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CHAMP goals

Develop a Chesapeake Bay scenario-
forecast modeling system to:

 Isolate future impacts on Chesapeake hypoxia
of climate change from those due to
anthropoqgenic nutrient inputs

« Determine whether the WIPs/TMDLs will
successfully reduce hypoxia (and meet WQS)
under future climate conditions



CHAMP models

Use multiple models in Chesapeake
scenario-forecast modeling system:

« Two watershed models:
CBP WSMp6 (CBP: Bhatt/Shenk)

DLEM (Auburn: H. Tian) Four model

_ combinations
« Two estuarine models:

CBP WQSTM (CBP: R. Tian/Linker)
ChesROMS-ECB (VIMS: Friedrichs)

« Qyster population model (ODU: Hofmann)
To examine impact of hypoxia on living resources



CHAMP simulations

Four types of watershed+estuarine simulations:
« Realistic hindcasts (1985-2016)
« Future simulations (2025, 2050)
« Factorial future simulations
climate change vs. land use/population change
« Decision support: alternative management scenarios

All models must use same forcing:

« Future climate forcing: Atm temp, humidity, precip, winds, solar radiation
Downscaling technique - MACA vs. BCSD

CO, emissions scenario - RCP 8.5 vs. 4.5
~20 GCMs

« Future atmospheric deposition
« Future Population/land use change
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MACA downscaling of GCMs
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MACA downscaling of GCMs
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MACA downscaling of GCMs
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CHAMP future simulations

1. Delta approach:
Select centroid of ~20 GCMs (KKZ approach)
« Compute “delta” of climate forcing from this GCM(s):
delta = mean(2035 to 2065) — mean(1980 to 2010)
« Apply monthly “delta” forcing to 1991-2000 period
« Assumes past variability, e.g. in wet/dry years

2. Continuous forcing approach:
« Select centroid of ~20 GCMs (eventually more GCMs)
* Apply future forcing (daily, from 2015-2050)
* Includes future variability, e.g. in wet/dry years



Effectiveness

Nrogen

oo 2

[T RETX)

i 2842
4 o

>~ 4501 : , : —prer

Watershed Model 7203

~——P6 WSM Base
——DLEM Base

Year



sW SW 25w W 65°W

Effectiveness

Nrogen
ooz
sy
2842
4355
|_EXSX]
7203

Ay
> 450 - T
> Watershed Model
400 ~——P6 WSM Base
——DLEM Base

(G) 350

2 300

g

C 50

200

150 -

100

NO; Load

50

ey
0 15 30 60 miles

- P6 WSM

ol
1992




sW S0°W 25w W 6

Effectiveness

Wrogen
ooz
[T RETX)
2842
4355
|_EXSX]

Watershed Model 7203

T

~——P6 WSM Base
——DLEM Base

650 Mies
P

0 15 30 60 miles

P6 WSM

Hypoxic Volume (DO <2 mg/L)

. Model Forcing
18r —P6 WSM Base |
b . —DLEM Base ||

* Observations
@
€121 B
_
g
5 10+ B
S
L 8 1
X
o
Se |
I
4+ ]
2+ o R
Jan92 Julg2 Jan93 Julg3 Jan94 Julo4 Jan95 Julos Jan96




sW S0°W 25w W 6

Effectiveness

Wrogen
ooz
[T RETX)
2842
4355
|_EXSX]

Watershed Model 7203

T

~——P6 WSM Base
——DLEM Base

650 Mies
P

0 15 30 60 miles

P6 WSM

Hypoxic Volume (DO <2 mg/L)

. Model Forcing
18r —P6 WSM Base |
b . —DLEM Base ||

* Observations
@
€121 B
_
g
5 10+ B
S
L 8 1
X
o
Se |
I
4+ ]
2+ o R
Jan92 Julg2 Jan93 Julg3 Jan94 Julo4 Jan95 Julos Jan96




Impact of future uncertainty in
climate forcing on hypoxia

2 CO, emissions 20 GCMs 2 downscaling 2 watershed
scenario techniques models

Repas R Gow [ BoSD P6 WSM

RCP 8.5

» Today focus only on P6 WSM (future work: DLEM comparison!)




Impact of future uncertainty in
climate forcing on hypoxia

Thirty year change (A): 2025 vs. 1995
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2025 A in NO, loading is: (i) relatively independent of emissions scenario
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Impact of future uncertainty in
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Thirty year change (A): 2025 vs. 1995
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Thirty year change (A): 2025 vs. 1995
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Impact of future uncertainty in
climate forcing on hypoxia
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CHAMP - Future Work

Re-examine parameters for applying KKZ
« Use Nov-June precipitation, rather than Feb-April
« Use May-Oct temperature, rather than June-Aug

Apply other future forcing
« Radiation, winds, humidity...
Compare two watershed models
« CBPP6vs. DLEM
Compare two estuarine models

« ChesROMS-ECB vs. WQSTM
« Apply future change to estuary as well

Continuous forcing approach
« Select centroid of 20 GCMs (or center 5 GCMs?)
* Apply future forcing (daily, from 2015-2050)



Extra Slides



KKZ diagram for MACA
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