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Chesapeake Bay Program Partnership 
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Agriculture Workgroup 
BMP Verification Committee 
Forestry Workgroup 
Land Use Workgroup 
Milestones Workgroup 
Trading and Offsets Workgroup 
Urban Stormwater Workgroup 
Wastewater Treatment Workgroup 
Watershed Technical Workgroup 

Modeling Workgroup 
255 

Model related Membership as of 7/2013 – 365 individuals 

39 

29 

42 



7 

Partnership produced 
workplans for model 
development coming  
out of 2012 WQGIT 



STAC Guidance 
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2005 



STAC Guidance 
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Major Topics – WQGIT AGWG 

• Scenario Builder Development and Code 
Versioning 

• Land use Categories 

• Fertilizer and Manure Applications 

• BMP implementation accounting 

• BMP effectiveness 

12 

http://www.chesapeakebay.net/channel_files/22227/iii.d._-_phase_6_bmp_panels_12_2_14.pdf


Major Topics – Modeling WG 

• Watershed Model Development and Code 
Versioning 

• Calibration Methodology 

• Land use Loading Rates (with WQGIT and WGs) 

• Sensitivities to inputs 

• Fine Scale Processes (with LUWG) 

• Lag Time 

• Atmospheric Data 

• Conowingo and other Reservoirs 

• Climate Change 
13 
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Phase 5 
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Nutrients Sediment 

Edge of field is explicitly simulated 

Field-level, hillslope, and small 
stream processes are all combined 
in the Edge-of-Stream nutrient 
estimates  
 
EOS estimates are a combination 
of regional factors and field-scale 
process simulation calibrated to 
average export rates 
 

Sediment delivery ratio based on 
the average distance between each 
major land use type and a major 
river. 

Directly Simulated in HSPF for river 
averaging at least 100 cfs 

Calibrated to WQ data 



Phase 6 
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Nutrients Sediment 

Directly Simulated in HSPF for river 
averaging at least 100 cfs 

Calibrated to WQ data 

Can we estimate EOF loads directly 
based on available information? 

Should we update the sediment EOF 
estimates? 

Can we estimate watershed delivery 
based on landscape parameters?   

Can we estimate small stream 
effects? 



Sources of Information 
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Land Data team Urban Stream Corridor 

Land Data team Riparian Forest 

Land Data team Riverine Wetlands 

Center for Watershed Protection CBP Grant 

Longer calibration period 

Sensitivity documentation 
CEAP 
APLE 
Sparrow 
Phase 5 

Sparrow Land to Water factors 

Sparrow simulated to NHD+ level 

Literature Reviews from TetraTech 
 
Literature sources in Phase 5 
documentation 
 

Land Data team Connected 
Impervious 

Land Data team Urban Tree Canopy 



Possible Re-configuration 

Phase 5 

• CAST 

 

• SB 

 

• WSM 

 

 

Phase 6 

• CAST 

 

• SB 

 

• WSM 

 

• SPARROW, PIMH, CEAP, 
WSM, Others 

Accounting Tool 

Load WQM 

Discovery 

Matches 
Pretty well 

Load WQM 

Discovery 

Accounting Tool 

Matches 
precisely 
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Presented at 2012 WQGIT F2F 
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Precipitation 
Fertilizer 
Manure 
Atmospheric deposition 

Runoff 

How the Phase 5 Model Works 

Hydrology 
submodel 

Management filter 

River 
Sediment 
submodel Phosphorus 

submodel 

Nitrogen 
submodel 

hourly 

Presented at 2012 WQGIT F2F 
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Hydrology 
submodel River 

Sediment 
submodel 

Nutrient 
Submodels 

Temporal 
Nutrient 
model 

BMP Filter 
HSPF 

HSPF 



21 

Precipitation 

Fertilizer 
Manure 
Atmospheric 
    deposition 
(…) 

Phase 6 

Hydrology 
submodel River 

Sediment 
submodel 

Nutrient 
Submodels 

Temporal 
Nutrient 
model 

BMPs, 
Land to Stream, 
Stream to River 

Nutrient 
Submodels Sensitivities 



Sensitivities to total nitrogen inputs 
• Following STAC recommendations of using multiple models, 

APEX, SPARROW, and P532-AGCHEM models were included in 
this analysis.  

• The models sensitivities represent the relationship between 
nutrient predicted yields and input loads for cropland. 

APEX – CEAP  

SPARROW 
  

Phase 5.3.2 

APEX – CEAP  

SPARROW 
  

Phase 5.3.2 

Sensitivity to fertilizer TN inputs Sensitivity to manure TN inputs 

Guido Yactayo, Richard Tian 



Recommended Nitrogen Application 
Sensitivity Implementation 

• Use P5.3.2 Sensitivities 
– Spatially averaged 

– Broken out by nutrient species  

• Rationale: 
– Answers the correct question 

– Has the species breakout 

– Supported by other models 

• Implemented in phase 6. 

• Possible approval by Modeling Workgroup in 
January 2015 

Guido Yactayo 



Nutrient Submodels - Phosphorus 

APLE 
 
 
 
APEX/CEAP 
 
 
 
SPARROW 
 
 
 
Phase 5.3.2 

Manure                                  Fertilizer 

Change in pounds exported per change in pounds applied 
Guido Yactayo, Richard Tian 



Nitrogen 

Inputs 

Field 

output 

BMPs 

Load 

 

• Gather Soil Data 

• Adjust Simulation – Investigating APLE 

Phosphorus 

Inputs 

Soil storage 

output 

BMPs 

Load 

STAC Phosphorus Report 
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Precipitation 
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Manure 
Atmospheric 
    deposition 
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Phase 6 

Hydrology 
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Stream to River Temporal 
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Phase 6 

Nutrient 
Submodels 

Temporal 
Nutrient 
Model 
UNEC 

HSPF 
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UNEC - Nitrogen 

Nutrient 
Submodels 

HSPF Time => 
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Surface 

Subsurface 

Sum= 

Each Loading Event 

Unit Nutrient Export Curve 
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UNEC - Phosphorus 

Nutrient 
Submodels 

HSPF Time => 
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Surface 
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Sum= 

Each Loading Event 



Dirac-delta / Pulse input 

30 
Gopal Bhatt, Ciaran Harmon, Ward Sanford 



Continuous inputs 
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Gopal Bhatt Gopal Bhatt, Ciaran Harmon Gopal Bhatt, Ciaran Harmon, Ward Sanford 



Continuous inputs – variable flow 
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Gopal Bhatt Gopal Bhatt, Ciaran Harmon Gopal Bhatt, Ciaran Harmon, Ward Sanford 



Watershed 
model 

Land 
Hydrology 

Land 
Sediment 

Land 
Phosphorus 

Land 
Nitrogen 

River to 
Estuary 

Land to 
Stream 

Stream to 
River 

Watershed Model Calibration 

Mid-Scale 
Processes 

Calibration 
Stations as 
P5.3.2 plus 

new stations 

Updated 
Land loading 

targets 
EOF 

Calibration Points 

Delivery 

Sensitivities 

Lee Currey 



Land Use Load Decisions – Phase 6 
Sparrow 
Literature 

Relative load between 
Large land use classes 

Nutrient 
inputs 

CBP 
decisions 

Further refined land use 
classifications 

Literature 

Segment-specific land 
use calibration targets 

Estimated 
loads in 
rivers 

Final calibrated land 
use loads 

----------------------- Modeling workgroup ---------------------   ------- other CBP groups -- 

Red boxes are inputs 

Blue boxes are products 

Olivia Devereux 



• Phase 5 had calibrated 
regional Factors to 
account for differences in 
small watershed and 
small stream delivery 

• Necessary to meet water 
quality measurements 

• Presented difficulties in 
communication 

 

Ross Mandel 



• If we can describe 
the function of 
hillslopes and small 
streams …. 

 

Ross Mandel 



… we can put 
them into 
phase 6 

Ross Mandel 



 

Sparrow estimates of phosphorus 

processes from land to water 

Scott Ator 



 
Small scale 

stream 
function 

Ross Mandel 



Small scale 
stream 

function 

Peter Claggett, Reid Christianson 

Also looking 
at Buffers 



HYDROLOGY 
Improvement with New Precipitation & Meteorology 

Phase 5 Phase 6 
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  P532SedGB   NLDc8505BeSed2P   NLDc8505BeSed4P

* Total Number of Land Segments (367) x Number of Pervious Land Uses (25) = 9175 

Improvement in Matching the a-priori Targets* 

SEDIMENT 
Method Improvement for Segments with Poor Performance 

Phase 5 New Rainfall/Hydrology Revised Method 
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Prototype Phase 6 – TSSX : : 1985 – 2005 
Susquehanna River near Conowingo, MD 

RIVER WATER QUALITY 
Improved Low Flow River Sediment Calibration 

43 



Total Suspended Sediment (TSSX) at 193 Monitoring Stations 

RIVER WATER QUALITY 

Phase 5 PQUAL New Hydrology, PQUAL & 
Revised Method 44 
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Total Nitrogen (TOTN) at 149 Monitoring Stations 

RIVER WATER QUALITY 

Phase 5 PQUAL New Hydrology, PQUAL 45 

G
o

o
d

n
e

ss
 o

f 
Fi

t 
b

et
w

e
e

n
 S

am
p

le
 D

is
tr

ib
u

ti
o

n
s 

im
p

ro
vi

n
g 



292 

323 

191 

294 
313 

193 

0

50

100

150

200

250

300

350

No Action Calibration WIP

To
ta

l N
it

ro
ge

n
 1

9
9

1
-2

0
0

0
 (

lb
/y

e
ar

) 

M
ill

io
n

s 

46 

Phase 532 vs. Phase 6* 

Provisionally Operational Phase 6 Watershed Model 

* using draft nutrient export sensitivities 
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BayFAST 
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2/11/2014 



User Process 

1/14/2014 50 

Draw an outline around parcel 

Define for the parcel 
•Land use and acres in each 
•Population on septics and number of septic  systems 

Create scenario 
•Select facility for scenario (scenario is for only 
one facility at a time) 
•Select baseline BMPs 

Apply BMPs 
to each land use for each land-river segment 

Create additional 
scenarios as needed for 
load comparisons 

Output 
Edge of stream and delivered pounds for each land use  for a facility. 
Provided on the webpage as well as in a file for download in tabular form. 



Estuarine Model 
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2017 Chesapeake Bay Estuarine Model 

• Improved sediment biogeochemistry with scour, 
resuspension, fate and transport of organic material 

• Finer computational grid in shallow water 

• Full explicit simulation of oyster and menhaden and 
other major filter feeder and deposit feeder groups 

• Full sediment transport simulation with resuspension 
of sediment 

• Extension of simulation period into recent time  

• Refined chlorophyll simulation and assessment 
particularly in the James and DC waters 
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2017 Chesapeake Bay Estuarine Model 

• Estuarine wetland simulation (maybe) 

• Explicit simulation of adjacent coastal ocean 
(maybe) 

• Fine temporal scale light field for diurnal DO in 
small embayments (maybe) 

 

• Representation of maintenance dredging and 
other marine activities that resuspend sediment 
(maybe) 
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Land Use Change Model 
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Chesapeake Bay Land Cover Data Series 

1984 1992 2001 2006 2011 

Irani, F. M., & Claggett, P. (2010). Chesapeake Bay Watershed Land Cover Data 
Series. US Geological Survey Data Series, 505. 



Auto 

Accessibility 
Future 

Cooperative 

Forecasts 

Chesapeake Bay Land Change Model v3a 

Population 
Projections 

Employment  
Projections 

Commercial Development Residential Development 

Potential 
Infill 

Development 

Total Housing 
Demand 

Residential Land Demand Commercial Land Demand 

Future Land Cover 
Present 

Land Cover 
 

Future Development Statistics Summary Unit 
(e.g., HUCs) 

 

Historic  
Development 

Patterns 

Historic  
Infill  

Patterns 

Iterative & 
Stochastic 
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New Development 
2010 - 2030 
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Variability in Forecast 
2010 - 2030 
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Probability Surface of urban growth 



Uncertainty 
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Decision Algorithm 

Watershed Status 
Land use, WWTPs, BMPs 

Etc, etc, etc 

Scenario Builder 
Assumptions 

HSPF 

Calibration Theory 

Bay Model 

WQ 
Standards 
Method 

Allocation 
Method 

WSM 

Calibration 
skill 

Model Inputs 

Parameters 

Desired Watershed Status 
Land use, WWTPs, BMPs 

Etc, etc, etc 
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Traditional Uncertainty Analysis 

Watershed Status 
Land use, WWTPs, BMPs 

Etc, etc, etc 

Scenario Builder 
Assumptions 

HSPF 

Calibration Theory 

Bay Model 

WQ 
Standards 
Method 

Allocation 
Method 

WSM 

Calibration 
skill 

Model Inputs 

Parameters 

Desired Watershed Status 
Land use, WWTPs, BMPs 

Etc, etc, etc 

Calibration 
skill 

Parameters 
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Decision Algorithm 

Watershed Status 
Land use, WWTPs, BMPs 

Etc, etc, etc 

Scenario Builder 
Assumptions 

HSPF 

Calibration Theory 

Bay Model 

WQ 
Standards 
Method 

Allocation 
Method 

WSM 

Calibration 
skill 

Model Inputs 

Parameters 

Desired Watershed Status 
Land use, WWTPs, BMPs 

Etc, etc, etc 



Modeling Change 
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The old CBP view of modeling 
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The New CBP view of modeling 
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APLE 
Etc. 

Sparrow Academic Models 


