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Presenter
Presentation Notes
This presentation provides a general overview of the Chesapeake Bay Land Change Model (CBLCM).


Policy question driving analysis %\/)//
of future conditions T

A Watershed Partnership

How to maintain progress in restoring the
Chesapeake Bay?

... with continued population and urban
growth.

oo G


Presenter
Presentation Notes
Over the past 30 years, the population of the Chesapeake Bay watershed has increased by over 4 million persons. From 1980 to 2000, the Chesapeake Bay experienced the greatest increase in population compared to other coastal watersheds in the nation (Crossett, et al., 2004). County population projections show that the population will increase by an additional 3.5 million through the year 2030. If current development trends continue, urban land in the Chesapeake Bay watershed will increase by 60% through the year 2030 (Boesch and Greer, 2003). The U.S. Environmental Protection Agency’s (USEPA) Office of Inspector General recently reported that development growth is outpacing progress in watershed efforts to restore the Chesapeake Bay (USEPA, 2007). 




Relevance of future conditions to %\/;
restoring the Chesapeake Bay oo o

A Watershed Partnership

Identify areas where:

» Current restoration strategies may fail to
accommodate expected land use trends.

E.g., lack of emphasis on urban BMP’s despite high
rates of urban growth and continued farmland loss.



Relevance of future conditions to %\/{/
restoring the Chesapeake Bay  ccwcsrosn

A Watershed Partnership

Identify areas where:

* Policy conflicts challenge the long-term
success of Bay-restoration efforts.

E.g., Incentives to preserve forests and farmland and
encourage urban infill development; caps on loads
from wastewater treatment plants; more stringent
stormwater management regulations.
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restoring the Chesapeake Bay  ccwcsrosn

A Watershed Partnership

Inform decisions about the appropriate scale of
water quality trades™.

Broad-scale = most flexibility but least protective
of local waters

Fine-scale = least flexible but most protective of
local waters
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Presenter
Presentation Notes
Over 90% of the Bay and its tidal waters are listed by the U.S. Environmental Protection Agency as impaired due to low dissolved oxygen levels and low water clarity related to nutrient and sediment pollution. Under federal and state law, the CBP partners are responsible for establishing Total Maximum Daily Loads (TMDL) to achieve state water quality standards for dissolved oxygen, water clarity, and chlorophyll-a. 
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Presenter
Presentation Notes
The water quality standards required through federal and state law will be met through reductions in nitrogen, phosphorus, and sediment loads to the Bay. The land change model assesses where future land use change in the watershed is likely to occur. In conjunction with the Watershed, Airshed, and Water Quality models, the CBLCM output can be examined to assess change in land use nutrient sources, the spatial patterns of future land use, the magnitude of future land use change, and the effects of future land use on nutrient loads and Bay water quality.  If requested, these models can be used to allocate nutrient load reduction targets by county.   


Chesapeake Bay Land Cover

Chesapeake Bay Program

A Watershed Partnership

Phase 5 Model Land Cover
CLASSNAME
|:| Agriculture (RESAC)

- Crops with manure
- Crops without manure
- Deciduous forest

- Evergreen forest

- Extractive

[ Hay

- High intensity developed

|:| Mixed forest

|:| Moderate intensity developed



Presenter
Presentation Notes
There are inherent differences between land cover (e.g., impervious surface, tree canopy, herbaceous vegetation), land use (e.g., cropland), and land management (e.g., high-till cropland with manure). The Phase 5 CBWM requires 26 “land” classes, which represent a combination of cover, use, and/or management. In contrast, the Phase 5 Land Cover Dataset has only 15 classes, most of which were generated through the spectral interpretation of 1999 - 2002 Landsat satellite imagery. 


@Chesapeake Bay
Land
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Phase 5 Model Land Cover
CLASSNAME
[ | Agricutture (RESAC)
[ | Alfalfa
- Barren
- Crops with manure
- Crops without manure
- Deciduous forest
- Evergreen forest
- Extractive
g D Hay
- High intensity developed
- Mixed forest
- Moderate intensity developed
- Nursery
- Open water



Presenter
Presentation Notes
The land cover data used as a base dataset to the CBLCM and Phase 5 Watershed model is a combination of Univ. of Maryland Regional Earth Science Applications Center’s (RESAC) 2000 land cover derived from satellite imagery, residential road density, census block group population and housing data, and USDA-National Agriculture Statistics Survey Service’s (NASS) 2002 Cropland Data Layer and Towson University's Center for GIS (http://www.nass.usda.gov/Newsroom/2006/02_01_2006.asp), and a raster surface of 2000 housing unit density (Claggett and Bisland, 2004). 



The housing unit density surface was used to redefine areas otherwise classed as cropland, pasture, or forest as low intensity residential. By comparing the Phase 5 Land Cover Dataset to the Maryland Department of Planning’s generalized land use map, we found that the use of the housing density surface to identify low intensity residential areas improved our capture of low and moderate residential land uses from a 95% underestimate to a 10% overestimate. 



The RESAC data were used to separate all general land cover classes and the NASS data were used to further break out the general agricultural class into six sub-classes: crops with manure, crops without manure, hay, alfalfa, nursery, and pasture.








Watershed Modeling Scale

284 land polygons + 964 river
polygons

2,346 modeling units

Median area: 10
4,085 hectares


Presenter
Presentation Notes
The water quality impacts from a particular land use vary mostly at the county-scale (mean size: 820-square-kilometers) because that is the scale at which data on agricultural land use, fertilizer sales, manure application, and crop yield potential are available. The water quality impacts from land use further vary at the sub-county scale based on 4-km-resolution atmospheric deposition data and reported implementation levels of BMPs (e.g., nutrient management plans, conservation tillage). 

The latest version of the CBWM is called “Phase 5”. This version includes over 2000 modeling segments (e.g., polygons) within the Bay watershed and intersecting counties. These segments were created based on an intersection of county boundaries, major topographic divides, and a 1:250,000 scale river reach drainage area network. Because the modeling segments are nested within counties, all data generated at the modeling segment scale can also be provided at the county scale for local review and comment. To meet the data requirements of the CBWM, a land change model should be capable of forecasting change at the watershed modeling segment scale. In addition, a land change model must also be capable of simulating changes in wastewater flows due to human population growth. 
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Presenter
Presentation Notes
The Chesapeake Bay Land Change Model 

In support of the CBP management objectives, researchers from the US Geological Survey, Shippensburg University, and a private consultant have developed the Chesapeake Bay Land Change Model (CBLCM) which combines the strengths of a growth allocation model, GAMe (Reilly, 2003), with those of a cellular automata model, SLEUTH (slope, land use, excluded land, urban extent, transportation, and hillshade) (Clarke, et al., 1997; Jantz et al., 2003). GAMe is used to convert exogenous county population forecasts into an urban area estimate assigned to watershed modeling segments. 




Forecasted Urban Growth (2000 to 2030)
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Presenter
Presentation Notes
Version 3 of the “Trend” or “Business as Usual” land change forecast for 2030 by Phase 5 Watershed modeling segment.



Example output of forecasted urban growth in acres from the CBLCM for Bay watershed counties.  Darker areas show the highest relative levels of urban growth.  Generally, the high growth counties fall along the major transportation corridors such as I-95, I-66, and I-81.



The yellow square box identifies the extent of the close-up perspective provided in the next slide.






Presenter
Presentation Notes
Forecasted urban growth in Caroline County, Virginia.  The values represent the acres of new urban development forecasted from 2002 to 2030 based on County population projections.  Infill and redevelopment acres are separate and are not part of the values displayed as new urban growth. 



The methods used to derive these values are explained in the following slides. 


Caroline County, Virginia

Historic Population (U.S. Census): Historic Housing (U.S. Census):
Year 1990 = 19,227 Year 1990 = 7,290

Year 2000 = 22,121 Year 2000 = 8,889

Projected Population (VEC): Projected Housing:
Year 2010 = 29,201 Year 2010 = 12,777

Year 2020 = 36,058 Year 2020 = 17,026

Year 2030 = 43,662 Year 2030 = 22,441

Population projection - Pop in group housing
Estimated future average household size

+ Estimated vacant housing
14


Presenter
Presentation Notes
The County population projections were converted into housing demand estimates using the above equation. These estimates were used to constrain locally forecasted housing estimates at the modeling segment scale. 



GAMe requires exogenous population projections as the basis for forecasting housing demand. For the Bay watershed, county population projections out to the years 2010, 2020, and 2030 were supplied by State agencies, consultants to State agencies, the Washington Metropolitan Council of Governments, and the Hampton Roads Planning District Commission. In counties where projections were provided by multiple organizations, the more locally derived estimates were used. 






Gompertz Curve

Future housing stock =

f (growth rate, maximum housing stock, and time)
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Presentation Notes
To forecast future housing at the watershed segment scale, a Gompertz exponential curve was used.  Fitting the curve to local data requires knowing the total number of housing units for two dates and the maximum housing stock that can be accommodated at the local scale.  For example, low rates of housing growth over the 1990’s would fit on either the bottom or top of the Gompertz curve.  If the current amount of housing is close to the maximum level that can be accommodated, then the data are fitted to the top of the curve and very little future growth would be forecast.  



The Gompertz family of growth curves has been used effectively to simulate housing growth at the sub-county scale (Reilly, 1997). The Gompertz curves have a shape which makes them especially suitable for modeling situations in which: a) growth is at first slow (such as when an agricultural or forested area is beginning to be developed); b) growth takes place rapidly (such as when fairly large tracts are being developed into suburban housing subdivisions); and c) growth tapers off but does not come to a frank stop (such as when marginal areas within suburban areas or cities are developed or urban re-development entails marginal increases in housing density). 








Maximum Housing Stock =

Total Housing in 2000 + Available land for development
Developed acres per house



Presenter
Presentation Notes
The data required to run the housing demand component of GAMe at the modeling segment scale include: estimates of total housing units for 1990 and 2000, developed land per housing unit, and maximum housing stock. The housing data were generated by disaggregating total housing data from the U.S. Census Bureau’s 1990 and 2000 block group datasets to 30m residential road density cells (see Claggett and Bisland, 2004 for a discussion of methods). The raster surfaces created through this process were summarized by modeling segment to estimate the total number of housing units present in 1990 and 2000. The maximum housing stock for a given modeling segment was estimated using the equation above on slide #16. 



Current housing stock for the year 2000 equals the total housing units in 2000. Urban area and land considered available for residential development were derived from the 2001 Phase 5 Land Cover Dataset (see http://www.chesapeakebay.net/model_phase5.aspx). Developable lands include all undeveloped, private, and unprotected uplands on slopes less than 21% (impervious surfaces in the Bay watershed rarely occur on slopes greater than 21%). Wetlands, surface mining areas, and open water land cover classes were deemed unavailable for development. 




Local scale: southern Caroline County segment

Residential Housing (GIS analysis): Future Housing (Gompertz curve)
Year 1990 = 3,996 units Year 2010 = 6,351 units
Year 2000 = 5,087 units — > Year 2020 = 7,789 units

Year 2030 = 9,397 units

County: Gompertz Ratios: Adjusted Future Housing:
Year 2010 =1.19 Year 2010 = 7,559 units
Year 2020 = 1.33 Year 2020 = 10,341 units

Year 2030 = 1.48 Year 2030 = 13,910 units

17
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Presentation Notes
County population projections were converted into estimates of total housing demand to serve as a control on locally forecast housing demand derived using the Gompertz curve.  Local housing forecasts at the modeling segment scale were aggregated at the County scale to generate adjustment ratios.  These County:Gompertz ratios were multiplied by the local estimates of housing demand at the watershed modeling segment scale to ensure that the local forecasts match the estimated County-scale housing demand forecasts derived from the population projections. 


Future Urban Area in
Southern Caroline County, Virginia

Year 2000 = 5,087 UNitS.....ccciviirimiiiiirininnnsremmnnnans 1,391 acres

Year 2030 = 5,087 existing units + 8,823 new units........ ? acres

2030 Urban Area = 2000 Urban Area +
(additional units * urban land per house * density
adjustment factor)

7,391 acres + (8,823 units * 1.45 * 0.91)

19,089 acres (subtract for infill growth and barren)

18,333 acres
18


Presenter
Presentation Notes
Future housing unit projections at the modeling segment scale are converted into estimates of future urban area based on the current relationship between total housing and urban area multiplied by a density adjustment factor. The density adjustment factor was developed based on the assumption that future housing densities are likely to increase in the future as percent of non-urban land decreases. 
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Presenter
Presentation Notes
This curve shows the exponential relationship between non-urban land and median parcel size at the Phase 5 modeling segment scale for all residential parcels in the state of Maryland.   



The percentage of non-urban land was used in place of the percentage of available land for residential development because protected lands, a component of unavailable land, confound the relationship. Large residential lots are often found adjacent to public and/or protected lands in rural areas even though the percent of land available for development in the surrounding modeling segment may be low due to the presence of public and/or protected lands. This regression equation was used to estimate lot size for the year 2000 and in future years. The ratios of future year lot size estimates to the year 2000 estimates were used as “densification” factors that were multiplied by the amount of urban land per housing unit in the year 2000 to generate adjusted future urban area estimates for each modeling segment. 
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Presenter
Presentation Notes
The Cellular Automata model referenced above is the SLEUTH Urban Growth Model.  SLEUTH is a stochastic model that extrapolates historic rates and patterns of urban growth into the future. SLEUTH uses a Monte Carlo method to develop multiple simulations of future growth which are combined to generate a probability map of future growth. The SLEUTH model was customized for application in the Chesapeake Bay watershed by Goetz and Jantz (2006).  For a detailed description of the model calibration, application, and customizations please see Jantz, et al. (submitted). 




Calibration of the SLEUTH Model in the
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Presenter
Presentation Notes
Due to the computational intensity of the model and diversity of urban land cover patterns and trends across the Chesapeake Bay watershed, the region was divided into fifteen clusters and SLEUTH was calibrated separately in each one. Counties in the watershed were grouped into clusters based on within group similarities in commuting patterns, urban pattern, urban density, population density, and ecoregion and state boundaries. Within each cluster, three sub-areas were selected for model calibration using a stratified, random sample approach.
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Jantz, P.A., S. J. Goetz and C.A. Jantz (2005). Urbanization and the loss of resource lands in the Chesapeake Bay
watershed. Environmental Management 36(6): 808-825.


Presenter
Presentation Notes
The Cellular Automata Model (SLEUTH) used in the CBLCM replicates the rate and pattern of impervious change over the 1990’s into the future to simulate future urban growth. 


Determining Proportions of Farmland and Forest Loss:
Using SLEUTH

Results: Salisbury, MD 2030 Urban growth
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Presenter
Presentation Notes
One Monte Carlo run from SLEUTH in Salisbury, Maryland.  Green areas are off-limits to development (e.g., county parks, agricultural easements, open water, etc.). 



In SLEUTH, the probability of future growth is influenced by the calibration parameters established for each cluster of counties and by an excluded layer (exemplified in the following slides). 


The Pattern of Urban Growth (2000 to 2030)

Probability of Urban Growth in the Chesapeake Bay Watershed
(2002 to 2030)
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Presenter
Presentation Notes
The output of the SLEUTH model is a 30m cell resolution probability map with cell values ranging from 0 to 100 percent. High probability cells are found almost exclusively around growing urban areas and roads. Low probability cells are found mostly in rural areas. The proportions of low to high probabilities vary for each of the fifteen county clusters based on differences in the calibration parameters and may vary by county based on local differences in the excluded layer. 



The yellow rectangle denotes the extent of the next slide which provides a zoomed-in view of the excluded layer used in SLEUTH.
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Presenter
Presentation Notes
The excluded layer is a 30m raster dataset of areas partially or completely excluded from development and areas partially attractive to development. Such a dataset was created for the Bay watershed in a GIS using information on public and protected lands, generalized zoning, and land cover.  Values greater than 50 are relatively repulsive to growth with 100 being completely repulsive. Values less than 50 are relatively attractive to growth. The mid-point, 50, is neutral.  Generalized zoning data was incorporated into the excluded layer where available.  Maryland has a state-wide generalized zoning layer.  Local zoning was provided for select counties in Pennsylvania and Virginia.  Local zoning categories were aggregated to a general zoning classes comparable with the Maryland zoning data.  Areas zoned very low density residential or for agriculture were treated as somewhat repulsive to new growth while areas zoned medium to high density residential were treated as somewhat attractive to new growth. 




Presenter
Presentation Notes
A zoomed-in view of the SLEUTH probability output for Caroline County, Virginia.  
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Presenter
Presentation Notes
The proportions of total area forecasted to be developed by SLEUTH can be charted against the probability of development to reveal information about the general pattern of growth, concentrated vs. dispersed. To estimate the relative contribution of each probability class to the total amount of forecasted growth in a State, the value of each probability category (e.g., 4%, 8%, etc.) was multiplied by the total number of cells in that category and divided by the total number of growth cells in the State. In Virginia, lands with only a 4% probability of growth contribute over 9% of the total area forecasted to be developed by the year 2030 due to the large number of cells in the 4% category. 



Because the range of SLEUTH probabilities is an expression of the pattern of forecasted growth, we did not threshold the probability map to create a visualization of urban growth. Doing so would negate a major strength of the SLEUTH model, replicating historic patterns of urban growth. Instead, we combined the full range of probabilities with the Phase 5 Land Cover Dataset to derive the relative proportions of urban growth within each land cover type. For example, if a cell with a 32% probability of becoming developed by 2030 intersected an urban land cover cell, we placed 32% of that quarter-acre cell into the category of infill development. If a cell with 100% probability of becoming developed intersected a forest cell, we placed the entire area of the cell into the category of forest loss. Adding up the acres of different land cover types converted to urban area and dividing by the total number of acres of future urban area generated relative proportions of future growth by land cover class. 
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Presenter
Presentation Notes
The final model component in the CBLCM is a Sewer Model used to estimate the extent of sewer service areas for the years 2000 and 2030.  Population change within sewer service areas was determined by converting the watershed segment housing demand estimates to estimates of population.  Changes in population were then attributed to the sewer service areas by overlaying the SLEUTH probability raster surface over the sewer service areas and calculating the proportions of forecasted growth within and outside sewer service areas for the year 2030.  These proportions were kept constant for all interim year forecasts between 2000 and 2030.  The percent change in population within each sewer service area was then used to estimate a percent change in flow for all of the wastewater treatment plants within and/or close to each service area.  


®)
Forecasting Population on Sewer vs. Septic:
Modeling service area based on population distribution

D Population density

. CBP Modeled Areas

. MDP Sewered Areas



Presenter
Presentation Notes
To better capture the spatial extent of sewered areas, the 2000 Census Block Group population data were disaggregated to 30m residential road density cells to form a raster surface of population density (Claggett and Bisland, 2004).  Summarizing this dataset by 2000 Census Block Group polygons generates the exact number of persons recorded by the Census Bureau for those units.   A logarithmic transformation was used to normalize the population density data in the surface raster.  The standard deviations in the data range were examined to find the optimal threshold for representing sewer service areas in Maryland.  A threshold of 1.5 standard deviations from the mean (> -0.4177) was chosen and used to reclass the surface raster into a binary grid.   A low pass filter (ignoring no data) was then used to smooth the data and the output was converted from a floating point to an integer grid.   The resulting integer grid was used to represent potential sewer service areas and serve as a mask for summarizing the original population surface data by county.  Compared to Maryland’s mapped residential sewered areas, this modeling approach captured 81% of Maryland’s mapped residential sewered areas based on a one-to-one pixel comparison.  The User’s accuracy is only 58% because the modeling approach generates more sewered areas than actually exist.   This is a very conservative estimate of user’s accuracy, however, because it is likely that sewer service has expanded since the 2000 Census.   Moreover, this modeling approach is based on the assumption that areas with high residential population densities are likely to have sewer service.  Errors of commission (e.g., high and moderate density residential neighborhoods on septic systems) are logical candidates for future public sewer connections. 


Comparing Simulated Population on Sewer with DAA Survey Results
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Presenter
Presentation Notes
Draper Aden Associates (DAA) compiled the 2001, 2003, and 2005 Annual Virginia Water and Wastewater Rate Report which is a voluntary survey of water and wastewater treatment providers.   From these reports, data on residential wastewater units (households on sewer) was extracted for 67 of the 101 jurisdictions covered in the CBLCM.  Ten of the sixty-seven jurisdictions were among those that provided the CBPO with digital GIS files of sewer service areas representing the actual extent of sewer service areas in 2007.  For these ten jurisdictions, the population surface raster for the year 2000 was summarized within both the modeled (“Modeled Data) and actual sewer service areas (Local GIS Data), converted to household estimates, and compared to the DAA survey results.  The strong correlation among these data provide support for the use of spatially explicit representations of sewer service areas based on spatially distributed population surfaces for estimating populations and households on sewer vs. septic outside of Maryland.  For most of the above jurisdictions, use of the local GIS data results in slightly higher estimates of households on sewer compared with the DAA survey and modeled data results.  This might be partly due to the fact that the Chesapeake Bay Program acquired the local GIS data in 2007 which is two years past the latest DAA survey and date of acquiring the Maryland sewer service areas. 


D Chesapeake Bay Watershed
Counties

Chesapeake Bay
Probability of Urban Growth
B 4% - 10%

P 1% - 20%
[ ] 21% - 30%
[ ]31%-40%
[ ]41%-50%
[ |51%-60%
[ ]61%-70%
[ ] 71%-80%
P 81% - 90%
B 0% - 100%
- No Growth

Sewer Service Areas (2000)

l:l No sewer
- Sewer service area

Sewer Service Areas (2030)
|:| No sewer
:] Sewer service area



Presenter
Presentation Notes
Output of SLEUTH probability map over 2000 existing and 2030 forecasted sewer service areas.  The probability raster dataset was used to derive proportions of forecasted population growth on sewer vs. septic.  


Forecasted Population Growth on Sewer vs. Septic (2000 to 2030)

Forecasted Population Growth on Sewer in the Chesapeake Bay Watershed
(2002 to 2030)
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Presentation Notes
Version 3 of the “Trend” or “Business as Usual” land change forecast for 2030 by Phase 5 Watershed modeling segment.




Farmland and Forest Land Loss (2000 to 2030)
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Presenter
Presentation Notes
This chart illustrates the variety of dispersion and clustering patterns of urban growth that could occur in the future.  The chart is meant to illustrate a means of bounding alternative future scenarios using fundamental landscape pattern metrics. 



Following state and local government review of the “trend” forecast, outreach to state and local governments will continue through December 2009 to develop alternative future scenarios.  Such scenarios can be developed based on local and regional land use plans and/or proposed policies, plausible assumptions about future drivers and/or patterns of change, and on variations of the input datasets.  
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Chesapeake Bay Program
A Watershed Partnership

Contact information:

Peter Claggett

Research Geographer
U.S. Geological Survey
Chesapeake Bay Program Office
410 Severn Avenue, Suite 109
Annapolis, MD 21403

410-267-5771

pclaggett@usgs.gov
www.chesapeakebay.net *°
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