The Many Facets of Wind in the Intermountain Southwest

Mayhem: High Winds and Dust Storms
On July 5, 2011, a massive dust storm—reaching a peak height of over one mile, and covering a leading edge stretching around 100 miles—enveloped the Phoenix metropolitan region[endnoteRef:1]. The storm traveled a distance of 25 to 50 miles, reducing visibility enough that Phoenix Sky Harbor International Airport closed for over an hour. The dust storm, one of at least seven notable dust storms in the Phoenix area in 2011, caused power outages for more than 8,000 residents, and spawned multi-vehicle accidents on Interstate 10.  [1:  Accuweather, 2011. Phoenix Dust Storm a “100-Year Event.” July 9, 2011. http://www.accuweather.com/en/weather-news/very-large-and-historic-dust-s-1/52066] 


This was not the most severe or the most recent dust storm in Phoenix or the Southwest, but it sparked lasting concern across the region’s cities about weather extremes, due to the combination of punishing drought, extensive wildfire, and massive dust episodes in 2011. Dust storms are not limited to Arizona; they are common in the region near Las Cruces and El Paso, and they frequently occur in and around Las Vegas. Dust storms are only one form of extreme wind that affects Western Adaptation Alliance (WAA) cities, but they are emblematic of a growing concern for public health and safety, and the need to prepare for wind extremes.
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Figure 1: Phoenix Haboob, July 2011. Photo Credit: NOAA




Which way the wind blows in the Intermountain Southwest
There is no single definition of a wind event, nor is there a single type of high wind event in the Intermountain Southwest. One characteristic that all types of wind events have in common, however, is that they are generally of short duration. The region experiences:
· tornadoes 
· microbursts, which often accompany thunderstorms
· high wind episodes in almost any time of the year
· the deadly combination of wind and dust 
· winds that feed wildfires 
· foehn or chinook winds in the lee of high mountain ranges 
· the occasional high winds accompanying tropical storms that occasionally make landfall in our arid region 

Tornadoes have touched down in virtually every valley bottom or plains city in the region. They usually occur during the warm half of the year, in situations when cold, dry air, usually through a cold front, overrides warm, moist tropical air and creates intense instability. In our region, the most costly tornado damage occurred in Salt Lake City ($170 million) in August 1999. Notable tornadoes visited the region in the 1980s in Denver, in the 2000s in Las Cruces ($10 million in monetary losses), and more recently in 2010 in Flagstaff, Phoenix, and Santa Fe. Tornadoes typically damage homes, commercial buildings and trees. The 2010 tornado, near Flagstaff, crossed Arizona highway 180 multiple times, blowing down power lines and trees, which blocked roads, and damaging more than 100 homes and more than 30 RV units.

Microbursts and intense high wind events occur frequently during the summer monsoon season, and in winter, throughout the region. Microbursts also occur in situations of high local atmospheric instability, often ahead of a thunderstorm or cold front. A July, 2013 thunderstorm-microburst combination caused more than $2 million in damages in Las Vegas, as it blew down trees, which then ripped out gas and water lines, and caused 6,300 people to lose power. Springtime high wind events (April 1999) in the lee of the Rocky Mountains caused millions of dollars in damage in Fort Collins, Boulder, Lakewood, and Denver, as well as in several Utah counties. 
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Figure 2: Damage from July, 2013 thunderstorm-microburst in Las Vegas. Photo Credit: City of Las Vegas Office of Emergency Management




Intense winds, usually downbursts just ahead of thunderstorm complexes, are responsible for damage each year throughout the Southwest. A summer thunderstorm downburst, on July 20, 2009, in and near Lakewood, left 90,000 homes and businesses without power for three days, and was responsible for damage claims totaling $350 million. Summer monsoon thunderstorms are a regular occurrence in Tucson, where July 4, 2014 thunderstorm winds flipped a 40,000-pound retired F-16 jet at the Davis-Monthan Air Force Base.

Intense winds in the lee of high mountain ranges, called foehn or chinook winds, are infamous in the Colorado Front Range region. Cities like Fort Collins, Boulder, and Denver have been dramatically affected by outbursts of these downslope winds, which can attain speeds of well over 100 miles per hour. Dust & Valley Fever: A Complicated Story
Valley Fever is a fungal respiratory infection that can cause flu-like symptoms and in severe cases chronic pneumonia and even death. The infection is caused by breathing in fungal spores from the air. These spores live in the soil and dust in the southwestern U.S., and are endemic to south-central Arizona. The conditions need to be just right for the fungus to grow and disperse: wet periods to grow the fungus, then a combination of dry periods, soil disturbance below the top layer—in just the right area—and sufficient wind to pick up the spores and disperse them.
The number of reported cases of Valley Fever has increased eight-fold between 1998 and 2011 in the Southwest regiona.  The reasons for this increase are still unclear and could be due to environmental factors, such as drought, rainfall, and temperatures, soil disruption by human activity, such as construction, and better reporting. Dust storms could potentially disperse spores, however, Dr. Andrew Comrie with the University of Arizona doesn’t think dust storms play a large role “because we don’t see big spikes in Valley Fever right afterwards, and because the kind of soil that gets stirred up in a dust storm” doesn’t tend to be the kind of soil in which the fungal spores hang outb. The relationship between Valley Fever and dust is a complicated one and is a very active area of research for public health and climate scientists.
Resources: AZ Department of Health Services; valley-fever.org
ahttp://www.cdc.gov/mmwr/preview/mmwrhtml/mm6212a1.htm
bhttp://www.tucsonnewsnow.com/story/25571104/experts-dont-believe-dust-storms-increase-valley-fever-cases



Wind and fire danger. In the southern part of the region, the dry spring months are a time of consistently strong winds. These winds, often originating from the southwest, associated with dry, high pressure systems in the region, feed fire danger. Some of the largest and most severe fires on record, such as the Wallow Fire (2011, northeastern Arizona), were fed by these strong, dry spring winds. 

As mentioned earlier, the deadly combination of high wind and dust affect much of the region. Dust storms, also known as haboobs (the Arabic name, used by meteorologists, for intense Saharan dust storms), are a particular threat to public health, as particles in the air can affect respiratory health and transportation, where blindingly thick dust storms lead to deadly multi-vehicle accidents. Dust storms can occur during many times of the year, but they are notable in winter, and at the front of summer thunderstorm downbursts. A key predisposing factor in dust storms is soil disturbance, often from fallowed agricultural land, or land in the process of being developed. Southern Arizona, southern New Mexico, and areas near dry riverbeds (e.g., east of Flagstaff) are particularly susceptible to dust disturbances.


Ill Winds in the Intermountain Southwest
Episodes of high wind can trigger an exceptional array of costly and sometimes deadly impacts, which range from damage to homes, buildings and utility infrastructure, to public health and recreation. The variety and severity of historic wind impacts is demonstrated by the examples below.

· Health & Safety: El Paso, Las Cruces, Las Vegas, and Phoenix have each recorded exceedances of federal air quality standards due to wind-driven dust. Construction workers and others who work outdoors have been injured or killed in multiple instances of strong wind events in southwestern cities, such as Lakewood and Las Vegas.Dust on Snow
During the winter and spring, wind-blown dust can settle on mountain snowpack. Since the dust is far darker than snow, it absorbs more heat from sunlight and can hasten snowmelt and runoff. Studies show that these dust-on-snow events reduce the volume of runoff, and move the peak of spring runoff at least three weeks earlier, in the upper Colorado River Basina. In years with extreme dust loading, peak runoff can be as much as six weeks earlier than pre-1800 levels. “The fact that three of the last five years through 2013 have seen ‘extreme’ dust loading may indicate a trend towards increasing alteration of hydrology.”b This could be detrimental for cities that rely solely on the water stored in snowpack for their water supply, like Aspen. Perhaps equally important for  some WAA cities is that early snowmelt strongly affects the length of the ski season and, hence, the local economy. 

Disturbance of soil in lowland areas is an important factor in setting up substantial dust-on-snow events, making it possible to reduce the amount of dust settling on snow through improving land-use practices—currently an area of extensive researchb.
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Photo courtesy of Chris Landry, Center for Snow and Avalanche Studies, and the National Snow and Ice Data Center, University of Colorado, Boulder.
a Painter, T. H., J. S. Deems, J. Belnap, A. F. Hamlet, C. C. Landry, and B. Udall. 2010. Response of Colorado River runoff to dust radiative forcing in snow. Proceedings of the National Academy of Sciences 107:17125–17130.
b Lukas, J., N. Doesken, I. Rangwala, K. Wolter. 2014. Climate Change in Colorado: A Synthesis to Support Water Resources Management and Adaptation. A report for the Colorado Water Conservation Board. University of Colorado Boulder.


· Electric Power: Toppling of electric utility power lines is one of the most common impacts associated with high wind events. Downed power lines have sparked multiple fires in the vicinity of Boulder, including the October, 2003 Overland Fire, which consumed almost 3,900 acres, destroyed 12 structures, and cost almost $1 million in monetary losses. When power lines are downed during the hot summer months in the Southwest, power outages can affect public health, as residents can lose air conditioning and water for many hours. 
· Public buildings and infrastructure: On January 3, 1996, strong chinook winds, with gusts up to 104 miles per hour (90 knots), damaged eleven hazardous waste storage facilities at the Rock Flats Environmental Test Facility, outside of Boulder. Later that month, on January 17, 1996, high winds (86 mph) damaged at least $6.9 million at Fort Bliss, near El Paso, where roofs accounted for 80% of all damage.
· Residential infrastructure: Tornadoes and other high-wind events have been responsible for extensive damage to homes. Wind blowing the roofs off of houses has been commonly reported across the region. High wind events in 1969 and 1982 damaged more than 40% of buildings in Boulder.
· Air transportation: Since the 1980s, Las Vegas has recorded multiple occurrences of microbursts and strong wind gusts that have damaged aircraft and hangars, and caused flight delays at both local and international airports. Salt Lake International Airport reported $1 million in damages to aircraft during a May 1994 thunderstorm complex.
· Highway transportation: An October 29, 2013 dust storm on Interstate 10 between Tucson and Phoenix killed 3 and injured 12 people in three separate car pile-ups. One pile-up involved 19 vehicles, including at least 6 tractor-trailers, near Picacho Peak—a two-mile stretch dubbed “Arizona’s deadliest corridor for dust storms”[endnoteRef:2]. This section of I-10 cuts through a stretch of abandoned farmlands and degraded desert in a county identified in 2006 by the EPA as the dustiest place in the United States. This tragic event closed the interstate in both directions, halting commerce for hours. [2:  Ferguson, J. and T. Beal. Arizona’s deadliest corridor for dust storms is 10 miles between Tucson and Phoenix. Arizona Daily Star. November 10, 2013.] 

· Recreation: Strong winds can wreak havoc on recreation facilities, which are dependent on the right mix of cold and dry or warm and clear weather. During strong winter and spring wind events in 1996, 1997, and 2014, ski areas near Salt Lake City and Park City had to close ski lifts, due to a combination of strong winds and the downing of large trees. In the spring of 2014, strong winds and microbursts damaged boats in Great Salt Lake and in the Las Vegas Boat Harbor on Lake Mead. 


Preparing for Wind: Past, Present, and Future

In preparing for extreme wind events, National Weather Service (NWS) forecast offices provide a variety of weather advisories (see weather.gov, and for any NWS station there will be a Watches & Warnings tab). As a matter of course, the National Weather Service provides tornado, hurricane, severe storm and a variety of other warnings. 

Over the years, WAA cities and counties, their partners, and the states in which they are located, have developed preparedness measures, public service announcements, online resources, and public information campaigns aimed at specific wind-related hazards. 

Tornadoes. Denver, located at the western edge of the Great Plains, has developed a tornado warning and alert system. Denver’s outdoor warning siren system, updated between 2012 and 2014, includes 86 sirens and extensive online public information regarding public safety practices and shelter. 

Dust. Many cities and counties in the southern part of the Southwest are prone to dust storms. County air quality departments and state environment departments, like those in New Mexico and Arizona, have materials on dust control for air quality concerns, and specific materials and warnings for dust storms. The New Mexico Environment Department’s windblown dust page contains information on sources of dust, dust control regulations, and the health effects of dust pollution and dust storms. The Doña Ana County—where the City of Las Cruces is located—Natural Events Action Plan contains best available control measures for reducing windblown dust from manmade sources. Similar materials are provided by Pima County, home to Tucson, which has extensive dust control regulations, understanding of the fact that high wind events generate dust storms, due in large part to human disturbance of native soils. The Nevada Department of Transportation has also developed guidance for driving in high wind.

In recognition of the many deaths each year from dust storm traffic accidents, a consortium of Arizona state agencies and the NWS have developed the Pull Aside-Stay Alive campaign and website, which contains guidance for drivers. A mobile phone “app”, developed by the University of Arizona, provides dust storm alerts and safety tips; the app is available for free through multiple phone operating systems (e.g., via iTunes). 

In October 2014, Clark County, home to Las Vegas, achieved special EPA status (“attainment status”) for meeting health-based dust pollution standards. Key components of the Clark County dust control program include permit and industry education classes, an extensive program of controlling dust on vacant land parcels, and a dust complaint hotline.

Strong winds, microbursts, and public health. In recognition of the multiplier effect, when strong winds and microbursts damage one utility pole, which then takes out other poles connected to it, Tucson Electric Power (TEP) has implemented a process of “looping” in their power lines, to recirculate power from a downed pole to others. This keeps one utility pole from being a single point of failure and bringing down the entire system. Such measures are critical from a public health standpoint, because summer power outages can trigger multiple impacts, if vulnerable residents lose the ability to cool their homes. In response to power outages as a result of a severe thunderstorm on July 13, 2014, the City of Tucson and Pima County opened Emergency Operations Centers and launched cooling stations; fortunately TEP’s looping procedure allowed them to minimize the length of the outage, quickly restoring electric power.

Moving Forward
[bookmark: _GoBack]Climate models do not yet provide a robust prognosis with regard to future extreme wind episodes, although they do indicate a generally more northern winter and spring storm track. Warmer temperatures allow the atmosphere to hold more moisture, which could mean more powerful summer thunderstorms, but there we lack strong scientific evidence for a historic trend in summer thunderstorm power. Something we do know, however, is that population in the region is growing faster than anywhere else in the country, which exposes many more people to the impact of these extreme wind events. Given just the high number of highway fatalities during dust storms, and the hundreds of millions of dollars in damages from tornadoes and storms, extreme wind events demand the utmost preparedness and vigilant attention.
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