
[   section two   ]
Denver Urban Watershed & Water Quality Basins

while the foothills and high plains areas are actively being 
developed.  The intense urbanization in the metropolitan 
area consists primarily of residential and commercial 
areas and some industrial regions along the river valley. 

The South Platte River is the largest receiving waterway 
in the Denver Metropolitan area and flows from south 
to north along the Interstate-25 (I-25) corridor. Within 
Denver’s city limits, the South Platte River meanders 
11.7 miles from Dartmouth Avenue to Franklin Street.  
The entire drainage basin covers approximately 4,850 
square miles extending from the Continental Divide in 
the Rocky Mountain Front Range to the high plains and 
foothills of eastern Colorado.  The mountainous portion of 
this basin is generally unsuitable for dense development, 

2.1 South Platte River 
Watershed

Figure 2.1: Denver’s Major Receiving Waters

N

• Barnum Lake
• Bear Creek 
• Cherry Creek
• Clear Creek
• Dry Gulch
• Ferril Lake
• First Creek

Major tributaries and receiving water bodies in the 
South Platte River Basin within the city limits:

• Goldsmith Gulch
• Harvard Gulch
• Irondale Gulch
• Lakewood Gulch
• Marston Lake
• Sand Creek 
• Sanderson Gulch

Descriptions of each of the major drainageways can be found in the City and 
County of Denver Storm Drainage Master Plan, September 2014.

• Second Creek
• Sloan’s Lake
• Weir Gulch
• West Harvard Gulch
• Westerly Creek

https://www.denvergov.org/content/dam/denvergov/Portals/711/documents/StormMasterPlan/Master%20Plan%20Final%20September%202014%20Corrections%20for%20Web.pdf
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2.2 Water Quality Basins
Thirty-one water quality basins were identified using 
a GIS-based basin delineation of the 1,224 Municipal 
Separate Storm Sewer (MS4) outfalls. This effort identified 
the tributary area to each of the outfalls citywide.  This 
approach consisted of a three step process: 
1. Tracing upstream from each identified outfall and 

assigning an outfall ID to all traced inlets.
2. Running ESRI’s watershed delineation model using 

the DTM and inlets as the starting point of the 
collection system.

3. Integrating the watershed delineation model output 
(basin polygons) with 2009 Storm Drainage Master 
Plan. 

Basins are discussed in more detail in Section 3.

2.3 Land Use & 
Impervious Surfaces
The type of land use and cover in a watershed can 
significantly impact water quality. Pollutant concentrations 
have been estimated for each land use within Denver 
through a number of studies including Denver’s Regional 
Urban Runoff Program (DRURP). For purposes of this 
plan, general categories of commercial, industrial, parks/
open space, residential, and right-of-way/other were 
included.

The amount of impervious (hard) surfaces in a watershed 
can have an adverse impact on watershed health. Denver 
(excluding Denver International Airport) consists of roughly 
75,000 acres or 104 square miles of land. Of this, roughly 
49% is covered in impervious surfaces such as roads, 
roofs, and parking lots. Projected future land use and 

Figure 2.2: As stormwater washes over impervious surfaces, it collects and carries pollutants such as trash, bacteria, automobile fluids, and nutrients 
into our storm drain system. This then flows directly into our lakes, streams, and river. 

Image Source: City and County of Denver
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composite impervious estimates that Denver has the 
potential to reach 57% impervious by 2020.1

Water quality impacts from impervious surfaces include an 
increase in both the volume and rate of stormwater runoff 
and associated contaminants to receiving water bodies. 
This causes physical, chemical, and biological degradation 
of surface waters. Urban impacted streams experience 
channel modifications, erosion, stream bank instability, 
heavy sediment deposition, and increases in temperature 
and nutrients loads.  Green infrastructure helps mitigate 
impacts caused by impervious surfaces and urbanization 
by dispersing stormwater into landscaped areas rather 
than directly into the storm drainage system.  This practice 
reduces peak discharge rates, runoff volumes, and 
pollutant loads by providing opportunities for infiltration, 
filtration, and evapotranspiration.

2.4 Climate & Hydrology
Current Climate Conditions
Denver is situated in the Lower South Platte drainage 
area which experiences a semiarid continental type 
climate. The area has cold, dry winters and cool, relatively 
dry summers.  Typically, there are low precipitation 
rates and humidity.  Annual precipitation is on average 
about 16 inches of rainfall and 55 inches of snowfall.  
More than two-thirds of the precipitation falls between 
April-September.  On average, Denver experiences 75 
storms annually. On an average annual basis, 46 of 
these produce less than 0.1 inch of precipitation, 22 total 
between 0.1-0.5 and only about 7 events per year produce 
more than 0.5 inches. These large storms are typically 
high-intensity, short duration events that can quickly 
overwhelm Denver’s current drainage system.2

Anticipated Climate Conditions
Over the past 30 years, Colorado has seen a 2°F increase 
in annual temperatures which has been observed to be 
slightly higher on the Front Range. This trend is expected 
to increase with climate models projecting an additional 
increase of 2.5 to 5.5°F by 2050 relative to a 1971-2000 
baseline. For reference, temperatures in the Front Range 
are predicted to be similar to temperature regimes that 
currently occur near the Colorado-Kansas border by 2050. 
With this warming, snow-pack is expected to decline as 

Denver’s Climate Change Impacts
• An increase in temperature and urban heat island effect
• An increase in frequency of extreme weather events
• Reduced snowpack and earlier snowmelt

Source: City and County of Denver 2014 Climate Adaptation Plan, 2015 Update

more precipitation will likely fall as rain in the winter rather 
than snow, and peak runoff is expected to continue shifting 
earlier in the year. Peak runoff has already shifted 1-4 
weeks earlier over the past 30 years.3

Extreme heat events in Denver are expected to increase 
significantly in the coming century. The average number 
of days above 95°F between 1970-1999 was five days. 
Recent projections for the Denver Metro Area predict that 
by mid-century, Denver may experience anywhere from 
20-35 days a year above 95°F and that by the end of the 
century, the range expands to 19-77 days.4

These extreme heat events have the potential to 
exacerbate Denver’s existing urban heat island (UHI) 
effect which is currently the third worst in the United 
States.5 The UHI effect (the temperature difference 
between urban environments and their surrounding rural 
areas) is a result of four key factors: 
1. The dark, energy absorbing materials used to pave 

and construct the built environment.

Table 2.1: Projected days over 95° per year under different 
emissions scenarios. 
Source: Rocky Mountain Climate Organization
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2. Building forms that absorb and re-radiate solar 
radiation back into the urban setting and restrict air 
flow.

3. A lack of vegetation that naturally provides a cooling 
effect by providing shade and through the process of 
evapotranspiration.

4. Waste heat from a variety of anthropogenic sources.6     

 
Elevated urban temperatures typically have negative 
impacts, including increased energy consumption which 
leads to poor air quality, more heat-related illnesses and 
fatalities, and impaired water quality (primarily thermal 
pollution).7 

Recent projections also suggest that heavy storms (storms 
of half-inch of precipitation or more in a day) may also 
become more frequent. Emission scenarios project that 
these storms will become anywhere from 15-25% more 
likely by mid-century and 17-31% more likely by the end 
of the century.8 While these projections have somewhat 
large ranges, the primary hydrological effect modelers are 
predicting is major variability in Colorado’s future climate 
with some years wetter than normal and others bringing 
drought-like conditions.9 

Understanding these impacts is important for green 
infrastructure planning as it can impact the water quality 
challenges Denver faces and how green infrastructure 
facilities are designed and vegetated. Changes in 
temperature can affect the kinetics of the biological, 
chemical, and physical processes that occur in the water 
being treated as well as the vegetation treating the water. 
Variability in stormwater runoff frequency, ranging from 
extreme wet conditions to extreme drought conditions, 
may alter what plant palettes are best suited for Denver’s 
climate and green infrastructure needs.10

2.5 Benefits of Green 
Infrastructure
While changes in climate may complicate green 
infrastructure designs and vegetation plans, they also 
make the case for incorporating more green infrastructure 
in the built environment. Green infrastructure not only 
improves water quality but also helps mitigate flooding 

issues, reduces the urban heat island effect, improves air 
quality, and absorbs local carbon emissions.

Improved water quality
Both site-scale and regional-scale green infrastructure 
help mitigate the impacts urbanization has on the 
hydrological cycle. These systems mimic natural systems 
and use vegetation, soils and roots to slow and filter 
stormwater runoff, thus reducing peak flows during rain 
events and providing treatment to polluted stormwater and 
urban runoff. By slowing water down and even holding 
it for short periods of time, green infrastructure facilities 
allow sediments to settle out while vegetation and soils 
effectively remove pollutants including nutrients, metals 
and bacteria.
 
Reduced flood risks
Green infrastructure can absorb and significantly slow the 
initial flows from storm events, which can free capacity in 
pipes to carry surface flows from streets and potentially 
delay or reduce localized street flooding.  Infiltrating green 
infrastructure facilities can also reduce the burden on gray 
stormwater systems by returning peak flows directly to 
groundwater. Thoughtful integration of green infrastructure 
within existing gray infrastructure systems can also extend 
the life-cycle of a stormwater system by managing peak 
flow impacts of new or redeveloped impervious areas, 
potentially even reducing the capacity needs of a gray 
infrastructure system.

Reduced urban heat island effect 
Studies have found that the incorporation of green 
infrastructure in highly impervious, dense environments 
has a noticeable impact in reducing maximum surface 
temperatures. These same studies found that removing 
green cover results in a significant increase in surface 
temperatures, emphasizing the need to protect existing 
green assets in addition to adding more.11, 12

Improved air quality
Through uptake and deposition, vegetation directly 
removes air pollutants like nitrogen dioxide and particulate 
matter that can be detrimental to public health. Green 
infrastructure also reduces ground level ozone through 
both pollutant removal and by providing a cooling effect 
that results in fewer emissions associated with air 
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Absorb local carbon emissions
Urban vegetation, particularly urban trees, are significant 
sources for carbon storage and sequestration. Recent 
estimates are that trees in U.S. urban areas are 
responsible for storing 643 million tons  ($50.5 billion 
value) and annually sequestering an estimated 25.6 
million tons (a $2.0 billion value).14 
 
Increased Biodiversity and Habitat
Green infrastructure can help mitigate the effects of 
urbanization on biodiversity and habitats as it provides 
an opportunity to increase the number and diversity 
of plants, animals, and beneficial insects found in an 
area. By incorporating more space for plants, and 
especially through the use of native plant species, green 
infrastructure can provide the necessary food, cover, 
water and places to raise young- the essential elements 
of successful habitat that support local wildlife. Wildlife in 
this context refers to the birds, bees, butterflies and other 
pollinators that would naturally occur in the Denver region. 
Green infrastructure can also restore linkages between 
larger habitat areas, such as parks, open space, rivers 
and wetlands, leading to connections between populations 
of plants and animals that produce healthier wildlife 
communities in the urban setting.15

Improved public health outcomes
Research reveals a strong relationship between the 
physical design of communities and public health.  
Features of neighborhood design, such as multi-modal 
transportation, walkability, and places for recreation impact 
residents’ ability to maintain healthy lifestyles. Regular 
physical activity reduces obesity, diabetes, and heart 
disease, among other chronic health concerns.16 

Green infrastructure is an element of the built environment 
that has been shown to be associated with a number of 
positive health outcomes.  In addition to environmental 
benefits such as improved air and water quality and lower 
ambient temperatures, access to quality green spaces 
including trees, parks, greenways, urban streetscaping, 
and gardens are related to a range of health benefits 
including:  
• increased physical activity such as walking and 

biking;17

2.6 Green Infrastructure & 
Equity

Benefits of Denver’s Existing Urban Tree Canopy

The Metro Denver Urban Forest Assessment, released 
in 2013, calculated the annual value of ecosystem  
services Denver’s Urban Tree Canopy (UTC) to be worth 
$122,000,000. These estimates are considered to be 
conservative because they do not fully capture benefits 
such as job creation, improved human health and fitness, 
wildlife habitat, and biodiversity. 

Urban Tree Canopy Cover:  19.7%
Energy Saved (Cooling) 56,471 MWhs $6,776,570
CO2 Storage 310.6 tons
CO2 Sequestered (per year) 14.0 tons $140.2
Cooling CO2 Avoided 53,563 tons $535,631
Total CO2 53,577 tons $535,772
Air Quality (pollutant 
removed per year) 290.6 lbs $1,554

Rain Fall Interception 1,433,626,000 gals $18.94 M
Property Values $95.73 M
Total Benefit $122.0 M

 
Source: Metro Denver Urban Forest Assessment, 2013

Equity means “just and fair inclusion.” An equitable society 
is one in which all can participate and prosper.  Equity…
creates conditions that allow people to reach their full 
potential.26 

Equity can be defined as the opportunity to achieve social, 
environmental, economic and health benefits.  In many 
communities, conditions in the built environment can help 
or hinder residents’ ability to eat well, be physically active, 

• improved mental wellbeing for all ages;18

• reduced stress;19

• lower traffic speeds and reduced injury crashes;20

• improved actual and perceived safety due to more 
pedestrian activity;21

• increased social cohesion;22

• shorter hospital stays and fewer health complaints;23 

and
• Improved student learning and attentiveness.24, 25
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Figure 2.3: Neighborhood Equity Index
(Source: Denver Department of Public Health and Environment)

Ratings include four factors:
Social Determinants of Health • % of high school graduates or the 

equivalent of those 25 years of age 
and older

• % of families below 100% of the 
Federal Poverty Line

Built Environment • Food access: % of residents within 1/4 
mile walk to a full-service grocery store

• Park access: % of living units within 1/4 
mile walk to park or open space

Access to Health Care • % of pregnancies without 1st trimester 
prenatal care

Morbidity • % of overweight or obese children
Mortality • average life expectancy

Neighborhood Equity Index

Source:  Denver Environmental Health, 2016.
(1. American Community Survey 2009-2013. 2.  City and County of Denver GIS, 2015. 3. Vital Statistics 
Denver, 2007-2013.  4. Colorado BMI Monitoring System 2012-2014, Kaiser Institute for Health Research)

Index includes four factors:
1. Social Determinants of Health:  measured by a) 

% of high school graduates or equivalent for 
those aged 25 years or older, and b) % of 
families living below 100% of the Federal 
Poverty Line.

2. Built Environment:  measured by a) Food 
Access: % of residents within ¼ mile walk to a 
full-service grocery store; and b) Park Access: % 
of living units within ¼ mile walk to a quality 
park or open space.

3. Access to Health Care:  % of pregnancies 
without 1st trimester prenatal care

4. Morbidity: % of overweight or obese children
5. Mortality: no indicator included.

Neighborhood Equity Index
(lowest score indicates highest level 
of inequity)

breathe clean air, or spend time outdoors. 

In Denver, the Neighborhood Equity Index (Figure 
2.3) measures a range of health, socioeconomic 
and built environment indicators across Denver’s 78 
neighborhoods.  It is one way to assess the overall 
opportunity that residents have to achieve health and 
wellbeing.  There are a number of neighborhoods (shown 
in red in Figure 2.3) where residents face many barriers 
to achieving positive socioeconomic, environmental and 
health outcomes.

Green Infrastructure as Equity
The presence of green infrastructure in a community 
is one element that influences how well people can 
achieve their full potential for physical and mental 
wellbeing through physical activity, safety, multi-modal 
transportation, and social cohesion. Evidence shows 
that communities lacking green infrastructure often lack 
other public investments such as parks, multi-modal 
transportation infrastructure, sidewalks, recreation, healthy 
food outlets, and adequate streetlighting.27 These features 
are more often lacking in lower income and racial and 
ethnic minority communities compared with higher-income 
neighborhoods.28

Not surprisingly, residents of these communities also 
have poorer health status, with higher rates of obesity, 
diabetes, heart disease and lower life expectancy than 
neighborhoods with higher-quality public infrastructure.  
Such differences in infrastructure conditions across 
neighborhoods means that some groups of people have 
unequal access to opportunities for a healthy environment. 
This can lead to ‘health inequity’, or differences in health 
among communities that can be traced to unequal 
physical, economic and social conditions that are systemic 
and avoidable.29

Examples of environmental conditions leading to health 
inequity include:

Extreme heat
Extreme heat kills more people than any other 
weather-related factor in the U.S.30 Communities 
of color and low-income communities in urban 
neighborhoods are particularly vulnerable to extreme 
heat; they are often segregated, surrounded by heat-
trapping surfaces like concrete and asphalt in industrial 
sites, have less tree canopy and green spaces, and 
are less likely to have air conditioning.  Residents 
of such communities typically have higher rates of 
diabetes and obesity, which can be exacerbated by 

Neighborhood Equity Index
(lowest score indicates highest 
level of inequity)
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extreme heat. 31 

Poor air quality
Higher incidence of pollution in communities of color 
and lower incomes can cause more serious outcomes 
for certain groups than others.  For example, Latino 
children are 40% more likely to die from asthma than 
white children.32 

In Denver, several neighborhoods have high 
rates of emergency-room treatment for asthma 
incidents among children and youth.  Many of these 
neighborhoods are the same as those shown on the 
Neighborhood Equity Map, lacking nearby parks and 
green space.

For communities with more pronounced inequities, adding 
green infrastructure can help to narrow the gap between 
unequal health impacts caused by extreme heat, poor air 
quality, limited vehicle ownership, and few places for safe 
physical activity.
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