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PN Climate Change Processes and Dependencies

Data Set

Endpoint
Project/Decision

In Process
Not included
But important
Not included

mIinor

Initials indicate
the responsible

Observed
Precipitation

Trends
GB 2.1 JUL

RCP
GB 2.1 JUL

GCM
Selection
GB 2.1 JUL

Extrapolation
GB2.1 JUL

Down-

scaling
GB2.1 JUL

RCP 4.5 Ensemble Median vs. Extrapolation of Trends

8 Chesapeake Bay Watershed
person |
N b 7 —8—Ensemble Median
: UI.T] ers —a—| ong-term (88-year) Trend
indicate the 6

Climate

scenarios
GB2.1 JUL

section of the
documentation

5 /

3

Precipitation (% change)

changes are shown in reference to 1995

2
2020 2025 2030 2035 2040 2045 20350 2055 2060
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Climate Change Processes and Dependencies Dhase 6 Viodel-Structure

Model
Data Set Average Load + A Inputs * Sensitivity
Endpoint . i
Project/Decision SUppOrt/R?VISG | Land Use Acres
Flow--N relationship %
IB 4.4 OCT e tans
*
| | Investigate Land to Water
Soil P history Speciation :
In Process effect changes %
Stream Delivery
G> 3.3 OCT 4.7.1 JULJOCT

K

River Delivery

Not included
But important

Not included P sensitivity In ,
: Delivered N or P Load for a
minor @ deveIOped Land Use Within a Segment
1B 4.5 JUL

Specified land
nutrient
response

Effect on land

use
GS 3.2 JUL

Initials indicate
the responsible

person CMAQ
Numbers Process-based Climate change effect
indicate the response of flow LL/JB 3.1JUL
section of the and sediment |
documentation On land

Nutrient Inputs

Effect on Ag
GS 3.3 JUL




Climate Change Processes and Dependencies Dhase 6 Modelr-Structure

Model
Data Set Average Load + A Inputs * Sensitivity
Endpoint %
Project/Decision land Use Acres
o5
e |l and use -
S

* Already have data 1995-2025 *

* Climate effects are already part of the data set % .

 Agricultural data SHeam beven
* Will have 2017 Ag census soon

) WI” be prOJeCtEd thrOugh 2022 Delivered N or P Load for a
» Climate effects are already part of the data set I

In Process
Not included
But important
Not included

mIinor

Initials indicate

the responsible Effect on land
person use

Numbers GS 3.2 JUL
indicate the
section of the
documentation

k

River Delivery

Effect on Ag
GS 3.3 JUL
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Model
Data Set Average Load + A Inputs * Sensitivity
Endpoint . i
Project/Decision SUppOrt/R?VISG | Land Use Acres
Flow--N relationship %
IB 4.4 OCT e tans
*
| | Investigate Land to Water
Soil P history Speciation :
In Process effect changes %
Stream Delivery
G> 3.3 OCT 4.7.1 JULJOCT

K

River Delivery

Not included
But important

Not included P sensitivity In ,
: Delivered N or P Load for a
minor @ deveIOped Land Use Within a Segment
1B 4.5 JUL

Specified land
nutrient
response

Effect on land

use
GS 3.2 JUL

Initials indicate
the responsible

person CMAQ
Numbers Process-based Climate change effect
indicate the response of flow LL/JB 3.1JUL
section of the and sediment |
documentation On land

Nutrient Inputs

Effect on Ag
GS 3.3 JUL




Model
Data Set

Endpoint
Project/Decision

In Process
Not included
But important
Not included

mIinor

Initials indicate
the responsible
person
Numbers
indicate the
section of the
documentation

Climate Change Processes and Dependencies

* Atmospheric Deposition
* No change in dry deposition
* Change in wet related to rainfall

‘Nase O IVIOQE wps [
Average Load + A Inputs * Sensitivity
X

Land Use Acres

o
BMPs

o
Land to Water

O;
I/-GQ‘(
Oy o &
S

Stream Delivery

k

River Delivery

Delivered N or P Load for a
Land Use Within a Segment

CMAQ
Climate change effect
LL/JB 3.1 JUL




Climate Change Processes and Dependencies Dhase 6 Viodel-Structure

Model
Data Set Average Load + A Inputs * Sensitivity
Endpoint . i
Project/Decision SUppOrt/R?VISG | Land Use Acres
Flow--N relationship %
IB 4.4 OCT e tans
*
| | Investigate Land to Water
Soil P history Speciation :
In Process effect changes %
Stream Delivery
G> 3.3 OCT 4.7.1 JULJOCT

K

River Delivery

Not included
But important

Not included P sensitivity In ,
: Delivered N or P Load for a
minor @ deveIOped Land Use Within a Segment
1B 4.5 JUL

Specified land
nutrient
response

Effect on land

use
GS 3.2 JUL

Initials indicate
the responsible

person CMAQ
Numbers Process-based Climate change effect
indicate the response of flow LL/JB 3.1JUL
section of the and sediment |
documentation On land

Nutrient Inputs

Effect on Ag
GS 3.3 JUL




Model
Data Set

Endpoint
Project/Decision

In Process
Not included
But important
Not included

mIinor

Initials indicate
the responsible
person
Numbers
indicate the
section of the
documentation

Climate Change Processes and Dependencies

e Literature Reviews for climate effects

* Nitrogen change proportional to flow change

* Phosphorus sensitivities to climate already
incorporated in phase 6 agriculture and natural

* Literature review for P sensitivity in developed

* |[nvestigate speciation changes relative to flow and
temperature

‘Nase O IVIOQE o =
Average Load + A Inputs * Sensitivity
*

Land Use Acres

i Land to Water
,’GC{(
Oy o K
Ky
* Stream Delivery

k

River Delivery

Delivered N or P Load for a
Land Use Within a Segment

Support/Revise
Flow--N relationship
IB 4.4 OCT

Investigate
Speciation
changes
4.7.1 JUL/OCT

P sensitivity In
developed
IB 4.5 JUL




Climate Change Processes and Dependencies Dhase 6 Viodel-Structure

Model
Data Set Average Load + A Inputs * Sensitivity
Endpoint . i
Project/Decision SUppOrt/R?VISG | Land Use Acres
Flow--N relationship %
IB 4.4 OCT e tans
*
| | Investigate Land to Water
Soil P history Speciation :
In Process effect changes %
Stream Delivery
G> 3.3 OCT 4.7.1 JULJOCT

K

River Delivery

Not included
But important

Not included P sensitivity In ,
: Delivered N or P Load for a
minor @ deveIOped Land Use Within a Segment
1B 4.5 JUL

Specified land
nutrient
response

Effect on land

use
GS 3.2 JUL

Initials indicate
the responsible

person CMAQ
Numbers Process-based Climate change effect
indicate the response of flow LL/JB 3.1JUL
section of the and sediment |
documentation On land

Nutrient Inputs

Effect on Ag
GS 3.3 JUL




Model
Data Set

Endpoint
Project/Decision

In Process
Not included
But important
Not included

mIinor

Initials indicate
the responsible
person
Numbers
indicate the
section of the
documentation

Climate Change Processes and Dependencies

* Changes in soil P

* CBP Scenarios estimate soil P after 25 years of
constant applications

* [ncreases in runoff and sediment cause higher P
losses

* Higher P losses cause soil P to decrease

‘Nase O IVIOQE wps [
Average Load + A Inputs * Sensitivity
X

Land Use Acres

A Land to Water
,’@q(
Oy o b
£y
* Stream Delivery

k

River Delivery

Delivered N or P Load for a
Land Use Within a Segment

Soil P history
effect
GS 3.3 OCT
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In Process
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mIinor
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section of the
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Climate Change Processes and Dependencies Phase 6 Model Structure

Model oy .
Average Load + /A Inputs * Sensitivit
Data Set - i :
. K
Endpoint

Land Use Acres

Project/Decision

BMP effectiveness

change
GS 4.6 JUL

Land to water

factor effect
Complete GS 4.7 OCT
Land to

Water

Land to Water

*
Stream Delivery

s
River Delivery

Delivered N or P Load for a
Land Use Within a Segment

In Process
Not included
But important
Not included

mIinor

Initials indicate
the responsible

Stream to River

factors effect
GS 4.7 OCT

Groundwater

Travel Time effect

PErSoN GS 4.7 JUL
Numbers

indicate the
section of the
documentation

CSO
Effect
IB 3.4.1 JUL

Reservoir Rules effects
GS 4.7 JUL

Diversion

Effect
GS 3.4.2 JUL




PN Climate Change Processes and Dependencies

Data Set

Endpoint
Project/Decision

In Process
Not included
But important
Not included

mIinor

Initials indicate
the responsible
person
Numbers
indicate the
section of the
documentation

* [nputs

* WWTP are based on data through 2018 and
permits through 2025

* Diversions are based on data through 2013

e CSOs are modeled as a function of rainfall with
method to account for climate change effects

Phase 6 Model Structure

Average Load + A Inputs * Sensitivity
X

Land Use Acres

K

o, Land to Water
Scy (Oed 5
* y Stream Delivery
K
River Delive

Delivered N or P Load for a
Land Use Within a Segment

WWTP
Effect
GS3.4.2
JUL

Diversion
Effect
GS 3.4.2 JUL

CSO
Effect
IB 3.4.1 JUL




Climate Change Processes and Dependencies Phase 6 Model Structure

Model oy .
Average Load + /A Inputs * Sensitivit
Data Set - i :
. K
Endpoint

Land Use Acres

Project/Decision

BMP effectiveness

change
GS 4.6 JUL

Land to water

factor effect
Complete GS 4.7 OCT
Land to

Water

Land to Water

*
Stream Delivery

s
River Delivery

Delivered N or P Load for a
Land Use Within a Segment

In Process
Not included
But important
Not included

mIinor

Initials indicate
the responsible

Stream to River

factors effect
GS 4.7 OCT

Groundwater

Travel Time effect

PErSoN GS 4.7 JUL
Numbers

indicate the
section of the
documentation

CSO
Effect
IB 3.4.1 JUL

Reservoir Rules effects
GS 4.7 JUL

Diversion

Effect
GS 3.4.2 JUL




Climate Change Processes and Dependencies Phase 6 Model Structure

Model a

Average Load + A Inputs * Sensitivit
Data Set - . :
Endpoint »

Land Use Acres

Project/Decision

* Transport factors

e Some information from SPARROW .
Land to Water

* May not be necessary as climate sensitivities are [/,
. . C(o *
In Process already investigated at the watershed scale Rl Y ey
K
River Delive

Not included
But important
Not included
: Delivered N or P Load for a
minor Land Use Within a Segment

Support/Revise
Initials indic.ate Flow--N relationship Land to water
the responsible B4.40CT factor effect
i]irri“obners |nVEStigate G>4.70CT
indicate the Speciation
section of the changes

Specified land
nutrient
response

documentation 4.7.1 JUL/OCT

Stream to River

P sensitivity in factors effect
developed GS 4.7 OCT

IB 4.5 JUL




Climate Change Processes and Dependencies Phase 6 Model Structure

Model oy .
Average Load + /A Inputs * Sensitivit
Data Set - i :
. K
Endpoint

Land Use Acres

Project/Decision

BMP effectiveness

change
GS 4.6 JUL

Land to water

factor effect
Complete GS 4.7 OCT
Land to

Water

Land to Water

*
Stream Delivery

s
River Delivery

Delivered N or P Load for a
Land Use Within a Segment

In Process
Not included
But important
Not included

mIinor

Initials indicate
the responsible

Stream to River

factors effect
GS 4.7 OCT

Groundwater

Travel Time effect

PErSoN GS 4.7 JUL
Numbers

indicate the
section of the
documentation

CSO
Effect
IB 3.4.1 JUL

Reservoir Rules effects
GS 4.7 JUL

Diversion

Effect
GS 3.4.2 JUL




Climate Change Processes and Dependencies Phase 6 Model Structure

Model a

Average Load + A Inputs * Sensitivit
Data Set - . :
Endpoint g

Land Use Acres

Project/Decision

e Groundwater travel times
e Would not effect scenarios .
* Could be investigated with USGS help g, -anfo tater
- Oy K
% Stream Delivery
o3
River Delive

In Process
Not included
But important
Not included

mIinor

Initials indicate

* Likely not worth the effort

e Reservoir rules

* Likely not a large effect
* No simple way to investigate

Delivered N or P Load for a
Land Use Within a Segment

the responsible Groundwater
person Travel Time effect
Numbers GS 4.7 JUL
indicate the

section of the
documentation

Reservoir Rules effects
GS 4.7 JUL




Climate Change Processes and Dependencies Phase 6 Model Structure

Model oy .
Average Load + /A Inputs * Sensitivit
Data Set - i :
. K
Endpoint

Land Use Acres

Project/Decision

BMP effectiveness

change
GS 4.6 JUL

Land to water

factor effect
Complete GS 4.7 OCT
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Water
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*
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s
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In Process
Not included
But important
Not included

mIinor

Initials indicate
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Stream to River

factors effect
GS 4.7 OCT

Groundwater

Travel Time effect

PErSoN GS 4.7 JUL
Numbers

indicate the
section of the
documentation

CSO
Effect
IB 3.4.1 JUL

Reservoir Rules effects
GS 4.7 JUL

Diversion

Effect
GS 3.4.2 JUL




Climate Change Processes and Dependencies Phase 6 Model Structure

Model a

Average Load + A\ Inputs * Sensitivit
Data Set = : :
Endpoint ®

Land Use Acres

Project/Decision

e CBP understands that BMP effectiveness

changes with climate and that it is important )

* No way to address it at this time % X

Stream Delivery
oK
River Delivery

In Process
Not included
But important
Not included

mIinor

Initials indicate
the responsible
person
Numbers
indicate the
section of the
documentation

Delivered N or P Load for a
Land Use Within a Segment

BMP effectiveness

change
GS 4.6 JUL




Model
Data Set

Endpoint
Project/Decision

In Process
Not included
But important
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mIinor

Initials indicate
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Numbers
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PN Climate Change Processes and Dependencies

Data Set

Endpoint
Project/Decision

In Process
Not included
But important
Not included

mIinor

Initials indicate
the responsible

Reasonable response
to sea level rise?

PS 5.3.1 OCT

Wetlands losses
and gains
LL/RT/CC5.1.1 JUL

Reasonable
response to

temperature?
RT/IB 5.3.2 OCT

Examine wind
effects

LL/RT 5.1.2 JUL

Sea level Rise
RT/LL 5.1.3 JUL

Estuarine
Inputs

Estuarine Model
WQSTM

person 0 T
S
indicate the T

JUL

section of the
documentation

Growth and
respiration curve for

phytoplankton
RT 5.2 JUL

Air Temp
GB 2.1 JUL
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Data Set

Endpoint
Project/Decision

Wetlands losses
and gains
LL/RT/CC5.1.1 JUL

e Wetlands Losses and Gains

e SLAMM

e Wind Effects

® Negllglble Examine wind

effects
LL/RT 5.1.2 JUL

In Process
Not included
But important
Not included

mIinor

Initials indicate

e Sea Level Rise
e CRWG recommended method

Sea level Rise

* Ocean Temperature RT/LL 5.1.3 JUL

the responsible * Fraction of air temperature change

Irilir;()bners Ocean Temp
N RT/LL5.1.4
indicate the UL

section of the
documentation
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Data Set

Endpoint
Project/Decision

In Process
Not included
But important
Not included

mIinor

Initials indicate
the responsible

Reasonable response
to sea level rise?

PS 5.3.1 OCT

Wetlands losses
and gains
LL/RT/CC5.1.1 JUL

Reasonable
response to

temperature?
RT/IB 5.3.2 OCT

Examine wind
effects

LL/RT 5.1.2 JUL

Sea level Rise
RT/LL 5.1.3 JUL

Estuarine
Inputs

Estuarine Model
WQSTM

person 0 T
S
indicate the T

JUL

section of the
documentation

Growth and
respiration curve for

phytoplankton
RT 5.2 JUL

Air Temp
GB 2.1 JUL
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Data Set

Endpoint
Project/Decision

In Process P1-Cyanobacteria
Not included
But important
Not included
minor

Initials indicate '
the responsible g 4
nerson 0
Numbers

indicate the 0 10 20 30

section of the Temperature (°C)
documentation

U

o
\
\

w

Growth and respiration

curve for phytoplankton
RT 5.2 JUL

Growth rate (d-1)
N

-
\

-old

—=revised =
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Data Set

Endpoint
Project/Decision

In Process
Not included
But important
Not included

mIinor

Initials indicate
the responsible

Reasonable response
to sea level rise?

PS 5.3.1 OCT

Wetlands losses
and gains
LL/RT/CC5.1.1 JUL

Reasonable
response to

temperature?
RT/IB 5.3.2 OCT

Examine wind
effects

LL/RT 5.1.2 JUL

Sea level Rise
RT/LL 5.1.3 JUL

Estuarine
Inputs

Estuarine Model
WQSTM

person 0 T
S
indicate the T

JUL

section of the
documentation

Growth and
respiration curve for

phytoplankton
RT 5.2 JUL

Air Temp
GB 2.1 JUL
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Data Set

Endpoint
Project/Decision

* Validation of WQSTM response to CC

In Process ¢ Sea LEVE' RiSe Reasonable response
' ’ - level rise?
* Pierre St Laurent’s work in CHAMP O e

Not included

But important

Not included
mIinor

Initials indicate
the responsible

* Comparing and understanding WQSTM and two
versions of ROMS

* [emperature

o~ e Questions raised in the MWG about temperature Reasonable
umbers . _ response to
indicate the prOpagatIOn in the WQSTM temperature?

section of the RT/IB 5.3.2 OCT

documentation
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Data Set

Endpoint
Project/Decision

Approval Process

* Topics split into July anad
October quarterly

* Documentation will be send
out in June and September,
two weeks before meeting

* Ask for approval

* November delivery for final S \\\\\ \\\\\\\\\\\\\
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model results e K \\\\\\\\\\\\\\\\\\




