
  

 
 

Wright Water Engineers, Inc., 2490 W. 26th Avenue, Ste. 100A, Denver, CO 80211 
Tel. (303) 480-1700; Fax. (303) 480-1020, e-mail:aearles@wrightwater.com 

 
MEMORANDUM 

To: Holly Piza, P.E., CFM, Brik Zivkovich, P.E, CFM 
 Mile High Flood District 

Via Email: hpiza@mhfd.org and bzivkovich@mhfd.org 

From: Wright Water Engineers, Inc. 
Andrew Earles, Ph.D., P.E., P.H., D.WRE  
Victoria Hennon, E.I.T 

Date: October 16, 2023 

Re: Analysis and Recommendations for Updated Land Use-based Percent Impervious 
Values 

1.0 Introduction 

Wright Water Engineers, Inc. (WWE) has prepared this memorandum to document our analysis and 
recommendations for updating land-use percent impervious values for the Mile High Flood District 
(MHFD) and the City of Aurora (COA). The recommended values would replace the values published 
in the current versions of the MHFD Urban Storm Drainage Criteria Manual (USDCM) Runoff 
Chapter (see Table 1) and the COA Storm Drainage Manual Hydrology Chapter.   

2.0 Background 

Land-use percent impervious values are used in stormwater master planning to predict current and 
future runoff and design stormwater infrastructure. Most of the current percent impervious values 
were developed several decades ago. However, development patterns are changing to generally 
include higher-density development. For example, single-family homes are becoming larger and lot 
sizes are becoming smaller. These patterns suggest that current percent impervious values may 
underestimate the actual imperviousness of recent and future development.   

Additionally, some municipalities are considering “turf ordinances” to limit the amount of irrigated 
turfgrass that can be installed on new lots. For example, the COA’s new turf ordinance states that the 
installation of cool-season turf (such as Kentucky bluegrass) should not exceed the lesser of 45% of 
the backyard area or 500 square feet (Sec. 138-191 of City Code). In lieu of turfgrass, developers 
and/or homeowners would be required to use “water-wise landscapes” planted in areas of mulch, pea 
gravel, etc.   

Finally, the current impervious values for single-family residential land use only represents the lots 
and does not consider the imperviousness of roadways. The layout of roadways is generally not 
available at the master planning level; therefore, use of the current values may underestimate overall 
imperviousness of such developments.   
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The overall objective of this work was to compute “updated” percent impervious values for several 
different land uses considering the circumstances described above. Recommendations are made 
where updated values very significantly from current values.   

Table 1. Current Published Recommended Percentage Impervious Values  
(Table 6-3 in Runoff Chapter of Urban Storm Drainage Criteria Manual (USDCM) 

Volume 1) 

Land Use 
Percentage 

Imperviousness 
(%) 

Business: 
Downtown Areas 95 
Suburban Areas 75 
Residential Lots (lot area only): 
Single-family    

2.5 acres or larger 12 
0.75 - 2.5 acres 20 
0.25 - 0.75 acres 30 
0.25 acres or less 45 

Apartments 75 
Industrial:  
Light areas 80 
Heavy Areas 90 
Parks, cemeteries 10 
Playgrounds 25 
Schools 55 
Railroad yard areas 50 
Undeveloped Areas: 
Historic flow analysis 2 
Greenbelts, agricultural  2 
Off-site flow analysis  45 

 

3.0 Methodology 

This work was conducted using geospatial analysis and Excel spreadsheet calculations at two different 
scales. First, a "lot-scale” analysis was performed to determine the impacts of the COA turf ordinance 
on residential, lot-scale percent impervious values. Second, a “zoning-scale” analysis was performed 
to estimate percent impervious values for multiple different land uses. All analysis was performed 
within the COA limits.  Detailed descriptions of the methods are provided below.   
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3.1 Geospatial Data 

WWE obtained parcel, zoning and planimetric shapefile data from the City of Aurora (CoA) GIS 
Open Data portal (https://data-auroraco.opendata.arcgis.com/). The planimetric data are polygons and 
polylines outlining rooftops, edge of pavement, paved parking, driveways and sidewalks. These 
datasets were developed by the Denver Regional Council of Governments (DRCOG) using high-
resolution Denver Regional Aerial Photography Project imagery to manually draw each detailed 
feature, and are regularly updated as features are built, modified and replaced. The planimetric data 
are critical to this project as it identifies most impervious surfaces found in the urban environment.  

The planimetric data were last updated on November 18th, 2022, in the CoA GIS Open Data portal. 
The zoning layer was last updated on February 17th, 2023 and the parcel layer was last updated on 
June 14th, 2023. 

3.2 Calculation of Single-Family Residential (Lot Scale) Percent Impervious 
Values with Turf Ordinance 

To understand the impacts of the COA turf ordinance, percent impervious values were calculated for 
323 individual single-family, residential parcels.  199 of those parcels were classified as low-density 
(R-1 zoning) single-family homes (SFH) and 124 were classified as medium-density (R-2 zoning) 
SFH.  

For each parcel, the planimetric data were used to compute the areas covered by the rooftop, driveway 
and sidewalk. The remaining area was assumed to be landscaped areas. Figure 1 shows an example 
of several residential parcels used for this analysis with the planimetric land cover polygons 
overlayed. This figure shows that the planimetric polygons are not perfect and seem to miss some 
impervious surfaces such as patios, however we did not attempt to adjust the polygons.  

An area-weighted percent impervious value was calculated in Excel for each parcel under two 
different conditions: 1) without the turf ordinance and 2) with the turf ordinance. For both 
calculations, rooftops, driveways and sidewalks were assumed to be 95% impervious. Without the 
turf ordinance, the landscaped areas were assumed to be turfgrass with an impervious value of 5% 
(current criteria for turf areas).  With the turf ordinance, the landscaped area was further divided into 
turfgrass (500 square feet) and “water-wise landscape” areas, with a 20% impervious value.  

The Excel spreadsheet calculations can be found in Attachment A (“GIS Analysis Impervious Area 
Calculations.xlsx”). 
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Figure 1: Example of R-1 Lot-Scale Selection (Indicated by Red Boundary) with 
Planimetric Data 

3.3 Calculation of Zoning-Level Imperviousness 

Zoning-level analysis was conducted to estimate percent impervious values for multiple different 
land uses.  A complete list of COA zone districts that were analyzed are included in Table 2. 
. 
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Table 2: Land Uses and Corresponding Zoning and Closest MHFD Designation 

Land Use Corresponding 
Zoning Density Closest MHFD 

Designation 

Residential (Roads Included) 

Rural SFH R-R 0-3 du/acre SF, 0.75-2.5 Acres 

Low-Density SFH R-1, PD 3 du/acre SF, 0.25-0.75 Acres 

Medium-Density SFH R-2 5 du/acre SF, 0.25 Acres or Less 

Mobile Homes R-MH 
Manufactured: 10 du/ac; 
cohousing/cottage: 12 du/ac; 
tiny houses: 15 du/ac 

SF, 0.25 Acres or Less 

Medium-Density MFH R-3 5-20 du/acre Apartments 

High-Density MFH R-4, MU-TOD Core: 60 du/ac, min.; Edge: 
20 du/ac, min. Apartments 

Commercial 

Low-Density Commercial MU-N N/A Suburban Areas 

Medium- to High-Density Commercial MU-R, MU-FS, MU-
C N/A Suburban Areas 

Urban Core Commercial OA-G, OA-MS N/A Urban Areas 

Industrial/Institutional 

Schools MU-OI, Typ N/A Schools 

Office/Institutional MU-OI (non-school) N/A Industrial, Light Areas 

Industrial, Light Area I-1 N/A Industrial, Light Areas 

Industrial, Heavy Areas I-2 N/A Industrial, Heavy Areas 

Parks and Open Space 

Open Space, other Parks uses and Trails POS N/A Parks, Cemeteries 

Community Parks POS N/A Playgrounds 

Neighborhood Parks POS N/A Parks, Cemeteries 
Golf Courses POS N/A Parks, Cemeteries 

Cemeteries POS N/A Parks, Cemeteries 

 

For each land use classification, a number of areas were selected for analysis (see Table 3). Figures 
in Attachment B present the spatial distribution of areas selected across the City of Aurora for each 
type of land use (residential, commercial, industrial, and parks). 
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Table 3: Land Uses and Number of Areas Evaluated 

Land Use Corresponding 
Zoning Number of areas evaluated 

Residential (Roads Included)     

Rural SFH R-R 7 

Low-Density SFH R-1, PD 16 

Medium-Density SFH R-2 6 

Mobile Homes R-MH 10 

Medium-Density MFH R-3 15 

High-Density MFH R-4, MU-TOD 21 

Commercial      

Low-Density Commercial MU-N 9 

Medium- to High-Density Commercial MU-R, MU-FS, MU-
C 33 

Urban Core Commercial OA-G, OA-MS 27 

Industrial/Institutional     

Schools MU-OI, Typ 6 

Office/Institutional MU-OI (non-school) 5 

Industrial, Light Area I-1 17 

Industrial, Heavy Areas I-2 6 

Parks and Open Space     

Open Space, other Parks uses and Trails POS 6 

Community Parks POS 5 

Neighborhood Parks POS 6 

Golf Courses POS 6 

Cemeteries POS 2 

 

For each area, the planimetric data were used to compute the areas covered by the following surfaces: 
1) rooftops, 2) paved roadways, 3) unpaved roadways, 4) paved parking, 5) mixed paved parking, 6) 
driveways and 7) sidewalks. The remaining area was assumed to be landscaped areas.  

Attachment C includes several example maps showing how the planimetric data overlays with 
different land uses, including low-density single-family homes and light industrial areas.    

Area-weighted percent impervious values were then calculated in Excel using the percent impervious 
values shown in Table 4. All landscaped areas within “Parks and Open Space” areas were assumed 
to be native grass/undeveloped conditions, while landscaped areas in all other land use categories 
used the “landscaping” value.   

The Excel spreadsheet calculations can be found in Attachment A (“GIS Analysis Impervious Area 
Calculations.xlsx”). 
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Table 4: Percent Imperviousness of Land Covers Used for Determining Land Use-
based Imperviousness 

Imperviousness (%) 

Roof 
Footprint 

Paved 
Road 

Unpaved 
Road  

Paved 
Parking 

Mixed 
Paved 

Parking  
Driveway Sidewalk  Landscaping Native 

Grass/Undeveloped 

95 95 80’ 95 60* 95 95 20^ 5 
'Unpaved road indicates either a dirt or gravel compacted roadway. 
*Mixed paved parking is made up of both landscaped areas and paved sidewalks within parking lots, as well as large 
artificial turf sport fields. The impervious value suggests an average between both land types. 
^Landscaping category encompasses water wise landscaping (shrubs, perennials, and warm-weather grasses), lawns, active 
turf, and uncompacted gravel for landscaping. See the land cover impervious memorandum for more information. 

  

4.0 Results, Discussion and Recommendations 

4.1 Single-Family Residential (Lot Scale) Percent Impervious Values with Turf 
Ordinance 

The results of the SFH imperviousness evaluation are presented in Table 5 below. At the lot scale, the 
average percent impervious without the COA turf ordinance was measured as 33% for R-1 zoning (3 
dwellings per acre) and 35% for R-2 zoning (5 dwellings per acre). These values assume that all 
landscape areas are turfgrass with 5% imperviousness (current criteria for turf areas). As noted above, 
the planimetric data did not capture all impervious areas that were apparent on aerial imagery, 
therefore these values may be slightly underestimated.   

With the COA turf ordinance, the lot-scale percent impervious values increase to 43% and 45% for 
R-1 and R-2 zoning, respectively. This is the direct result of the landscape areas being limited to 500 
square feet of turfgrass (assuming 20% impervious for managed turf with disturbed soil) and the 
remaining being “water-wise landscaping” with an assumed imperviousness of 20%.   

Table 5: Measured Imperviousness Results for SFH at the Lot Scale and Zoning 
Scale 

Land Use Corresponding 
Zoning 

Published 
Imperviousness 

Measured 
Imperviousness 

(Lot Scale 
Only) 

Measured 
Imperviousness 

with Turf 
Ordinance (Lot 

Scale Only) 
Low-Density SFH R-1 30% 33% 43% 
Medium-Density SFH R-2 45% 35% 45% 
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4.2  Zoning-level Imperviousness 

Table 6 summarizes the results of the zoning-level analysis (“Measured”), as well as the existing (“Pre 
2023 Manual Update”) and recommended (“Recommended”) percent impervious values. The 
differences between the “Measured” results from this analysis and the existing percent impervious 
values were mixed (some were higher, some lower and some similar). The sections below provide a 
brief discussion of the results and justification for the recommended percent impervious values.   

4.2.1 SFH (Rural, Low-density, Medium Density) 

The SFH (i.e., single-family, residential) land uses generally had higher measured values compared 
to existing values. This is due to both the increased imperviousness at the lot-scale with the turf 
ordinance and including roadways in the percent impervious calculations. These are both valid 
explanations to justify recommended values that are greater than the existing values.  

The R-1 and R-2 zoning did not have significant differences in lot sizes or average imperviousness, 
so the zoning was grouped together to provide a single impervious value for low and medium density 
single family homes. 

4.2.2 Mobile Homes 

This would be a new land use that is not identified in the existing UDSCM. Mobile homes tend to be 
clustered on lots much smaller than 0.25 acres, therefore we recommend a value greater than the 
existing (applicable) value. 

4.2.3 Multi-family Housing (Medium-density, High-density) 

The measured impervious values were slightly less than the comparable existing values. Since the 
existing values did not differentiate between medium and high-density, we have recommended values 
for each land use type. 

4.2.4 Commercial 

The measured impervious values were generally less than the comparable existing value. Since the 
existing values did not differentiate between low and medium/high-density, we have recommended 
values for each land use type. 

4.2.5 Industrial/Institutional 

The measured impervious values were similar to or less than the comparable existing values. These 
land use types have much more variability in their developments; therefore, we have recommended 
to retain the existing values for all categories except “Office/Institutional.” There was not a large 
difference in imperviousness between I-1 and I-2 zoning, so the zoning was grouped together to 
provide a single impervious value for light and heavy industrial areas. 
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4.2.6 Parks and Open Space 

The measured values were similar to or greater than the comparable existing values. We found that 
cemeteries, golf courses, and community parks may have the most underestimated imperviousness 
compared to existing values. 

4.3 Summary 

The land use-based impervious values provided in this work are intended as recommendations, with 
the understanding that incorporating good engineering judgment is essential when undertaking master 
planning and other large-scale development.  

Table 6: New Recommended Land Use-based Imperviousness Values for Master 
Planning 

Land Use/Density 

City of Aurora 
Pre 2023 
Manual 
Update 

Imperviousness 

Measured 
Average 

Imperviousness 
(Roads 

Included) 

Recommended 
Imperviousness 

(Roads 
Included) 

Residential       
Rural SFH (0 - 3 du/ac) 20% 35% 35% 
Low & Medium-Density SFH (3 - 5 du/ac) 30-45% 54% 55% 
Manufactured Housing (>= 10 du/ac) 60% 63% 65% 
Medium-Density MFH/High Density SFH (5 - 20 du/ac) 60-75% 62% 65% 
High-Density MFH (>20 du/ac) 80% 67% 70% 
Commercial       
Low-Density Commercial 85% 64% 65% 
Medium- to High-Density Commercial 85% 75% 80% 
Urban Core Commercial 95% 84% 90% 
Industrial/Institutional       
Schools 50% 51% 55% 
Office/Institutional 80% 61% 65% 
Industrial Areas 90% 70% 75% 
Parks and Open Space       
Open Space, undisturbed Native Grasses 2% 7% 5% 
Community Parks 5% 22% 25% 
Neighborhood Parks 5% 15% 15% 
Golf Courses 5% 27% 30% 
Cemeteries 5% 23% 25% 

Note: Recommended imperviousness values shown in the table are the minimum imperviousness values for a specific 
land use. It is the engineer’s responsibility to select imperviousness values that appropriately reflect the actual density of 
the proposed development.  
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6.0 Attachments 

 Attachment A. GIS Analysis Impervious Area Calculations 
 Attachment B. Maps of Zoomed-in Land Uses with Planimetric Data 
 Attachment C. Selected Zoning across City of Aurora for each Land Use  
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Attachment B.  

Maps of Zoomed-in Land Uses with Planimetric Data 

   











 

 

 

 

Attachment C.  

Selected Zoning across City of Aurora for each Land Use 










