@L3 High Resolution Land Coyer
described in Sectiob. Land use from thélighResolutionLand Cover was aggregated to the NHDPIlus
catchment scale and further aggregatedand classcreage according to Table47

7.3.2 Selection of SPARROW L-tovilVater Varables

The structure of the Phase 6 Watershed Model and the CBTN_v4 and CBTP_v4 SPARROW models is
similar in that input loads such are fertilizer and manure are multiplied by coefficients that relate to
export loads and in that the loads are further moglifiby spatial factors related to watershed and

riverine transport. This allows the use of SPARROWttanater variables as Phase 6 latwdwater

factors with some modifications. Some latedwater variables in SPARROW are counted as inputs in
Phase 6 pare covered by other processeBiscussion of Phase 6 sensitivities to inputs is in Section 4.

The Phase Bhosphorudand use average loads are modified localljnmorporate sensitivity to rundf
and erosion ThePhase &ensitivity to runoff and ersion captures the impact that thHePARROW land
to-water variables oprecipitation and erosivity hae on phosphorus transport. For that reason, these
two factors were dropped from the calculation of phosphorus DMHBhase 8and useswith runoff
anderosion sensitivitiesSimilarly areas of high soil phosphorus, as measured by Mel3lisbil P, are
generally found on the Coastal Plaifstor et al (2011) suggested that the significantly positive coastal
plain landto-water coefficient in the CBTP_wabdel was likely due to high levels of soil phosphorus
which were not used as an input due to data limitationcesoil phosphorus is already an important
determinant of land use loada the Phase 6 Watershed Mod#ie landto-water factor for perceat
Coastal Plain is redundantherefore phosphorus DVFs were calculated basedhanpercentwell-
drained soils.All land-to-water factorsexcept percent area in the Coastal Plain were used to calculate
DVE forpermitted feeding spacand nonpermitted feeding spacé&and useswhere the sensitivity to
runoff or erosion was not usedat a prior point in the calculationSection7.3.5discusses lantb-water
delivery from feeding space land uses in more detail.
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Duplication also occurs between nitrogen latiod TN DVFs

water factors and sensitivitiesAtor et al (2011) TNL2W

state that the EVI probably represents the effect o T"D":;;1687_1095099
plant uptake on nitrogen transporiThe larger the G0 BB
EVI, thdess nitrogen is transported from fields to 2323614 - 5.140677

streams. Phase6 alreadyaccounts for plant uptake | BBl s s7e - 10553705

. L I 10353706 - 20800424
by using plant uptake as a sensitivity factor for
adjusting average land use nitrogen export. -
Additional reasons speak against retampithe EVI ‘
in the nitrogen DVF. Land use, which is directly %
accounted for in Rase6, is highly correlated with
density of vegetation. The presence of impervious I
areas tends to lead to low values of EVI and
consequently high values of nitrogen DVifhe
presence of the EVI leads@awide range of values &
in the nitrogen DVFWith the EVI, the maximum b
DVF at thdand-river segmenscale is 7.35; without St
the EV] itis only 2.42 As shown irFigure7-3,
these high values tend to be concentrated in urba
areas like Baltimore City, Alexandria, or Virginia .
Beach, or in shoreline areas where the EVI is (e
influenced by barren shore or wateMost of these "
areas are downstream of SPARROW calibration _ . . . .
. P . . p ~ N . .Figure7-3: Delivery variance factors including EVI
auluoAzya YR UKSNBFT2NB 0
DVFs cannot be justified on the basis of SPARRONérefore, the EVI lantb-water factor was
dropped from the calculation ghe nitrogen DVF.

7.3.3 Final Phase 6 Laitd-Water Factors

Figure7-4 through Figure7-7 show thenitrogenDVFs on théand-river segmenscale forcrops, pasture,
developed langdand natural land Figure7-8 through Figure7-11 show the corresponding phosphorus
DVFs.Error! Reference source not foungllists the Phase 6 land uses assigned to each SPARROW land
cover classFeeding Space land uses and direct deposition from riparian pasture are special cases that
are dealt with in the followingetion.

As discussed above, the individlemd-to-water factors are centered on their average values, so the
DVF measures the effects of transport as they deviate from average conditions. For this reason, the
DVFs do not behave like sediment delivernydexwhich estimate the delivery from edgd-field to
edgeof-stream (EOS)The edgeof-field scale for nutrients is not defined in the Phadd&del.

In Phase 6, the DVFs are adjusted so that thevBdg total EOS load above the RIM stations is Hraes

as the Baywide load from land simulation targets above the RIM stations and there is no net increase or
decrease in the total EOS load from the application of the DVFs. The adjustment was made by
subtracting 0.1125 from the nitrogen DVFs and 0.086nfthe phosphorus DVFs at the lander scale.
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Nitrogen Delivery Variation Factors

P6 Land River Segments
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Figure7-4: Nitrogencrop delivery variation factors, finBhase 6
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Nitrogen Delivery Variation Factors

P6 Land River Segments
Pasture
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Figure7-5: Nitrogenpasturedelivery variation factors, findhase 6
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Nitrogen Delivery Variation Factors
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Figure7-6:Nitrogendevelopedelivery variation factorsFinal Phase 6
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Nitrogen Delivery Variation Factors

P6 Land River Segments
Natural
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Figure7-7:Nitrogennatural delivery variation factors, fin&thase 6
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Phosphorus Delivery Variation Factors
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Figure7-8: Phosphorusrop delivery variation factors, finBhase 6
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Phosphorus Delivery Variation Factors

P6 Land River Segments
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Figure7-9: Phosphorupasturedelivery vastion factors, finaPhase 6
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Figure7-10: Phosphoruslevelopedielivery variation factors, find&thase 6
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