Resource Lands Assessment

Forest Economic Model

Introduction

The Chesapeake Bay requires aggressive efforts to restore and protect critical areas and reduce pollutants.  The Chesapeake 2000 Agreement, a memorandum signed by the Governors of the states of Maryland, Pennsylvania, Virginia, the mayor of D.C. and the EPA Administrator, offers a blueprint for restoration with unprecedented focus on conservation of valuable lands to meet long-term water quality and living resource goals.  The Chesapeake 2000 Agreement charged the Chesapeake Bay Program (CBP), a multi-jurisdictional restoration effort, with identifying resource lands in the watershed that provide wildlife habitat, have the highest water quality, cultural and economic value and are the most vulnerable to loss (Commitment # 4.1.3.3). Resource lands, defined here as forests, wetlands, and farms, are under pressure from both land use change and environmental stresses.  

The objective of this analysis was to identify forested lands with the highest economic value.    The identification of economically important forest lands focuses on the potential for future economic benefits associated with timber management activities.  This considers not only the potential economic return from forest harvest operations, but also the long-term economic sustainability of forest land management and the local importance of the timber management and wood products industry.  Other economic benefits related to forest lands, such as tourism and hunting, are not considered in this model.
Maryland’s Strategic Forest Land Assessment (SFLA), a parallel assessment conducted by the Maryland Department of Natural Resources, identifies Maryland’s most ecologically and economically important forest lands.  As this completed assessment had already undergone a thorough review process, it was determined that the economic portion of the SFLA would be used as an initial  model for the forest economics portion of the CBP’s Resource Land Assessment.  Wherever possible, identical data sources and scoring were used, although substitutions had to be made in those cases where data was not available or not applicable to other states.  In a few cases, scoring and weights also required adjustments.  As a result of these inconsistencies in data and scoring, final results of the assessment are not compared between states, but are best used only to compare various forest lands within individual states.
Study Area

The Chesapeake Bay watershed (Figure 1) encompasses approximately 64,000 mi2 and is located within the States of Delaware, Maryland, New York, Pennsylvania, Virginia, and West Virginia, and the District of Columbia.  The population of the watershed is about 15 million people (Chesapeake Bay Program) with most people living in the urban centers of Baltimore, MD, Washington, D.C., and Richmond, VA.  Other smaller urban centers include the York-Lancaster-Harrisburg complex, the Binghamton area in New York, and the “Tidewater” region (Norfolk, Hampton, and Newport News, VA) near the mouth of the bay.  The areas outside of the urban areas are mainly comprised of forests, wetlands, and agricultural lands. 


Agricultural land is generally found in valleys, on the fringes of the urban centers, in the Coastal Plain, and in the central portion of the watershed.  Forests, although present throughout the watershed, are more likely to remain in the mountainous parts of the watershed, on areas with steep slopes, and flatter areas with poorly drained soils.  The Chesapeake Bay watershed has physiography ranging from the relatively steep, high Appalachian Mountains to flat-lying Coastal Plains.  The altitude ranges from sea level to more than 4,000 ft above sea level.


Data availability dictated that the economic portion of the RLA would not include Delaware, New York, Washington, D.C., or West Virginia.  Sufficient data was acquired, however, for Pennsylvania and Virginia, which in combination with Maryland compose approximately 85% of the total area of the Chesapeake Bay watershed.  A Geographic Information Systems (GIS) was used to integrate selected data sets, map the coincident areas important for water quality, and identify the relative economic value of Pennsylvania and Virginia’s portion of the Chesapeake Bay watershed’s forest lands.
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Figure 1.  Location of the Chesapeake Bay Watershed with State boundaries.

Methods


There were a maximum of seventeen analysis parameters assessed in this model, the exact number being dependent on the number of available data layers for each state.  They were divided into two primary categories based on the nature of the data and the appropriate scale at which the parameter should be applied: local and regional.   Local parameters were analyzed at the resolution of the coarsest layer -- forest fragmentation at 36.73 meters – and include both biophysical characteristics of a site and management constraints that would determine economic value.  Regional parameters, generally summarized by county or HUC 11 watershed and converted to 36.73 meters resolution raster layers, include landscape, socioeconomic, and programmatic influences.  


Data was collected for each parameter and an Arc/INFO grid raster layer was created, re-sampled to 36.73 meters resolution, and clipped to the Chesapeake Bay watershed boundary using both workstation Arc/INFO and desktop ArcGIS version 8.3 (Environmental Systems Research Institute, Redlands, California, U.S.A.).  Each parameter was classified further into ranges based on its relative influence economic value and assigned a score from 0 (no influence) to 10 (highest influence).   For example, the slope parameter was classified into 0-10% (score = 10), 11-20% (score = 7), 21-25% (score = 4), and >25% (score =1), based on the premise that forests on steep slopes are more difficult and expensive to harvest, and therefore have less economic value.   The corresponding grid for each parameter was re-classed to reflect the scoring for that parameter.  Each parameter was also assigned a weight from 1 to 10 (low to high) to emphasize those with a greater influence on the economic value of forests.  The score of each grid cell in each parameter was multiplied by the weight for that parameter, and the product was assigned to the corresponding grid cell in the output grid.  Finally, the output grids for all parameters were summed to score forests in terms of their potential economic value.

Economic Assessment Data Layers


The data layers used in this model can be categorized according to their applicability at different spatial scales.  Many of the data layers used reflect Local factors that have information related to site level or “content” characteristics, such as slope or vegetative attributes.  Other data layers are applicable at Regional scales and are interpreted in a “contextual” manner.  Policies, programs and socioeconomic influences fall under the scope of this category.  A brief description of model factors represented by various data layers used is provided below.  Scoring and weighting schemes, in addition to the source data, are provided in Appendix 1.

Local Factors (“Content”)

Biophysical Influences:
These factors are related to the potential Timber Value and Production Value at a local or site-level scale.

Species Composition - higher scores reflect higher potential stumpage values for a given community alliance.  

Soil Productivity - Soil units with a higher average site index score higher due to the influence of soil related growth conditions on tree height

Precipitation - Zones of higher rainfall score higher due to positive influences on growth

Forest Density - High forest density is positively related to potential timber volume and receives a higher score.

Management Constraints: 
Local environmental or ecological characteristics will influence how a forest harvest operation is conducted.  None of these factors, by themselves, will exclude a forest harvest operation.  There will be additional Forest Harvest Best Management Practices required, in addition to more extensive site and plan review.  All these additional management practices will impose additional expense to a forest harvest operation.

Riparian and Wetland Features  - lower probabilities for a harvest operation occur in wetlands or in 100 foot riparian buffer zones

Steep Slopes - Increased slope requires more BMPs to reduce the soil erosion risks that accompany harvest related disturbances such as landings and haul roads.

Rare, Threatened and Endangered Species - In the State of Maryland, Sensitive Species Project Review Areas have been identified and mapped.  These areas support habitat features critical to rare, threatened and endangered species.  Activities occurring in these areas must undergo more extensive project review criteria to ensure that sensitive habitat will not be excessively disturbed.

Regional Factors (“Context”)
Landscape:


Influences of forest land fragmentation on the economic efficiencies of timber management.

Fragmentation - Economies of scale are more favorable when few, but larger patches of forest are managed for timber rather than many smaller sized patches.

Socioeconomic:

Existing external influences, such as social tolerance, local economic importance, landowner objectives and industry infrastructure will influence the likelihood of forest land remaining economically sustainable.

Compatibility of timber management activities - Population density is used to predict the social tolerance to and sustainability of commercial timber management activities.  As population density increases, the likelihood of sustainable timber management decreases because of land use conversion to development and increasing intolerance to the noise, visual and safety impacts associated with forest harvest operations.

Contiguity of Ownership - Land parcelization is used as an indicator for sustainable forest management.  Large parcels of forest land have the benefits associated with economies of scale.  Large lot landowners objectives more often include timber management compared to the objectives of small lot landowners.  

Local Importance of Forest Products Industry - The importance of the forest products industry to the local economy is evaluated at a county level by comparing the total industry output from the Forestry and Wood Products sectors to the total industry output for all industry sectors.  Two sector groupings were evaluated separately due to different proximity relationships to the forest resource base. 

1) Timber Management/Harvesting and Primary Wood Manufacturing sectors represent industries related to logging, timber management, sawmills, pulpmills and other mill work.  These activities tend to be located in closer proximity to the forest resource base in comparison to the Secondary Wood Manufacturing industry.

2)  Secondary Wood Manufacturing sectors represent industries which convert the intermediate wood products produced by the Primary Wood Manufacturing industry into finished products such as furniture.  The location of these industry activities are influenced more by proximity to other manufacturing and wholesale industry infrastructure support, such as shipping, transportation, availability manufacturing supplies and market outlets. 

Historic Timber Harvests - Recent trends in timber harvests are expected to continue at similar rates in the near future.  These trends can be quantified at a county level through permits issued for timber harvest activities over a 5 year (1995-2000) period.

Sourcing Areas/Timbersheds - Forested areas closer to primary processing mills, such as sawmills or pulpmills, are more likely to be important sourcing areas than are those areas farther away.  Closer distances to mill facilities also reduce transportation expenses.  

Programmatic:

Intended external influences that are the result of public land management activites and various conservation and stewardship programs will influence the economic sustainability of forest land.

Impacts of Growth - Forest land located within Priority Funding Areas is more likely to be converted to development uses than forest land located outside of Priority Funding Areas. 

Private Land Protection Designations - Forest land designated as Forest Legacy or Rural Legacy areas are eligible for funding that protects the conversion of natural resource areas to developed land.  Protection may come in the form of development restrictions or outright purchase.  Designation does not guarantee protection, but does provide an avenue of funding to pursue future protection

Public Land Management Activities - Land owned by Federal, State or Local government entities have variable probabilities to support timber harvest operations.  In general, County and State owned park land is used for recreation activities and would not be managed for timber production.  Certain areas in State Forests are actively managed for timber production and represent some of the most economically important forest land areas statewide.  Probabilities for timber harvest operations for the various public land use designations were assigned in consultation with Maryland’s Forest Service.   

Appendix 1: SFLA Economic Data Layers and Scoring Schemes
Local Factors
· Biophysical Influences (timber value and production potential)
Maryland

	Species Composition: Gap Classes ranked from 1 - 10 based on potential stumpage value/acre of community alliance group (data from MD GAP study; rankings need validation; rankings based on premise that loblolly > oak > maple >beech> sweetgum > virginia/pitch pine > red cedar/red pine and other poor site conditions such as scrubby maritime forests of the Lowland Pine Woodland class 407).  

	Map Element
	Score
	GAP Class
	Comments

	Not Forest
	0
	0
	

	Lowland Pine Woodland
	1
	407
	

	Red Cedar Woodland
	1
	444
	

	Red Pine Forest
	1
	435
	

	Pine (Pitch, Shortleaf) - Scarlet Oak Forest (Pine Barrens)
	2
	447
	

	Pitch Pine Woodland Swamp
	3
	448
	

	Sweetgum Forest
	3
	423
	

	Sweetgum Swamp
	3
	419
	

	Virginia Pine - Mixed Oaks Forest
	3
	417
	

	Virginia Pine Forest
	3
	416
	

	Mixed Hardwoods - Conifer Swamp
	4
	426
	

	Red Maple - Green Ash Swamp
	4
	425
	Slightly more valuable than sweetgum

	Clearcuts\Transitional
	5
	430
	Probably pine forests/active timber management

	Cultivated Trees - fruit, etc
	5
	414
	Landowner income

	Sycamore - Mixed Hardwood Riverside Forest
	5
	424
	

	Atlantic White-cedar Alliances
	6
	446
	

	Beech - Yellow Poplar Forest
	6
	439
	

	Chestnut Oak Forest
	6
	438
	Scrubby, dry ridge top

	Coastal Plain Beech - Oak Forest
	6
	421
	

	Piedmont Beech - Oak Forest
	6
	445
	

	Hemlock-Mixed Hardwood Forest
	7
	451
	

	Mixed Oaks - Sugar Maple Forest
	7
	441
	

	White Pine - Hemlock Forest
	7
	434
	

	Yellow Poplar Forest
	7
	422
	Veneer/Furniture/Core material

	Coastal Plain Pine - Mixed Hardwoods Lowland Forest
	8
	418
	

	Lowland Mixed Oaks
	8
	428
	

	Mixed Wet Oaks Forest
	8
	420
	

	Coastal Hardwoods Forest
	9
	437
	

	Loblolly Pine - Mixed Wet Oaks Forest
	9
	415
	

	Red Oak - White Oak Forest
	9
	436
	High Quality Oaks

	Rich Northern Hardwood Forest
	9
	442
	Cove hardwoods

	Coastal Loblolly Pine Forest
	10
	410
	

	Upland Loblolly Forest
	10
	411
	

	Comments: Rankings have undergone preliminary review by Anne Hairston-Strang (DNR Forestry)


Pennsylvania

	Species Composition: National Atlas Classes ranked from 1 - 10 based on potential stumpage value/acre of   species group (data from USGS/USDA Forest Service National Atlas).  Because of the coarseness of this data set (1km), some areas classed as not forest are classed as forest in the finer-resolution (30m) 1992 MRLC.  As a result, all non-forest areas were given the intermediate score of 5.  Any areas that did not actually contain forest were then given null values with the CBP forest grid, which was derived from the MRLC data.

	Map Element
	Score
	GAP Class
	Comments

	Not Forest/Unknown
	5
	23-24
	

	Oak-gum-cypress
	3
	8
	

	White-red-jack pine
	4
	2
	

	Oak-pine
	5
	6
	

	Maple-beech-birch
	8
	10
	

	Oak-hickory
	9
	7
	

	Unknown
	5
	
	

	Comments: Rankings developed by Albert Todd (Forest Service)


Virginia

	Species Composition: National Atlas Classes ranked from 1 - 10 based on potential stumpage value/acre of   species group (data from USGS/USDA Forest Service National Atlas).  

	Map Element
	Score
	GAP Class
	Comments

	Not Forest
	0
	40,50,99
	

	Other
	1
	30,36,51-52
	

	Coastal Shrub
	3
	63
	

	Red Cedar
	3
	18
	

	Pasture/Low Vegetation
	4
	38
	

	Montane Mesic Coniferous
	5
	1
	

	Montane Yellow Pine
	5
	2
	

	Montane Dry Oak Dominated
	5
	8
	

	Red Spruce-Fraser Fir
	6
	3
	

	Montane Oak Dominated
	6
	7
	

	Riparian Forest
	6
	11
	

	Tupelo-Red Maple Wet Forest
	6
	13
	

	Recent Clearcut
	6
	56
	

	Herbaceous Wetland
	6
	61
	

	Submontane Yellow Pine
	7
	4
	

	Submontane Oak Dominated
	7
	5
	

	Mixed Central Hardwood
	8
	9
	

	Dry Montane Deciduous Forest
	8
	111-113
	

	Piedmont/Coastal Plain Forest
	9
	100-106
	

	Forested Wetland
	10
	64
	

	Virginia Deciduous Forest Complex
	10
	210-220,231
	

	Comments: Rankings developed by Mike Foreman (VA Department of Forestry)


	Soil Productivity: Soil units with a higher average site index score higher due to the influence of soil related growth conditions on tree height.

	 Map Element (Average Site Index)


	Score

	55 - 63
	1

	64 - 74
	4

	75 - 79
	7

	80 - 90
	10

	The average site index for a given soil map unit was calculated for each mappable soil unit (MUID) in the NRCS STATSGO database. 


	Precipitation: Higher average precipitation is favorable to higher timber production rates.  Precipitation data was acquired through the Oregon Climate Service at the University of Oregon (http://www.ocs.orst.edu/prism/).  The data are mapped at a 2 km resolution and represent a  30 year average total precipitation.  Units are in inches (water equivalent).  Categories based on Equal Area distribution.  Maryland’s top and bottom scoring classes in an original range of 33-55 were expanded to accommodate Pennsylvania and Virginia precipitation values.

	Map Element (precipitation inches)
	Score

	31 - 39
	1

	40 - 41
	3

	42 - 43
	5

	44 - 45
	7

	46 - 61
	10


	Forest Density: Forest density is positively correlated to timber volume.  Data was developed by UMD RESAC and is based on a sub-pixel analysis of 2000 forest cover imagery collected by LANDSAT.

	Map Element (percent of pixel forested)
	Score

	0 - 25
	1


	25 - 50
	4

	50 - 75
	7

	75 - 100
	10

	
	


Local Factors
· Management Constraints
	Wetland and Riparian Features: Although timber harvest operations are not prohibited in these areas, more BMPs and review processes are required to minimize the impact and confers an added cost to the operation.

	Map Element
	Score
	Comments

	Not in Stream 100 ft Stream Buffer or Wetlands with 100 ft buffers 
	10
	

	Within Wetland and their 100 ft buffer
	5
	

	Within 100 ft Stream Buffer
	1
	More harvesting restrictions vs wetlands.  Many local regulations have stricter controls than state regulations.

	MD Streams = MDP

MD General Wetland Layer = BAD Wetlands (NWI, DNR, Tiner)

PA/VA Streams = 100k NHD

PA/VA Wetlands = NWI

Process notes: Maryland shapefile; convert to grid; value = 10; Reclass Stream100b grid to value = 1; Badwetlands shapefile; convert to grid; value = 5; Merge grids


	Steep Slopes:  As slope increases, more BMPs are required to conduct a forest harvest operation.  These added management efforts increase overhead costs and have a negative economic impact.  Rankings  incorporate specifications in Maryland Standards and Specifications for Forest Harvest Operations, Maryland Department of the Environment, May 2000 

	Map Element (% Slope)
	Score
	Comments

	0 - 10
	10
	No slope related BMPs required

	11 - 20
	7
	Location of landings and haul roads limited

	21 - 25
	4
	Location of skid trails are limited

	> 25
	1
	Limits most forest harvest operation (in extreme cases, helicopters have been used to extract timber)


	Rare, Threatened and Endangered Species:  MD Sensitive Species Protection Review Areas (SSPRA) are areas containing one or more sensitive species habitats.  However, the entire SSPRA is not considered a sensitive habitat.  The SSPRA is an envelope identified for review purposes to help ensure that applications for permit or approval in or near sensitive areas receive adequate attention and safeguards for the sensitive species/habitat they contain.  At least one SSPRA encompasses each Natural Heritage Area and Wetlands of Special State Concern.  Timber harvest operations are not prohibited in these areas, but do require review to prevent impact, which confers added cost to the operation.  VA Natural Heritage Conservation Sites, Stream Conservation Units, General Locations, and Karst Feature areas containing federal or state listed species were used as an equivalent layer.  This layer was not included in the PA assessment, as no equivalent data were available.

	Map Element
	Score

	Inside a MD SSPRA/VA  Natural Heritage Area
	1

	Outside a MD SSPRA/ VA Natural Heritage Area
	10


Regional Factors
· Landscape
	Forest land fragmentation: Economies of scale are maximized by harvesting/managing fewer, but larger patches of forest land in comparison to many, smaller patches of forest land.  This is an index calculated at the 8-digit watershed scale for Maryland, and the 11-digit watershed scale for Pennsylvania and Virginia.  The index, average patch size, was generated through a statistical analysis of forest cover geometry using FRAGSTATS.  

	Map Element
	Grid Value
	Score

	Average Patch Size (acres)
	
	

	1-9 
	1
	1

	10 - 24
	10
	3

	25 - 49
	25
	5

	50 - 99
	50
	7

	> 100
	100
	10


· Socioeconomic
	Compatibility of Commercial Timber Management:  As population density increases, the probability that forest land would be under sustainable forestry management decreases.  The source of Maryland population data is census 2000 mapped at the census block level.  ORNL Landscan population data was evaluated and rejected:  resolution was higher with census blocks and some land areas were missing data with landscan.  The Pennsylvania and Virginia population layer was derived from Census 2000 block data, which spatially aggregated values away from areas without population such as steep slopes, parks, and wetlands.

	Map Element
	Score

	Population Density

(persons/mile2)
	Probability for Commercial Timber Management
	

	> 150
	Near 0 %
	1

	70 - 150
	< 25 %
	3

	45 - 69
	25 % - 50 %
	5

	20 - 44
	50 % - 75 %
	7

	< 20 (or public lands)
	75 % - 100 %
	10

	Liu and Scrivani. 1997. Virginia Department of Forestry


Maryland

	Contiguity of Ownership:  Higher probabilities for timber production management are associated with larger land parcels.  In addition, economies of scale favor timber production management on large lots.

	Map Element (Parcel size) 
	Score

	1 - 9
	1

	10 - 24
	3

	25 - 49
	5

	50 - 99
	7

	> 100
	10

	Grid Development: Maryland data based on Maryland Department of Planning’s Maryland PropertyView, which is a GIS database which identifies and characterizes land parcels in a point-based shapefile (parcel centroids).  Parcel centroids are attributed with parcel acreage.  Point features were interpolated to produce a continuous (grid) surface.  Values reflect parcel size (acres).


Pennsylvania/Virginia

	Contiguity of Ownership:  Higher probabilities for timber production management are associated with larger land parcels.  In addition, economies of scale favor timber production management on large lots.

	Map Element (Parcel size) 
	Score

	0 - 2
	2

	2 - 4
	7

	Chesapeake Bay Program provided data for Pennsylvania and Virginia.  This data was derived from road density.  The algorithm for calculating average parcel size from road density is much more accurate in denser areas than in rural areas, and the resulting data set contains no average parcels sizes over four acres, so a new scoring system and lower weight was used for these two states.


	Local Importance of Forest Products Industry: Total industry output of Forestry and Wood Products relative to total industry output off all industry sectors is evaluated at a county level to index the importance of these industries to the local economy.  Two indexes were derived due to the different proximity relationships to the forested resource base of 1) Timber Management/Harvesting and Primary Wood Manufacturing Sectors and 2) Secondary Wood Manufacturing sectors.  Maryland’s top scoring classes in an original range from 0 – 15.81% for primary, and 0 – 11.25% for secondary, were expanded to accommodate Pennsylvania and Virginia values.

	Timber Management/Harvesting and Primary Wood Manufacturing  Sectors

	Map Element (unit = county)
	Score

	0 - 0.09 %
	1

	0.09 - 0.35 %
	3

	0.35 - 0.74 %
	5

	0.74 - 3.02 %
	7

	3.02 – 87.5 %
	10

	Timber Management and Harvesting

Operation of timber tracts, tree farms, forest nurseries

Reforestation services

Other forest products

Harvesting and transporting logs

Producing rough, round, hewn or riven primary forest or wood raw materials

Producing wood chips

Primary Wood Manufacturing

Processing of logs and related products into lumber, veneer and plywood, pulp and turpentine and other products 

	Secondary Wood Manufacturing  Sectors

	Map Element (unit = county)
	Score

	0 - 0.17 %
	1

	0.17 - 0.61 %
	3

	0.61 - 1.26 %
	5

	1.26 - 2.09 %
	7

	2.09 – 63.7 %
	10

	Secondary Wood Manufacturing

Remanufacture of lumber, plywood, paper and other timber products produced by the primary manufacturers into finished products, such as furniture, toys, containers, etc.

	Data Source: County level economic data (1999) produced by IMPLAN.  Data aggregated into Timber Management and Harvesting Sector, Primary Wood Manufacturing Sector and Secondary Wood Manufacturing Sector.


Maryland

	Historic Timber Harvests:  Acres of forest land permitted for timber harvests over a 5 year period (1995-2000) were summed at a county level.  

	Map Element (permitted acres)
	Score

	374-1354
	1

	2887-3020
	2

	3668-3865
	3

	4258-4320
	4

	4687-4839
	5

	4978-5127
	6

	6044-6423
	7

	8371-10301
	8

	12596-12727
	9

	18106-20648
	10

	Data Source: Maryland permitted acre data provided by Maryland Forest Service


Pennsylvania/Virginia

	Historic Timber Harvests:  Acres of growing stock removed in 1989 for Pennsylvania, and 1992 for Virginia  

	Map Element (acres of growing stock removed)
	Score

	0 - 2120
	1

	2121-3344
	2

	3345-4061
	3

	4062-4503
	4

	4504 -4908
	5

	4909-5585
	6

	5586-7397
	7

	7398-11448
	8

	11449-15416
	9

	15417-20648
	10

	Data Source: Pennsylvania and Virginia data were obtained from the USDA Forest Service and represent one year totals from 1989 and 1992, respectively.  Virginia totals were provided in acres, while Pennsylvania totals were provided in cubic feet and were converted to acres by dividing total growing stock (cubic feet) by total growing stock (acres) to calculate a cubic feet/acre ratio for each county.  This ratio was then applied to the growing stock removals (cubic feet) to determine growing stock removals (acres).  Modified Maryland scoring classes were used for PA and VA data, despite the different number of years represented by harvest totals for each state -- Gaps in MD scoring were divided by two, with half the gap assigned to each adjacent class.


	Sourcing Areas/Distance to Mills:  Location of mills were provided by the US Forest Service (http://www.rtp.srs.fs.fed.us/econ/data/mills/mill.htm). Point locations were buffered with multiple rings representing 10 mile increments.  Scores were assigned based on the premise that forest land closer to mills was more likely to be an economically attractive sourcing area due to reductions in transportation costs.

	Map Element
	Score

	< 10 miles to mill
	10

	10 - 20 miles to mill
	5

	> 20 miles to mill
	1

	Note:  Most forest lands within all three states were within 10 mile of a mill.  However, this layer was kept as a place holder (given a low importance weight of 1) of for tracking the future changes in mill location and distribution.


· Programmatic 
	Impacts of Growth: Forest land either within a Maryland County Priority Funding Areas (CPFAs) is less likely to support sustainable commercial timber management due to the development pressures of land use conversion from forest to developed uses.  Priority Funding Areas have no equivalent in Pennsylvania or Virginia, so a Chesapeake Bay Program development hotspot dataset was used.  This layer is composed of areas with significant change in housing or impervious surfaces from 1990 – 2000.

	Map Element
	Score

	Outside a CPFA/Development hotspot
	10

	Inside a CPFA/Development hotspot
	0


	Private Land Protection Designations: Forest land falling within Forest Legacy or Rural Legacy areas will be eligible for funding dedicated for protection of natural resources areas and management for natural resource based economies.  This dataset was used only for Maryland, as comparable datasets were not available for Pennsylvania and Virginia.

	Map Element
	Score

	Inside a Forest Legacy or Rural Legacy area
	10

	Outside a Forest Legacy or Rural Legacy area
	0


Maryland

	Public Land Management Activities:  Probability of Timber Harvest assigned based on a scale of 1 (low probability) to 10 (high probability).  Scores developed in consultation with Maryland Forest Service (Jack Perdue). In general, only State Forests are managed for Timber Harvests.  When harvests do occur on other State lands, it is in response to disease or protection of infrastructure 

	Map Elements
	Score
	Comments

	DNR State Forests

Savage, Potomac/Garret, Green Ridge, Pocomoke 

· all Pocomoke = WMZ

· No management zones delineated for Potomac, area = 10

(2**)


	General Management Zone
	10
	Timber Management

	
	Special Management Zone
	2
	Limited timber management

Occurs to protect public safety, preserve adjacent private property rights or to preserve a vegetative character or unique ecosystem

	
	Water Management Zones
	1
	Timber harvests prohibited

	DNR State Forest Demonstration areas (2**)

Seth, Stoney, Doncaster, Wicomico
	5
	

	All other DNR State Forest lands (2**)
	2
	

	DNR State Parks (1**)
	2
	

	DNR Natural Environment Areas (3**)
	3
	

	DNR Natural Resource Management Areas (4**)
	3
	

	DNR Wildlife Management Areas (5**)
	3
	

	DNR Fish Management Areas (6**)
	1


	

	DNR Heritage Conservation Fund Purchases (7**)
	2
	

	DNR GreenPrint
	3
	

	DNR Chesapeake Forest Lands
	10
	

	DNR Wildlands
	1
	No FHOs except under very restricted conditions.  Examples include threat to public safety, economic or safety threat to private property, maintenance need associated with electric utility service, threat to unique species or natural community

	Frederick Municipal Forests
	
	10
	Supports FHOs (J. Perdue)

	All other County lands
	
	2
	Generally for recreational uses

	Federal Military Bases

Patuxent River NAS, Fort Meade, Indian Head, Fort Detrick
	
	5
	Harvests known to occur (J. Perdue)

	Federal National Wildlife Refuges (NWRs)

Black Water USFWS (possibly) 
	
	3
	Delmarva Fox Squirrel management (J. Perdue)

	All other Federal Lands
	
	2
	

	Remaining Private Land
	
	5
	Management dependent on other factors - given intermediate weight

	Recommend adding in Glatfelter Properties and assigning parcels a score of 10


Pennsylvania

	Public Land Management Activities:  Probability of Timber Harvest assigned based on a scale of 1 (low probability) to 10 (high probability).  Scores derived from Maryland scoring in consultation with Al Todd (Forest Service – Chesapeake Bay Program).

	Map Elements
	Score
	Comments

	Pennsylvanie Bureau of Forestry
	5
	

	Pennsylvania Game Commission
	5
	

	Pennsylvania Bureau of State Parks
	2
	

	County and Local Parks
	2
	

	Pennsylvania Nature Conservancy
	3
	

	Western Pennsylvania Conservancy
	4
	

	Brandywine Conservancy
	3
	

	Hawk Mountain Sanctuary Association
	1
	

	Other Private
	5
	

	Army Corps of Engineers
	3
	

	National Historical Sites
	1
	

	Gettysburg NMP
	2
	

	Allegheny National Forest
	3
	

	Fort Indiantown Gap
	5
	

	Carlisle Barracks
	2
	

	Letterkenny Army Depot
	3
	

	Naval Inventory Control Point
	2
	

	Defense Distribution Region East
	2
	


Virginia

	Public Land Management Activities:  Probability of Timber Harvest assigned based on a scale of 1 (low probability) to 10 (high probability).  Scores derived from Maryland scoring in consultation with Al Todd (Forest Service – Chesapeake Bay Program).

	Map Elements
	Score
	Comments

	State Park
	2
	

	State Natural Area Preserve
	3
	

	State Forest Inholding
	3
	

	State Wildlife Management Area
	4
	

	State Forest
	5
	

	Private Preserve
	5
	

	Military Bases
	5
	

	Fort Myer Military Community
	1
	

	Fort Belvoir Military Community
	2
	

	Army Corps of Engineers
	4
	

	Army-Navy Country Club
	1
	

	Warrenton Training Center
	2
	

	Army Corps of Engineers
	4
	

	Defense Supply Center, Richmond
	2
	

	Pentagon
	1
	

	FHWA Turner-Fairbanks Research Center
	1
	

	National Wildlife Refuges
	3
	

	National Forests
	3
	

	Quantico Marine Corps Base
	3
	

	Marines – Henderson Hall HQ
	2
	

	Arlington National Cemetery
	1
	

	Appomattox Court House National Historical Park
	1
	

	Other National Historical Parks
	2
	

	National Park Service - National Monuments, National Military Parks, National Battlefield Parks
	1
	

	National Park Service – George Washington Memorial Parkway
	1
	

	National Park Service – Other Parkways
	2
	

	Shenandoah National Park
	2
	

	Wolf Trap Farm Park
	1
	

	Lady Bird Johnson Park
	1
	

	Arlington House
	1
	

	Naval Medical Center
	1
	

	Navy Annex
	1
	

	Dahlgren Naval Weapons Lab
	2
	

	Fleet Industrial Supply Center
	2
	

	Naval Weapons Station, Yorktown
	2
	

	Smithsonian Conservation Research Center
	1
	

	Ronald Reagan National Airport
	1
	


Appendix 2:  Compiling the Model

Maryland
1. All Grid layers added to the project view

2. For each layer:

2. [Value] = Score given to grid attribute

2. [Weight] = Overall weight given to that particular grid

2. [Rank] = [Score] x [Weight] = unique weighted score given to each grid attribute

3. Using Map Calculator, add layers together, using rank as the additive factor (grid = addlayers)

4. Resulting grid (addlayers) is the raw cell score - forests have not yet been identified.  Cell score ranges from 102-721.

5. Add forest Grid (grid = forest; 0 = nonforest; 1000 = forest) to addlayers2 grid (grid = addforest)

5. All cell scores > 1000 = forest

5. Reclass grid to retain same cell scores for all scores greater than 1000 and assign “0" value to all scores less than 1000

5. Create look up field (forest)  in addforest3 attribute table to reflect reclass scores above

5. Resulting grid = rawforecon2
5. Raw scores normalized to 1 - 100 range to be consistent with GI ecological rank (see normalized attribute in grid rawforecon2)

5. Reclass raw scores to normalized scores (grid = forestecon2).  See example below for normalizing algorithm.

5. All cell scores < 1000 = nonforest

5. Reclass grid to retain same cell scores for all scores less than 1000 and assign “0" value to all scores greater than 1000

5. Create look up field (reforest)  in addforest3 attribute table to reflect reclass scores above

5. Resulting grid = rawreforecon2 
5. Raw scores normalized to 1 - 100 range to be consistent with GI ecological rank (see normalized attribute in grid rawreforecon2)

5. Reclass raw scores to normalized scores (grid = reforestecon2)

Example:  Normalizing Algorithm for grid rawforecon2
Raw score range: 1102 to 1721 = 620 units

1 raw unit = 100/620 = 0.161

Normalizing algorithm: [(X - 1102) * 0.161] + 1 where X = raw score

Pennsylvania/Virginia


Grids for all layers, including a grid containing a value of 1 for every forest cell (based on 1992 land cover) and a null value for every non-forest cell, were added in workstation Grid.  When adding grids together, a null value for a cell in any layer results in a null value for the corresponding cell in the final result.  Therefore, the final analysis grid contained summed values for all forested grid cells, and null values for all non-forested grid cells.

Appendix 3: Economic Model Matrix For 

Maryland’s Strategic Forest Lands Assessment 

And the

Chesapeake Bay Program’s Resource Lands Assessment
	SCALE
	Categories
	Factors
	Data
	Interpretation (Possible Scores)
	Weight

	
	
	
	MD SFLA
	Resource Lands
	
	

	LOCAL
(“CONTENT”)
	Biophysical Influences (influences what is grown)
	Species Composition
	GAP Vegetation
	PA:  USGS/Park Service

National Atlas
	High Value Species Associations

(8-10)
	Moderate Value Species Associations

(4-7)
	Low Value Species Associations

(1-3)
	See GAP alliance rankings
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	VA:  GAP Vegetation
	
	
	
	
	
	

	
	
	Soil Productivity
	STATSGO
	80 - 90

(10)
	75 - 79

(7)
	64 - 74

(4)
	55 - 63

(1)
	Scores based on Average Site Index
	5

	
	
	Precipitation
	30 year average total precipitation

(1961-1990)
	MD:  46 – 55 (10)
	MD:  44 – 45 (7)
	MD:  42 – 43 (5)
	MD:  40 – 41 (3)
	MD:  33 – 39 (1)
	2

	
	
	
	
	PA/VA: 46 – 61 (10)
	PA/VA: 44 – 45 (7)
	PA/VA: 42 – 43 (5)
	PA/VA: 40 – 41 (3)
	PA/VA: 31 – 39 (1)
	

	
	
	Forest Density


	% Forest Cover (subpixel LANDSAT analysis)
	CBP % Forest Cover derived from 1993 MRLC
	75-100%

(10)
	50-75%

(7)
	25-50%

(4)
	< 25%

(1)
	
	5

	
	Management Constraints (influences what is harvested)
	Riparian and Wetland  Features
	MDP Streams

NWI Wetlands
	NHD

NWI Wetlands
	Not in Stream/Wetland or Buffer (10)
	In Wetland (including 100' wetland buffer (5)
	In 100' Stream Buffer (1)
	
	
	5

	
	
	Steep Slopes
	DEM/Slope
	0-10%

(10)
	11-20%
(7)
	21-25 %

(4)
	> 25 %
(1)
	
	7

	
	
	Rare, Threatened and Endangered Species
	Sensitive Species Project Review Areas (SSPRA)
	PA: no available data
	Not in MD SSPRA or VA NHS

(10)
	In MD SSPRA or VA NHS
(1)
	
	
	
	3

	
	
	
	
	VA: Natural Heritage Sites


	
	
	
	
	
	

	REGIONAL (“CONTEXT”)
	Landscape (Influences of forest land distribution)
	Fragmentation/patch size analysis
	Mean Forest Patch Size at MD 8-digit watershed scale

FRAGSTAT metric
	CBP Patch Size data – from FRAGSTATS
	> 100 Acres

(10)
	50 - 99 Acres
(7)
	25 - 49 Acres

(5)
	10 - 24 Acres

(3)
	1 - 9 acres

(1)
	5

	
	Socioeconomic (existing external influences)
	Probability of Sustainable Commercial Timber Management
	Timber Management Probability Model

Census 2000
	Spatially aggregated data derived from Census 2000
	See scoring table above for explanation of percentage conversion.
	7

	
	
	
	
	
	> 75%

(10)
	50-75%

(7)
	25-50%

(5)
	< 25%

(3)
	Near 0%

(1)
	

	
	
	Contiguity of Ownership
	Parcelization MD PropertyView
	Road Density
	MD:

> 100 Acres

(10)
	MD:

50 - 99 Acres
(7)
	MD:

25 - 49 Acres

(5)
	MD:

10 - 24 Acres

(3)
	MD:

1 - 9 Acres

(1)
	MD:  5

	
	
	
	
	
	PA/VA:

2 – 4 Acres

(7)
	PA/VA:

0 – 2 Acres

(1)
	
	
	
	PA/VA:  2

	
	
	Local Importance of Timber and Primary Manufacturing industry
	IMPLAN

% Total Industry Output for

Timber Management/ Harvesting and Primary Manufacturing relative  to Total  County Industry Output
	MD:

3.02-15.81%
(10)
	MD:

0.74-3.02%
(7)
	MD:

0.35-0.74 %

(5)
	MD:

0.14-0.35 %

(3)
	MD:

0-0.09%

(1)
	6

	
	
	
	
	PA/VA:

3.02-87.5%
(10)
	PA/VA::

0.74-3.02%
(7)
	PA/VA:

0.35-0.74 %

(5)
	PA/VA:

0.14-0.35 %

(3)
	PA/VA:

0-0.09%

(1)
	

	
	
	Local Importance of Secondary Manufacturing industry
	IMPLAN

% Secondary Manufacturing Industry Output relative to Total County Industry Output


	MD:

2.09-11.25 %
(10)
	MD:

1.26-2.09%
(7)
	MD:

0.61-1.26%

(5)
	MD:

0.17-0.61%

(3)
	MD:

0-0.17%

(1)
	4

	
	
	
	
	PA/VA:

2.09-63.7 %
(10)
	PA/VA:

1.26-2.09%
(7)
	PA/VA:

0.61-1.26%

(5)
	PA/VA:

0.17-0.61%

(3)
	PA/VA:

0-0.17%

(1)
	

	
	
	Historic Timber Harvests
	MD:

Harvested Acres over 5 Year period (1995 - 2000)
	PA (1989)

 VA (1992)

1 Year Growing Stock Removals
	7398 - 20648 Acres

(8-10)
	4504 - 7397

Acres

(5-7)
	0 - 4503

Acres

(1-4)
	See Historic Timber Harvest Ratings
	
	6

	
	
	Sourcing Areas/ Timbersheds
	MD and adjacent (within 50 miles) Sawmill Locations
	NE Sawmill Locations
	< 10 Miles to Sawmill (10)
	10-20 Miles to Sawmill (5)
	> 20 Miles to Sawmill (1)
	
	
	1

	
	Programmatic (intended external influences)
	Impacts of Growth
	PFAs, Water or Sewer
	CBP

Development Hotspots
	Outside a PFA/Hotspot

(10)
	Inside a PFA/Hotspot
(0)
	
	
	
	7

	
	
	Private Land Protection Designations
	MD:

Forest Legacy,

Rural Legacy
	PA/VA:

N/A – no equivalent data
	In Rural or Forest Legacy Area

 (10)
	Not in Rural or Forest Legacy Area

 (0)
	
	
	
	3

	
	
	Public Land Management Activities
	MD:

Public Lands (including mngmt zones, wildlands)
	PA/VA:

CBP Public Lands
	See Rules Tables
	10


Maryland Strategic Forest Lands Assessment Contact Information:

	Christine Conn
MD SFLA Economic Assessment

Maryland Department of Natural Resources

Chesapeake and Coastal Watershed Services

Watershed Management and Analysis Division

(410) 260-8792

cconn@dnr.state.md.us
	John Wolf
MD SFLA Program Manager

Maryland Department of Natural Resources

Chesapeake and Coastal Watershed Services

Watershed Management and Analysis Division

(410) 260-8794

jwolf@dnr.state.md.us 


Chesapeake Bay Program Resource Lands Assessment Contact Information:

	Albert H.  Todd or Jennifer Curkendall

USDA Forest Service, Northeastern Area State and Private Forestry

Chesapeake Bay Program
 (410) 267-5705 or (410-267-5723

atodd@fs.fed.us or jcurkendall@fs.fed.us
	Andy Fitch
University of Maryland Center for Environmental Science

EPA Chesapeake Bay Program

(410) 267-9835

afitch@chesapeakebay.net 


