Modeling and Multiple Modeling
in the Chesapeake Bay Program

* Models in the Chesapeake TMDL
e Future Multiple Model Activities
* CBP view of M3



Chesapeake Bay Partnership Models

Use in the

INPUTS * SCENANIO TM D L

BUILDER

BMP Data

LU Data

Point Sources
Data

Septic Data

U.S. Census Data

Agricultural Census VT ET)
Data

MODEL-DERIVED

Airshed
Model

WATERSHED CHESAPEAKE BAY MEET
Land Use MODEL MODEL was?
Change Model

E
Precipitation Data I\|0
Meteorological Data
Elevation Data
Soil Data YES ALLOCATION

E METHODOLOGY




Use of modeling suite in the Chesapeake TMDL
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Nutrient Impacts on Bay WQ
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Phosphorus -- phase 5.3 -- Goal=12.67 million Ibs
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Pollution Diet Pollution Diet
by River by State

Major Basin
POTOMAC RIVER BASIN 8.23/0.52
SUSQUEHANNA RIVER BASIN Jurisdiction
EASTERM SHORE Delmware
PATLIXENT RIVER BASIN District of Columbia
WESTERN SHORE Maryland
JAMES RIVER BASIN New Yok
YORK RIVER BASIN Pennsyhvania
RAPPAHANNOCK RIVER BASIN iegmia
State Boundary West Virginia

[ chesapeake Bay Watershed Stale Boundary

Chesapeake Bay

76.77/2.74

B1.06/2.88

[ chesapeake Bay Watershed

39.09/2.72

9.76 /1 0.46
44,88 /3,66

285/021

14.15/1.563

5.84/0.90

53.40/5.41

5.41/0.54

23.50/235

Meote: There is also an Atmespheric Deposition Allocation

Mote: There is also an Almespheric Deposition Allocation
of 15.70 million poundsiyear.

of 15.70 millien poundsiyear.




Accountability Framework

Components of Bay TMDL
Accountability
Framework

Source: Chesapeake Bay TMDL Section 7



Accountability Framework
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TMDL Margin of Safety

e TMDL = WLA + LA + MOS

* Chesapeake TMDL
e TMDL = WLA + LA

— Models has sufficient conservative assumptions to
consider the margin of safety as implicit.



Chesapeake Bay Partnership Models
Possible
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Big caveat: Can we make the money available?
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Multiple Models in the Watershed Model
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AGCHEM Loading Model - simulated separately in each soil layer
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PQUAL loading model

flow * conc
sed * factor

flow * conc

flow * conc
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AGCHEM VS

PQUAL

Calibration is complex
and time consuming

Calibration is imprecise
Longer run time

e (Calibration is relatively

simple and fast

e Calibration is precise

e Shorter run time

Simulated sensitivity to
iInputs

e Sensitivity to inputs

must be specified

!

Multiple
Models
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Regression of monthly nitrate yield

Results:

3 coefficient

3 coefficient
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Estimating nitrate export from Chesapeake Bay
atersheds using MODIS and climate data
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Keith Eshleman
Brenden M cNeil



A. Local yields attributabl e to atmospheric deposition
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Total Nitrogen, 2002 P ————— 5 —
(n =181, MSE = 0.0836, RMSE = 0.289, flux R*=0.978, yield R?= 0.85¢ et aaaarTrTe
Explanatory variables Estimate Units con ﬁg:;f::ens::;rual Standard error P
Sources
Point sources (kg yr!) 0.774 0375-1.17 0.242 0.0008
Crop fertilizer and fixation (kg yr'’) 0237 0177-0297 0.0363 = 0.0001
Mamure (kg yrt) 0.0582 0.0138-0.103 0.0269 0.0157
Atmospheric deposition (kg yr) 0267 0179 -0.355 0.0533 = 0.0001
Urban® (km?) 1.080 kg km? yr! 707 -1.480 234 = 0.0001
Land-to-water delivery
In[Mean EVI for WY 02 (dimensionless)] -1.70 -2.65—-0.737 0.580 0.0039
In[Mean soil AWC (fraction)] -0.820 -1.26 —-0.401 0.260 0.0016
In[Groundwater recharge (mmi)] 0.707 mm? 0492 -00916 0.126 = 0.0001

19
In[Piedmont carbonate (percent of area)] 0.158 0.0755-0241 0.0500 0.0018
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Benefits

e The CBP Partnership wants transparency:
— Simplicity
— Scalability
— Ease of Use
— Understandability

e Ease of calibration and operations

e Clear role for multiple models



Multiple Models in the Watershed Model
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Expert Review Panels;
Planned and Active

Agriculture

Urban

Forestry

* Nutrient Management
e  Poultry Litter

e Conservation Tillage

e Cover Crop Panel

e Manure Treatment
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* Manure
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Scientific advantages of MM

CBP

Compares hypotheses about system function
|dentifies agreements (high confidence)
|dentifies disagreements (low confidence)
Guides research and data collection

Helps quantify uncertainties

— Prediction uncertainty
— Model selection uncertainty



Possible management benefits

 Demonstrate skill of decision model (as good
or better than others)

e Bolster confidence (scientists, managers, &
public) in model and decisions based upon it

CBP



Possible objections to MM

e More work, costs more

* Highlights uncertainties

 May confuse public and decision makers
 May provoke legal challenges

e May be incompatible with CWA and TMDL
rules

. CBP
A



Possible objections to MM

...COSTS
maore

* Highlights uncertainties

 May confuse public and decision makers
CBP e May provoke legal challenges
 May be incompatible with CWA and TMDL rules



Difference between Hurricane and TMDL:
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