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EVALUATION OF CLIMATE CHANGE IMPACTS

2050 Relative to 1993-1995

Temperature Sea Level Rise
‘ ‘ 1.75°C ‘ ‘ 0.5m
@ Oxygen Solubility ﬁ Seawater intrusion

ﬁ Biologic Rates ﬁ Volume & Circulation

Precipitation

‘ ‘ ~15% winter

ﬁ River flow

ﬁ Nutrient load



EVALUATION OF CLIMATE CHANGE IMPACTS

Climate Change Scenarios Anoxia <02 mgL’

Hypoxia <2mg L1
Low-DO <5mgL!

Current
TMDL TMDL + Temperature
TMDL + Climate Change TMDL + Precipitation

TMDL + Sea Level Rise
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EVALUATION OF CLIMATE CHANGE IMPACTS
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. TMDL + Temperature
® TMDL + Precipitation

® TMDL + Sea Level Rise

9 Y1 & Y2 are wet
Y3 is dry

Y2 Y3 Y1 Y2 Y3 Y1 Y2 Y3
DO <0.2 mg/L <2 mg/L <5mg/L

Impact of TMDL is
greater than impact of
climate change

Temperature is the
biggest driver of
climate change impact

A TMDL wet year
looks like a current dry
year



EVALUATION OF CLIMATE CHANGE IMPACTS

Duration of Hypoxia
TMDL + CC

JulY1 OctY1 JanY?2 AprY JulY2 OctY2 JanY?2 AprY JulY2 OctY2
WET 2 WET 2 DRY

With impacts of climate change,
hypoxic conditions will start ~7 days earlier



EVALUATION OF CLIMATE CHANGE IMPACTS

1993 Depth (m) 1995
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EVALUATION OF CLIMATE CHANGE IMPACTS

Depth (m) 1995

5 1 F

10 L3

15 >
July 1%t |25 b July 18t
|
July 1=t d July 18t

» Large interannual variability

« TMDL wet looks like Current dry




EVALUATION OF CLIMATE CHANGE IMPACTS

1993 Depth (m) 1995
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TMDL

TMDL+allCC vs.
TMDL+noCC

EVALUATION OF CLIMATE CHANGE IMPACTS

» Large interannual variability

« TMDL wet looks like Current dry

Summer

Summer

* Biggest impact due to climate change is
at the periphery of low-DO waters

Summer A j Summer A |

North North



EVALUATION OF CLIMATE CHANGE IMPACTS

TMDI., > climate Change

Temp > Sea Level Rise & Precipitation

+7 Days Longer

Impact along periphery



Limitations & Future Directions

* Comparison with CBP
* Temperature ditferences

EVALUATION OF CLIMATE CHANGE IMPACTS

SLR differences

&

— Genet et al. 1974
Garcia & Gordon 1992

3 2 R & %

Salinity = 0 psu

02 solubility [mg/L]

Salinity = 30 psu
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Phytoplankton growth:
« CBP: Peak growth (multiple classes)
« VIMS: Exponential growth (one class)



EVALUATION OF CLIMATE CHANGE IMPACTS

Difference in average salinity after 0.5m SLR
Wet Year

Limitations & Future Directions

* Comparison with CBP
* Temperature ditferences
« SLR differences

ChesROMS-ECB

7/7/17 STAC WQSTM Review Presentation: change
in PSU with 0.4 PSU increase at boundary
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EVALUATION OF CLIMATE CHANGE IMPACTS

Limitations & Future Directions
* Comparison with CBP

. Land cover, land use changes, and
’ Tempe.rature differences nutrient management actions
» SLR differences
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EVALUATION OF CLIMATE CHANGE IMPACTS

Limitations & Future Directions
* Comparison with CBP

. Land cover, land use changes, and
’ Tempe.rature differences nutrient management actions
» SLR differences

Lr —_— - ||
_[' atershed Watershed -
|_ Model 1 "lodel 2

Estuarln Estuarlne
Model 1 Model 2

 Single watershed & estuarine
models

* Sensitivity tests
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EVALUATION OF CLIMATE CHANGE IMPACTS

Limitations & Future Directions
* Comparison with CBP

. Land cover, land use changes, and
’ Tempe.rature differences nutrient management actions
» SLR differences
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EVALUATION OF CLIMATE CHANGE IMPACTS

Limitations & Future Directions
* Comparison with CBP

. Land cover, land use changes, and
([ ]
Tempgrature differences nutrient management actions
» SLR differences
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 Single watershed & estuarine
models

* Sensitivity tests

0
o
o
c
©

<

o

2
©

E

&

seﬁueqo ajewln

* Contemporaneous nutrient
reduction & climate change

: Improved Management Decisions
« Assessment of water quality

standards

redictions l




EVALUATION OF CLIMATE CHANGE IMPACTS

TMDI., > climate Change

Temp > Sea Level Rise & Precipitation

+7 Days Longer

Impact along periphery



FUTURE COMPARISONS OF
WATER QUALITY STANDARD ATTAINMENT
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Land cover, land use changes, and
nutrient management actions
s Watershed Watershed -
Model 1 Model 2
- Estuarine Estuarine -
Model 1 Model 2

l Hypoxia Predictions 1

Improved Management Decisions
via MTAG
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Academic

Model
ROMS-ECB

Academic Academic
Model Model
ROMS-ECB ROMS-ECB

Prediction of

Water Quality Standard
Attainment




Habitat Dissolved Oxygen Rules

Open Water 30-day mean > 5.0 mg/L (tidal
habitats with salinity > 0.5 PSU)

Instantaneous minimum > 3.2
mg/L

Deep Water 30-day mean > 3.0 mg/L

Instantaneous minimum > 1.7
mg/L

Deep Instantaneous minimum = 1.0

Channel
Non-Summer: October - May

Rationale

Protects growth of larval, juvenile, and
adult fish and shellfish as well as
threatened/endangered species

Protects survival of
threatened/endangered sturgeon
species

Protects survival and recruitment of
Bay anchovy eggs and larvae

Protects survival of Bay anchovy eggs
and larvae

Protects survival of bottom-dwelling

Summer: June - September

Timeframe

All year round

June 1 — September
30

June 1 — September
30




Are dissolved oxygen standards attained with nutrient reduction?

Deep Channel Observed TMDL TMDL
1993 - 1995 CH3D-ICM ROMS-ECB




Confidence Index

. Across habitats

- How similar are the model
results for open water, deep
water, and deep trench?

. Across years

. How similar are the model
results for 1993, 1994, 1995?

. Across methodology

. How similar are the
intermediate results of the
models?

. ", —.ﬁ.i-«“
Confidence Index

Highest 85-1.0
Confidence

.75 - .84

.50-.74
Lowest

Confidence .00 - .49




Ways to Evaluate Water Quality
with CHAMP

Traditional TMDL Water Quality
Standard Attainment

. ~ ﬁi‘
Confidence Index

Highest 85-1.0
Confidence

.75 - .84

.50-.74
Lowest

Confidence .00 - .49




Ways to Evaluate Water Quality
with CHAMP

Water Quality Standards Attainment (1985-2015)

- Traditional TMDL Water Quality
Standard Attainment

Target: 100

Long-term model-data hindcast &
model forecast
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Ways to Evaluate Water Quality
with CHAMP

- Traditional TMDL Water Quality
Standard Attainment

- Long-term model-data hindcast &
model forecast

. Chesapeake Stat/Chesapeake
Progress & ECOhealth Report
Card... & others?

ECO HEALTH
o
REPORT CARDS
HOME HEALTH INDICATORS REGIONS |ISSUES PUBLICATIONS TAKE ACTION ABOUT

-

-3

How healthy is your e

Chesap

CHESAPEAKE

STAT

Overview Partnership

Agreement Contact Us

Managing Watershed Restoration

ChesapeakeStat improves information-sharing and decision-making at the Chesapeake Bay
Program. As we work toward the goals of the Chesapeake Bay Watershed Agreement, we
invite you to access reliable, results-oriented data and information about our progress and

hold us accountable for our work.

Status of Nitrogen Loads Status of Phosphorus Loads Status of Sediment Loads

Monitoring Station Long-Term Trend (1985-2015) Ten-Year Trend (2006-2015)

Susquehanna River (Conowingo, MD)

Potomac River (Washington, DC)

James River (Cartersville, VA)

Rappahannock River (Fredericksburg, VA)



Ways to Evaluate Water Quality
with CHAMP

Traditional TMDL Water Quality
Standard Attainment

Long-term model-data hindcast &
model forecast

Chesapeake Stat/Chesapeake
Progress & ECOhealth Report
Card... & others?

Land cover, land use changes, and
nutrient management actions

- Watershed Watershed -
Model1 Model2
- Estuarlne Estuarme -
Model1 Model2
Hypoma Predictions

Improved Management Decisions
via MTAG
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CONCLUSIONS

A Multiple Model Assessment

- Analyzing multiple models can allow us to garner more information than
can be gained from any single model

Analysis of Confidence

- Generally high confidence in the eventual impact of pollution reduction
on dissolved oxygen

Evaluation of Climate Change Impacts

- Impact of TMDL pollution reduction is greater than the projected impact
of 2050 climate change... but that does not mean that climate change can
ofS ignored
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FUTURE RESEARCH DIRECTIONS

CHAMP: Chesapeake Hypoxia Analysis and Modeling Program

* Predict the lmpaCtS of Land cover, land use changes, and
future climate change nutrient management actions

and pollution on | |
hypox1a Watershed Watershed | __
Model 1 Model 2
Estuarine Estuarine |
Model 1 Model 2 ‘
Improved Management Decisions

* Predict the future
effectiveness of various
pollution reduction
scenarios on reducing

hypoxia
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FUTURE RESEARCH DIRECTIONS

CHAMP: Chesapeake Hypoxia Analysis and Modeling Program

* Predict the lmpaCtS of Land cover, land use changes, and
future climate change nutrient management actions
and pollution on
hypox1a Watershed | Watershed

Model 1 Model 2
» Predict the future
effectiveness of various
pollution reduction

Estuarine Estuarine N
. : Model 1 Model 2
scenarios on reducing

hypoxia Hypoxia Predictions
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FUTURE RESEARCH DIRECTIONS

CHAMP: Chesapeake Hypoxia Analysis and Modeling Program

* Predict the lmpaCtS of Land cover, land use changes, and
future climate change nutrient management actions

and pollution on |
hyp0x1a Watershed Watershed -
Model 1 Model 2
pollution reduction Estuarine Estuarme -
: : Model 1 Model 2
scenarios on reducing
hypoxia sessie®redictions

Improved Management Decisions

* Predict the future
effectiveness of various
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FUTURE RESEARCH DIRECTIONS

CHAMP: Chesapeake Hypoxia Analysis and Modeling Program

* Predict the lmpaCtS of Land cover, land use changes, and
future climate change nutrient management actions

and pollution on
hypox1a Watershed Watershed
Model 1 Model 2
Estuarine Estuarine
Model 1 Model 2

Improved Management Decisions

* Predict the future
effectiveness of various
pollution reduction
scenarios on reducing

hypoxia

0
o
o
c
©

<

o

2
©

E

&

sebueyn arewin




MULTIPLE MODEL

WPortiand

Tallabis sow

Orsando

Voro Beach

Miami

5 days out 3 days out



A MULTIPLE MODEL ASSESSMENT

Station CB4.1C

* Model mean is
better than any
individual model
across a suite of
variables
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* In terms of DO, the
simple biology
models are just as
good as the
complex models
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A MULTIPLE MODEL ASSESSMENT

Surface
Observed MLD
Low-Oxygen
Depth .
Hypoxia
Bottom
January December

Time



A MULTIPLE MODEL ASSESSMENT

Surface Modeled MLD
Observed MLD
Depth
Bottom
January December

Time



A MULTIPLE MODEL ASSESSMENT

Surface Modeled MLD

Observed MLD

it e Models are

deficient in their
ability to simulate
the impact of

hypoxia on spatial

e habitat
January December

Time




SLR Comparison
ChesROMS-ECB vs Hong & Shen, 2012
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Difference in average June salinity after 0.5m SLR

ChesROMS-ECB




Difference in average June salinity after 0.5m SLR

ChesROMS-ECB

P50-Base
2001




Difference in average salinity after 0.5m SLR

ChesROMS-ECB: June

Note: scale difference
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Difference in average salinity after 0.5m SLR

ChesROMS-ECB: June
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EVALUATION OF CLIMATE CHANGE IMPACTS

Limitations & Future Directions Difference in average salinity after 0.5m SLR
Wet Year

 Comparison with CBP ChesROMS-ECB
* Temperature ditferences
« SLR differences

7/7/17 STAC WQSTM Review Presentation: change
in PSU with 0.4 PSU increase at boundary




