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General

· Used the multiple-source method described in “Screening to Identify and Prevent Urban Storm Water Problems: Estimating Impervious Area Accurately and Inexpensively” by Bird et al. to calculate the percentage total impervious area (TIA) within each Kentucky watershed.  The multiple-source method involves adding together the impervious acres related to residential land use (derived from population data), commercial land use (derived from satellite imagery), and roads (derived from Kentucky Transportation Cabinet data) and determining the overall percentage of the watershed considered to be impervious.  Watersheds with 0-10% TIA are considered to be healthy, watersheds with 10-25% TIA are considered to be at a threshold level, and watersheds with 25-100% imperviousness are considered to be seriously degraded.

· Obtained a 12-digit hydrologic unit (HUC) coverage for Kentucky from the USGS (Louisville, KY office).  Called this polygon coverage hucs12, and added all final calculations to it.
Calculation of impervious acres related to residential land use
1. Chose to use county population rather than block population because the population projections from the Kentucky State Data Center were only available at the county level (to 2030).
2. Join the population table, to the Kentucky counties shapefile.

3. Obtain the population density per county by dividing the raw data value (for 2000 and 2020 population) by the square miles of each county 

4. Used the Convert to Grid option under the Theme menu, in ArcView 3.2, to convert the
County shape file to a raster image, using the population density.
5. Use the Summarize zones option under the Analysis menu, to summarize the 2000, and 2020 population density for each 12 digit HUC. 

6. Create a new field in the HUC 12 data table, for the actual 2000, and 2020 population values, multiplying the square miles of each HUC, by the mean value.  

7. Converted the HUC area from square feet to hectares and divided the 2001 and 2020 population values by the new “hectares” field to get “PD2001” and “PD2020,” the population density in persons/hectare for 2001 and 2020.
8. Applied the %TIA-PD relationship developed by Robert W.B. Hicks and Stan D. Woods of the Greater Vancouver Regional District to each HUC; namely, %TIA = 94(1-e-0.02833PD) + 1.  Called the results “restia2001” and “restia2002.”  These fields represent the percentage (between 1 and 30%) of the HUC considered to be impervious based on population/residential land use.
9. Calculated the total number of residential-related impervious acres with each HUC for both 2001 and 2020 by using the formulas (restia2001 / 100) * huc_acres and (restia2020 / 100) * huc_acres.  The resulting fields are “res2001acr” and “res2020acr.”

 Calculation of impervious acres related to commercial land use
1. Derived a commercial land cover grid from National Land Cover Data (2001) developed for Kentucky  under the Landscape Snapshot Project.  Did this by selecting all grid cells with a land use value of 23 (described as “high intensity commercial/industrial/transportation”)
This resulted in a commercial grid containing 100-foot pixels with a value of 1 wherever           commercial land was present and a null value wherever commercial land was absent.
2. Derived a 100-foot grid hucs12_g grid from the hucs14 coverage using the “hucs14-id” as the value item.  

3. Combined this hucs12_g grid with the commercial land grid to determine the amount of commercial land within each HUC.  Each pixel was equivalent to 10,000 sq ft, so multiplied the “count” by 10,000 and by a factor of 0.000022596 acres/sq ft to get the number of acres of commercial land within each HUC under current conditions.
4. Multiplied the acres of commercial land by 90% to get the quantity of impervious acres related to commercial land use.  Thus, the “com2001acr” field is equivalent to the total number of commercial-related impervious acres with each HUC for 2001.
5. Added the “com2001acr” field to the hucs12 polygon coverage (by joining the grid “hucs12_g” field to the “hucs12-id” field from which the hucs14_g grid was created).
6. Projected the amount of commercial land in 2020 based on a UTK land use planning study for the City of Baxter, Tennessee and similarly to a City of Mount Vernon, Iowa land use study.  These studies assumed that the proportion of commercial land use to population within the base case year could be multiplied by future year population projections.  Thus, calculated a Commercial Market per Acre (CMPA) value for each HUC as equal to the number of acres of commercial land within each HUC in 1999 (per the NLCD) divided by the 2001 population of each HUC.  Multiplied this CMPA value by the projected 2020 population 2020 and by .90 to derive the expected number of impervious acres related to commercial land use within each HUC in 2020.  Called this “com2020acr.”  Went back and added acres of 2001 commercial land use to HUCs which had no population in 2001 (and therefore had a CMDA = 0).  Thus, it was assumed that commercial land area either increased or stayed the same between 2001 and 2020.
Calculation of impervious acres related to roads

Assumed that all roads were 100% impervious and assigned acreage based on standard road widths (per road class).  Class 1 roads were considered to be 100 feet wide, Class 2 roads at 40 feet, Class 3 roads at 24 feet and Class 4 roads at 12 feet.  Road data came from the Geographic Data Technologies (GDT) 2000 road database.  Future road development is difficult to model, especially Classes 1, 2 and 4 since they do not necessarily correlate well with population numbers.  However, Class 3 roads showed a strong (r2 = 0.791) relationship to population on a county basis.  So, we modeled future (2020) Class3 road length (in feet) as:   
(Projected 2020 population) * 23.68 + 2180149.8.  
For all other classes of roads we used current numbers.
Source: Creation of Tennessee Impervious Surface Area Maps, Adapted by James Seay, Kentucky Division of Water, November 12, 2002
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