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AMT Introduction to CAST

* Model Purpose
* Model Structure
* Responsibility of the AMT

e AMT considerations

* Importance of consistent data
e Scale

e CAST in the overall context of Phase 7 model development
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Types of Models

*Prediction
*Temporal
*Spatial

*Research

*Scenarios

Inlemational Law Intemational

Nitrate Pollution
Prevention Regs

Licences,

Consents &
Implementation methad |

or Gommilments Bodies & H1 Method
Comventans Licences,
¥ Consents &
EC Direclive or Authorisations
e
Hierarchy & Regulation Fe
Good Practice o Act (Canservation)
ut
Targel/ Status KEY pmm‘tz‘ & Act as amended
lohe mal Lioences, by the Sea
Consents & Conirdl Regs Fisheries (Widlfe
Authorisations Consarvation) Act
Enabling / Primary
Lagsiafion

Sustainable fisheries
& the

Protacton afforded

marine environment

.
= Sats maximum
acoeplable
levels

‘Sea Fisheries Flood Risk
{Shelfish) Act Contaminants &mmm

z in Food v

Salmon & Regs Flood & Coastal
Frashwater Erosion Risk
Fisheries Act

Management
Floed Risk
Regs

Safe
consumption

Fiood & Water
Management Act

Multimetric

ol fish & Indicess i
Urban Waste Nitrate shellish River Basin
Liences Water Vlinerable Flood Risk Manageme_nt Plans,
v Treatment Zones Assesement Water Heavily Modified Water
Consenls & s - Environmental Bodies & Artificial
Authorisations Contaminants (WFD) Regs Water Bodies
F— Sensiive in Food Reg Gaod Chermical
Water Rege area Status & Good
Ecological Stalus Polliespays pincie &
e OSPAR. remedial measures
Poiicy & Lonoon - HELCON, Env. Damage
Targets Energy Act UNEP AP, Prevention & (P&R) Regs
ng?g'ca BUCHAREST Env remedy of
7 Climate Change Act Reg. Seas Liability env. damage Programme of measures,
! Conv qualitative descriptors,
] Electriciy At UN FRAWEWORK UNCLOS o Marne coosyslembased
Marine Notioes - GONV. ON CLIMATE management approach, MPAs
shipping, guidance CHANGE {UNFCCC) UN CONY. ca Integrated Good Strategy ]
information oTo BIOLOGICAL Maritime: Enviranmental Regs
Morchiaat PROTOCOL DIVERSITY \ﬂ Status
Shipping Regs Saler shipping - . e
. igation, MARFOL BERN || BONN B 2 s Coastal
R ool polution cantrol Various EU Cony, || cony. || Biodersity Marine spatial Consenis & Recreata
Empowenment Strategy pata) Authorisations ecreatan
Harbours Act and operation Regs to control BALLAST =SS &
Orders. Conservation . planning
hy shipping & WATER INT. CONV. RAMSAR ; coastal zone i :
cuties on parts polition from CONY. ON SALVAGE CON. ! management Varing & Conzarysln
\ ships - Wild 2 e Coastal | Biodiversity
Local Harbour Acts Binds Habitats & Access Act protaction
Harbour & / " U ESPOO mesco [ ores s e
esiet ) o smyen | | o0 ] —a oty
s management Propased Invasive Cultrsi - Conservation &S
\ control of harmful 145 Reg Align Sp. Hertage \ - St Countryside Act mﬁ;‘egle;‘s
| aquatic organisms g Matura {zs amended)
\ ? & lion species - Various - 7
Coundl of Regs to 2000 sites.
Ewrope contral (SAC/SPA) Ofishore NERC
% Stratagic Environmental Conventians on | | CITES fauna Marine: Adt Protection Site designations
S Assessments to include archaeclogy & & flora - Conservation {e.g. 5581)
v p— transboundary effects landscape Regs
Assessment Regs -7 Conservation Conserving wider
Licences, Endangered of Habitats biodiversity
Consenls & Marine projects are subject species and Species
Mutherisations Marine o Environmental Impact protaction Regs
Works (E1A) Hssesemant .- .
Reg 35 advice, Arfide 17 condition
monitoring, Appropriate
Harbour Works Corﬁml of Trade Assessments (AA), Habitat
{EIR) Regs National Werchant n E;\danuewd Requlations Assessment (HRA) &
ippi PECIES Likely Significant Effect (LSE)
,Tm o [r——— Heritage Act Shipping Regs O y Sig (LSE) anagement
[1) In 2013 the WFD replaced the Bangerous Sub. Bir.: . Planning (EIA) . " Plans &
Freshwater Fish Dir; Shellfish Waters Dir. & Groundwater Dir ; Phanving (EIA] Regs Ancient Monuments & Proéscion of Site designations -European Marine Sites Schemes
L " iy p
K menuttasi Regs Archaeclogical Areas Wrecks Act (EMS) include SAC & SPA,
{2) The netwaork of MPAs in England will consist of ks T "
EMS/Natura 2000 [SACs & SPAs), 55515, Ramsar sites and MCZs Autharisations Planning Act Prosacion of (RAMSAR sites designated under the
{as amended)
[3) The UK s ot a signatory to this Convention however a number of

public statements have been produced that confirm its endorsement of
the rules in its Annax

Applications for Naionally
Sigrificant Infrasiructure Projects

Al regulated activities in the English marine environment consider UK marine {NSIPs) / Marine Licences

policy drivers such as the UK High Level Marlne Gbjectives 2009, the UK Marine
Policy Statement (4} and variaus National Policy Statements

How do things

Wilitary Remains
Act

Protection of marine
archasokogy

RAMSAR Conv. should also be given same
management considesations as EMS)

it together and influence each other?



Types of Models

*Prediction
*Temporal
*Spatial

*Research

« *Scenarios

If we change what we
do on the landscape...

Data and Model Inputs ==

Pollution Control Data
Land Use Data

Point Sources Data
Septic Data

U.S. Census Data
Agricultural Data

Land Use
Change
Model

Airshed
Model

Precipitation Data
Meteorological Data
Elevation Data

Soil Data

...how will that change
nitrogen, phosphorus,
and sediment?

...and what will be
the oxygen in the
Bay?




Research Model < Management Model

e Statistical Research Model
* What can you learn from observations

* Process Research Model
* What can you learn from aggregating processes

* Management model

* Given everything that you've learned, what are the likely effects of potential
anthropogenic changes.



CAST Is a
simple
model




CAST Is a
simple
model

CAST Structure

Inputs (Fertilizer, Manure,
Atmospheric Deposition,
Fixation, Wastewater)

*

Land management

*

Watershed Delivery

Load by land-river segment and land use

CAST Structure

Average Load
+
A Inputs * Sensitivity
*
BMPs

t 3
Acres

t 3
Land to Water

E 3
River Delivery

Load by land-river segment and land use




CAST Structure

+
A Inputs * Sensitivity
*
BMPs

t 3
Acres

t 3
Land to Water

*
River Delivery

Load by land-river segment and land use

lllustrative example

Average Load ¥ Average nitrogen load to stream for

double cropped ag land watershed wide

is 40 pounds per acre



CAST St Fu Ct ure lllustrative example

Average Load

+
A Inputs * Sensitivity

Your area applies 115 pounds of
«— fertilizer while the watershed-wide

s average is 140.
BMPs
E Each additional pound of fertilizer
Acres results in 0.2 Ibs of runoff
%
Land to Water
%
River Delivery 40 + (115-140) * 0.2 = 35 |bs/acre

Load by land-river segment and land use



CAST Structure

Average Load

+
A Inputs * Sensitivity
*

t 3
Acres

t 3
Land to Water

*
River Delivery

Load by land-river segment and land use

lllustrative example

BMPs are applied which give, in

aggregate, a 20% reduction

35 *(1-.20) = 28 Ibs/acre



CAST Structure

Average Load

+
A Inputs * Sensitivity
*
BMPs

*

t 3
Land to Water

*
River Delivery

Load by land-river segment and land use

lllustrative example

There are 100 acres of double cropped

Acres ———T—"" land in this segment

28 Ibs/acre * 100 acres = 2800 lbs



CAST Structure

Average Load
+
A Inputs * Sensitivity
*
BMPs

t 3
Acres

t 3
Land to Water

*
River Delivery

Load by land-river segment and land use

lllustrative example

The land here is 50% leaker than
average due to high groundwater
recharge in the piedmont carbonate

The river system reduces loads by 30%

2800 lbs * 1.5 * (1-.30) = 2940 Ibs
Delivered to the Bay from this land use and segment
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Modeling governance

Water Quality Goal Implementation Team
30 State, Federal, Academic, and NGO members

Modeling Workgroup

17 State, Federal, and Academic members

7 WQGIT Workgroups (as of 1/2016)
Over 300 State, Federal, Academic, and NGO members
(as of 1/2016)

7 federal employees
7 academicemployees
5 Contractors
(as of 1/2016)

@ises | | Reviews Ad\y
Scientific and Technical Advisory Committee

41 Academic and Federal Members




Phase 7 CAST
AMT Average Load

WQGIT |

Land to Water '\ MOdEIlng
%k
River Delivery / Workg rou p

.

Load by land-river segment and land use




Nitrogen Conceptual Model

application . .

The watershed is conceptualized as a series of filters

To Bay
—>

Phase 6 Model Structure

d + Alnpu!
*
d Use Acre!
BMPs
L Water
e ‘o,
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Double Cropped land

Sensitivities — all else being equal...

Change in output from 1 pound of input change - Nitrogen

0.25
0.2
0.15
0.1
0.05 .
) -
Atmospheric Commercial Legume Fixation Manure Uptake reduction 10% cover
Deposition Fertilizer decrease

NH3 EOrgN ENO3



Phosphorus Conceptual Model

Soil storage Reservoirs

application To Bay
> ) —)

For phosphorus, the amount of storage in the
soil is the most important thing

19



P Sensitivities

Input
Unit

ppm

Sediment Washoff ton/ac
Stormflow

Water Extractable P

Inches

lbs/acre

Ibs/acre

lbs/acre

Ibs/acre

Average

Slope

0.017
0.181
0.064
0.021

0.008
0.005
0.000

Median

Slope

0.015
0.168
0.057
0.018

0.007
0.004
0.000

Median

Sp

0.696
0.633
0.403
0.187

0.111
0.068
0.000

Relative Sensitivity

Moderately sensitive
Moderately sensitive
Moderately sensitive

Slightly sensitive

Slightly sensitive
Slightly sensitive

Insensitive



P Sensitivities

Input
Unit

ppm

Sediment Washoff ton/ac
Stormflow

Water Extractable P

Inches

lbs/acre

Requires estimate of soil P

dependent on inputs and uptake

Presentation tomorrow

Average Median Median Relative Sensitivity
Slope Slope Sk
0.017 0.015 0.696 Moderately sensiti
0.181 0.168 0.633 Moderately sensitive
0.064 0.057 0.403 Moderately sensitive
0.021 0.018 0.187 Slightly sensitive
0-00+ o111
0-004




Cast/CalCast/DM Phase 7 Model Structure

Average Load + A Inputs * Sensitivity

3k
Phase 7 Land Use Acres
CAST .

BMPs

Deterministic o ot Water
Scenario Tool: % .
1 set of loads for 1 Delivery to Tidal Bay

set of inputs

Load by land-river segment and land use



Cast/CalCast/DM Phase 7 Model Structure
‘ﬁverage Load + Alnputg Sensitivityv
*

Land Use Acres

Phase 7 . . O Sps\fligiéf_lrby
CalCAST BMPs

* Calibrated with
@ Land to WaterJ WV estimated priors
Tool for finding s

e 3
parameters that best

Delivery to Tidal Bay

match observatlons\ /

Load by land-river segment and land use




CalCAST - Hypothesis-testing tool

Nitrogen Per Acre Load, NSE=0.9713
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Cast/CalCast/DM

Phase 7
Dynamic Model

Tool for

* |oading estuarine
models

* Comparing against
observations

 QOther potential
collaborative projects

* Process understanding




Model Use-- TMDL question:

How must nitrogen, phosphorus, and sediment load change from 1995
to meet water quality standards

Water Quality Standards Attainment (1985-2018) ©

Water quality is evaluated using three parameters: dissolved oxygen, water clarity or underwater grass abundance, and chlorophyll a (a
measure of algae growth).
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Consistency > Accuracy

Accuracy of the trend is more
important that the absolute value



Consistency example

Clearfield County Ag Land
120000

100000
80000

60000

M'_:Aez“=‘4‘
40000 Wﬁv\\\\

Current Phase 6
20000

1980 1990 2000 2010 2020 2030

——interpolated —~-Backcast and Forecast



Consistency example

Clearfield County Ag Land

120000
™G
hi-res land s
100000 | Incorporate hi-res land use e
80000
60000  — R ER Y P
40000
Not likely that ag increased
20000 | between 2012 and 2013 Not likely that ag increased
relative to 1995
0
1980 1990 2000 2010 2020 2030

2013 is current development number
2017 and 2025 just for illustration

—-—interpolated —~-Backcast and Forecast
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Consistency example

120000

Clearfield County Ag Land

100000

80000

Blend the data sets by using
absolute value of best data set
and trend from the other

60000

40000

20000

0
1980

2013 is current development number
2017 and 2025 just for illustration

MM\QM—FH_.—’AMHnW*\
\\\(%\
‘\0\,\.\‘\’\1‘\@
Better management assessment
of the change in load
1990 2000 2010 2020

—-—interpolated —~-Backcast and Forecast

2030
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Spatial Scale — available scales
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Scale in the Chesapeake Bay TMDL (Watershed)

National Regional State  Local Parcel Meter

Planning

Human activities and management actions

Data on Human activities

Transport Processes

Data on Transport Processes

N
| b

WQ data

All graphics are conceptual only



Phase 6 Model Structure

Average Load + Inputs ‘*ensitivity
*
Land Use Acres ¥
*
BMPs 4
*
0/',9‘_'1 ) Land to Water
%o, %k *

" Stream Delivery

*
River Delivery

Whatever scale is
needed for
management

Scale

Phase 6 Model Structure

Average Load +k Inputs * Sensitivity
*
Land Use Acres
*
BMPs
*

£ i,e‘_’ A Land to Water 3k

ooy \ N

" Stream Delivery K

*

River Delivery sk j

NHD scale to
capture local
monitoring

Dynamic
Model7

Each Loading Event

Surface

z

Time =>

oncentration

Subsurface

P

NHD scale to load
the estuarine
models
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CAST in
context of CBP
TMDL models

If we change what we
do on the landscape...

Data and Model Inputs ==

Pollution Control Data
Land Use Data

Point Sources Data
Septic Data

U.S. Census Data
Agricultural Data

Land Use
Change
Model

Airshed
Model

Precipitation Data
Meteorological Data
Elevation Data

...how will that change

nitrogen, phosphorus,

and sediment?
...and what will be
the oxygen in the
Bay?

N

Soil Data 2
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Phase 7 Development Tracks

J—

e

Phase 7 Models Hi-Res Land Use and

wershed data

CAST

Watershed

Inputs

Optimization

LD

Ag Nutrient

Modeling

Estuarine Modeling

Criteria Assessment




Web page

Overview
Seven Projects
* Descriptions
* Documents
Linked from
* Modeling Workgroup
 WQGIT
* Many WQGIT WGs

« > C

|

>

Phase 7 Model Development | £ X +

CBPO Scheduler |C @ Citi Commercial Car...

Sign in to Concur...

ﬂ Chesapeake Bay Ge...

N Chesapeake Bay Program
Science. Restoration. Partnership.

Discover the Chesapeake

PHASE 7 MODEL DEVELOPMENT

Learn the Issues

State of the Chesapeake

8 chesapeakebay.net/what/programs/modeling/phase_7_model_development

@ httpsy/gis.chesape...

Phase 7 Model Development

The Chesapeake Bay Program is updating its modeling and analysis tools used in the Chesapeake Bay TMDL.

Take Action

@ Priority Agricultural...

In the News

Currently in development, the Phase 7 Modeling Tools will be used by the partnership te inform decisions related to

nutrient and sediment reduction goals outlined in the Chesapeake Bay Watershed Agreement. Integral to this updated

suite of tools s the ability to project climate change effect through 2035. The madel, which will be ready for use by

2027, consists of six interrelated projects:

1. High Resolution Land Use

2. Chesapesks Assessment Scenario Tool (CAST)
3. Optimization

4 Agricultural Inputs

5. Watershed Modsling

€. Estuarine Madeling

7. Critena Assessment

Phase 7 Models

( CAST

|'; Watershed "'ul
— | Modelng |

T — L AgNutrient |

Inputs

e _
e

W —

Qe % » 00

@ Priority Agricultural.. & Mid-Atlantic IDF Cu...

Q, search

Who We Are

Modeling

Phase 7 Model Development

Programs & Projects
Modeling

Monitoring

Quality Assurance

Resource Lands Assessment
Chesapeake Bay TMDL

Watershed Implementation Plans

BMP Verification



Watershed Model Plan — Big Picture

2022 2022 2022 2022 2023
1 2 3 4 1
Work
Work plan Build plan

Build Model
Structure

2023 2023
2 3
Build Models

2023
4

2024 2024 2024
1 2 3
Work
plan Build Models

Improve Models

2024
4

2025

Work
plan

1

2025 2025
2 3
Build Models

2025
4

2026 2026 2026
1 2 3

Review Models

Review Models
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AMT Introduction to CAST

* Model Purpose
* Model Structure
* Responsibility of the AMT

e AMT considerations

* Importance of consistent data
e Scale

e CAST in the overall context of Phase 7 model development



