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Summary 

 

This report examines the extent of impervious cover in the Borough of Madison, as well as changes 

in impervious cover over time.  Using the most recent information available on impervious cover, 

from the United States Geological Survey’s National Land Cover Database, we found that 17 

percent of Madison (480 of 2768 acres) is classified as impervious.  Impervious cover includes 

surfaces such as asphalt, concrete, brick, or stone, which are materials that prevent absorption of 

rainfall.  Such cover plays a major role in flooding in our built environment.  We also found that 

between 2001 and 2016, an additional 20 acres of land changed from pervious to impervious.  

Although Madison Borough is often described as “built-out,” implying that lands are fully 

developed, in-fill and land use change continues to be an area of concern, particularly since major 

storm events are expected to increase in frequency. 
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Why Impervious Cover Matters 

 

Impervious cover is a major aspect of land development and must be considered when 

determining environmental impact.  Impervious cover represents any surfaces where water is 

unable to percolate through as it would on natural surfaces.  Impervious cover in developed 

regions can result in significant flooding in urban areas as a result of the lack of permeability in 

these regions.  Flooding and runoff from rainfall presents numerous problems for municipalities 

that are related to the health and safety of citizens but also the potential for economic effects as 

well.  For the reasons listed above, municipalities, especially those with highly developed 

regions, must be aware of the extent of impervious cover as well as the potential for significant 

levels of runoff.     

 

 

Land Cover Classifications 

 

Of the roughly 4.3 square mile land surface area for Madison Borough, the vast majority, 86 

percent, is classified as urban.  The second largest land cover type is forest, at 12 percent, and all 

other categories are less than 2 percent (see Figure 1 for the breakdown by land use/land cover 

types). Figure 2 illustrates the locations of the forested and wetland areas, in relation to urban 

land cover.  

 

To determine the land cover types and proportions, the steps outlined by Sustainable Jersey in 

the Green Infrastructure action guidelines were followed.  The categories (wetlands, water, 

urban, forest & agriculture) all possess various degrees of permeability with respect to rainfall 

which helps identify which regions may require greener infrastructure.  All data was acquired 

from the NJDEP. 

Figure 1. Percentages of Madison Borough Land Use/Land Cover Types (2015) 
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Figure 2. Madison Borough Land Use/Land Cover Types (2015) 

 
 

Among urban land use types, about 40 percent of Madison Borough’s land surface area is 

classified as residential, medium density.  Nearly 30 percent of Borough land cover is classified 

as “Other,” and about 10 percent is residential, low density.  As Figure 3 shows, over half of 

borough lands are residential, and just under ten percent are classified as commercial.  Figure 4 

shows the distribution of urban development within Madison Borough.  The categories are all 

different aspects of urban land use provided by Sustainable Jersey in the Green Infrastructure 

action guidelines.  The data accounts for various levels of residential and commercial land use 

which helps identify the extent of impervious surface coverage throughout the borough.  All data 

was acquired from the NJDEP. 
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Figure 3. Percentages of Madison Borough Urban Land Use 

 

Figure 4. Madison Borough Urban Land Use 
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Madison Subwatersheds  

 

Rainfall across the town flows to different rivers.  Four different subwatersheds cover Madison 

Borough: Upper Passaic, Loantaka Brook, Black Brook [Hanover] & Black Brook [Great 

Swamp NWR] (as shown in Figure 5).  Dividing the municipality by subwatershed allows for 

impervious surface assessments which provide information on potential drainage issues and 

resulting flooding.  All data was acquired from the NJDEP.

 

 
Figure 5. Madison Borough Subwatersheds 

 

Impervious Cover 

 

We initially studied the NJDEP land use measures of impervious surfaces, but discovered that 

the areas included in the land use analysis extended significantly beyond Borough boundaries.  

To identify impervious coverage within Borough boundaries by subwatershed, we used the 2016 

USGS National Land Cover Database.  A visualization of the USGS impervious surface 

measurements for Madison Borough is shown in Figure 6.  The resolution is 30 meters per grid 

cell.  Applying zonal statistics to the USGS data, we created Figure 7, which illustrates 

impervious coverage by parcel. 
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Figure 6. Percent Impervious, Madison Borough, USGS National Land Cover Database (2016) 

 
Figure 7.  Percent Impervious Surface by Madison Borough Parcel 
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The following table shows the total land surface area as well as a sum of the impervious surfaces 

present in each subwatershed.  The final column is the calculated percentage of impervious 

surface coverage within each subwatershed.  The wide range of numbers is due to different levels 

of impervious development in each subwatershed.  The subwatershed map above was used to 

gather the data and calculate impervious cover.  The largest subwatershed in Madison is the 

Upper Passaic, which covers roughly 2.2 square miles of surface area: about 20 percent of this 

subwatershed is classified as impervious.   

 

Table 1. Impervious Surface by Subwatershed in Madison Borough  

 
 

The following table is a summary of the potential runoff volumes due to various rainfall 

scenarios, as recommended by Sustainable Jersey guidelines.  The total runoff produced by a 

1.25 inch water quality storm for Madison Borough is roughly 16 MGal.  Annual estimated 

runoff is roughly 575 MGal.  The majority of runoff is associated with the Upper Passaic 

subwatershed, which is the largest subwatershed by area.  The total annual runoff per acre for the 

Upper Passaic subwatershed is 0.24 MGal/ac, a value twice as high as that of Loantaka Brook.  

Considering the potential effects of climate change, a 2.5 inch water quality storm might be 

useful to consider.  These values would be double those of the 1.25 inch water quality storm, for 

example, we would expect roughly 33 MGal of runoff for the entire borough.  The calculations 

are based on the data in the previous table on impervious coverage for each subwatershed.   

  

Table 2. Stormwater Runoff Volumes by Subwatershed 

 
 

We were also interested in quantifying changes in impervious surface coverage in Madison 

Borough over time.  Using the USGS National Land Cover Database for 2001-2016, we 

identified impervious surface percentages, acres and changes for four time periods.  Figure 8 
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illustrates the process that we used in ArcGIS Pro to extract USGS National Land Cover data for 

Madison Borough by subwatershed. 

 

 
Figure 8. ArcGIS Toolbox for Processing USGS NLCD for Madison Borough 

 

Table 3 summarizes the findings across four time periods.  For the borough as a whole, 

impervious coverage changed from 16.61 percent in 2001 to 17.34 in 2016.  Across all four time 

periods, the Passaic River subwatershed contains the greatest impervious cover, now exceeding 

20 percent.  The greatest increase in impervious surface coverage was in Loantaka Brook, 

increasing from 7.39 to 8.75 impervious cover. 

 

Table 3. Percent Impervious by Subwatershed in Madison Borough, 2001-2016 

Subwatershed Name  

Total 

square 

miles  

Total 

acres  

Percent 

Impervious 

(2001) 

Percent 

Impervious 

(2006) 

Percent 

Impervious 

(2011) 

Percent 

Impervious 

(2016) 

Black Brook (Hanover) 1.14 730.98 16.78 17.30 17.61 18.08 

Loantaka Brook 0.44 279.27 7.39 7.92 8.00 8.75 

Black Brook (Great Sw amp NWR) 0.56 355.96 11.21 11.26 11.26 11.35 

Passaic R Upr (Columbia Rd to 40d 45m) 2.19 1401.87 19.71 19.90 19.98 20.26 

Madison Borough Total: 4.33 2768.08 16.61 16.89 17.02 17.34 

 

Table 4 identifies how the percent impervious coverage in each subwatershed translates to acres 

of impervious cover.  Overall, impervious cover totals to about 480 acres of Madison Borough.  

This figure has increased by 20 acres between 2001 and 2016.  Almost half of the increase in the 

acres of impervious cover took place in the Black Brook (Hanover) subwatershed, which 

experienced the greatest increase in total acres with impervious cover. 
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Table 4. Acres of Impervious Surface by Subwatershed in Madison Borough, 2001-2016 

Subwatershed Name  

Acres 

Impervious 

(2001) 

Acres 

Impervious 

(2006) 

Acres 

Impervious 

(2011) 

Acres 

Impervious 

(2016) 

Change 2001-

2016 

Black Brook (Hanover) 122.66 126.46 128.73 132.18 9.52 

Loantaka Brook 20.64 22.12 22.34 24.42 3.79 

Black Brook (Great Sw amp NWR) 39.90 40.08 40.08 40.39 0.48 

Passaic R Upr (Columbia Rd to 40d 45m) 276.31 278.97 280.09 284.04 7.73 

Madison Borough Total: 459.78 467.53 471.13 479.98 20.21 

 

Figure 9 illustrates the locations where changes in impervious cover were identified in the USGS 

National Land Cover Database between 2001 and 2016.  Clustering of changes in Giralda Farms 

in Loantaka Brook, around the high school in Black Brook (Hanover), and downtown 

development in the Passaic River subwatersheds are identifiable. 

 
Figure 9. Change in Impervious Cover and Subwatershed in Madison Borough (2001-2016) 

 

Figure 10 offers another visualization of the change in impervious cover between 2001 and 2016, 

but with the boundaries of parcels visible, and the 2016 measure for impervious by parcel. 
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Figure 10. Change in Impervious Surface and Parcels in Madison Borough (2006-2016) 

 

Last, Figure 11 identifies incremental changes in the acres of impervious cover between 2001 

and 2016 for each subwatershed and for the borough as a whole.  Between 2001 and 2016, the 

timeframe 2011-2016 saw the greatest increases in the borough, overall, to impervious cover. 

 
Figure 11. Incremental Conversion of Impervious Surface by Acres: 2001-2016 
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Conclusions 

 

This report documents current land use classifications and the present extent of impervious 

surface in Madison Borough, finding that 17 percent (480 of 2768 acres) is classified as 

impervious by the USGS National Land Cover Database.  We also find that impervious cover 

has increased across all subwatersheds between 2001 and 2016.  Overall, 20 acres of permeable 

cover have been transformed to impervious surfaces over a 15 year period.  Nine of the 20 acres 

transformed were located in the Black Brook subwatershed.  This is a cause for concern, as areas 

recently developed also overlap regions with the highest aquifer recharge rates. 

 

 
 


