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BOX 3-2 
Land Cover in Urban Areas 

For any given land use, there is a range of land covers that are typical. Common land covers are 
described below, along with some indication of their contribution to stormwater runoff and their pollutant-
generating ability. 

Roofs. These are usually either flat or pitched, as both have significantly different runoff 
responses. Flat roofs can have about 5 to 10 mm of detention storage while pitched roofs have very little 
detention storage. Roofing materials are also usually quite different for these types of roofs, further 
affecting runoff quality. In addition, roof flashing and roof gutters may be major sources of heavy metals if 
made of galvanized metal or copper. Directly connected roofs have their roof drains efficiently connected 
to the drainage system, such as direct connections to the storm drainage itself or draining to driveways 
that lead to the drainage system. These directly connected roofs have much more of their runoff waters 
reaching the receiving waters than do partially connected roofs, which drain to pervious areas. 

A directly connected roof drain A disconnected roof drain (drains to pervious area) 

Parking Areas. These can be asphalt or concrete paved (impervious surface) or unpaved 
(traditionally considered a pervious surface) and are either directly connected or drain to adjacent 
pervious areas. Areas that have rapid turnover of parked cars throughout the day likely have greater 
levels of contamination due to the frequent starting of the vehicles, an expected major source of 
pavement pollutants. Unpaved parking areas actually should be considered impervious surfaces, as the 
compacted surface does not allow any infiltration of runoff. Besides automobile activity in the parking 
areas, other associated activities contribute to contamination. For example, parked cars in disrepair 
awaiting service can contribute to parking area runoff contamination. In addition, maintenance of the 
pavement surface, such as coal-tar seal coating, can be significant sources of polycyclic aromatic 
hydrocarbons (PAHs) to the runoff. 

Paved parking area with frequent 
automobile movement 

Contamination of paved parking areas 
due to commercial activities 

continues on next page 
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BOX 3-2 Continued 

Storage Areas. These can also be paved, unpaved, directly connected, or drained to pervious 
areas. As with parking areas, unpaved storage areas should not be considered pervious surfaces 
because the compacted material effectively hinders infiltration. Detention storage runoff losses from 
unpaved storage areas can be significant. In storage areas (especially in commercial and industrial land 
uses), activities in the area can have significant effects on runoff quality. 

Contaminated paved storage area at vehicle junk yard Heavy equipment storage area on concrete 
surface 

Streets. Streets in municipal areas are usually paved and directly connected to the storm 
drainage system. In municipal areas, streets constitute a significant percentage of all impervious 
surfaces and runoff flows. Features that affect the quality of runoff from streets include the varying 
amounts of traffic on different roads and the amount and type of roadside vegetation. Large seasonal 
phosphorus loads can occur from residential roads in heavily wooded areas, for example. 

Wide arterial street with little roadside vegetation Narrow residential street with substantial vegetation 

Other Paved Areas. Other paved areas in municipal regions include driveways, playgrounds, 
and sidewalks. Depending on their slopes and local grading, these areas may drain directly to the 
drainage system or to adjacent pervious areas. In most cases, the runoff from these areas contributes 
little to the overall runoff for an area, and the runoff quality is of relatively better quality than from the other 
"hard" surfaces. 

continues on next page 
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BOX 3-2 Continued 

Landscaped and Turf Areas. Although these are some of the only true pervious surfaces in 
municipal areas, disturbed urban soils can be severely compacted, with much more reduced infiltration 
rates than are assumed for undisturbed regional soils. Besides the usually greater than expected 
quantities of runoff of pervious surfaces in urban areas, they can also contribute high concentrations of 
various pollutants. In areas with high rain intensities, erosion of sediment can be high from pervious 
areas, resulting in much higher concentrations of total suspended solids (TSS) than from paved areas. 
Also, landscaping chemicals, including fertilizers and pesticides, can be transported from landscaped 
urban areas. Undeveloped woods in urban areas can have close to natural runoff conditions, but many 
parks and other open-space areas usually have degraded runoff compared to natural conditions. Turf 
grass has unique characteristics compared to other landscaped areas in that the soil structure is usually 
more severely degraded compared to natural conditions. The normally shallower root systems are not as 
effective in restoring compacted soils and they can remain compacted due to some activities (pathways, 
parked cars, playing fields, etc.) that do not occur on areas planted with shrubs and trees. 

Soil erosion from turf areas with fine-grained soils during periods of high rain intensities 

Undeveloped Areas. Undeveloped areas in otherwise urban locations differ from natural areas. 
In many situations, they can be previously disturbed (cleared and graded) areas that have not been sold 
or developed. They may be overgrown with various local vegetation types that thrive in disturbed 
locations. In other situations, undeveloped areas may be small segments of natural areas that have not 
been disturbed or revegetated. In this case, their stormwater characteristics may approach natural 
conditions but still be degraded due to adjacent activities and atmospheric deposition. 

S O U R C E : Pitt and Voorhees (1995, 2002). 
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As described in Box 1-1, impervious cover is broken down into two main categories: 
directly connected impervious areas (or effective impervious area) and non-directly connected 
(disconnected) impervious areas (Sutherland, 2000; Gregory et al., 2005) (although it is 
recognized that these two states are end-members of a range of conditions). Directly connected 
impervious area includes impervious surfaces which drain directly to the sealed drainage system 
without flowing appreciable distances over pervious surfaces (usually a flow length of less than 5 
to 20 feet over pervious surfaces, depending on soil and slope characteristics and the amount of 
runoff). Those areas are the most important component of stormwater runoff quantity and 
quality problems. Approximately 80 percent of directly connected impervious areas are 
associated with vehicle use such as streets, driveways, and parking (Heaney, 2000). 

Values of imperviousness can vary significantly according to the method used to estimate 
the impervious cover. In a detailed analysis of urban imperviousness in Boulder, Colorado, Lee 
and Heaney (2003) found that hydrologic modeling of the study area resulted in large variations 
(265 percent difference) in the calculations of peak discharge when impervious surface areas 
were determined using different methods. They concluded that the main focus should be on 
effective impervious area (EIA) when examining the effects of urbanization on stormwater 
quantity and quality. 

Runoff from disconnected impervious areas can be spread over pervious surfaces as sheet 
flow and given the opportunity to infiltrate before reaching the drainage system. Therefore, there 
can be a substantial reduction in the runoff volume and a delay in the remaining runoff entering 
the storm drainage collection system, depending on the soil infiltration rate, the depth of the 
flow, and the available flow length. Examples of disconnected impervious surfaces are rooftops 
that discharge into lawns, streets with swales, and parking lots with runoff directed to adjacent 
open space or swales. From a hydrologic point of view, road-related imperviousness usually 
exerts a larger impact than rooftop-related imperviousness, because roadways are usually directly 
connected whereas roofs can be disconnected (Schueler, 1994). 

Methods for Determining Land Use and Land Cover 

Historically, land-use and land-cover information was acquired by a combination of field 
measurements and aerial photographic analyses—methods that required intensive interpretation 
and cross validation to guarantee that the analyst's interpretations were reliable (Goetz et al., 
2003). Figure 3-4 is an example of a high-resolution panchromatic aerial photograph that was 
taken from an airplane in Toronto and used for measurements of urban surfaces (Pitt and 
McLean, 1986). Most recently, satellite images have become available at high spatial resolution 
for many areas (<1 to 5 m resolution) and have the advantage of digital multi-spectral 
information more complete than even that provided by digital orthophotographs. Minnesota has 
one of the longest records (over 20 years) of continuously recorded statistics on land cover and 
impervious surfaces derived from satellite images—information which has been incorporated 
into the Minnesota Statewide Conservation and Preservation Plan. Some of the remaining 
problems to be overcome with satellite imagery include difficulties in obtaining consistent 
sequential acquisition dates, intensive computer processing time requirements, and large 
computer storage space requirements to store massive amounts of image information. 
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FIGURE 3-4 Example of a high-resolution panchromatic aerial photograph of an industrial area 
used for measurements of urban surfaces. SOURCE: Pitt and McLean (1986). 

The recommended approach for conducting a survey of land uses and development 
characteristics (land cover and activities) for an area is to use both aerial photography and site 
surveys. Aerial photography has improved greatly in recent years, but it is still not suitable for 
obtaining all the information needed for developing a comprehensive stormwater management 
plan. Initially, aerial photos should be used to identify the locations and extents of the various 
land uses in the study area. Neighborhoods representing homogenous land uses should then be 
identified for site surveys. Usually, about 10 to 15 neighborhoods for each land use are 
sufficient for a community being studied (Burton and Pitt, 2002). After the field surveys are 
conducted, the aerials are again used to measure the actual areas associated with land surface 
cover. This information can be used with field survey data to separate the surfaces into the 
appropriate categories for analyses and modeling. 

Box 3-3 presents a detailed study of land cover for several land uses in the southern 
United States using satellite imagery and ground surveys (Bochis, 2007; Bochis et al., 2008). 
The results presented here have been found to be broadly similar to other areas studied in the 
United States, although few studies have been as detailed, and there are likely to be regional 
differences. 

The general conclusion of many land-use and land-cover studies is that in urban areas, 
the amount of impervious surfaces has increased since the early years of the 20l century because 
of the tendency toward increased automobile use and bigger houses, which is associated with an 
increase in the facilities necessary to accommodate them (wider streets, more parking lots, and 
garages). As shown in later sections of this report, the construction of impervious surfaces leads 
to multiple impacts on stream systems. Therefore, future development plans and water resource 
protection programs should consider reducing impervious cover in the potential expansion of 
communities. Wells (1995), Booth (2000), Stone (2004), and Gregory et al. (2005) show that 
reducing the size and dimensions of residential parcels, promoting cluster developments 
(clustered medium-density residential areas in conjunction with open space, instead of large 
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BOX 3-3 
Land Use and Land Cover for the Little Shades Creek Watershed 

Data collected by Bochis-Micu and Pitt (2005) and Bochis (2007) for the Little Shades Creek 
watershed near Birmingham, Alabama, were acquired using IKONOS satellite imagery (provided by the 
Jefferson County Storm Water Management Authority) as an alternative to classical aerial photography to 
map the characteristics of the land uses in the monitored watershed areas, supplemented with verified 
ground truth surveys. IKONOS is the first commercially owned satellite that provides 1-m-resolution 
panchromatic image data and 4-m multi-spectral imagery (Goetz et al., 2003). 

This project was conducted to evaluate the effects of variable site conditions associated with 
each land-use category. About 12 homogeneous neighborhoods were investigated in each of the 16 
major land uses in this 2,500-hectare watershed. Detailed land-cover measurements were made using a 
variety of techniques, as listed above, including field surveys for small details that were not visible with 
remote sensing tools (such as roof drain connectiveness, pavement texture, and landscaping 
maintenance practices). Each of these individual neighborhoods was individually modeled to investigate 
the resultant variability in runoff volume and pollutant discharges. These were statistically evaluated to 
determine if the land-use categories properly stratified these data by explaining significant fractions of the 
variability. Bochis-Micu and Pitt (2005) and Bochis (2007) concluded that land-use categories were an 
appropriate surrogate that can be used to describe the observed combinations of land surfaces. 
However, proper stormwater modeling should examine the specific land surfaces in each land-use 
category in order to better understand the likely sources of the pollutants and the effectiveness of 
candidate stormwater control measures (SCMs). 

This watershed has an overall impervious cover of about 35 percent, of which about 25 percent is 
directly connected to the drainage system. Table 3-1 shows the average land covers for each of the 
surveyed land uses, along with the major source areas in each of the directly connected and 
disconnected impervious and pervious surface categories. The impervious covers include streets, 
driveways, parking, playgrounds, roofs, walkways, and storage areas. The directly connected areas are 
indicated as "connected" or "draining to impervious" and do not include the pervious area or the 
impervious areas that drain to pervious areas. As expected, the land uses with the least impervious 
cover are open space (vacant land, cemeteries, golf courses) and low-density residential, and the land 
uses with the largest impervious covers are commercial areas, followed by industrial areas. For a typical 
high-density residential land use in this region (having 15 or more units per hectare), the major land cover 
was found to be landscaped areas, subdivided into front- and backyard categories, while 25 percent of 
this land-use area is covered by impervious surfaces broken down into three major subcategories: roofs, 
streets, and driveways. The subareas making up each land use show expected trends, with roofs and 
streets being the predominant directly connected impervious covers in residential areas, and parking and 
storage areas also being important in commercial and industrial areas. 

continues on next page 
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BOX 3-3 Continued 

TABLE 3-1 Little Shades Creek Watershed Land Cover Information (percent and the predominant land 
cover) 

Land Use Directly Connected 
Impervious Cover (%) 

Disconnected 
Impervious Cover (%) 

Pervious Cover (%) 

High-Density 14 10 76 (front and rear 
Residential (streets and roof) (roofs) landscaping) 
Medium-Density 11 8 81 (front and rear 
Residential (<1960 to (streets and roofs) (roofs) landscaping) 
1980) 
Medium-Density 14 5 80 (front and rear 
Residential (>1980) (streets and roofs) (roofs) landscaping) 
Low-Density 6 4 89 (front and rear 
Residential (streets) (roofs) landscaping) 
Apartments 21 22 58 (front and rear 

(streets and parking) (roofs) landscaping) 
Multiple Families 28 7 65 (front and rear 

(roofs, parking , and (roofs) landscaping) 
streets) 

Offices 59 (parking, streets, 3 39 (front and rear 
and roofs) (parking) landscaping) 

Shopping Centers 64 (parking, roofs, 4 31 (front landscaping) 
and streets) (roofs) 

Schools 16 20 64 (front and rear 
(roofs and parking) (playground) landscaping, large 

turf) 
Churches 53 7 40 

(parking and streets) (parking) (front landscaping) 
Industrial 39 18 44 (front and rear 

(storage, parking, and (storage and roofs) landscaping) 
streets) 

Parks 32 33 34 
(streets and parking) (playground) (large turf and 

undeveloped) 
Cemeteries 7 15 78 

(streets) (parking) (large turf) 
Golf Courses 2 4 95 

(streets) (roofs) (large turf) 
Vacant 5 1 94 

(streets) (driveways) (undeveloped and 
large turf) 

S O U R C E : Bochis-Micu and Pitt (2005) and Bochis (2007). Reprinted, with permission, from Bochis 
(2007). Copyright 2007 by Celina Bochis. 
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tracts of low-density areas), building taller buildings, reducing the residential street width (local 
access streets), narrowing the width and/or building one-side sidewalks, reducing the size of 
paved parking areas to reflect the average parking needs instead of peak needs, and using 
permeable pavement for intermittent/overflow parking can reduce the traditional impervious 
cover in communities by 10 to 50 percent. Many of these benefits can also be met by paying 
better attention to how the pavement and roof areas are connected to the drainage system. 
Impervious surfaces that are "disconnected" by allowing their drainage water to flow to adjacent 
landscaped areas can result in reduced runoff quantities. 

HYDROLOGIC AND GEOMORPHIC CHANGES 

The watershed provides an organizing framework for the management of stormwater 
because it determines the natural patterns of water flow as well as the constituent sediment, 
nutrient, and pollutant loads. In undeveloped watersheds, hillslope hydrologic flow-path systems 
co-evolve with microclimate, soils, and vegetation to form topographic patterns within which 
ecosystems are spatially arranged and adjusted to the long-term patterns of water, energy, and 
nutrient availability. The landforms that comprise the watershed include the network patterns of 
streams, rivers, and their associated riparian zones and floodplains, as well as component 
freshwater lakes, reservoirs, wetlands, and estuaries. 

This section starts with a discussion of precipitation measurement and characteristics 
before turning to the typical changes in hydrology and geomorphology of the watershed brought 
on by urbanization. In both the terrestrial and aquatic phases, retention and residence time of 
sediment and solutes decreases with increasing flow volume and velocity. This results in 
relatively high retention and low export of water and nutrients in undeveloped watersheds 
compared to decreasing retention and greater pollutant export in disturbed or developed systems. 

The Storm in Stormwater 

The magnitude and frequency of stormwater discharges are not just determined by 
rainfall. Instead, they are the combined product of storm and inter-storm characteristics, land 
use, the natural and built drainage system, and any stormwater control measures (SCMs) that 
have been implemented. The total volume and peak discharge of runoff, as well as the 
mobilization and transport of pollutants, are dependent on all aspects of the storm magnitude, 
catchment antecedent moisture conditions, and the interstorm period. Therefore, information on 
the frequency distribution of storm events and properties is an important aspect of understanding 
the distribution of pollutant concentrations and loads in stormwater discharges. In northern 
climates, runoff production from precipitation can be significantly delayed by the accumulation, 
ripening, and melt of snowpacks, such that much of the annual load of certain pollutants may be 
mobilized in peak flow from snowmelt events. Therefore, measurement of precipitation and 
potential accumulation in both liquid and solid form is critical for stormwater assessment. 
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