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Abstract 
 
 Since the inception of the stormwater program in the mid 1990’s, the City of 

Durham, North Carolina has assessed a stormwater fee for each parcel within the city 

limits. This fee is calculated as a function of the amount of impervious area on the parcel. 

Traditionally, non-residential and residential developments have been maintained by 

direct digitization of new impervious areas. In the Spring of 2005 and 2006 the 

Stormwater Services Division obtained QuickBird imagery and associated impervious 

area extraction over the entire city. The image products have been invaluable in the 

maintenance of the impervious area database and toward the update of the billing 

database. Evaluation of that program presented here: impervious area extraction 

methodology, overall accuracy of the impervious area extraction, comparison of billing 

database and new revenue generated, and a general discussion of ancillary uses of the 

QuickBird image product. 

Contact Information: 101 City Hall Plaza, Durham, NC, 27701, (919) 560-4326 
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Introduction 
 

Under the requirements of the federal Clean Water Act for phase I municipalities 

in the United States, the City of Durham, North Carolina enacted its stormwater utility 

fee ordinance in 1994 to fund the maintenance of the stormwater infrastructure in support 

of activities related to managing and reducing pollution in stormwater runoff. Stormwater 

utility fees cannot exceed the cost of providing a stormwater utility, and must be based on 

impervious surface area, property use and/or run-off characteristics. The fees can be 

further divided by size, type (residential, non-residential, industrial) and location. The 

City of Durham chose to configure its stormwater utility fee based on amount of 

impervious area on a parcel, classified into residential and non- residential billing 

structures. 

 In January 2005 the City of Durham Public Works Department began an effort to 

assess new methods for the maintenance and update of the impervious area data layer and 

address the accuracy of the stormwater fee billing information. As a result of this new 

focus the City investigated and eventually purchased high resolution satellite imagery 

coupled with associated impervious area polygons extracted from the same imagery. At 

the same time the department began preparations for the creation of a dedicated unit to 

handle stormwater billing. 

 This paper will describe the stormwater utility fee billing program at the City of 

Durham, the Geographic Information System (GIS) data used in that billing program, and 

the impervious area extraction derived from satellite imagery. We will illustrate how the 

GIS data compares with the remotely sensed impervious area extraction, and discuss 

some ancillary uses of the satellite imagery. 
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Durham Stormwater Services Billing Process 

The City of Durham uses two databases to administer its stormwater billing program. 

The first of these is the billing database, which consists of two tables: an account table 

and a parcel table, which contains a value for impervious area in square feet. The second 

database consists of the stormwater GIS impervious area layer; a vector data set of 

impervious area polygons such as building footprints, parking lots, and driveways. This 

database is maintained through manual digitization methods and stored in the city’s 

enterprise GIS. Impervious area figures are fed to the billing tables via two methods: one 

record at a time through mainframe access screens and mass updates performed by table 

uploads. In fiscal year 2007 the city will institute a new billing system that will preclude 

the need to update records one-by-one; a table containing impervious area figures will be 

uploaded from the GIS database to the billing database on a weekly basis.  

The normal billing procedure is to first classify a parcel as either non-residential or 

residential. Non-residential property stormwater fees are then calculated according to the 

number of Equivalent Residential Units (ERU) present on the property. This ERU value 

is determined by dividing the total amount of impervious area by 2,400 sq. ft. Residential 

properties are billed on a two tier system: tier one properties consist of impervious areas 

below 2,000 sq. ft. and tier two properties are parcels that contain 2,000 sq. ft. or more of 

impervious area, and are billed at a higher rate. 

The City of Durham was one of the first Phase I communities to face the legal 

challenges to the Clean Water Act mandate it had been given. As stated in the 

introduction, the City of Durham Public Works department created the Stormwater 
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Services Billing Unit in 2005 to address the many technical challenges in stormwater 

billing. At that time, there was not a mechanism in place to update more than one record 

at a time on the mainframe where the billing tables are kept. The impervious area data in 

the GIS was not up to date, nor was there a field indicating the source from which the 

area was digitized. A large percentage of billing records were incorrect. Nevertheless, 6 

inch pixel color orthophotography had just been delivered, which allowed accurate 

digitization of new impervious surfaces, although through a slow and labor-intensive 

process. More importantly, the Public Works Department had the foresight to purchase 

satellite imagery with its associated impervious area extraction, which allowed rapid 

identification of recent development and highlighted inaccuracies in the billing database 

and the GIS data through easily implemented queries. 

Stormwater GIS Data 

Prior to 2006, the stormwater GIS data had been used primarily to track and 

calculate non-residential impervious area data. The dataset had been initially created by a 

contractor in 1994, and had been maintained by city staff since then through manual 

digitization over orthophotography and scanned and georeferenced permit drawings. 

Residential impervious area data had primarily been maintained in the billing system, and 

not the GIS, prior to 2006. One city staff person had concentrated on maintaining non-

residential parcels in the GIS. The Stormwater Services Billing Unit now has 3 staff 

members and two interns updating impervious area data in an enterprise GIS 

environment. Features that are edited or deleted are kept in a historical feature class, 

which over time will allow temporospatial analysis. The database has been enriched with 

the addition of several fields to the impervious surface feature class that allow for 
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advanced queries and support greater data accuracy. A field titled “Source” uses a 

domain to specify the source from which impervious area polygons are digitized, whether 

orthophotography, GPS data, permit drawings, or satellite imagery. A parcel ID field 

allows summarization of impervious area by parcel without geoprocessing. Fields titled 

“Verified” and “Verification Date” allow query for areas edited within specific time 

frames and areas that are known to be accurately digitized. A custom archiving 

mechanism built into the version management process populates reserved fields that 

show creation dates, modify dates, and show who performed edits. 

Areas that need to be edited are typically flagged through 3 processes. Certificates of 

occupancy issued by the City/County Planning and Inspections department are queried by 

date to find new construction. Citizen inquiries and fee disputes are followed up on 

through a service request database. Most frequently, and most importantly, queries are 

done comparing the GIS data with the impervious area extraction derived from satellite 

imagery. Disparities between impervious area values in each of the two datasets highlight 

areas of interest. 

2005 Comparison Results 

The first delivery of satellite imagery and impervious area extraction in 2005 

allowed detailed analysis of the state of the City’s stormwater utility fee billing program. 

A visual comparison between the existing stormwater GIS impervious area data and the 

remotely sensed impervious area extraction is detailed in Figure 1. Examples of both 

residential and non-residential properties are shown in order to highlight the differences 

between the two data sets. Note also that impervious areas captured via manual 
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digitization have been coded into areas corresponding to either buildings or paved areas, 

as opposed to the remotely sensed extraction with which no such distinction is available. 

As can be seen in Figures 1 and 2, the satellite derived estimates of residential and 

non-residential impervious area did not exactly match the areas calculated through the 

stormwater GIS layer. These differences were further investigated by comparing a much 

larger sample of areas derived from the impervious area extraction against impervious 

area polygons stored within the stormwater GIS layer. Results presented in Table 1 

indicate that the remotely sensed impervious area extraction is underestimating 

residential areas while at the same time over-estimating non-residential areas. This is not 

unexpected and can be attributed to the fact that residential areas within the city are often 

tree covered and much harder to distinguish with satellite imagery. Consequently the high 

spatial autocorrelation of large hard surfaces in non-residential developments can be 

attributed to an overestimation of their respective areas. 

Table 1. Total Impervious Area Comparison 
Classification QuickBird Stormwater Difference 
Residential 140,949,529 149,128,333  - 8,178,804 
Non-residential 245,518,567 235,328,710 + 10,189,857 

All values in sq. ft. 
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Figure 1. Residential/Non-residential Property Comparison 
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Figure 2. Residential/Non-residential Comparison (Area Estimates) 
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The remotely sensed impervious area estimates were further investigated by 

analyzing how well the sensor could discern the correct residential impervious tier (which 

is based upon an area of 2,000 square feet). Results in table 2 indicate that remotely 

sensed estimates agree with the stormwater GIS area over 70% of the time. 

Table 2. Residential Tier Agreement Between QuickBird and Stormwater 
Tier Number of Parcels Agree Disagree 
Tier 1 16,022 11,576 (72.2%)  4,446 (27.8%) 
Tier 2 31,861 22,929 (71.9%)  8,932 (28.1%) 
Total 47,883 34,505 13,378 

 

A similar summary was constructed for the non-residential parcels. Instead of 

comparison based upon raw square footage, area measurements for each parcel were first 

converted to their Equivalent Residential Unit (ERU) values and the differences in those 

values were calculated between the remotely sensed impervious extraction and the 

stormwater GIS layer with the final results presented in Figure 3. Overall non-residential 

estimates generated from satellite imagery tend to agree about 60% of the time, with the 

majority of the agreement falling within +/- 2 ERU (Figure 3). 
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QuickBird Estimates By ERU
(4,007 Commercial Parcels) 
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Figure 3. Non-residential Estimate Comparison 

As an additional check on the quality of the remotely sensed impervious area 

information, the total number of parcels with no impervious area was generated for each 

of the three datasets. The agreement between remotely sensed data and the stormwater 

GIS is encouraging and indicates that the remotely sensed data is in fact picking up non-

residential impervious and also that the stormwater GIS layer seems to be fairly up to 

date. The amount of missing residential impervious area in the stormwater data is 

expected as residential areas have not been tracked as closely in the GIS as non-

residential development has been in the past. The number of parcels with zero impervious 

area (Table 3) in the billing database was surprising and was noted for future 

investigation. 
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Table 3. Parcels With Zero Impervious Area 
 

New impervious areas picked up with satellite data are detailed in Table 4. The 

new imagery was successful in identifying a number of new impervious areas when 

compared to the stormwater GIS layer. Results such as this indicate that satellite imagery 

may provide an alternate means in the collection of new impervious areas. 

Table 4. New Impervious Areas (QuickBird) 

Classification Number Area Estimated 
Revenue 

Tier 1 3,337 2,144,360 $ 86,895.00 
Tier 2 1,325 20,006,044 $ 71,500.00 
Non-residential 421 8,258,530 $ 185,817.00 
Total 5,083 30,408,934 $ 344,212.00 

 

An additional analysis was carried out to investigate possible accuracy problems 

with the stormwater billing database. Results for this comparison were generated by 

calculating estimated revenue for each of the three data sets independently and 

summarizing the final totals (Table 5). As shown in Table 5 these revenue estimates vary 

widely among each of the three datasets. Disparities between these three datasets can be 

attributed to the following: 1) newly developed impervious areas and overestimation of 

non-residential areas with the satellite data; and 2) lack of accurate residential 

information with the stormwater GIS layer. 

 
 
 
 
 
 

Classification Billing QuickBird Stormwater 
Residential 9,455 6,487 14,871 
Non-residential 2,709 1,808 1,841 
Total 12,164 8,295 16,712 
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Table 5. Revenue Estimates 
Classification Billing QuickBird Stormwater 
Tier 1 $ 587,175.00 $ 619,465.00 $ 449,971.00 
Tier 2 $ 1,779,300.00 $ 1,872,612.00 $ 1,771,362.00 
Non-residential $ 5,666,698.00 $ 5,764,926.00 $ 5,479,070.00 
Total $ 8,033,173.00 $ 8,257,003.00 $ 7,700,404.00 

 

Ancillary Applications 
 
 Value-added products, such as the impervious area extraction highlighted in this 

study, are often bundled with the associated image data that is used to derive the dataset 

of interest. These image products are potentially useful in a wide range of applications, 

some which are highlighted below. 

 At the City of Durham, recently acquired high resolution satellite imagery is 

being used to supplement existing aerial photography products that were developed in 

1999 (City of Durham), 2002 (by the U.S.G.S), and 2005 (City of Durham). High 

resolution satellite imagery, collected on an annual basis, could potentially bridge the gap 

between irregular acquisition of the higher resolution, higher quality aerial photography 

and derived orthophotographs. Satellite imagery, while not quite the image quality of 

aerial photography, is seen as a reasonable alternative to aerial photography in the years 

when such aerial photography is not available. These intermediate images provide a 

visual archive of the rapidly changing patterns of land cover and land use at the rural and 

suburban interface. They are also useful in the interpretation and analysis of changing 

patterns within the already heavily urbanized region that is encompassed by the city 

limits. 

 Currently the city has acquired satellite imagery within the city limits for the 

years of 2005, 2006, and 2007. As a result of the success of the imagery in the 2005 and 
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2006 years, the 2007 acquisition has been expanded to cover the entire county. 

Availability of one or more up-to-date high resolution image series has already been 

invaluable in several areas of visual image interpretation used in public works and 

planning: identification of new development, updating land-use conditions, verifying the 

existence of urban structures, assessing chronic water quality problems, and delineation 

of linear features such as stream and road centerlines. Additional applications within the 

transportation, parks and recreation, and outreach programs are also foreseen in the near 

future. 

 As already noted the County of Durham has partnered with the City in the 

acquisition of the 2007 imagery in order to provide base imagery to aid in the production 

of the cadastral database and to provide a quality control check against current parcel 

boundaries. Satellite imagery is also valuable in the production of visualization overlays, 

such as 3D scenes, and backdrops that require up-to-date representations of current urban 

and suburban development within the city and/or county. 

Availability of multi-spectral information collected across four separate spectral 

regions (i.e. the blue, green, red, and near infrared portions of the electromagnetic 

spectrum) suggests the potential application of the more traditional multi-spectral image 

processing applications. These include the automated and semi-automated land cover 

classifications, vegetation type delineations, and other spectral enhancements that are 

deemed useful and that can be readily extracted from existing satellite imagery. Results 

from these classifications can potentially provide input into land cover based models, the 

tracking of urban growth, change detection applications, and environmental quality 

applications. 
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 The availability of high resolution multi-spectral imagery, captured on an annual 

basis at a reasonable cost, could potentially provide both the City and County with a new 

data source in support of existing applications. It is likely that the potential applications 

noted above will succeed if the users can develop simple and re-usable workflows that 

will allow the processing of the satellite data in a reasonable time frame as well as 

provide meaningful results. 

 

Summary 

Overall the impervious extraction from satellite imagery compared well with 

existing impervious area measurements and provided a means to capture new impervious 

areas throughout the city. Based upon this analysis it is apparent that the area 

measurements provided by the satellite data tend to both underestimate residential areas 

while overestimating non-residential developments. A probable explanation for these 

differences can be attributed to the higher amount and greater tendency for tree cover in 

older, more established residential areas. Conversely the over estimation of non-

residential impervious area may be the result of the tendency of the large amounts of 

impervious areas to wash out nearby pervious surfaces and cause confusion in the 

classification of impervious surfaces. 

Overall the ability of QuickBird to distinguish between the two defined residential 

tiers seemed to be around 70% agreement in the 2005 comparison. Again, the tendency of 

these areas to be masked by overhead tree cover may be the result of the 

misclassification, although the 70% figure is better than expected. Although the satellite 

tends to overestimate the raw area of non-residential developments these overestimates 
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are mitigated by the application of the ERU calculation (which allows a +/- 2400 sq. ft. 

error). As a result estimates for these areas agree with existing samples almost 60% of the 

time. 

 The impact of the use of this satellite imagery was twofold: GIS data enrichment 

and increased stormwater revenue. The first was the immediate identification of 

impervious surface area where the GIS data showed none, and identification of inaccurate 

impervious area polygons in the GIS data. The impervious area extraction also provided a 

baseline for the cleaning of the billing database. The comparison of the billing database 

and the GIS data did not illuminate a method other than manually checking each parcel’s 

impervious area in GIS then updating the value in the billing database. This was not a 

feasible quality control method to pursue due to labor constraints and the fact that there 

are over 70,000 parcels within the city limits. The impervious area extraction from the 

satellite imagery provided the key for automating and simplifying this process via 

comparison queries for impervious surface amounts on parcels across all three data sets. 

After two years of implementing these queries the Stormwater Services Billing Unit 

increased revenue by $785,925.00 the first year and $830,570.33 the second, totaling 

$1,616,495.33. 

 Given these positive results the City of Durham plans to continue using high 

resolution satellite imagery in its maintenance and quality control process in calculating 

impervious area. In addition the newly created Stormwater Billing Unit has embarked on 

an intense quality control effort in light of disparities found within the stormwater billing 

database. Such efforts will ensure the viability of the stormwater program while 

providing a fair and equitable assessment of the stormwater fee within the community. 
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