Extreme Floods in the Intermountain Southwest

Hardly a year goes by in the Intermountain Southwest without a flood somewhere in the region. By virtue of its geography, the northern part of the region is prone to spring snowmelt floods, the southern part of the region suffers frequent summer monsoon flash floods, and the entire region is affected by the oddball tropical storm that whisks in colossal amounts of warm, moist air and can wreak havoc in spring, summer, or fall.

During the late summer of 2013 (September 9-16), a frontal low pressure system, Gulf of Mexico moisture, and the blocking power of the massive central Rocky Mountains combined to dump over 1000% of average precipitation for that time of year on much of Colorado, and generate a 1-in-1,000 year flood event[endnoteRef:1]. The President of the United States declared a FEMA emergency disaster, as creeks and irrigation ditches flooded and overwhelmed city storm drainage and sanitary sewer systems in Boulder, where damages topped $300 million. Over 1,000 landslides were recorded nearby, and 14% of Boulder households were damaged. There were four deaths and five injuries, and more than 1,200 Boulder County residents were evacuated. In nearby Fort Collins, where over 12 inches of rain fell in some places, two people died and there was over $100 million in damages. Fortunately, both of these cities had previously invested in flood protection, early warning systems, floodplain management programs, and public information campaigns. The damage could have been much worse; other nearby communities did not fare as well.  [1:  http://www.climate.gov/news-features/event-tracker/historic-rainfall-and-floods-colorado] 
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Figure 1: Exposed gas line in Boulder from erosion due to floodwaters. Photo credit: Bruce H. Raup




In a physical sense, floods occur at the intersection of precipitation, topography, and geology. Floods and their impacts have been augmented by land use changes, including increased paved areas that decrease infiltration of precipitation into the soil and accelerate runoff, an increase in severe wildfire which destabilizes soils and contributes ash and debris to runoff and streamflows, and public policy which affects society’s ability to adequately monitor weather and stream conditions and has implications for our ability to prepare for floods. Below, we explore floods in the Intermountain Southwest, their effects on Western Adaptation Alliance (WAA) communities, and measures being taken to address flood risks in the region.


A Variety of Floods in the Intermountain Region 
Floods in the Intermountain Southwest occur in many different ways. Intense summer thunderstorms sometimes bring large amounts of moisture in exceedingly short periods of time, generating flash floods. While the entire region is prone to flash floods, the southern part of the region—including cities like Tucson, Phoenix, El Paso and Las Cruces—sits squarely in North American monsoon territory and is famous for these “gullywashers”. During the warm half of the year, tropical storms can deliver moisture to the region directly, if there is a land-falling storm, or indirectly, if the remnants of a moisture-laden tropical storm get incorporated into the prevailing winds across the region. Tropical storms usually soak large areas over the course of several days, which saturates soil and sets up conditions for extensive flooding. Infamous examples of tropical storm floods include Tropical Storm Octave (1983), which severely damaged Phoenix and Tucson structures and roadways, and Hurricane Norbert (2014), which delivered record amounts of precipitation to the Phoenix metro region, overwhelming stormwater detention basins and roadway runoff drainage.Temperature trends across the region have affected the timing of snowmelt runoff, raising the prospect of earlier snowmelt flooding, and rain-on-snow floods. During the warm season, higher temperatures allow the atmosphere to hold more moisture, and increase the likelihood of summer thunderstorms and tropical storms, 
MORE FLOODS IN THE FUTURE?


Much like a summer monsoon storm, in September 2013, the combination of cool, wet weather that pre-soaked regional soils, the steep Rocky Mountain front, and a low pressure system centered over Utah and Nevada that drew warm moist Gulf of Mexico air into the region, resulted in a region-wide deluge. The low pressure system remained in place for a day, dumping record amounts of precipitation. Floods and high water stretched from northern Colorado into New Mexico’s middle Rio Grande, including WAA cities like Boulder and Fort Collins.

During the winter and spring, the northern part of the region, especially, is vulnerable to snowmelt or rain-on-snow floods. These can occur when unusually warm spring temperatures abruptly melt winter snowpack, overwhelming streams and rivers. In the late spring of 1983, this type of flood registered record flows in the Salt Lake Valley, flooding Salt Lake City and raising the level of the Great Salt Lake by a record amount. 


Flood Impacts
While discussion of flood risks in an arid region like the Southwest may seem like an ironic topic, the impacts of floods have been costly, serious, and extensive. A quick survey of impacts shows that many facets of urban life, including clean water, transportation safety, homes and buildings, and electric power, can be affected by floods and that preparation for impacts requires much more than just thinking about what happens around waterways. The variety and severity of historic flood impacts is astounding, as the examples below show.

· Human lives: The July 31, 1976 Big Thompson Canyon Flood, near Fort Collins, injured 150 people and killed 143.
· Human safety: The July 28, 1997 Fort Collins flood required the rescue of 400 people from floodwaters.
· Cost: In Colorado, the estimated cost of direct impacts from the Sept 9-16, 2013 flood were nearly $2 billion.
· Structure damages: In the Fort Collins July 28, 1997 flood there were 200 homes lost and 2,000 homes and businesses damaged. Colorado State University lost 425,000 library books and suffered $100 million in damages to buildings and properties.
· Electric Power: After several days of rain, on September 8, 2014, record downpours and flash flooding in Phoenix left 10,000 residents without power.In the last 15 years, several Intermountain Southwest cities have experienced costly and damaging floods weeks to years after fires. Post-fire floods—an indirect effect of fire—emanate from watersheds distant from the core of a city, and often amplify flood impacts through ash, debris, and sediment flows that can reduce reservoir capacity, foul water quality, cut utility pipes and power lines, and damage roadways and structures. If there is a silver lining from these damaging events, it is in preparing for post-fire floods, because it unites the interests and safety concerns of rural and urban communities.

In response to post-fire floods, WAA cities have implemented a variety of measures to lessen the impacts of post-fire flooding. For example, in the wake of the 2010 Schultz Fire, the City of Flagstaff built structures to divert forest watershed runoff away from homes, and worked with the United Way to set up a reception center where residents could inform themselves about risks and learn how to receive assistance.  Following floods after the 2013 Carpenter-1 fire, the Clark County Regional Flood Control District (Las Vegas) invested in substantial efforts to clear floodwater detention basins of debris, and to mitigate future flood impacts.
POST-FIRE FLOODING

· Stormwater: During a May 28-June 11, 1983 snowmelt flood, Salt Lake City’s storm drainage was completely blocked by debris, causing water to spill onto city streets, which became virtual rivers.  
· Erosion: In the fall of 1983, flooding, generated by a dying October tropical storm, severely eroded Tucson’s Rillito Creek, causing buildings to collapse into the riverbed.
· Transportation:
· Highways. Large interstates feed automobile and economically important truck traffic into many WAA urban centers. In October 1983, flooding washed out portions of Interstate 10 in Tucson, cutting off highway traffic. Flash flooding associated with intense summer thunderstorms interrupted traffic on I-10 in El Paso, on August 1, 2006. On September 8, 2014, large sections of Interstate 15 in Las Vegas sustained major damages, resulting in the highway being closed to traffic for several days.
· Railroads. The July 28, 1997 flood in Fort Collins derailed a train. On September 8, 2014, Union Pacific Railroad service between Salt Lake City and Las Vegas was suspended while crews repaired track washed out by flooding near Moapa, Nevada.
· Airports. On March 2, 1978 floodwaters sliced 2,000 feet of the east end of the main runway at Phoenix Sky Harbor International Airport into large chunks, and damaged airport radio and radar facilities.


History: Big Floods and Big Responses
Large floods make for compelling disaster stories in the Intermountain Southwest. The following brief case studies illustrate the extent of recent historic flood devastation and the creative responses of WAA cities and counties.

On June 16, 1965, 14 inches of rain fell in a 24-hour period, triggering Denver’s worst flood. Eight people lost their lives, 1,270 structures were damaged, and direct losses totaled $530 million. In response to this and another late 1960s flood, Denver formed the Urban Drainage Flood Control District.

Called by some as Colorado’s greatest natural disaster because of the large number of deaths, the Big Thompson Canyon Flood destroyed over 400 homes and 150 businesses, and took the lives of 143 people on July 31, 1976—making it one of the deadliest flash floods to occur in the U.S. The flood caused over $40 million in losses and catalyzed the development of flash flood early warning systems in mountainous cities and recreation areas.

The 1982-83 El Niño episode generated floods across the Southwest in spring and autumn. A late-spring heat wave catapulted temperatures near Salt Lake City into the 90s, abruptly melting a deep and extensive El Niño-fueled winter snowpack. Snowmelt-generated flows—at twice the previous peak—triggered mudslides and washed massive amounts of water and debris into the city, blocking storm drains and forcing city crews to divert water down major thoroughfares. The event required evacuations and a declaration of emergency. As a result of the severe flooding from this and other storms during the wet early 1980s, the city built a debris basin, dams, and culverts that connect the drainage basins, which reduced the impacts of a 1987 flood event.

In early October, 1983, heavy rainfall from Tropical Storm Octave caused extensive flood damage in Phoenix and Tucson, and the evacuation of over 4,000 residents across Arizona. In Tucson, 8 inches of rain during a 5-day period generated floods that damaged or washed away multiple bridges, moved the Santa Cruz River’s bed by almost a mile, undercut and destroyed floodplain buildings, and left 10,000 Arizonans at least temporarily homeless. Four people died, and the floods cost over $169 million in losses and long-term repairs. This event led to Tucson’s ambitious floodplain protection and storm management ordinances. In Phoenix, Octave cost over $8 million in property damage, and washed out Interstate 10 at the Gila River.

Another El Niño-driven regional flood year in Arizona occurred in January 1993. Floods in Flagstaff cost over $400 million in losses, as flood prevention channels and retention reservoirs overflowed. During the period from January 6-19, flooding on the Salt and Verde Rivers in Phoenix eroded washes running through communities and destroyed a Mill Avenue bridge-building project. Eight people died, 112 were injured, nearby farms were damaged and there was more than $400 million in losses. In Tucson, rain-on-snow flooding fed high waters for almost 2 weeks in the normally dry streambeds that run through the city. The flood caused the closure of two major bridges, and the isolation of thousands of people, as the flood-engorged Rillito Creek cut off roads. The upshot of Tucson’s 1993 flood was relatively low damages—$18.9 million in losses and long-term improvements—and no loss of lives or buildings, which is a testament to the effectiveness of measures taken after the record 1983 flood. The 1993 floods resulted in the creation of the Arizona Multi-Agency Flood Warning Task Force and the establishment of a state-wide flood warning system.

Warm season floods have dominated the 2000s in the Intermountain Southwest. Thunderstorms in late July and early August, 2006 spawned flooding in southern cities, like El Paso, Las Cruces, and Tucson. Flooding in Las Cruces caused the closure of I-10, damaging infrastructure, with losses of over $3 million. In nearby El Paso, a 1-in-500 year storm dumped 10 inches of rain on August 1, flooding washes and streams, destroying 300 homes, washing away cars, and shutting down I-10 and city government for several days. “As a result of the severe flood in 2006, the city created a separate stormwater utility, to fund and operate the system. The utility immediately prepared a storm water master plan, and since then it has built and will continue to build projects needed to alleviate future flooding.” (Ed Archuleta, Director of Water Initiatives with the University of Texas at El Paso and former CEO of El Paso Water Utilities). 
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Figure 2: Damage from 2006 flood in El Paso. Photo Credit: Richard McMillin/Shutterstock.com



To the west, in Tucson, up to 10 inches of rain in the high and steep Santa Catalina and Rincon Mountains flooded nearby stream channels, washes, and riverbeds with even more water than in 1983. The storms triggered over 200 debris flows, some of which damaged the highly used Sabino Canyon Recreation Area. While the flood damaged 35 structures, and sediment and debris transport backed up some drainages, only $13 million in losses were reported. Improved flood control measures along the Rillito drainage, implemented after the 1983 flood, resulted in no homes lost or damaged along the river.

[image: ]Most recently, in the late summer of 2014, remnants from Hurricane Norbert delivered abundant tropical moisture to parts of the Southwest, flooding Las Vegas and Phoenix. In Las Vegas, highways, county roads, and railroads were damaged, and near the famous Las Vegas Strip, yards and homes flooded, as the tops of cars barely poked out of the flood waters. Phoenix experienced its wettest day on record, receiving a half-year’s precipitation in a few hours. Dozens of rescues were conducted, I-10 was closed, 200 homes were flooded, and many automobiles were washed up by high waters during a state of emergency. The city is now working with the county flood control district to reanalyze drainage areas, develop improvements to better divert water, and make other modifications. 

 


Figure 3: An interstate just north of Phoenix was reduced to one lane during the 2014 flood. Photo credit: Flood Control District of Maricopa County



Heading Off the Flood Waters
Given their exposure to floods during almost any time of year, Western Adaptation Alliance cities have a long history of public policies and practices to prepare for floods. Some high-profile floods in recent years, fueled by record amounts of moisture, and sometimes amplified by post-fire ash and debris, have prompted cities to note their successes and redouble their efforts to protect lives and property.

Floodplain management in Fort Collins. In 1980, the City of Fort Collins developed a separate stormwater utility, in conjunction with drainage basin master planning. Actions taken by the city, including public outreach and information services, regulation of development in the floodplain, an early warning system, acquiring flood-prone land, and investments in drainage systems maintenance, reduced loss of lives and property damage during the El Niño-fueled 1997 flood[endnoteRef:2]. Since then, the city’s floodplain management program—ranked one of the top programs in the nation—has helped reduce flood impacts, including during the 2013 storm. Program elements include revised stormwater fees, remapped floodplains, new rainfall-flood triggering standards, and increased capital projects to reduce risk. [2:  Grigg, N. S. et al. 1999. “Fort Collins Flood 1997: Comprehensive View of an Extreme Event.” Journal of Water Resources Planning and Management, 125(5), 255-262.] 


Urban Planning in Tucson. The City of Tucson and the Pima County Flood Control District have joined forces to keep constant attention on flood risk. Learning big lessons from record flood damage associated with Tropical Storm Octave in 1983, their programs to maintain and reinforce stream banks have minimized erosion during extreme floods. Under the Repetitive Flood Loss Program, the county purchases floodplain homes at high risk for recurring flood damage. 

A green space buffer in Boulder. In 1984, Boulder created the Greenways Program, which combines recreational paths with flood mitigation and storm drainage improvements along the city’s 15 major urban drainageways. While the city has invested more than $44 million dollars in flood mitigation, they’ve relied primarily on good land-use planning and stewardship of the environment to reduce flood risk. This combination, along with a forward-thinking emergency alert system and innovative programs to reduce property owners’ flood insurance rates, helped residents and businesses quickly bounce back from the 2013 storm, which brought a year’s worth of rain in just 8 days.

Voting for flood protection in Flagstaff. In 2012, 74% of voters in the City of Flagstaff approved a bond measure to fund $10 million in forest treatments, across 13,500 acres of land, to reduce the connected risks of high-intensity wildfire and post-fire flooding. Economic analyses project a ten-fold savings in the costs of projected post-fire flood damages[endnoteRef:3], through the Flagstaff Watershed Protection Project.  [3:  Arizona Rural Policy Institute. October 2014. Flagstaff Watershed Protection Project Cost Avoidance Study. Prepared for the Flagstaff Watershed Protection Project Monitoring Committee. Flagstaff, AZ: Northern Arizona University, 18 pp. http://cusp.ws/wp-content/uploads/2014/12/Final-FWPP-Cost-Avoidance-October-27.pdf] 



What’s Next?
Intense flooding is a regular occurrence for the Southwest region, and, as illustrated, has already led to costly impacts for WAA cities. Knowing this, WAA cities have already taken action by implementing preventative measures aimed at reducing the impacts from extreme floods. These measures have been effective and have saved lives and millions of dollars in damages. However, the region is still vulnerable to these events, as seen most recently by the record-breaking precipitation and damage from the 2013 Colorado floods and the 2014 Phoenix floods. Further, some planners anticipate more severe or more frequent flooding due to the impact of warmer temperatures on snowmelt runoff and storms, including summer thunderstorms and tropical storms. Add to this the increase in severe fires with the potential for debris-laden post-fire flooding, and communities need even better flood planning and preparedness.  WAA cities can build upon past successes to further increase resilience to future floods, through innovative land management, flood preparedness, and post-fire flood protection programs. With proactive planning, WAA cities can continue to reduce impacts from extreme floods, saving lives and money.
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