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due to their statistical insignificance. Of the 17 NLCD land cover classes found in the study areas, 10 were 
observed to be significant contributors. They are listed in Table 1.  

 

Variable Description Variable Coefficient 
Intercept   b1  1.61051845
Population Density PopDen  0.93584385 
High Intensity Residential A22  0.20444150 
Commercial/Industrial/Transportation A23  0.28746228 
Bare Rock/Sand/Clay A31 -0.20257370 
Deciduous Forest A41 -0.26362550 
Evergreen Forest A42 -0.20714210 
Shrubland A51  1.18131149 
Orchards/Vineyards/Other A61  1.87563299 
Pasture/Hay A81  0.17330553 
Row Crops A82 -0.47697190 
Emergent Herbaceous Wetlands A92 -0.22767610 
able 1.  Regression model coefficienT ts. 

 
These coefficients can be used in a regression model that was created based on the classical linear 

regression and can be described by the following equation: 
 

921923422321 %...%%lgnessImpervious Percen AbAbAbPopDenbb ⋅++⋅+⋅+⋅+=oft 
 

where b1, b2, b3, … b19 are the regression coefficients, PopDen is the Population density and %A22, %A23, 
%A31,…%A92 are the percent of the NLCD category area within the tract. This regression equation was 
tested on the remaining 20 percent of the tracts. The comparison of the regression model results with the 
actual impervious surface area measured from planimetric data for each tract yielded an R2 of 0.95 and an 
RMSE of less than 6%, when applied to validation data. The model then was applied to all the tracts and 
the actual and predicted values of imperviousness were compared. This resulted in an overall RMSE of 4% 
(Figure 4). For tract number 7026 in Groton, CT imperviousness was underestimated by 22 percent. This is 
likely due to the presence of industrial facilities (General Dynamics and Pfizer) and the University of 
Connecticut at Avery Point, a non-residential campus. 
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Tract PI ac PI pr Diff 
201 77 70 -7 
202 7 6 -1 
203 11 10 -1 
204 13 10 -3 
205 15 14 -1 
206 28 26 -2 
207 20 22  2 
208 27 30  3 
209 38 43  5 
210 36 34 -2 
211 48 50  2 
212 33 35  2 
213 32 38  6 
214 52 60  8 
215 59 63  4 
216 63 60 -3 
217 67 65 -2 
218 45 52  7 
219 33 35  2 
220 46 57  11 
221 49 60  11 
222 51 49 -2 
223 45 44 -1 
224 29 22 -7 
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dicted (PI pr) percent imperviousness at the tract 
vel for the municipalities of Stamford and Groton, CT. 

 

                  

Tract PI ac PI pr Diff 
7021 6 3 -3 
7022 11 11  0 
7023 23 26  3 
7024 29 31  2 
7025 39 38 -1 
7026 49 27 -22 
7027 22 22  0 
7028 9 10  1 
7029 10 8 -2 
7030 15 12 -3 

7021 7022 

7023   

7024 7030
7028   7027 

 7025 
 
 7026 
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Figure 4. Difference between actual (PI ac) and pre
le
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To test further the impervious prediction model, a procedure was developed to apply it at the 
watershed-level, a common and meaningful resource management unit.  For Connecticut, there are 6,711 
watersheds ranging in size from 0.4 to 13481 acres, with an average size of 474 acres. To apply the 
regression model, we required the area of each NLCD class within each watershed and a population density 
value.  Calculating NLCD class areas was done in the same manner as was done for the Census tracts, as 
previously described. However, it was necessary to develop a methodology to approximate population 
density for each watershed.  Census block and population data for 2000 were used to calculate the 
population density at the block level.  The Census block boundaries then were converted to a grid format 
having the same origin, grid cell size and extent as the NLCD data and the population density values were 
saved as grid cell values.  The ArcView Spatial Analyst Extension was used with the gridded Census block 
population density data summarized over the zones defined by the areal extent of each watershed. 
Watersheds that fell completely within study municipalities for which we had planimetric impervious 
feature data were selected and the actual percent impervious surface area within these watersheds was 
calculated.   

The Census tract based regression model was applied to all the watersheds and the percent impervious 
surface area for each watershed was calculated and plotted (Figure 5).   
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Figure 5. Predicted percent impervious surface for Connecticut watersheds. 
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The results of the regression model were compared to the actual percent impervious surface area for the 
236 watersheds for which we had complete coverage with planimetric data (Figure 6).  The RMSE was less 
than 4% and many watersheds were within 1% to 2% of the actual value. 

 

 
 
 

 
   

 

 

 

 

 

 

 

 

Predicted vs. Actual Percent Imperviousness
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Figure 6. Predicted vs. actual percent imperviousness for Connecticut watersheds. 

 

CONCLUSION 
The regression model developed throu  an accurate job of predicting the percent 

area

onnecticut 
and 

sted and validated only in 
Con

ale.  There may be 
scale-dependencies that escaped notice given the relatively uniform size of Census tracts and watersheds 
that were used in the study.  Additional research is warranted to assess these possible influences.  

 

gh this research does
 of a Census tract or a watershed that is covered with impervious surfaces.  It uses readily available 

National Land Cover Data (NLCD) and US Census Bureau population data (converted to population 
density) as inputs. The model, developed on the basis of Census tract geography, was tested for watersheds 
and the results were similar indicting that it also may be applicable over other geographic areas. 

The model’s output will be of value to land use planners and water resource managers in C
in others areas with similar landscape patterns.  It provides an easy to use and accurate method to 

estimate overall imperviousness for areas where detailed planimetric data are unavailable.  Such 
information is critically important to the design and implementation of land use plans and strategies aimed 
at preventing water quality impairment from urban non-point source pollution. 

It is important to recognize that the model described here has been te
necticut.  It is possible, and may very well be likely, that variables generated by the regression analysis 

are not generally extensible to other geographic areas where development and land cover patterns are 
different.  Future research needs to be conducted in this area.  It is our hope that researchers with access to 
similar data in other areas of the country will use the methodology described in this paper to develop their 
own regionally calibrated set of regression model variable values.  It is conceivable that over time libraries 
of such values could be created to aide planners and managers throughout the country. 

The authors did not evaluate the regression model’s sensitivity to geographic sc
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dy. This 
material is based upon work suppo icut’s Institute of Water Resources 
under the project “Development of  Impervious Surface Coefficients”. 
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