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Chesapeake Bay Partnership Models 
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Chesapeake Bay Partnership Models 
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Annual, monthly, or  
daily values of  
anthropogenic factors: 
 
Land Use Acreage 
BMPs 
Fertilizer 
Manure 
Tillage 
Crop types 
Atmospheric deposition 
Waste water treatment 
Septic loads 

Hourly or daily  
values of  
Meteorological 
factors: 
 
Precipitation 
Temperature 
Evapotranspiration 
Wind 
Solar Radiation 
Dew point 
Cloud Cover 

Daily flow, nitrogen,  
phosphorus, and  
sediment compared 
to observations 
over 21 years 

How the Watershed Model Works 

HSPF 

Calibration Mode 
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Each segment consists of 30  
separately-modeled land uses: 

• Pervious Developed 

• Impervious Developed 

• Construction 

• Extractive  
– Variants for regulated, unregulated, and 

combined sewer 

• Wooded / Open 

• Disturbed Forest 

• Manure-eligible High Till 

• Manure-eligible Low Till  

• Other Row Crops 

• Alfalfa 

• Nursery 

• Pasture 

• Degraded Riparian Pasture 

• Afo / Cafo 

• Fertilized Hay  

• Unfertilized Hay 
– Nutrient management versions of 

the above Plus: Point Source and 
Septic Loads, and  

Atmospheric  
Deposition Loads Each calibrated to nutrient and  

Sediment targets 

How the Watershed Model Works 
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Precipitation 
Fertilizer 
Manure 
Atmospheric deposition 

Runoff 

How the Watershed Model Works 

Hydrology 
submodel 

Management filter 

River 

Sediment 
submodel Phosphorus 

submodel 

Nitrogen 
submodel 

hourly 
Point Sources 

Septic 
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Precipitation 
Fertilizer 
Manure 
Atmospheric deposition 

Runoff 

How the Watershed Model Works 

Management filter 
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How do we match observations? 

Reasonable 
values of 
sediment, 
nitrogen, and 
phosphorus 

Observations of flow, sediment, 
nitrogen, and phosphorus 

Iterative solution 
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Consistent with TMDL decision of  
“Percent of possible reductions” 
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Developed Land Uses 

• Regulated vs Unregulated normally corresponds to MS4 and non-MS4.  
Loading rates are identical so these categories are a convenience for the 
state partners. 

• Combined Sewer land uses have zero loads.  The loads from WWTPs and 
CSOs in combined sewer areas are in the model, so including these 
would be double counting 

 

• Determined directly from the CBP Land Data Team analysis at roughly 10 
year increments 

Regulated Unregulated Combined Sewer

Pervious

Impervious

Construction

Extractive
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• Manure-eligible High Till 

• Manure-eligible Low Till  

• Other Row Crops 

• Fertilized Hay  

• Unfertilized Hay 

• Alfalfa 

• Pasture 

• Degraded Riparian Pasture 

• Nursery 

• Afo / Cafo 

• Nutrient Man. High Till 

• Nutrient Man. Low Till  

• Nutrient Man. Row Crops 

• Nutrient Man. Fertilized Hay  

•   

• Nutrient Man. Alfalfa 

• Nutrient Man. Pasture 

•   

•   

•   

Agricultural Land Uses 

• Determined by analysis of USDA-NASS Census of Agriculture by county 
for five year increments.  Interpolated between those years. 

• Nutrient management from reported BMP implementation submissions 
by states 
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Natural Land Uses 

• Water determined by CBP Land Data Team 

• Wooded / Open determined by subtraction of water, developed, and 
agricultural from total area in a segment. 

• Disturbed forest assumed to be a constant 1% of the total wooded and 
open 

• Open Water 

• Wooded / Open 

• Disturbed Forest 



ELK

TIOGA

ONEIDA

YORK

KENT

STEUBEN

SUSSEX

HERKIMER

POTTER

DELAWARE

BERKS

OTSEGO

MCKEAN

ACCOMACK

INDIANA

WAYNE

HALIFAX

ALLEGANY

SOMERSET

LEE

CLEARFIELD

CAYUGA

BLAIR

LUZERNE

BRADFORD

CENTRE

LANCASTER

PERRY

BROOME

CHESTER

CHENANGO

SURRY

CAMBRIA

ST MARYS

CLINTON

ONTARIO MADISON

CECIL

DORCHESTER

LOUISA

PITTSYLVANIA

ONONDAGA

GARRETT

CHARLES

WISE

SCOTT

PRESTON

HUNTINGDON

LYCOMING

BEDFORD

SCHUYLKILL

GUILFORD

FRANKLIN

TALBOT

WYTHE

BALTIMORE

FAUQUIER

FLOYD
SMYTH

YATES

HENRY

STOKES

AUGUSTA

JEFFERSON

BATH

HARDY

FULTON

HAMPSHIRE

BLAND

ALBEMARLE

SUSQUEHANNA

ADAMS

MIFFLIN

HARFORD

MONROE

WORCESTER

LIVINGSTON

CAROLINE

SCHOHARIE

CRAIG

LOUDOUN
TUCKER

NORT HAMPTON

WARREN

AMELIA

FAIRFAX

PERSON

HANOVER

CARROLL

GRANVILLE

CAMPBELL

JUNIATA

TOMPKINS

COLUMBIA

DINWIDDIE

SULLIVAN

SUFFOLK

ORANGE

MCDOWELL

BRUNSWICK

CORT LAND

CARBON

BUCHANAN

ASHE

NELSON

CASWELL

MECKLENBURG
PATRICK

FORSYTH

BUCKINGHAM

ESSEX

ROCKINGHAM

RUSSELL

DAUPHIN

TAZEWELL

GRANT

SNYDER

CHEMUNG

ALAMANCE

CHARLOTTE

PULASKI

BOTETOURT

VANCE

CAMERON

SOUTHAMPTON

ROCKBRIDGE
ALLEGHANY

WASHINGTON

LEBANON

AMHERST

NEW CASTLE

ANNE ARUNDEL

CALVERT

WICOMICO

FREDERICK

CULPEPER

QUEEN ANNES

LUNENBURG

MONTGOMERY

PAGE

LACKAWANNA

SCHUYLER

JOHNSON

WATAUGA

BERKELEY

VIRGINIA BEACH

CUMBERLAND

WYOMING

PENDLETON

CHESTERFIELD

DICKENSON

UNION

HOWARD

PRINCE GEORGES

FLUVANNA

NOTTOWAY

SPOTSYLVANIA

HENRICO

GRAYSON

STAF FORD

CHESAPEAKE

MORGAN

HIGHLAND

SHENANDOAH

MATHEWS

NORTHUMBERLAND

GILES

APPOMATTOX

ISLE OF WIGHT

GOOCHLAND

POWHATAN

CLARKE

PRINCE WILLIAM

GREENSVILLE

MINERAL

NEW KENT
GLOUCESTER

KING WILLIAM

PRINCE EDWARD

RICHMOND

KING AND QUEEN

MIDDLESEX

ROANOKE

PRINCE GEORGE

JAMES CITY

WESTMORELAND

CHARLES CITY

KING GEORGE

HAMPTON

MONTOUR

NORFOLK

RAPPAHANNOCK

GREENE

NEWPORT NEWS
POQUOSON

 BOTETOURT

DANVILLE

LYNCHBURG

DIST  OF  COLUMBIA

PORTSMOUTH
BRISTOL

HARRISONBURG

RADFORD

WAYNESBORO

HOPEWELL

MANASSAS

NORTON

EMPORIA

FREDERICKSBURG

WILLIAMSBURG

BUENA VISTA

SOUTH BOSTON

ARLINGTON

SALEM

STAUNTON

PETERSBURG

GALAX

ALEXANDRIA

MARTINSVILLE

WINCHEST ER

CHARLOTT ESVILLE

FAIRFAX CITY

COLONIAL HEIGHTS

COVINGTON
LEXINGTON

CLIFTON FORGE

FALLS CHURCH

MANASSAS PARK

ELK

TIOGA

ONEIDA

YORK

KENT

STEUBEN

SUSSEX

HERKIMER

POTTER

DELAWARE

BERKS

OTSEGO

MCKEAN

ACCOMACK

INDIANA

WAYNE

HALIFAX

ALLEGANY

SOMERSET

LEE

CLEARFIELD

CAYUGA

BLAIR

LUZERNE

BRADFORD

CENTRE

TIOGA

LANCASTER

PERRY

BROOME

CHESTER

CHENANGO

KENT

SURRY

CAMBRIA

ST MARYS

CLINTON

ONTARIO MADISON

CECIL

DORCHESTER

LOUISA

PITTSYLVANIA

ONONDAGA

GARRETT

CHARLES

WISE

SCOTT

PRESTON

HUNTINGDON

LYCOMING

BEDFORD

SCHUYLKILL

GUILFORD

FRANKLIN

TALBOT

SUSSEX

WYTHE

BALTIMORE

FAUQUIER

FLOYD
SMYTH

YATES

HENRY

STOKES

AUGUSTA

JEFFERSON

BATH

HARDY

FULTON

SOMERSET

HAMPSHIRE

BLAND

ALBEMARLE

SUSQUEHANNA

ADAMS

MIFFLIN

HARFORD

MONROE

WORCESTER

LIVINGSTON

CAROLINE

SCHOHARIE

CRAIG

LOUDOUN

LYCOMING

TUCKER

NORT HAMPTON

CENTRE

WARREN

AMELIA

FAIRFAX

FRANKLIN

PERSON

HANOVER

CARROLL

GRANVILLE

CAMPBELL

CARROLL

JUNIATA

TOMPKINS

COLUMBIA

DINWIDDIE

SULLIVAN

SUFFOLK

ORANGE

MCDOWELL

BRUNSWICK

BEDFORD

CORT LAND

BATH

CARBON

BUCHANAN

ASHE

SULLIVAN

NELSON

SURRY

CASWELL

MECKLENBURG
PATRICK

FORSYTH

BUCKINGHAM

ESSEX

ROCKINGHAM

RUSSELL

DAUPHIN

TAZEWELL

GRANT

SNYDER

CHEMUNG

ALAMANCE

ORANGE

CHARLOTTE

PULASKI

BOTETOURT

VANCE

CAMERON

SOUTHAMPTON

ROCKBRIDGE

YORK

ALLEGHANY

WASHINGTON

LEBANON

AMHERST

NEW CASTLE

ANNE ARUNDEL

CALVERT

WICOMICO

FREDERICK

AUGUSTA

FREDERICK

ROCKINGHAM
CULPEPER

NORTHAMPTON

QUEEN ANNES

LUNENBURG

MONTGOMERY

PAGE

ASHE

WASHINGTON

LACKAWANNA

SCHUYLER

CAROLINE

JOHNSON

WATAUGA

BERKELEY

VIRGINIA BEACH

CUMBERLAND

FRANKLIN

BEDFORD

CLINTON

BEDFORD

WYOMING

PENDLETON

CHESTERFIELD

HARDY

GRANT

DICKENSON

PENDLETON

UNION

HOWARD

PRINCE GEORGES

FLUVANNA

NOTTOWAY

SPOTSYLVANIA

MONTGOMERY

HENRICO

GRAYSON

STAF FORD

CHESAPEAKE

MORGAN

HIGHLAND

SHENANDOAH

MATHEWS

NORTHUMBERLAND

GILES

APPOMATTOX

ISLE OF WIGHT

ALLEGANY

MADISON

PAGE

GOOCHLAND

ROCKINGHAM

POWHATAN

CLARKE

LEE

PRINCE WILLIAM

GREENSVILLE

FREDERICK

CUMBERLAND

GILES

DAUPHIN

MINERAL

NEW KENT

UNION

GLOUCESTER

KING WILLIAM

PRINCE EDWARD

ADAMS

RICHMOND

LANCASTER
KING AND QUEEN

GRAYSON

MIDDLESEX

JEFFERSON

ROANOKE

ALLEGANY

PRINCE GEORGE

BRADFORD

GILES

MINERAL

HIGHLAND

JAMES CITY

ALLEGHANY

WESTMORELAND

BEDFORD

NORTHUMBERLAND

CHARLES CITY

WARREN

NELSON

KING GEORGE

HAMPTON

MONTOUR

SCOTT

PATRICK

MADISON

SHENANDOAH

RUSSELL

AMHERST

WYOMING

NORFOLK

AUGUSTA

RAPPAHANNOCK

GREENE

WARREN

LUZERNE

CUMBERLAND

FRANKLIN

TAZEWELL

SMYTH

GREENE

BALTIMORE

SCOTT

ALBEMARLE

ROANOKE

NEWPORT NEWS
POQUOSON

RICHMOND

RAPPAHANNOCK

 BOTETOURT

ALLEGHANY

DANVILLE

FAUQUIER

ROANOKE

LYNCHBURG

WYTHE

CARROLL

DIST  OF  COLUMBIA

PORTSMOUTH
WASHINGTON

PETERSBURG

BRISTOL

RADFORD

WAYNESBORO

HOPEWELL

MANASSAS

EMPORIA

BEDFORD

FREDERICKSBURG

WILLIAMSBURG

SOUTH BOSTON

CHESTER

ROCKBRIDGE

ROCKINGHAM

ARLINGTON

SALEM

STAUNTON

GALAX

ALEXANDRIA

HARRISONBURG

NORTON

FRANKLIN

MARTINSVILLE

WINCHEST ER

CHARLOTT ESVILLE

BUENA VISTA

FAIRFAX CITY

COLONIAL HEIGHTS

COVINGTON
LEXINGTON

CLIFTON FORGE

FALLS CHURCH

MANASSAS PARK

Two Separate Segmentation Schemes 
• A land use within a land 

segment has the same inputs  

– atmospheric deposition 

– fertilizer 

– manure 

– precipitation 

• Land segmentation driven by 
availability of land use data 

• Land segments determined by 

– County lines 

– Rainfall Variances 

– Federal / Non-Federal 13 
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Phase 5 river segmentation 

• A river segment gathers 
inputs from the 
watershed and has one 
simulated river 

• Consistent criteria over 
entire model domain 

– Greater than 100 cfs 

or 

– Has a flow gage  
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    - represent hypothetical federal landThe  

river segment (shown in black outline) 
must take inputs from four different land 
segments (shown in red outline) 

 

A land use within a land-river segment is 
homogenous.  Same inputs, same BMPs, 
same outputs. 

 

 

 



Land Use Process 

• Land Data Team provides lrseg acreages for 
developed land uses, water, row crop and 
pasture/hay. 

• Modeling team calculates construction 
acreages based on change in imperviousness. 

• Scenario Builder calculates 10 agricultural 
land uses by county 

• Scenario Builder creates final land use data 
set by lrseg by meshing data sets and applying 
BMPs 

16 



Land Use Process 

1. Area of lrseg 
2. Water area in lrseg 
3. Urban area in lrseg other than unregulated pervious developed 
4. Agricultural area by county 

1. Afo/cafo 
2. Row crops 
3. Pasture/hay 
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• Scenario Builder takes all data sets and produces the 
final land use, preferentially preserving the land uses 
with the least uncertainty 

• BMPs are applied to create nutrient management 
land uses and to adjust for land use change BMPs. 

• Forest/open is found by subtraction 
 
 
 



Reasons to designate a separate land use 

• Makes a management difference 
– Regulated impervious and unregulated impervious 

have same modeled characteristics but are 
tracked separately 

– Afo and cafo 

• Makes a modeling difference 
– Water land use has no BMPs, but need for 

atmospheric deposition load and water balance 

• Most land uses fall into both categories 
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Requirements for a land use 

• How much exists 

• Where is it 

• How is it managed 

• What are the loading characteristics 

• Unbiased trend estimates 

– Would like this information 1950-2100 

– Can settle for 1984-2025 

19 



GIS vs Tabular Land Use 

• Have chosen tabular to get: 

– Agreement with ag census 

– Incorporation of non-observable land use 
differences (afo/cafo, nutrient management, etc) 

• GIS-based is preferable 

– Communication 

– Sub-segment effects 

• Consider probability-based layers 
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