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This information is being provided to meet the need for timely best science.
The information is provided on the condition that neither the U.S. Geological
Survey nor the U.S. Government shall be held liable for any damages
resulting from the authorized or unauthorized use of the information.



Partnership Feedback on
Modeling

 Water Quality Goal Implementation
Team

* Need more transparent and easier to
understand decision-support tools to
enable successful engagement of local
partners

* Scientific and Technical Advisory
Committee
* Multiple Models
* Phosphorus
* Conowingo
* WSM and WQSTM reviews coming
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Goals for Phase 6
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WSM Improvements

* Extended simulation time period

* More stations and many more observations

* New land uses and relative loading rates from WQGIT WGs
* Improved inputs and more to come

* Inclusion of loading lag times

* More transparent N simulation

* New TP simulation approach

* Conowingo simulation - more to come

* Reduced dependence upon Regional Factors
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wo  Phase 6 Beta 1- January 2016

The Phase 6 Beta 1 Watershed Model is available for parinership review. Draft documentation files are available bedow.

ion plots are available on the CBF FTF site by constituent, or in a single file. Information and data regarding Scenario

Calibrat

Builder inputs can slso be accessed from another linked FTP site.

The files represent the annual average loads from the calibration run. The time period for calibration is 1825 through 2014,
The loads are provided as annusal sverages of 1825-2014 and 1281-2000. Inpuis change annually during the calibration rum,
so these are not meant to represent any particular year, but rather the average of the yesrs indicated. The losds sre for
nformation only and cannot be used to anslyze the effect of model changes on any policies. These effects can only be
understood when the final versions of the entire modeling system including the estuarine model is run together.

The "AllLoads" text files are the annusl a

rage loads in raw format.
The 'Export Loads Comparison” excel file is a comparison with USGS-

imated loads at monitoring stations.

The Chesspeske Bay Program’'s Watershed Model is a participatory creation of the CEP Partnership. For Phase 8, this
broad participation throughou

& partnership has grown to include many workgroups. As such, the documentation also

belongs to the Partnership and it has become necessary to make the dreft documentation available in rough form to aid the

development process.

The purpose of making the draft documentation available to the Partnership at this eary stage is to provide the Parinership
with & written record of the resulis of the many parinership decisions that haw

[ TrI——

Tum on Suggested Stes,

=jel3o

* See MWG Webpag

* Will be periodically updated -~

been made in the Management Board, the
-

Modeling Workgroup, the Water Quslity Goal Implementstion Team. and the WQGIT's many workgroups.

ni & w E The February 1, 2016 version of the Phase & Beta 1 Watershed Model documentsation is a rough draft of the documentstion

of a development version of the Fhase & Watershed Model. The reader should be sware that there are significant omissions

and may be significant errors due to the Bmited time avsilable to prepars this documentstion

Any questions should be directed to Lewis Linker or Kyle Hinson.

Export Loads Comparison: Phase 8 Beta 1 vs WRTDS (106.42 KB)

e 1. Overview (1.32 mB) B

1a. Segments | 2|

zame) ™
2. Target Loads (1.55 M) T

71 v B




Phase 6 Model Structure

Average Load + A Inputs * Sensitivity
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Multiple

models
Multiple Lines . ,
of Evidence Average Load + A Inputs * Sensitivity

And multiple ’ sk

models
Land Use Acres
3
BMPs - Scenario Builder

%k

{ Estimated with Sparrow
B d Estimated by Land Data team Land to Water

Estimated with Sparrow
Estimated by USGS / WVU / *
land data team mm=) Stream Delivery

*k

River Delivery

Simulated in HSPF /

Calibrated with data, WRTDS, and Sparrow




Setting

Calculation

ax
Figure 1. Soatial structure (in plan veew) of & 1-Smenuicoal
“veleyaveraged” suspended sedment reuting model




Phase 6 Model Structure
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Phase 6 Model Documentation

Section 2: Section 3: , Section 4:

Targets Inputs Sensitivity
3
. Section 5: Land Use
Section 1:
Overview %

Section 6: BMPs
3

Section 7: Land to Water
t 3

Section 9: Stream Delivery

*k

Section 10: River Delivery

Section 11:
Applications

10



Webinar Structure

Average Losd

“Scenario
Builder”

Alnputs

*k

*-
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%k
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2 Land to Water
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Average Loads

Average Loads — Average edge-of-small-
stream loading rate for a given land use for
the entire CB watershed

Estimate Total Non-
point Source Load
Modeling Workgroup
Monitoring Data

12



Average Loads

Average Loads — Average edge-of-small-
stream loading rate for a given land use for
the entire CB watershed

Divide into Broad Classes
Modeling Workgroup
Multiple models

13



Average Loads

Developed

Pasture/Hay

Average Loads — Average edge-of-small-

stream loading rate for a given land use for
the entire CB watershed

Split Classes into
individual land uses
WQGIT Workgroups
Multiple lines of evidence

14



Target Loads

Target Loads — Edge-of-small-stream loading
rate for a given land use in a segment

Assign targets to land uses
within land segments
Modeling Workgroups
Multiple models

Developed

Pasture/Hay

Average Load + A Inputs * Sensitivity

15



Average Loads

Average Loads — Average edge-of-small-
stream loading rate for a given land use for
the entire CB watershed

Estimate Total Non-
point Source Load
Modeling Workgroup
Monitoring Data

16



Watershed Land Loads

 Monitored loads at RIM stations 1993-2014, averaged

e Subtract out:

* Point sources
e Atmospheric deposition to water

* Septic P
* AFO/CFO
* River attenuation effects o
* Small stream attenuation effects
* BMP effects

EXPLANATION
ntributing watersheds
Susquehanna

Potomac
James
Rappahannock
Appomattox
Pamunkey
Mattaponi

ellDDERNDOD,

* Leaves edge-of-small stream loads to distribute to land

* Apply same rates to land downstream of RIM stations



Average Loads

Average Loads — Average edge-of-small-
stream loading rate for a given land use for
the entire CB watershed

Divide into Broad Classes
Modeling Workgroup
Multiple models

18



Divide into broad classes -- Nitrogen

Pasture/
Cro Developed
mm

4,361,964 5,156,450 5,289,606 24,788,695
P532 Export Rate (pounds per 475 19.9 19.4 4.2
acre)
CEAP Export Rate (pounds 425 10.2 Not used 1.6

per acre)

SPARROW Export Rate with
BMP effects removed 22.9 10.2 8.9 0.4
(pounds per acre)

Average Ratio to Crop Rate 1.00 0.37 0.40 0.05

Average Sector Export Rate 46.65 15.36+ 18.62 2.26

(pounds per acre)

* Note that no target is calculated for 1,148,100 acres in the land uses: permitted feeding
space, non-permitted feeding space, and combined sanitary sewer and water.
T The afo/cfo load of 9,063,059 pounds is removed from pasture.



Average Loads

Developed

Pasture/Hay

Average Loads — Average edge-of-small-

stream loading rate for a given land use for
the entire CB watershed

Split Classes into
individual land uses
WQGIT Workgroups
Multiple lines of evidence

20



Split classes into individual land uses — Crop Nitrogen

Target Sector

Cropland

Land Use

Full Season
Soybeans

Grain with Manure

Grain without
Manure

Other Agronomic
Crops

Silage with Manure

Silage without
Manure

Small Grains and
Grains

Small Grains and
Soybeans

Specialty Crop High

Specialty Crop Low

926,048

362,887

989,101

527,481

188,744

403,534

420,426

313,019

66,706

164,013

TN Export Rate

Ratio

0.71

1.40

1.00

0.45

1.62

1.16

0.84

0.79

1.34

0.31

TN Export Rate
(pounds per acre

per year)

36.98

72.93

52.09

23.44

84.39

60.42

43.76

41.15

69.8

16.15

21



Split classes into individual land uses — Pasture/Hay Nitrogen

TN Export Rate
(pounds per acre per
year)

TN Export Rate

Target Sector
& Ratio

Ag Open Space 158,000 0.43 6.92
Legume Hay 790,391 0.74 11.91
Other Hay 1,528,606 1.04 16.74

Pasture 2,679,452 1.00 16.09

22



Target Sector Land Use

Full Season Soybeans 926,048
Grain with Manure 362,887
Grain without Manure 989,101
Other Agronomic 527,481
Crops
Silage with Manure 188,744
Sil ithout

Cropland Ueials eethiet 403,534
Manure
Sma'1IIGra|ns and 420,426
Grains
Small Grains and 313,019
Soybeans
Specialty Crop High 66,706
Specialty Crop Low 164,013

Ag Land Use Loading Rate Subgroup recommendation:
Let sensitivities to inputs determine relative loading rate

N/A
N/A
N/A

N/A
N/A

N/A

N/A

N/A

N/A
N/A

TP Export Rate

year)

23

TP Export Rate Ratio | (pounds per acre per

TBD
TBD
TBD

TBD

TBD

TBD

TBD

TBD

TBD
TBD



Webinar Structure

+ A Inputs

“Scenario %
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3
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3
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Atmospheric Deposition

* Expecting Data set from Penn State pending
funding

* Data set will be modified by scenarios in CMAQ



Webinar Structure

+ A Inputs
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Nitrogen Sensitivity

Definition — Average Change in export per change in input

APEX—CEAP |° * **® * * ¢ APEX—CEAP

SPARROW 1° LI SPARROW

Phase5.3.2 - o eees e . Phase 5.3.2

T T T T T T T T T
02 03 04 05 01 02 03 04 05

Lb export per |b input Lb export per |b input

Commercial Fertilizer

Multiple Model comparison — All in general agreement on the average effect

27



Nitrogen Sensitivity

Definition — Average Change in export per change in input

APEX—CEAP |* * **** * °

SPARROW 7 °

Phase5.3.2 -

T T T T
02 03 04 05

Lb export per |b input

Commercial Fertilizer

Modeling Workgroup Decision:

Use Phase 5.3.2 for global sensitivities

Supported by CEAP and SPARROW results
Answers the right question

* Change in export per change in input
No direct access to APEX-CEAP
Sparrow had different land use classifications

28



Sensitivity of Phase 5 Hightill with Manure land use

gwm NH3 NO3 OrgN

AtmDep 0.01 0.226 0.083
Fert 0.018 0.19 NA
Legume 0.01 NA NA
Manure 0.005 0.067 0.104
CropCov -0.012 0.012 -0.404
Uptake 0 -0.057 0

Sensitivities are modified according to relative loading rates
P5.3.2 hwm = p6 gwm (grain with manure)

What about Small Grains and Grains?
Adjusted sgg sensitivity = (sgg load / gwm load) * original gwm sensitivity



STAC Guidance on Phosphorus

A Review of Agricultural P-dynamics in the
Chesapeake Bay Watershed Model
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“...output from CBWM [indicated] major reductions in P
losses from cropland on the Maryland Eastern Shore that
seemed to be inconsistent with research findings and
monitoring data in the region.”




File Edit View History Bookmarks Tools Help =

B
MPhosphorus Symposium x \g chesapeake sparrow brake.. * | -+

€ ) phosphorussymposium.com c| Q. phosphours symposium >l B8 @ & A S

The State of the Science of Phosphorus

HOME + CONTACT - REGISTER

v

A

.'\'Ol .l,\"'

January 30, 2015
Chesapeake College

UNIVERSITY OF

EXTENSION

Solutions in your community

«

MARYLAND GRAIN PRODUCERS
UTILIZATION BOARD

Agenda Presenters Location Hosts

The State of the Science of Phosphorus

This symposium drew 350 attendees seeking to better understand the current state
of science surrounding phosphorus transport, soil dynamics, legacies, modeling, and
its impact on water quality. Experts on the science of phosphorus from across the
country were featured on the program.

Visit the Phosphorus Symposium playlist to watch presentations by selecting
individual sessions or play all for continuous play of the program. Proceedings are
also available in PDF format to download.

Home -+ ContactUs +« Register
All rights reserved
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Diagram of APLE Nutrient Sources and Soil Pools

Considers both WEP and
stable forms with

Fertilizer Manure relationships to simulate
decomposition rate
: based on season and
100% 95% application
5%

soil surface

Labile P

/ v
" ( -
Active P > Stable P Organic P

Equations to estimate Manure runoff P, Fertilizer runoff P, Sediment P loss,
and Dissolved Soil P runoff

37

(Adapted from Vadas, et al. 2007)




Phosphorus Conceptual Model
Phosphorus

Inputs

Soil storage

33



Low input County High input County

1.2 5
. - =
=0 | ! 4 i \ 0 il
w . i w o m P I '
& 0.8 - &
§ i N | N § 3 1 . B
a 0.6 - i |
o | ® Dissolved P (a] ® Dissolved P
= Z 2
8 0.4 1 Particulate P 8 3 Particulate P
o o
0.2 3
0.0 0 B . .
14 28 42 56 70 84 14 28 42 56 70 84
SIMULATION PERIOD SIMULATION PERIOD
Mehlich 3 Soil P
350
. . . . . 300
The concept of a sensitivity to inputs is
. 250
problematic because the long term
simulations do not level off z 2
150
100
50
0

14 28 42 56 70 84




Different Simulation Periods to
Evaluate Sensitivities

Median P sensitivity to Fertilizer

14 28 42 56 70

Years of Simulation

0.06

0.05

Sensitivity
o =] o
(=] (=] o
N w e

(=]
o
=

o

84
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APLE Hightill Landuse Sensitivities

using Constant Mehlich 3 Soil P

Inputs
Mehlich
Sediment
Runoff
Manure
Fertilizer

Uptake

Units
ppm
ton/ac
inches
Ibs/acre
Ibs/acre

Ibs/acre

MEDIAN SLOPE MEDIAN SR

0.015

0.168

0.057

0.007

0.004
0

0.696

0.633

0.403

0.111

0.068
0

Relative Sensitivity

Sensitive
Sensitive
Moderately sensitive
Slightly sensitive
Slightly sensitive

Insensitive

36



APLE Hightill Landuse Sensitivities
using Constant Mehlich 3 Soil P

Inputs Units MEDIAN SLOPE MEDIAN SR Relative Sensitivity

Mehlich ppm 0.015 0.696 Sensitive
Sediment ton/ac 0.168 0.633 Sensitive
Runoff inches 0.057 0.403 Moderately sensitive
Manure—Ibsfacre——0.007——— 0111 Slightly sensitive
Fertilizer lbs/acre 0.004 0.068 Slightly sensitive
Uptake ~ lbsfacre 0 0 Insensitive

Requires estimate of soil P

37



Summary of Soil P data sources

SAMPLE
SOURCE YEARS LOCATION UNITS TYPE

by county &
AgriAnalysis 2003 - 2014 DE,MD,NY,PA VAWV Phos Ibs/ac zip code

by county

Penn State University 2001 - 2014 PA Mehlich Il soil P (ppm) and by crop
Virginia Tech Soil by county
Testing Lab Average of 2012-2014 VA Mehlich Il soil P (ppm) and by crop
University of Maryland 1954 - 2002 MD number of samples by county

University of Maryland 1992 DE,MD,NY,PAVAWYV  Mehlich lll soil P (ppm) by county



U.MD 1992

CBW Soil P Observed Data

Penn State 2001-2014 Agri Analysis 2003-2014

MEHLICH Ill ppm
B Low (1-20)
| Medium (21 - 46)
I High (47 - 127)
B ey High (> 127)

39




CBW Soil P Observed Data

Virginia 2012-2014 &
U. MD 1992 Maryland 1984-1996 Maryland 1997-2002

MEHLICH Ill ppm
B Low (1-20)
|| Medium (21 - 46)
I High (47 - 127)
B ey High (> 127)




Soil P Landuse Ratios

it ks « PA and VA provided soil P data
Landuse Landuse name
Average Average by crop.
Mehlich Ill Ratio  Mehlich Il Ratio
ALL ALL 102 85 o . .
sch Specialty Crop High 190 1.9 146 1.7 The _average soil P ratIO’S \N_ere
scl Specialty Crop Low 151 1.5 120 1.4 appllEd to other states’ soil P
, datasets.
oac Other Agronomic Crops 132 1.3 106 13
swm Silage with Manure 90 0.9 88 1.0
gwm Grain with Manure 89 0.9 76 0.9
soy Full Season Soybeans 83 0.8 64 0.8
sgg Small Grains and Grains 76 0.7 72 0.8
ohy Other Hay 73 0.7 58 0.7
Ihy Legume Hay 73 0.7 58 0.7

pas Pasture 66 0.6 56 0.7



Small Grains and Grains (sgg) Other Hay (ohy) Legume Hay (lhy)

Legend
Mehlich Ill Soil P (ppm)
I Low (0-20)

[T Medium (21 - 46)
[ High (47 - 127)
- very High (> 127)
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Legend
Mehlich Il Soil P (ppm)
I Low (0-20)

[ Medium (21 - 46)
P High (47 - 127)

Bl ey High (> 127)

CBW Average

43



Soil P History

. . Initialize APLE using the
Grain with Manure (gwm) earliest Mehlich IlI

observation

Legend
Mehlich Il Soil P (ppm)
P Low (0- 20)

A

[ | Medium (21 - 46)
[ High (47 - 127)

- very High (> 127)

Run APLE 6

Adjust Mehlich lll initial value
using BIAS statistic

A

A 4

Optimization complete

X(Simulated; — Observedi)
n

Adjusted Mehlich 111 = Mehlich III —
44




Well-performing segment

Segment N24011 , landuse gwm & bias = 1.78e-06

—— Raw data o
o | P6Input gwm
S o APLE o
]
oo

o

wn -

o™ e}
£
(o}
o
_I o
= o
| o~
-
o
=
(]
=

o

a2 4

(]

O —

L ( o O o
e
I I I I I I I
1985 1990 1995 2000 2005 2010 2015

Year



Legend

BIAS
gwm

-0.27 - 0.00

0.01-
B o26-
B ost-

1.01 -

0.25
0.50
1.00
11.39

* Segments in blue
performed well and
were used to calculate
targets.

* Segments in grey or
white did not have
reasonable APLE model
runs. Soil history was
assumed to be constant
at the average county
value

46
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LOAD :{ > [Z S5, &0 (—azj)}Hem(—azﬂ,,-,@Hl/(umqi,},.)}exp(eo

jed (i) L n=1

USGS Sparrow Model

* Regression Model

* Gain knowledge about the
watershed based on
observations
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Catchment and Reach Attributes
Used in SPARROW Models

Explanatory Nitrogen Phosphorus
Variable

Land-to-Water 1. % catchmentin Piedmont 1. % catchment in Coastal Plain
Delivery carbonate 2. well-drained soils

2. Groundwater recharge 3—Precipitation *

3. Available soil water capacity 4 Soil-erodibility *

4. Enhanced vegetative index

* Not used in P6 calculations because redundant with APLE sensitivities to runoff and erosion
50



Comparison of NHD+ and P6

Scales

Legend
~"~ NHD V2 Flowline
NHD V2 Catchments
aNs=~= P5 Reach
| P5LSeg

0 g 2 4 6 8
—_— e \liles

I
Assign L2W factors based on
position of land uses within
P6 segment

51




Overall L2W Factors

- 0.763960
0923076
| 0923077 -

[ 1.084777-

1332417 -

1084776
1332416
7 447500

100 Miles

0441927 -
0674888 -
| ] 0962500-
[ 1.060796 -

1 800525 -

0674887
0962589
1.060795
1800524
2740049
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Catchment and Reach Attributes
Used in SPARROW Models

Explanatory Nitrogen Phosphorus
Variable

Stream-to-River Impoundments: Impoundments:
Factors Hydraulic loading rate Hydraulic loading rate
(Aguatic Decay)
Rivers and streams: Rivers and streams:
Average annual temperature No losses represented
Travel time

54



Comparison of NHD+ and P6 Scales

Legend
~"~ NHD V2 Flowline
: NHD V2 Catchments
~As== P5 Reach
| P5LSeg

01 2 4 6 8
- e Viles
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Transport Path from NHD+
Catchment to P6 River Reach

56



Stream-to-River Delivery Factors

0160975 - 0.867323
0867324 - 0931239
] 0931240 - 0 950088
1] 0 960089 - 0981577
0981578 - 1 000000

-0.676246
-0072020
10972030 - 0999169
[ 0.999170 - 1.000000
- 1000000

57
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Model to compare against Observations..

Manure
R Atmospheric
.. . et deposition
Precipitation
p o Nutrient ()
o Submodels

BMPs,
Land to Stream,
Stream to River

Temporal
Nutrient ‘
model

Hydrology || sediment
submodel submodel
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Lag Models - Nitrogen

Each Loading Event

Surface

N

1

c

L L

& Time=> Nutrient
< SUM=1 sybmodels
O

S Subsurface

O
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Lag Models - Phosphorus

Each Loading Event

\fiic.f’w”

N

I

C

S Time =

w® Ime= Nutrient
) -

c SUM= | sybmodels
O

S Subsurface

O
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Observed Total Nitrogen - Number of Observations

Phase 5 (1984-2005)

Observations N ;v___},.\fm 3
@® 501-750 (}s o) 1_{\
@® 251-500 /N.Mmf &

e <250 {? A

Phase 6 (1984-2014)

™
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Observed Total Phosphorus - Number of Observations

Phase 5 (1984-2005) Phase 6 (1984-2014)
Observations . NI yA s
i Sy S, ,
. > 750 v: \ ;\f”{ § \;; L:/ \/:\‘m\ﬁvz’ .Jf 7
& 5o1-780 M —g—e—el,
@ 251-500 e © AV N
° <250 // £
e“j. %
/ (o}
JESE
2 } 1 4 ‘.
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NITROGEN
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i | Log Scale
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4.0 4.5 5.0 59 6.0 6.5 7.0 7.5 8.0 8.5 9.0 95

USGS - WRTDS LOADS ( Ibs/year) 64



SIMULATED LOADS ( Ibs/year)

8.5 1

8.0 -

7.5 1

7.9, 4

6.5 1

6.0 -

5.5 1

5.0 1

45 -

40

35 1

3.0 -
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3.5

Log Scale

4.0

4.5

5.0 55 6.0 6.5
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7.0

PHOSPHORUS

79
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SIMULATED LOADS ( Ibs/year)

115

11.0 4
10.5 1

10.0

9.5
9.0 -
8.5 1
8.0 -
7.5, 4
7.0 4
6.5 -
6.0 -

5.5
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Millions

Total Nitrogen at RIM Stations
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Millions

Total Phosphorus at RIM Stations
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Phase 6 Beta 1

Total Phosphorus - Delivered
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Beta 2 enhancements

Average Loads
* Tree canopy targets
* Ag P: new APLE runs and distinction between land uses
* Based on monitored load rather than total load
* New RUSLE2 estimates

Inputs — Updates for new coefficients
Sensitivity — Limited change

Land Use
* removal of tree canopy over shrub scrub

BMPs — Limited Change

Land to Water
* Sediment Interconnectivity Factors

Direct Inputs — Limited Change

Stream Delivery
* Incorporation of sparrow reservoirs
e Stream Mass Balances for sediment

River Delivery
* Better representation of high flow events
* Improved representation of sediment and nutrient processes
* Improved river calibration method



An approach to review the WSM......

e Read section 1 of the documentation to understand the
overall structure

* Determine the sections in the documentation that are most relevant
to your work or interest in the Chesapeake Bay Program partnership.

* Review sections of interest to comment on

e Quality of documentation

e Overall concept used to calculate model values

e Calculation methods used to determine model values

e Data used

* Long-term suggestions for future models.

* Review the calibration relative to concentrations and loads
* Summary flow statistics
* Summary of agreement between WRTDS and Phase 6 overall
* Review particular stations of interest to your jurisdiction.

* Review scenarios
* Broad Scale — Relative ranking of scenarios
* The aggregate effect of BMPs
* The effects of inputs, such as land use, animal numbers, etc.



Evaluation Focus — Model
Performance

* |s the model simulating the processes correctly?

* |s the model gerforming reasonably with respect to
observations:

e RIM stations, large watersheds to smaller
* Annual loads

* Seasonal performance
 B1vs.P5,B2vs. Bl, B3 vs. B2.....

e Model trends vs observed trends

* How is the model performing in management
scenarios?

* Are BMPs reducing loads? sounds simple, but important
* Do the ordinal ranking of scenarios make sense?

 Temperance, not perfect but reasonable




Review Structure/Schedule

* Modeling leadership has a plan, to be presented to
MWG today and to WQGIT leadership tomorrow

* Multiple phases through this year, concurrent w/
beta releases

* At each phase:
* Webinar w/focus on model performance improvement
 Documentation update
* Comment due date

* Comprehensive comment tracking
* More to come soon



