Analysis Area

Data Source:  USDA/NRCS, National Cartography & Geospatial Center. (Data Access from NRCS Data  02-03-2009) 12-Digit Watershed Boundary Data 1:24,000.  Fort Worth, TX.
GIS Process:
1. The 12 digit watershed boundary intersected with the 8-digit watershed boundary from the original Forest, Water, and People analysis to select the initial analysis extent.
2. Since the 12-digit watershed boundary overlaps parts of Canada and the Atlantic, the analysis area was further refined by intersecting it with the landcover data.  The portions of the watershed that fell outside the extent of the landcover dataset were removed.
3. The percentage each watershed that is included in the analysis was calculated and added to the attribute table – HU12_IN.

Step 1:  Calculate Ability to Produce Clean Water

Step 1 characterized the biophysical conditions in each watershed.  This characterization, the ability to produce clean water (APCW), is an index of water quality and watershed integrity based on six attributes:  forest land, agricultural land, riparian forest cover, road density, soil erodibility, and housing density.  The forest land, agricultural land, and riparian forest buffer data was summarized by watershed and converted to a 30-meter (30 m) spatial grid.  The road density, soil erodibility, and housing density data were kept in their original 30-m grid format and not summarized by watershed.  Each of the six attributes was rated from 1 to 4 (low to very high, see Study Area, Table 2. Surface water supply systems in the Northeast and population served, in YEAR, by state) based on scientifically accepted standards.  Where standards or parameters were not available, the data was divided into quartiles.

The six attributes in step 1 were then summed, resulting in a value of 6 to 24 for each 30 m grid cell.  To summarize the data by watershed, the values for all 30 m pixels in each watershed were averaged to produce a single score, with a minimum score of 6 and a maximum score of 24.

This step will generate a defensible and understandable assessment of current conditions.  It also will highlight the watershed management challenges and opportunities on each site and across the entire region.

Table B-1: GIS overlay process to estimate ability to produce clean water (APCW) for eight-digit HUC watersheds in the 20-State study area.


	Attribute
	Rating for 30-meter grid cell 

	
	Low
(1 point)
	Moderate
(2 points)
	High
(3 points)
	Very High
(4 points)

	Percent forest land (F)
	0 – 24
	25 – 49
	50 – 75
	>75

	Percent agricultural land (A)
	>30
	21 – 30
	10 – 20
	<10

	Percent riparian forest cover (R)
	0 – 29
	30 – 50
	51 – 70
	>70

	Road density (D, quartiles)
	75 – 100th
percentile
	50 – 74th
percentile
	25 – 49th
percentile
	0 – 24th
percentile

	Soil erodibility (S, k factor)
	>0.34
	0.28 – 0.34
	0.2 – 0.28
	0 – 0.2

	Housing density (H, acres per housing unit in 2000)
	< 0.6 acre/unit
	0.6 – 5.0 acres/unit
	5.0 – 20.0 acres/unit (east)
5.0 – 40.0 acres/unit (west)
	> 20.0 acres/unit (east)
> 40.0 acres/unit (west)

	    Total APCW
	
F + A + R + D + S + H = APCW
Potential value 6 – 24



Forested Land
Data Source:  U.S. Geological Survey (USGS).  2007.  2001 National land cover data set.  Sioux Falls, SD.  

GIS Process:
1. Forested land was classified as NLCD grid values 41 Deciduous Forest; 42 Evergreen Forest; 43 Mixed Forest; 52 Shrubland; 90 Woody Wetlands.   
2. The NLCD grid was reclassified where water (11) = 0, Forest (see above) = 1, Agriculture (see Agricultural Land)=2, and all other NLCD codes=3.
3. Using the “Tabulate Areas” function, the acreage of forested land, water, agricultural land and other land was computed for each watershed.  The percent of the watershed that is forested was calculated by dividing the acreage of forested land by the total watershed land acreage (all NLCD codes except 11, water.)  The results were saved in the attribute field Per_FOR.
4. The resulting table was then joined to the HU12_FWAPshapefile.
5. The percent forest was reclassified into the four categories summarized in Table B-1. Category break points were entered as half integers between the intervals. For example 24.5 is the break point for percent forest land scored as low or moderate. The results were saved in the attribute field Per_FOR_R.

Excerpt from Table B-1
	Attribute
	Rating for 30-meter grid cell 

	
	Low
(1 point)
	Moderate
(2 points)
	High
(3 points)
	Very High
(4 points)

	Percent forest land (F)
	0 – 24
	25 – 49
	50 – 75
	>75



7.  The HU12_FWAPshapefile was converted to a raster data set with a pixel size of 30 m and the value field set to the attribute Per_FOR_R.

Agricultural Land
Data Source:  Same as for percent forested land.

Description:  Same as for percent forested land.
GIS Process:
1. Agricultural Land was summarized using grid values 61 Orchard/ Vineyard; 71 Grasslands/Herbaceous; 81 Pasture/Hay; 82 Row Crops.   
2. The NLCD grid was reclassified where water (11) = 0, Forest (see Forest Land) = 1, Agriculture (see above)=2, and all other NLCD codes=3.
3. Using the “Tabulate Areas” function, the acreage of forested land, water, agricultural land and other land was computed for each watershed.  The percent of the watershed that is forested was calculated by dividing the acreage of agricultural land by the total watershed land acreage (all NLCD codes except 11, water.)  The results were saved in the attribute field Per_AG.
4. The percent agricultural land was reclassified into the four categories summarized in Table 1.  Category break points were entered as half integers between the intervals. For example 24.5 is the break point for percent forest land scored as low or moderate. The results were saved in the attribute field Per_AG_R.

Excerpt from Table B-1
	Attribute
	Rating for 30-meter grid cell 

	
	Low
(1 point)
	Moderate
(2 points)
	High
(3 points)
	Very High
(4 points)

	Percent agricultural land (A)
	>30
	21 – 30
	10 – 20
	<10



5. The HU12_FWAPshapefile was converted to a raster data set with a pixel size of 30 m, and the value field was set to the attribute Per_AG_R.

Riparian Forest Cover
Data Source: Environmental Protection Agency (USEPA) and the U.S. Geological Survey (USGS). 2005.  National Hydrography Dataset Plus – NHDPlus.

Data Source:  Forest Land – see above.
GIS Process:
1. NHDArea.shp andNHDWaterbody.shp were merged to create one water body dataset.   
2. Using the buffer tool, a 30 meter buffer was created around NHDFlowline.shp and the merged NHDArea.shp/NHDWaterbody.shp (outside buffer only).  
3. Since the flowlines run through the water bodies, the ERASE command was used to eliminate those buffers within waterbodies.
4. Forested land was summarized using NLCD grid values 41 Deciduous Forest; 42 Evergreen Forest; 43 Mixed Forest; 52 Shrubland; 90 Woody Wetlands.  
5. The NLCD grid was reclassified where water (11) = 0, Forest (see Forest Land) = 1, Agriculture (see above)=2, and all other NLCD codes=3.
6. Using the “Extract by Mask” command in ArcInfo, the reclassified NLCD GRID was clipped to the 30 m NHD buffer.
7. Using the “Tabulate Areas” function, the acreage of riparian forested land, water, agricultural land and other land was computed for each watershed.  The acreage of riparian forested land was divided by the total acreage of riparian buffer in the watershed.  The resulting table was then joined to the HU12_FWAP shapefile. The results were saved in the attribute field Per_RIP.
8. The percent riparian forest cover was reclassified into the four categories summarized in Table 1. Category break points were entered as half integers between the intervals. For example 24.5 is the break point for percent forest land scored as low or moderate. The results were saved in the attribute field Per_RIP_R.  See step 7.

Excerpt from Table B-1
	Attribute
	Rating for 30-meter grid cell 

	
	Low
(1 point)
	Moderate
(2 points)
	High
(3 points)
	Very High
(4 points)

	Percent riparian forest cover (R)
	0 – 29
	30 – 50
	51 – 70
	>70



9. The HU12_FWAPshapefile was converted to a raster data set with a pixel size of 30 m and the value field set to the attribute Per_RIP_R.  

Road Density
Data Source:  Tele Atlas North America, Inc./Geographic Data Technology, Inc.   2005.  U.S. Streets, 1:50,000. From ESRI® Data & Maps, 2005. Redlands, California, USA
GIS Process:
1. The national roads dataset was split into East and West portions using the border of West Virginia and Ohio.  
2. Ran the “Repair geometry” tool for the east and west roads dataset to repair self intersecting lines.
3. Ran the “multipart to single part” tool on each dataset to explode multipart lines.
4. Converted each road shapefile to a coverage arc.
5. Ran the “Simplify Line” tool on each coverage to remove excessive vertices.  The simplification tolerance was set to 10m.
6. Ran “Line Density” function on each of the resulting coverage.  Parameters were set as follows:
a. Cell size = 30 m
b. Search radius = 564.3326 m (to equal a search area of 1 km2)
c. Units = square kilometer
7. Merged East and West line density raster into one raster dataset.
8. The results were sorted into four quartiles, and reclassified with values 1-4.

Excerpt from Table B-1
	Attribute
	Rating for 30-meter grid cell 

	
	Low
(1 point)
	Moderate
(2 points)
	High
(3 points)
	Very High
(4 points)

	Road density (D, quartiles)
	75 – 100th
percentile
	50 – 74th
percentile
	25 – 49th
percentile
	0 – 24th
percentile



Soil Erodibility

Data Source: Miller, Douglas A.; White, Richard A. (NRCS) 1998.  STATSGO:  A conterminous United States multi-layer soil characteristics data set for regional climate and hydrology modeling. http://www.soilinfo.psu.edu/index.cgi?soil_data&conus (December 1, 2006)
GIS Process:
These values were multiplied by the percentage of the area of the map unit covered by the component, given by Comp table variable COMPPCT_R, and the products summed over all components of the map unit. The sum of the products was then divided by the sum of the COMPPCT_R values for all components in the map unit, and rounded to the nearest 0.01.

1. Clipped the STATSGO mapunit coverage to the HU12_FWAPboundary
2. Joined the mu_kfact table to the clipped STATSGO shapefile.
3. Converted shape to raster using the kffact field as the grid value.
4. Reclassified the grid, where 
	Kffact =	
a. 0-0.2 		=	4
b. 0.2-0.28 	=	3
c. 0.28-0.34 	=	2
d. >0.34 		=	1


Excerpt from Table B-1
	Attribute
	Rating for 30-meter grid cell 

	
	Low
(1 point)
	Moderate
(2 points)
	High
(3 points)
	Very High
(4 points)

	Soil erodibility (S, k factor)
	>0.34
	0.28 – 0.34
	0.2 – 0.28
	0 – 0.2



Housing Density

Data Source:  Theobald, David M.  2004.  Housing density in 2000 [Digital Data]. Fort Collins, CO: Natural Resource Ecology Lab, Colorado State University..

Description:  This raster data set shows housing density in 2000, based on 2000 U.S. Census Bureau block (SF1) data sets developed by the Natural Resource Ecology Lab. 

To reduce the overall file size, the continuous values (in units per hectare * 1,000) were reclassified into the following: Code: Units per hectare 

1: ≤1 
2: 2 – 8  
3: 9 – 15  
4: 16 – 31 
5: 32 – 49 
6: 50 – 62 
7: 63 – 82 
8: 83 – 124 
9: 125 – 247 
10: 248 – 494 
11: 495 – 1,454 
12: 1,455 – 4,118 
13: 4,119 – 9,884 
14: 9,885 – 24,711 
15: 24,712 – 9,999,999 
GIS Process:
1. The raw 2000 housing density data was clipped to the analysis area and resampled from a 100 m grid to a 30 m grid.
2. The raw grid values in units per hectare were converted to acres/unit using the following formula:
((units/ha)/1,000) * 1 ha/2.47 acres = units/acre (invert) = acres/unit, so the 15 classes equaled:

15 classes (acres/unit)
1: < 2,470
2: 309 – 1,235
3: 165 – 274
4: 80 – 154
5: 50 – 77
6: 40 – 50
7: 30 – 40
8: 20 – 30
9: 10 – 20
10: 5 – 10
11: 1.7 – 5
12: 0.6 – 1.7
13: 0.25 – 0.6
14: 0.1 – 0.25
15: > 0.10

3. The 15 value classes were reclassified into four housing density classes: rural, exurban, suburban, and urban, where:

East (12 States, east of, but not including Ohio (does include the Big Sandy Watershed)
Rural: 1 – 8 = 4
Exurban: 9 – 10 = 3
Suburban: 11 – 12 = 2
Urban: 13 – 15 = 1
Excerpt from Table B-1
	Attribute
	Rating for 30-meter grid cell 

	
	Low
(1 point)
	Moderate
(2 points)
	High
(3 points)
	Very High
(4 points)

	Housing density (H, acres per housing unit in 2000)
	< 0.6 acre/unit
	0.6 – 5.0 acres/unit
	5.0 – 20.0 acres/unit (east)
	> 20.0 acres/unit (east)




Step 1 Composite Score: Ability to Produce Clean Water (APCW)

The six attributes in step 1 were summed, resulting in a value of 6 – 24 for each 30 m grid cell.  

F + A + R + D + S + H = APCW
where,
F = forest land (percent)
A = agricultural land (percent)
R = riparian forest cover (percent)
D = road density (quartiles) 
S = soil erodibility (k factor)
H = housing density (acres per housing unit in 2000)


B-2

