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Disaster 
strikes 
along ColoraDo’s Front range
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during the second week of September 2013, heavy rains fell on boulder County, 
parts of which received more than 43 centimeters in just a couple of days. the 
foothill towns of lyons, estes park and Jamestown were all severely damaged.

boulder is one of many towns clustered along Colorado’s Front range. 

terri Cook

i n early September last year, the 
weather along Colorado’s Front 
Range, the urbanized corridor 
paralleling the eastern slope of 

the Rocky Mountains, swung from one 
extreme to another. The first week of the 
month was exceptionally hot and dry, 
with high temperatures averaging 7 to 
9 degrees Celsius above normal. For three 
days in a row, the city of Denver matched 
or exceeded its record high temperatures, 
according to National Weather Service 
(NWS) data.

During the second week, rain — ini-
tially a welcome relief from the heat 
and drought conditions plaguing much 
of the state — began to fall. With heavy 
precipitation on both Sept. 9 and 10, the 
ground quickly became saturated, and 
still the rain continued.

By the morning of Sept. 12, the NWS 
reported that there was a “major flood-
ing/flash flooding event underway” in 
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the Denver-Boulder area, with “bibli-
cal rainfall amounts” reported in many 
areas in or near the foothills. The unwel-
come prediction on the Denver-Boulder 
area forecast page was for “lots more 
rain” that day.

September is typically a dry month 
along the Front Range, with average 
precipitation of 40.9 millimeters in 

Boulder, a university town of 100,000 
located 40 kilometers northwest of 
Denver. But on Sept. 12, Boulder’s 
Cooperative Observer Program 
weather station, which has records 
extending back to 1893, measured 
the one-day total precipitation at 
230.6 millimeters, nearly double the 
previous September month-long 

record high of 139.7 millimeters. The 
same station also measured new two-
day (292.6 millimeters) and seven-day 
(429.3 millimeters) records. Boulder’s 
average annual precipitation (rain 
plus melted snow) is 525.3 millimeters 
per year, meaning the city received 
82 percent of its average annual pre-
cipitation in just that one week.

emergency planners had prepared for 
a short, intense and localized summer 
storm like the Front range has expe-
rienced many times in the past, but 
the September storm was very differ-
ent, resulting in unexpectedly exten-
sive damage. these photos were taken 
around boulder.
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no stranger 
to FlooDs

Boulder — and the other communities 
along the Front Range — are accustomed 
to flash floods. One of the worst in recent 
history occurred in July 1976 in the Big 
Thompson Canyon about 50 kilometers 
north of Boulder. On the weekend of the 
state’s centennial celebrations, a stalled 
weather system dumped more than 
300 millimeters of rain over a four-hour 
period near Estes Park, creating a 6-meter 
wall of water that crashed down the Big 
Thompson Canyon, killing 143 people, 
destroying 418 homes, and ripping out 
the highway that ran along the river. 

in anticipating future storms, emer-
gency planners and officials had thus 
focused their preparations on a scenario 
similar to that which played out dur-
ing the Big Thompson storm — a very 
intense but short and localized summer 
event occurring due to a convective 
storm system. But the September storm 

had none of these characteristics, so 
many of its impacts, which lasted longer 
and were much more widespread, came 
as a surprise to officials.

the storm
 The unprecedented rainfall came 

courtesy of an unusually persistent, sta-
tionary weather pattern that funneled 
extremely moist air from the Pacific and 
the Gulf of Mexico toward the Front 
Range, according to a preliminary report 
led by researchers at the CiRES Western 
Water Assessment at the University of 
Colorado at Boulder (CU). Circulation 
around an upper-level, low-pressure 
system over the Great Basin drew a 
strong plume of monsoonal moisture 
from the Pacific Ocean toward Colorado. 
Continued circulation around the low, 
which was blocked from moving north 
or east by a large dome of high pres-
sure, drew in additional moisture from 
the Gulf of Mexico. Local southeasterly 

winds created “upslope” conditions 
that, along with a stalled cold front, 
trapped the combined moisture against 
the foothills, causing the humid air to 
rise, cool, condense and produce heavy 
and extensive rainfall.

FlooDing impaCts
The Front Range lies at the interface 

between the lofty Rocky Mountains and 
the vast Great Plains. Along this north-
south corridor, a series of east-flowing 
drainages tumble from steep, rocky 
canyons, channeling precipitation from 
alpine areas to the relatively flat plains, 
where the streams spread out and mean-
der toward Nebraska and Kansas. 

Because of the arid environment, many 
communities are situated alongside these 
drainages. With the record and near-
record precipitation measured along 
much of the Front Range, the channels 
swelled dangerously, overtopping dams, 
undercutting banks, wiping out roads, 

damage to Front range homes, as well 
as roads, bridges, pipes and electrical 
utilities, may reach $2 billion from 
the September floods. piled-up debris 
pulled from flooded basements was 
a common site in towns along the 
Front range in the weeks following 
the flooding. 
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bridges and buildings, and mobilizing 
huge amounts of rocks, sand and silt.

The flooding, which tragically killed 
eight people, was the worst the area 
has experienced in decades. Flood 
conditions stretched for more than 
240 kilometers, from Colorado Springs 
to Ft. Collins, washing out an estimated 
320 kilometers of roads and 50 bridges, 
destroying 1,882 homes, and damag-
ing another 17,500. Property damages 
alone may exceed $1.3 billion, and total 
losses could reach $2 billion, according 
to initial estimates by the catastrophe 
modeling firm EQECAT, inc.

Located at the mouth of a large river 
canyon and in the center of the precipi-
tation bull’s-eye, Boulder was one of the 
most affected communities. in addition 
to extensive damage to human infra-
structure, 150 kilometers, or 64 percent, 

of the city’s hiking trails suffered sig-
nificant to severe damage, and much of 
Boulder’s 182 square kilometers of open 
land — which span a range of ecosystems, 
including plains, foothills, montane and 
riparian environments — were dramati-
cally altered.

Smaller communities tucked into the 
foothill canyons to the northwest, includ-
ing Jamestown, Lyons and Estes Park, the 
gateway to Rocky Mountain National 
Park, suffered serious, and in some cases 
devastating, damage. And many isolated 
residents — as well as several school 
groups attending a mountain retreat — 
had to be evacuated by helicopter because 
access roads were impassable.

On the plains farther east, where 
the swollen tributaries merged, the 
resulting high flows severely damaged 
homes, wastewater treatment plants 

and agricultural land, much of it unhar-
vested, located on or near floodplains, 
particularly along the South Platte River. 
Oil producers in the Denver-Julesburg 
Basin were temporarily forced to shut 
down 1,900 wells, and at least two dozen 
aboveground oil tanks were toppled by 
the raging floodwaters, spilling at least 
43,000 gallons of oil.

Unusual meteorological conditions, 
combined with the Front Range’s dis-
tinctive topography, together created a 
“perfect storm,” the effects of which are 
still being measured. 

Cook (www.down2earthscience.com) is 
a science writer based in boulder, Colo. 
Her home is located very close to bear 
Creek, which experienced a once-in-500-
year flooding event that nearly reached 
her front porch.

the Colorado National guard evacuated people from can-
yon towns that were cut off when floods destroyed roads. 

eDitor’s note

W hat follows are two stories about changes observed in the weeks following the floods. On page 29, 

follow the first-person account of geologist Geoff Plumlee and his colleagues at the U.S. Geological 

Survey as they toured flood-ravaged areas, examined how the floods and landslides changed the 

Front Range, and sampled water and soil for possible contaminants. Then turn to page 35 to read an account of 

the ecological effects observed firsthand by contributor Terri Cook, who accompanied scientists and interpretive 

naturalists into the field on several occasions after the flooding. 
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geoff Plumlee

A round almost every bend 
in the road on our tour of 
the Colorado Front Range 
and points downstream 

in the weeks after the September 
floods, the physical devastation con-
fronted us like a punch in the gut. 
Even though we had all seen graphic 
images on the news, observing the 
destruction firsthand, especially from 
a geologic perspective, was truly stun-
ning and humbling.

My colleagues and i were part of a 
multidisciplinary U.S. Geological Survey 
(USGS) response to the floods. Our 

research group at USGS in Denver has 
assessed the environmental and related 
health implications of hazardous mate-
rials produced by many past disasters, 
such as the airborne dusts kicked up 
when the World Trade Center towers 
collapsed, Hurricane Katrina flood sedi-
ments, wildfire ash and debris, and vol-
canic ash. We also apply lessons learned 
from these responses to anticipate poten-
tial environmental and health issues that 
might result from future disasters. When 
disasters are looming, we immediately 
start thinking about how we can help 
if needed.

Not surprisingly, the same was true 
when the heavy rains and subsequent 
floods happened in our own backyard.

This is a firsthand account of what we 
observed: the power of nature and the 
impressive resilience of the people affected.

an UnFolDing 
Disaster
Sept. 12: As news reports started to 
reveal the magnitude of the flooding 
and destruction, i began compiling infor-
mation on possible sources of contami-
nation that might have been affected. 

When Water, gravity 
anD geology ColliDe 
Firsthand observations of the impacts of the 2013 Colorado floods
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Compared to other floods, the environ-
mental impacts of which have been well 
studied, this event was shaping up as 
unusual based on the wide range of both 
natural materials and anthropogenic con-
taminants that could potentially be trans-
ported by the floodwaters from many 
different sources. 

Sept. 13: Others at USGS were also 
already responding. JoAnn Holloway, 
a member of our group, sent me videos 
of the active flooding in her Boulder 
neighborhood.  Sheila Murphy and other 
researchers in Boulder were making 
plans to start sampling Boulder Creek 
floodwaters and flood sediments.

Sept. 14: Jonathan Godt and colleagues 
from the USGS Geologic Hazards Sci-
ence Center in Golden mobilized to 
assess the large number of debris flows 
and landslides in the foothills, which had 
been triggered by the rainfall and were 
contributing sediments to the flood-
waters. Another USGS team from the 
Colorado Water Science Center quickly 
mobilized to replace stream gages that 
had been damaged by the flooding. 

Sept. 16: Our group got a green light 
from management to sample and ana-
lyze mud deposits left behind after the 
floodwaters receded for potential envi-
ronmental contamination. 

Sept. 17: Gregg Swayze (a field veteran 
from the USGS responses to the World 
Trade Center attack, Hurricane Katrina, 
the Gulf oil spill, and various wildfires), 
volunteer Kris Mitchell and i headed out 
to Sterling, Colo., a day after the peak flow 
had passed, and began working our way 
back upstream. 

Over much of the next two weeks, Gregg 
and i, with the help of many USGS col-
leagues, collected samples of flood mud 
and sediment deposits from more than 
60 sites across the South Platte Basin. We 
took many photos during our sampling 
efforts, which can be combined with pre-
event satellite imagery and Google Street 
View images (the latter an inspired idea 
by Jamie Holmes of Stratus Consulting) 
to illustrate many flood processes and 
impacts. i write this article with grate-
ful acknowledgement of the observations 
made and photographs taken by many of 
my colleagues. 

debris flows affected both lower-ele-
vation areas, such as mt. Sanitas (top) 
north of boulder, and higher-elevation 
areas like Jamestown (bottom). A car 
remained frozen in the rocks, timbers 
and other materials deposited by a 
deadly Jamestown debris flow. 

top: this photo of the South platte 
was taken on Sept. 17, days after the 
worst rains ended. the river was more 
than 900 meters wide and didn’t just 
cover State highway 39, but fully 
washed it away. the pre-flood chan-
nel is behind the line of trees in the 
distance. Nearly every bridge or road 
crossing the South platte on the east-
ern plains was damaged by the flood-
waters. For us, this was an inconve-
nience as we did our sampling, but it 
was a much greater problem for local 
residents and businesses. Fortunately, 
the state has made fast progress in 
repairing damaged roads and bridges 
throughout the South platte river 
basin. bottom: Floodwaters were still 
flowing through this pasture on lower 
boulder Creek on Sept. 26, more than 
two weeks after the peak flooding.
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Water everyWhere
The volume of floodwater in the 

system and the time it took for it to 
flow through the basin were impres-
sive. On Sept. 17, a day or two after the 
peak flow had passed along the South 
Platte between Greeley and Sterling, 
the floodwaters were still almost a 
kilometer wide in places. A day later, 
streets were still flooded with knee-
deep water in Evans, near the conflu-
ence of the South Platte with the St. 
Vrain River, even though almost a 
week had passed since the heaviest 
rains. Flood debris caught on 2-meter-
tall fences remained, and mobile homes 
rested away from where they had been 
before the floods, transported not by 
trucks but by floodwaters. 

When sampling in downtown 
Longmont on Sept. 19, we could see 
from the debris caught in trees that, 
during peak flooding, the waters had 
filled the more than 60-meter-wide 
St. Vrain River channel to a depth of 
3 meters in places, and had spilled 
another 15 meters laterally out of the 
main channel to flood nearby build-
ings. By Sept. 26, more than two weeks 
after the peak flooding, floodwaters 
were still flowing through pastures 
well outside Boulder Creek’s main 
channel near its confluence with the 
St. Vrain. 

in the urban areas of Boulder and 
Aurora, storm drain systems had quickly 
become overwhelmed, which led to the 
flooding of homes beyond FEMA’s 
mapped floodplains. 

roCks, BoUlDers, 
seDiments anD soils

On our sampling sojourns, it quickly 
became apparent that the flood event 
had caused the erosion, transport and 
redistribution of huge volumes of rocks, 
sediments and soils. Debris flows and 
landslides contributed substantially to 
the damage in the foothills, and to the 
sediment loads carried by the flood-
waters. We saw sobering evidence of 
this while sampling James Creek above 
and below the historic mining town of 
Jamestown: The residents had erected a 
makeshift memorial to their long-time 

neighbor who was killed when a debris 
flow hit his house. 

River channels were scoured to bedrock 
in the foothills, whereas in many other 
places, we saw extensive sediment deposi-
tion, the sediments ranging in size from silt 
to half-meter-diameter boulders. People 
recounted hearing the boulders clunk-
ing in the rivers, even over the din of the 
roaring waters. in general, the maximum 
size of the deposited sediments decreased 
to sands and small gravels in the down-
stream reaches of the South Platte, but 
even there we saw the occasional small 
boulder that had been relocated.

DynamiCs anD inertia
The runoff, flooding and erosion were 

highly dynamic, with the sediments and 
river channels recording many different 
changes in energy and course. Some of 
these changes were likely due to varia-
tions in the rainfall and runoff rates 
over the course of the storms. However, 
the foothills residents we encountered 
described another cause: Vegetation and 
debris periodically collected at choke 
points and impeded the flow of the 
rivers. When these temporary dams 
failed, devastating surges of floodwater 
and debris crashed downstream. We 

top: the complex flood dynamics in lefthand Canyon are documented by the 
coarse and fine sediment layers that were first deposited around 60-centimeter-
diameter ponderosa pine trees, and then eroded by later floodwaters. bottom: 
inertia-enhanced erosion caused heavy damage to roads on the outside of river 
bends, even when the roads were 3 to 6 meters above the river channels.
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saw evidence of these pulsed floods 
recorded by inter bedded coarse and 
fine sediment deposits.

The floodwaters were often most dam-
aging in places where inertia dictated they 
go straight but humans or the pre-flood 
river channel had tried to divert them. For 
example, significant erosion and overbank 
flooding occurred on the outside bends of 
meanders in the preexisting river channels. 
in many areas, we saw where sediment or 
debris deposition had forced the rivers to 
change course to entirely new channels. 
in some cases, we saw where sediments 
deposited in one part of the streambed 
had subsequently been partially eroded by 
later floodwater pulses following different 
pathways — evidence that the river chan-
nels had changed course multiple times 
during the floods.

environmental 
impaCts

From the foothills to the plains, the 
South Platte River Basin is unusual, 
though not unique, given the substan-
tial variability in the potential sources 
and types of contamination that could 
be released as a result of flooding and 
damage. Among others, these include: 
naturally mineralized rocks, soils and 
sediments; potentially lead- and ura-
nium-bearing mine wastes and tailings 
from foothill mining areas (for example, 
the historical tailings impoundment 
at Jamestown was partially breached); 
debris from damaged houses and high-
ways; septic systems from rural resi-
dences; untreated or partially treated 
sewage from flooded or damaged 
wastewater treatment plants in Lyons, 
Boulder and other towns and cities; and 
possible releases of agricultural chemi-
cals and animal wastes from agricultural 
and animal feeding operations along the 
South Platte in northeastern Colorado. 
An additional concern expressed by 
the public was whether contamination 
had been caused by releases of oil and 
produced waters from some flooded oil 
and gas production wells.

in October, the Colorado Department 
of Public Health and Environment 
(CDPHE) released preliminary results 
of its water quality sampling, carried out 
after the peak flood surge had passed. 
Results indicated that levels of metals 
as well as volatile and semi-volatile 
organic contaminants in the post-peak 
floodwaters were below levels of con-
cern for drinking water and agricultural 

water, and that the majority of pollutants 
analyzed were below the state’s acute 
standard levels for protection of fish and 
aquatic insects. This may have been a 
result of dilution caused by the extreme 
volumes of floodwater. 

CDPHE did find elevated levels of E. 
coli, a common pathogen found in sew-
age and animal wastes, in some locations. 
CDPHE also noted that some aquatic 
water quality standards might have been 
exceeded during the course of the flood 
event, and that further testing would 
be needed to determine if groundwater 
quality in alluvial wells along the Platte 
River system was affected. 

We focused our sampling primarily 
on the muds because they tend to be the 
fraction of flood sediments that is most 
contaminated. Mud is also the most 
readily taken up by aquatic and terres-
trial organisms, including humans via 
accidental ingestion (for example, by 
hand-to-mouth contact) or by inhalation 
of dusts generated from dried sediment 
deposits. Sampling the mud will also 
give us some idea of potential contami-
nant transport in the suspended sedi-
ments during the peak-flow conditions 
when water sampling was impossible.

Altogether, we collected at least three 
mud samples each at 63 different sites 
around the region, and we are conduct-
ing a wide range of analyses on these 
samples. These include testing for bulk 
inorganic and organic chemical compo-
sition; mineralogy by X-ray diffraction; 
particle size, shape and composition by 
scanning electron microscopy; the pres-
ence or absence of specific pathogens; and 

geoff plumlee (left), gregg Swayze (above left) and the USgS team sample flood 
sediment deposits, some of which were 1 meter deep. A goal of the USgS team’s 
study in progress is to determine if the settled mud deposits pose any short- or 
long-term environmental or health risks due to contamination. 
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one potential long-term exposure pathway might be the 
inhalation of dusts kicked up from dried mud deposits, such 
as those left behind on this highway bridge. 

A significant challenge will be cleaning up the large 
amounts of floating vegetation and debris that were car-
ried by the floodwaters (such as those seen here on the 
big thompson river west of greeley) and then deposited 
well outside the main river channels.

other geochemical methods that bear on 
human health. We expect to have many of 
the results back from our analyses by the 
time this article is published.

it is possible that the sheer volumes 
of rock, soils and sediments trans-
ported by the floodwaters diluted 
many contaminants in the muds to 
below levels of potential concern. For 
example, we were surprised by the 
rapid drop-off in amounts of obvi-
ous debris from destroyed buildings 
in the mud and coarser sediments as 
we sampled downstream from towns 
such as Jamestown and Lyons. Where 
did components such as copper pipes, 
wiring and electronics go? Are they 
buried within rocky materials? Or, 
were they pulverized into pieces not 
readily visible with the naked eye? 
Hopefully, microscopic analysis will 
tell us. We do expect to find evidence 
of pulverized asphalt in many of the 
samples, particularly in those collected 
from river stretches where extensive 
road damage occurred.

impacts of the copious amount of 
debris on the environment remain to be 
seen. Most debris appeared to be natu-
ral vegetation, but there were also a lot 
of anthropogenic materials such as cut 
wood, some septic or liquid petroleum 

gas tanks, paint cans, tires, and (sadly) 
plastic toys. Some tanks may leak, 
chemicals from pressure-treated woods 
may leach into the waters, and debris 
piles may simply serve as new homes 
for undesirable rodents and insects. 
Further work is also needed to assess 
the ecological impacts of the flood-
ing, such as the physical destruction 
of aquatic and riparian habitat, as well 
as potential impacts of contaminants 
carried by the floodwaters.

hUman impaCts  
anD resilienCe

As with all of our previous disaster 
responses, our quest to collect scientific 
data to assist in the response after the 
Colorado flooding had to be tempered 
continually by sensitivity to the sub-
stantial human physical and emotional 
tolls inflicted by the disaster. Lending 
an empathetic ear and describing what 
we were observing to local residents 
we encountered were often the most 
immediate forms of assistance we could 
provide. it was frustrating to not be able 
to help in more tangible ways given 
the time pressures we were under to 
complete the sampling. But there were 
small gestures we could make. i admired 
Gregg Swayze’s ability to engage local 

residents in conversation, for example. 
And i was proud that Gregg and Zach 
Perlman tried to help a woman in Evans 
rescue her cats that had been stranded by 
the floodwaters, and that Gregg gave his 
spare dust mask to a Jamestown resident 
who had been cleaning up her flooded 
house without one.

For me, a lasting memory will be the 
too-brief discussion that Bill Benzel 
and i had with a resident of Lyons 
who pulled up next to us in his car as 
we were waiting for access past road 
reconstruction. He told us that his 
house had been destroyed by the flood-
ing, and that his daughter had found 
the most intense flooding far scarier 
than her experiences in Japan during 
the Tohoku earthquake and tsunami. 
i wanted to hear more, but the road 
opened and he drove away. 

The resilience of the residents was 
apparent wherever we went. Many had 
obviously wasted no time rolling up 
their sleeves and getting to work clean-
ing up. Their uniformly matter-of-fact 
attitude about what had happened and 
what needed to be done to clean up, 
rebuild and go on impressed us repeat-
edly, as did the humor they showed in 
the face of adversity — their stories were 
often recounted with a smile and a joke.
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moving ForWarD
Residents of area towns affected by 

the flooding asked us more than once if 
geologists are going to help public offi-
cials decide whether to restore the river 
channels to natural or more controlled 
courses. it is clear that the involvement of 
experts on landslides, debris flows, sedi-
ment transport, fluvial geomorphology, 
geological engineering and other disci-
plines will be key for a successful recovery. 

This earth science input is needed to 
understand why and how the rivers 
responded the way they did during the 
flooding; to help decide how to restore or 
reroute the river channels; how best (or 
whether) to rebuild floodplain houses, 
other structures and roads lost in the flood-
ing; and how damage to the built and 
natural environments can best be mitigated 
in future floods. 

Results of the mud-characteriza-
tion and water-quality studies being 

carried out by the USGS and the state 
of Colorado will help us understand 
whether or not the wide range of 
contaminants that potentially were 
released from diverse mountain, 
urban and plains sources pose short- 
or long-term risks to the environment 
and health. Lessons learned from these 
environmental studies can also be 
applied more broadly to help assess, 
prioritize and mitigate the potential 
for environmental contamination pro-
duced by future extreme flood events, 
both in Colorado and elsewhere. 

Plumlee is a research geochemist with the 
u.s. geological survey in denver, Colo. He 
applies his expertise in geochemistry to 
societal problems related to the environ-
ment and human health. He considers 
himself very lucky to work with a great 
interdisciplinary group of colleagues, 
both inside and outside the usgs. 

the scientific quest to collect data to 
assist in the response after the Colo-
rado flooding was tempered by a sen-
sitivity to the substantial human physi-
cal and emotional tolls inflicted by the 
disaster. researchers were impressed 
and inspired by the humor with which 
many residents reacted to the floods, 
such as someone whose property had 
flooded who put up a scarecrow read-
ing “Flood mitigation for dummies.”
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the raging floodwaters of South boulder 
Creek scoured the creek’s gravel bars, 
providing what resource managers hope 
will be ideal conditions for native cotton-
wood and willow trees to thrive.

te
rr

i C
oo

k 
an

d 
lo

n 
a

bb
ot

t

terri Cook

The 2013 Colorado floods may 
have been a record-setting 
event in human terms, but 
scientists and resource man-

agers emphasize that what happened 
along the Front Range was a natural 
occurrence. “This was a natural event, 
and the system and all the species in it 
are equipped to cope with such events,” 
says Deborah Brosnan, an environmen-
tal and policy scientist at the University 
of California at Davis who works on the 

ecological and environmental effects of 
natural hazards, and who assessed the 
ecological effects of these floods. “From 
nature’s perspective, this was not note-
worthy,” she says.

Floods are common and “a normal, 
and very necessary, part of what a stream 
does,” says Marianne Giolitto, wetland 
and riparian ecologist for the City of 
Boulder Open Space and Mountain Parks 
(OSMP). Smaller floods used to occur 
more frequently along the Front Range, 

but the flows in most Front Range streams 
have been attenuated by human changes 
to the landscape, she says. Dams, irriga-
tion ditches and stream channelization 
(straightening and widening of the chan-
nel) have all had significant impacts. 

“Collectively, these things have 
changed the flow rate and the flood 
events that historically would have hap-
pened here,” adds OSMP interpretive 
naturalist Lynne Sullivan. What once 
would have been a large spring pulse 
of water is now intercepted and gradu-
ally dispersed over the landscape. “The 
water continues to trickle into the creek 
for a much longer period of time, creat-
ing flows downstream later in the season 
that would not have been there histori-
cally,” Sullivan says.

2013 Front range FlooDing: 
an eCologiCal perspeCtive

The author, Terri Cook, accompanied some of the naturalists and 
ecologists quoted in this story into the field to study the ecological 
impacts of the Colorado floods.
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2. Greenback Cutthroat Trout

3. Black-tailed Prairie Dog

8. Preble’s Meadow Jumping Mouse4. Great Blue Heron 

6. Narrowleaf Cottonwood Tree

7. Coyote Willow

5. Bald Eagle1. Stream Bed Algae

Highlighted animals and plants 
from various ecosystems 
affected by the flooding in 
Colorado in 2013.
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The result of all these changes, says 
Heather Swanson, an OSMP wildlife 
ecologist, is that these ecosystems now 
look very different than they would 
with frequent, small flooding events 
still occurring. “it now takes a big event 
to bring an ecosystem-changing distur-
bance back.”

While the physical damage to human 
infrastructure from such a large and 
widespread event is easily quanti-
fied, assessing the ecological effects is 
much more difficult. One reason is that, 
despite the term being widely used, 
there is no agreed-upon definition of an 
ecological disturbance, in part because 
such disturbances play an important 
role in structuring stream ecosystems, 
says James McCutchan Jr., associate 

director of the Center for Limnology at 
the University of Colorado at Boulder. 
“Many ecologists define a disturbance 
as ‘a discrete and unpredictable event 
that disrupts biological community 
structure or ecosystem function,’ but 
stream ecologists have debated for years 
about how to define disturbance in the 
context of stream ecology,” he says.

There is also the question of the 
appropriate time frame to evaluate. 
As with any large disturbance of a 
landscape, there’s a big difference 
between immediate and long-term 
impacts, Swanson says. Managers 
and researchers are also limited by 
what they can directly observe, which 
can skew assessments of hard-to-see 
impacts such as wildlife mortality.

Nonetheless, scientists and resource 
managers were out daily after the 
September floods, trying to assess 
landscape and ecological changes. i 
went out with several of them to see the 
damage firsthand. Though it will take 
months to years to grasp the long-term 
effects, preliminary observations of the 
immediate impacts on the local flora 
and fauna will help resource managers 
figure out what they need to assess, 
how best to apply their limited fund-
ing, and how to direct recovery projects 
staffed by volunteers.

the impaCts on 
WilDliFe

in the long run, the flooding is likely 
to benefit many native wildlife species. 
Ecologists consider periodic scour-
ing floods essential for maintaining 
a healthy ecosystem along the vital 
Front Range drainages. Like after a 
large wildfire, which the area has also 
recently experienced, the ecosystem 
has the ability over the long term to 
rebound “beyond what it was before,” 
Swanson says, “so many species actu-
ally benefit following a disturbance.” 
in the short run, however, the flooding 
caused some mortality.

 “One species that is easy to observe is 
prairie dogs,” Swanson says. “We saw 
several colonies along the creeks that 
had water flowing right over them.” 
Prairie dogs can swim, but Swanson 
doesn’t know whether the affected 
individuals moved to higher ground 

predatory stonefly populations may 
be affected by algal losses in moun-
tain streams.
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or drowned; all she can say is that 
these colonies are no longer active. in 
the long run, Swanson says she is not 
too concerned about their population 
numbers. “There was some immediate 
mortality, but only a small number of 
colonies were completely wiped out, 
and we expect the prairie dogs will 
quickly repopulate,” she says.

Burrowing animals, including 
rodents and snakes, probably suffered 
the greatest losses, being the most likely 
to drown or get swept away by the 

floodwaters, Swanson notes. Anecdotal 
reports of dozens of dead snakes found 
on a local highway add credence to 
Swanson’s suspicions.

Many of the riparian, or riverbank, 
species, which are naturally adapted to 
flooding, will likely be the biggest long-
term beneficiaries, Swanson says. One 
exception may be the Preble’s meadow 
jumping mouse, which is federally des-
ignated as a threatened species, whose 
critical habitat includes riparian areas 
along several of Boulder’s open space 

drainages. Although this mouse is a ripar-
ian species adapted to flooding, Swanson 
says that due to the unusual timing of the 
floods, which coincided with the begin-
ning of the hibernation season, typical 
hibernation sites may have been lost. 
Additionally, some of the older individu-
als may have already entered hibernation 
in burrows located close to the creeks. “if 
they were underground, they probably 
drowned,” Swanson says. 

in addition, because the storm 
affected all of the drainages along 

despite some immediate mortality to black-tailed prairie 
dogs, only a small number of colonies were wiped out, so wild-
life ecologists expect their populations will recover quickly.

most of the Front range wildlife — including tassel-eared 
squirrels (above left), cottontail rabbits (below left), mule 
deer (below right) and black bears — have the ability to 
absorb the short-term negative impacts of the floods. 
Scientists will continue to monitor their populations.
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the Colorado Front Range north of 
Colorado Springs, the isolated and 
scattered populations of Preble’s mice 
could have trouble bouncing back. “if 
something happens to one population, 
it could have a pretty big impact on the 
species,” she says.

Open space managers hope to revise 
Preble’s population estimates next year 
to compare with previous censuses 
to determine whether the tenuous 
populations took a hit in September. 
Fortunately, Swanson says, most of 

the rest of the Front Range wildlife 
— including everything from tassel-
eared squirrels to black bears and 
bobcats — are far more common and 
have “a much better ability to absorb 
that short-term negative impact and 
capitalize on the long-term gains.” 
Nonetheless, Swanson says she and 
her team will continue to monitor other 
species, including northern leopard 
frogs and riparian birds, and will col-
laborate with state biologists to moni-
tor fish populations.

BirDs, Bats anD trees
Boulder’s open space lands host a 

number of nesting bald eagles and 
herons that prefer the large, old cot-
tonwood trees, whose life spans are 
naturally limited. So an ongoing 
challenge that OSMP managers have 
been facing is whether there will be a 
healthy, new generation of middle-age 
cottonwoods to replace the old ones 
as they topple. “in a lot of our ripar-
ian areas, the answer is no. We don’t 
have those younger age classes coming 

boulder’s open spaces host a num-
ber of bald eagles and herons that 
prefer large, old cottonwood trees 
for nesting. many of these trees were 
knocked down by the floods. manag-
ers are hoping the Front range drain-
ages will experience a regeneration 
of these native trees following the 
September floods.

due to the unusual timing of the floods, which coincided with the beginning of the hibernation season for the tiny, fed-
erally protected preble’s meadow jumping mouse (left), typical hibernation sites may have been lost. bobcats (right) are 
expected to be all right.
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up,” Swanson says. OSMP managers 
say they hope that the “disturbed” 
drainages will experience a regenera-
tion of cottonwood and willow trees: 
Because these native plants need direct 
sunlight, exposed mineral soils and 
access to the water table for their seeds 
to germinate, they thrive on recently 
scoured gravel bars. 

in 2011, Boulder’s OSMP division 
transplanted willows and built structures 
along some of the local creeks to increase 
the trees’ chances of regeneration, but 
where nature is allowed to take its course, 
like it did in September, “it does a lot bet-
ter than we do,” Giolitto says.

Although bats don’t live directly within 
the drainages, their populations along 
the Front Range were also likely affected 
by the torrential rains, although as with 
many species, the cumulative effects on 
their populations are difficult to predict 
— and are a concern for managers. 

Maternity colonies of species — such 
as the fringed myotis, little brown myo-
tis, small-footed myotis, and the big 
brown bat — located in rock crevices, 
under rocks on scree slopes, or under 
tree stumps are particularly vulnerable, 
says Rick Adams, a chiropterologist at 
the University of Northern Colorado 
who has studied bats in the region 
since 1984. By the time the heavy rain-
fall occurred, many of these had likely 
begun to disperse to hibernation sites. 
“However,” he says, “the local migration 
from lower-elevation summer roosts to 
winter hibernacula located in under-
ground caverns high in the mountains 
is a bit tenuous, especially for the young 
born that summer because they don’t 
know the area yet and tend to end up 
in more precarious situations.” 

Long-distance migratory tree bats also 
found along the Front Range are much 
more susceptible to weather because they 
are directly exposed to the elements as 
they roost in the open on branches or just 
under parted bark on the trunk, Adams 
says. September is a prime migratory 

season for these species, so it is possible 
that many individuals were killed by the 
severe rains. “Because bats only have one 
[offspring] per year and most of these 
do not survive their first year, it takes 
decades for populations to bounce back 
from a dramatic decline,” he says. 

in addition, bats are dependent on 
insects such as mosquitoes, mayflies and 
stoneflies, many of which spend the lar-
val period of their lives in streams and 
ponds, and no one knows yet how the 
extensive flooding may have affected these 
populations, Adams says. Some of the 
water sources where Adams has been 
tracking bats for more than 15 years were 
destroyed, which may also have a negative 
effect “by removing small stream water-
holes near maternity roosts that lactating 
females desperately need in our hot, dry 
summer climate.” On the other hand, he 
says, scouring in the drainages removed 
much of the low-growing vegetation, 
which improved flight paths and created 
more areas where summer water may 
pool, thereby increasing water availability 
near maternity roosts in some areas. 

The bottom line, he says, is that no one 
will understand the impacts on bats until 

this spring, when post-flood fieldwork 
will begin and scientists better understand 
what landscape changes have occurred. 
They will be monitoring populations that 
they have tracked since 1995. in addi-
tion, they’ll rely on their volunteer bat 
monitoring program, which since 1996 has 
used citizen scientists to report on roost 
sites and water sources and to monitor 
bat activity. The volunteer monitoring 
in summer 2014 will be instrumental in 
understanding the flood’s effects on local 
bat populations, Adams says. 

eFFeCts on streams
Severe floods can affect not only a 

stream’s channel but also its riparian 
zone, riparian predators and transfers of 
organic matter between the riparian zone 
and the stream channel. The effects of 
riparian disturbance may be particularly 
long lasting, according to McCutchan.

The specific ecological effects of the 
heavy rain and flooding along Front 
Range streams can vary depending on 
the distance from the stream headwa-
ters. For instance, flood damage will be 
very different in high-gradient, montane 
zones versus the flatter plains. Montane 

bat populations along the Front range were likely affected by the torrential 
rains, although as with many species, the cumulative effects on their popula-
tions are difficult to predict but still worrisome.
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areas would typically see movement 
of large boulders and debris like trees, 
whereas the plains will experience much 
more widespread flooding and sedi-
ment deposition as floodwaters spread 
out across the floodplain. Likewise, the 
addition, transport and deposition of 
significant amounts of sediment can also 
affect the metabolic processes that occur 
in a stream, including oxygen metabo-
lism (photosynthesis and respiration) 
and other processes such as denitrifica-
tion, which reduces nitrate and produces 
nitrogen gas.

One of the biggest ecological effects 
of flooding concerns algae. As the base 
of the food chain, algae are important 
for the whole ecosystem, so McCutchan 
and others have been out in the field 
measuring the amount of algae that 
remained after the flood and their rate 
of recovery.

“Floods like the one in September 
move significant amounts of material 
in the river’s bed, which can remove 
the attached algae, the most important 
food source for many invertebrates, and 
temporarily change the food supply for 
stream food webs,” McCutchan says. 
“Mobilization of the bed can also cause 
high mortality of aquatic insects.”

Near the headwaters of alpine streams 
at high elevations in Rocky Mountain 
National Park, McCutchan has observed 
that the flooding removed some but 
not all of the attached algae. At lower 
elevations where the flooding was more 
intense, he saw that the floodwaters had 
removed virtually all of the attached 
algae. These findings are consistent with 
his impression that, in general, the most 
extreme ecological effects of the flood-
ing appear to have been in middle- and 
low-elevation streams, including many 
reaches in the North and South St. Vrain 
rivers, which merge near the heavily 
flooded foothill town of Lyons. 

Farther downstream, as the streams 
meander across the Great Plains, the 
ecological effects, and the recovery 
from such disturbances, differ. The river 
water is typically warmer because more 
sunlight reaches the wider channels. 
in mountain streams, even during the 
summer months, it may take several 
months for the attached algae popula-
tions to recover because of cooler water 
temperatures and lack of sun reaching 
the stream channel, McCutchan says. 
Recovery of algae populations in plains 
streams can happen much faster. “Once 
flows drop and the sediment load is low 

enough for light to reach the bottom, 
it might take only a few weeks for the 
post-flood photosynthetic rates to come 
back,” he says. So McCutchan and his 
colleagues will be watching to see how 
quickly algal populations recover after 
the flood.

The other challenge to the algae is land-
slides; increased transport of fine sedi-
ments may have local ecological effects 
for many years. “Fine sediments can 
affect attached algae, and by filling spaces 
between larger grains, fine sediments 
also can decrease oxygen concentrations 
within the stream sediments,” he says. 

But sufficient oxygen concentrations 
are important both for invertebrates and 
trout and other fish species. Because 
fish have longer life cycles compared to 
many invertebrates, their recovery from 
ecosystem disturbance can lag far behind 
the recovery of algae and invertebrates. 
This lag can be compounded if flood 
damage extends to nearby reaches of 
the stream that would normally serve 
as source areas for recolonization. 
Over time, the balance between erosion 
and transport of sediment will come 
back into equilibrium, but this may be 
a change that in some places lasts for 
years, according to McCutchan.

Normally dry in September, tiny bear Creek, a tributary of boulder Creek, overflowed onto bike paths (left) and roads, and 
nearly filled its man-made channel near a shopping center (right) after it experienced a once-in-500-year flood.
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keeping it all in 
perspeCtive

While grappling with the enormous 
changes wrought by the floods on the 
Front Range landscape, flora and fauna, 
the region’s scientists, resource manag-
ers and citizens are using these events 
to reflect upon the role that large storms 
have played in the long-term evolution of 
the Front Range landscape, and the place 
that humans have within this context.

“Humans and nature don’t always 
work on the same timescale. Nature will 
recover and certain species will benefit 
from this event, but humans don’t have 
that luxury. We have to pay our mortgage 
at the end of the month,” Brosnan says. 

Dave Sutherland, an OSMP inter-
pretive naturalist who has led many 
post-flood interpretive hikes, likens the 
experience to the phases of grieving: 
He tries to enhance the visitors’ emo-
tional recovery by shifting the group 
from initial feelings of denial, anger 
and loss to an acceptance phase “where 
they can see the change as a potentially 
positive thing from an ecological and 
geological point of view.” 

While he and other interpreters are 
careful to make a strong distinction 
between human losses and ecosystem 
gains, Sutherland tries to help partici-
pants in his programs realize that, from 
what he calls a natural system dimension, 

the change wrought by the floods is actu-
ally a beneficial thing.

These naturalists and resource man-
agers are still developing specific plans 
for monitoring the sensitive species and 
ecosystems that were disturbed by the 
floods, but one thing is for sure, they say: 
There’s a lot of work to be done.

Cook (www.down2earthscience.com) is a 
science writer based in Colorado. Her latest 
book, “geology underfoot along Colorado’s 
front range,” co-authored with lon abbott, 
was released in 2012 by Mountain Press 
Publishing Company. she is also co-author 
of “geology underfoot in northern arizona” 
and “Hiking the grand Canyon’s geology.”

Near the peak of the flooding, a tiny drainage in one South boulder neighborhood streamed across the road (top), which 
is normally dry (bottom).
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