Extreme Heat in the Intermountain Southwest Region

Introduction
[bookmark: _GoBack]In late June and early July, 2013, a heat wave settled over the Intermountain Southwest, breaking temperature records in some cities, and leading to deaths and damages across the region. The 2013 heat wave killed people in Las Vegas and Phoenix, knocked out power in Las Vegas, caused the buckling of an Interstate 215 highway on-ramp in Salt Lake City, caused flight cancellations at Sky Harbor International Airport in Phoenix, and taxed emergency rooms at regional hospitals as concert-goers, homeless people, and others were treated for dehydration and heat-related illnesses. It may be hard to believe that high temperatures—a weather phenomenon that seems benign in comparison to tornadoes or hurricanes—could inflict such severe hurt on our region, but “heat stress is the leading weather-related cause of death in the United States”[endnoteRef:1]. According to weather records, fewer cold waves and more heat waves have occurred over the Southwest during 2001-2010 compared to their average occurrences[endnoteRef:2]. In addition, as the population of the Southwest grows, many more people are exposed to extreme heat, and land use changes—paving and building—have increased the chances of high temperatures occurring in the Intermountain Southwest’s urban areas. [1:  Brown, H. E., A. C. Comrie, D. M. Drechsler, C. M. Barker, R. Basu, T. Brown, A. Gershunov, A. M. Kilpatrick, W. K. Reisen, and D. M. Ruddell. 2013. “Human Health.” In Assessment of Climate Change in the Southwest United States: A Report Prepared for the National Climate Assessment, edited by G. Garfin, A. Jardine, R. Merideth, M. Black, and S. LeRoy. Washington, DC: Island Press, pp. 312–339. http://www.swcarr.arizona.edu/chapter/15]  [2:  Hoerling, M. P., M. Dettinger, K. Wolter, J. Lukas, J. Eischeid, R. Nemani, B. Liebman, and K. E. Kunkel. 2013. “Present Weather and Climate: Evolving Conditions.” In Assessment of Climate Change in the Southwest United States: A Report Prepared for the National Climate Assessment, edited by G. Garfin, A. Jardine, R. Merideth, M. Black, and S. LeRoy. Washington, DC: Island Press, pp. 74-100. http://www.swcarr.arizona.edu/chapter/5] 


Defining Extreme Heat
A commonly used definition of extreme heat is temperatures that hover 10 degrees or more above the average high temperature for the region and last for several weeks[endnoteRef:3]. The National Weather Service (NWS) issues a heat warning when the heat index—a combination of relative humidity and air temperature that represents how hot the air feels—is predicted in the next 12 hours to be “at least 105°F for more than 3 hours per day for 2 consecutive days, or […] more than 115°F for any period of time.[endnoteRef:4]” However, defining extreme heat, and in particular thresholds at which to take action, can be difficult since cities have different thresholds for extreme heat. For example, record heat in Denver is equivalent to an average summer day in Phoenix or Las Vegas. Given this, NWS local offices often collaborate with local partners to determine more appropriate criteria for when an alert should be issued for the area[endnoteRef:5]. [3:  2005 Flagstaff Hazard Mitigation Plan]  [4:  National Weather Service Glossary: http://www.nws.noaa.gov/glossary/index.php?word=excessive+heat+warning]  [5:  National Weather Service: http://www.nws.noaa.gov/os/heat/ww.shtml] 


Another complicating factor when defining extreme heat is nighttime temperatures. In many cities, even with record-breaking daytime high temperatures in excess of 100°F, cool nighttime temperatures can provide some relief. Yet, in some cities, such as Phoenix and Las Vegas, minimum temperatures can stay well above 90°F for several days in a row, amplifying the impacts of record heat during the day. McCarran International Airport in Las Vegas recorded a record high daily minimum temperature of 95°F on two days, July 1, 2013, and July 19, 2005; Sky Harbor International Airport in Phoenix registered a record high daily minimum temperature of 96°F on July 15, 2003. As cities become warmer, defining thresholds for taking action provides a first step toward minimizing the impacts of extreme heat. Using warmer cities as examples, or analogues, could also prove useful. Las Vegas, for instance, opens cooling stations on days when the NWS projects warm season temperatures in excess of 5°F above normal, or on days when heat comes on suddenly[endnoteRef:6]. [6:  Interview with Carolyn Levering, City of Las Vegas Office of Emergency Management] 

Urban Heat Islands
Several Intermountain Southwest cities generate urban heat islands. The urban heat island (UHI) effect describes the way in which urban or metropolitan areas are substantially warmer than neighboring rural areas, due to modification of land surfaces. As open land is replaced with pavement and buildings—which are more effective at absorbing and storing heat than vegetated landscapes and soils—the built environment heats up, relative to surrounding areas. The UHI effect is particularly notable overnight, when building materials release heat much more slowly than the vegetated natural environmenta. 

The UHI effect can generate negative impacts, particularly during the warm season. Urban managers are concerned about the UHI effect because (a) the amplified temperatures increase energy demand, as urban residents turn on their fans, evaporative coolers, and air conditioners for extended periods of time, thus increasing the risk of blackouts and brownouts, (b) increased energy use generates more air pollution, and (c) hot pavement and other surfaces transfer heat to stormwater, which, when draining into streams, ponds, and lakes, raises water temperatures in aquatic ecosystems.  Public health officials are concerned about the UHI effect because it can contribute to increased illnesses and deaths. See the concluding paragraph for information on what cities are doing about the UHI.

   	[image: ]
									     Source: EPA

a  It is worthwhile to note that the UHI effect is a separate issue from the observed regional trend of increasing surface temperatures, in both urban and rural areas. Together, regional temperature increases and local urban heat islands combine to exacerbate the impacts of extreme heat in urban areas.




Extreme Heat Case Studies
The following brief case studies illustrate regional impacts and, importantly, examples of measures that cities are taking to prepare for and respond to extreme heat.



El Paso
The most southern of the WAA cities, El Paso has recorded maximum temperatures as high as 114°F, minimum temperatures as high as 85°F, three-week long streaks of days with temperatures over 100°F, and multiple episodes of heat-related deaths. A June 2002 heat wave, that killed several isolated elderly individuals, prompted the development of a well-coordinated Extreme Weather Task Force (EWTF), including key emergency and public health agencies, such as the El Paso Fire Department, the City’s Health Department, Adult Protective Services, and the Area Agency on Aging. The EWTF has been effective in raising awareness about heat-related risks and conducting outreach to at-risk populations. Since 2002, the number of heat-related deaths has decreased by 50%. In recent years, the City has used creative measures, such as partnering with businesses to distribute fans, providing free public venues to escape the heat, and being pro-active in declaring extreme weather emergencies.

Las Vegas
Southern Nevada’s economic powerhouse city regularly suffers extreme heat—amplified by the nation’s most extensive urban heat island (UHI)—with impacts ranging from power outages triggered by excessive air conditioner use, to cancelled or delayed air flights, to deaths occurring every year. Coping with and informing influxes of tourists and the City’s homeless population are key priorities. To address these challenges, the City opens cooling stations on days when the National Weather Service projects warm season temperatures more than 5°F above normal.

Phoenix
Arizona’s capital city has experienced maximum temperatures as high as 122°F, and minimum temperatures as high as 96°F. High minimum temperatures, pumped up by the UHI, are a particular problem, because they challenge the ability of residential buildings to cool and recover overnight—leaving some residents with little relief from the intense summer heat in the Valley of the Sun. The Arizona State Department of Health Services, and Maricopa County, in which Phoenix sits, have stepped up efforts to document extreme heat health risks, provide tips for surviving Arizona heat, and identify and reach out to at-risk populations. Hot Impacts
There are well known impacts of extreme heat, such as dehydration and heat stroke, and there are many impacts one may not think of. For example, extreme heat can often lead to brownouts and blackouts, due to excessive energy demand from air conditioners, evaporative coolers, and fans. It can also lead to airport closures, flight delays or cancellations, and roads buckling. Extreme heat can damage crops, and it can even exacerbate the impacts of drought by increasing water demand by both people and plants. 


Salt Lake City
While Utah’s chief metropolis, located in the northern tier of the Southwest region, may not seem like a candidate for heat-related extremes, the city is prone to inversions, and its valley location, nestled between mountain ranges, can concentrate summer heat episodes. Salt Lake City heat waves sometimes go hand-in-hand with increases in the air pollutant, ground-level ozone, which increases the risk of respiratory illnesses. The Salt Lake County Health Department has developed an informative heat emergency management page, to raise awareness. 

Regional Heat Episodes
Most intense heat waves concentrate in the southern cities of the Intermountain Southwest region. However, the region has experienced region-wide synchronous multi-city heat waves several times during the last 50 years. Often these region-wide heat waves coincide with extreme drought and increased fire risk. Stationary high pressure systems, which cause air to warm and stagnate, trap heat and are associated with drought episodes. Also, as non-built land surfaces and soils desiccate during a drought’s string of bone-dry days, they heat up more rapidly and contribute to regional daytime high temperatures.Heat-Related Migrant Deaths near the U.S.-Mexico Border
The deaths of unauthorized border crossers into the Intermountain Southwest region has increased substantially since 2000. There have been at least 150 deaths per year in Arizona’s Pima County since 2004a. Part of the increase is attributed to migrants crossing through remote areas, to avoid detection by U.S. authorities, which increases their probability of death due to heat exposureb. Exposure to weather extremes, particularly extreme heat, is the leading cause of deaths in this populationc,d, and is substantially greater than deaths due to vehicle accidents and violencea,c. 

Health scientists examining the relationship between ambient temperature and heat death among undocumented border crossers found: for each 1°C degree increase in temperature there is a 35% increase in the odds of heat-related fatalityd; daily high temperature is a strong predictor of heat deathe; and at a critical threshold of 104°F, there is a 50% chance of at least one heat deathe. 

Pima County, Arizona, the border’s busy Tucson sector, has developed a computerized mapping database of migrant deaths, in partnership with the NGO Humane Borders. As one measure to reduce heat exposure deaths, public health specialists recommend communicating the extreme risk of crossing during days with temperatures exceeding 104°Fe.
a Martinez, D. E., et al. 2013. A Continued Humanitarian Crisis at the Border. Tucson: Binational Migration Institute, University of Arizona.
bAmerican Public Health Association (APHA). 2009. Border Crossing Deaths: A Public Health Crisis Along the US–Mexico Border. Policy Statement. 
cSapkota, S., et al. 2006. Unauthorized border crossings and migrant deaths: Arizona, New Mexico, and El Paso, Texas, 2002-2003. Amer. J. of Publ. Heal. 96:1282-87.
d Keim, S. et al. 2007. Heat fatalities in Pima County, Arizona. Health & Place 13:288-292.
eRuttan, T., et al. 2013. Validation of a temperature prediction model for heat deaths in undocumented border crossers. Journal of Immigrant and Minority Health 15:407-414.


In early July, 1973, Denver registered multiple days with temperatures over 100°F, and Las Vegas recorded 116°F, tying the city’s second all-time highest temperature. During the same heat wave, Flagstaff—normally a locale where Arizonans go to escape the heat—recorded its all-time high of 97°F. 

During a mid-1990s heat wave, El Paso recorded its all-time high of 114°F. During the same June 1994 event, Tucson recorded a record 6 consecutive days above 110°F.

Over the last decade, region-wide heat waves baked the region in 2005, 2006, 2012 and 2013. In each heat episode, cities tied or broke record high temperatures, or consecutive days with temperatures above a recognizable threshold, such as 90°F or 100°F. As mentioned previously, the June 27-July 4, 2013 heat episode, which stretched from Salt Lake City to El Paso, set many records. 
· June 2013 was the hottest on record in Las Vegas. June 29-July 2 tied or broke daily record highs and June 30 tied the all-time record of 117°F. Two people died during the episode.
· In Salt Lake City, the episode included seven days of triple-digit heat, including all-time June record highs of 105°F on June 28-29. Impacts included a surge in hospital cases of dehydration and overexposure, and closure of Interstate 215 when a highway on-ramp buckled.
· Phoenix suffered through six days of excessive heat (NWS definition)—its longest period of excessive heat, and a thermometer reading of 91°F tied the previous record-high minimum temperature for June 30. Between June 28 and July 3, several people died and US Airways canceled 18 of its regional flights.
· Santa Fe’s hottest day on record (102°F) was June 27, 2013
· Tucson tied its record of 39 consecutive days with high temperatures of at least 100°F
· Las Cruces – June 27 registered 106°F, tied for its fourth hottest day on record
· El Paso recorded record highs in June, 2013, including 18 days above 100°F

Temperature Trends
In the Southwest, regional annual average temperatures have increased by more than 1.5°F during the last 110 years, with some cities registering annual average maximum temperature increases of more than 5°F (see figure below)[endnoteRef:7]. The combination of regional temperature increases with heat wave events, which are amplified by heat-trapping urban heat islands, poses risks to public health and safety. Beating future heat, which is often elevated during the drought episodes to which the region is prone, will require creative solutions and active outreach to at-risk populations, including tourists. [7:  Hoerling, M. P., M. Dettinger, K. Wolter, J. Lukas, J. Eischeid, R. Nemani, B. Liebman, and K. E. Kunkel. 2013. “Present Weather and Climate: Evolving Conditions.” In Assessment of Climate Change in the Southwest United States: A Report Prepared for the National Climate Assessment, edited by G. Garfin, A. Jardine, R. Merideth, M. Black, and S. LeRoy. Washington, DC: Island Press, pp. 74-100. http://www.swcarr.arizona.edu/chapter/5] 


[image: ]

Western Adaptation Alliance: Tackling Urban Extreme Heat
Western Adaptation Alliance (WAA) cities are working to prepare for the ongoing challenges of extreme heat, heat wave episodes, and the urban heat island. As mentioned, WAA cities are increasingly proactive in working with public health officials to identify at-risk populations, and are implementing the strategy of providing public cooling shelters, which has been successful in El Paso. 

Tucson, in collaboration with its chief electric power provider, has engaged in an extensive tree-planting campaign[endnoteRef:8]. Desert adapted trees provide the multiple benefits of providing shade, reducing the UHI effect, adding to the value of homes and businesses, and making the city more attractive. The City’s plan focuses on shade priority areas, which previous development had rendered barren of vegetative shade canopy, and thus prone to amplifying heat.  [8:  http://www.mayorrothschild.com/initiatives/10000-trees/] 


The general and sustainability plans of Phoenix and Tucson refer to the UHI and contain policies that explicitly address it (e.g., designing public spaces appropriately), and give examples of sustainable building strategies to reduce the UHI effect[endnoteRef:9]. Phoenix refers to an overall strategy developing urban best practices to create a connected oasis that accommodates relief from heat during the “thermally challenging” times of year. [9:  https://www.phoenix.gov/pddsite/Documents/PlanPhx%20Draft%20General%20Plan%20Update.pdf; http://www.tucsonaz.gov/integrated-planning/plan-tucson] 


The City of Las Vegas Office of Sustainability produced an Urban Heat Island summary report in 2010[endnoteRef:10]. The report refers to multiple strategies to reduce the UHI effect, such as the use of cool paving and cool roofing materials, and an Urban Forestry Initiative (adopted by the City in 2008). [10:  http://old.lasvegasnevada.gov//files/UHI_Report_2010-2.pdf] 


As mentioned earlier, various El Paso agencies partnered to convene the El Paso Extreme Weather Task Force to increase public awareness of extreme weather, and in particular extreme heat[endnoteRef:11]. In preparation for extreme heat, “there are public service announcements which include; instructions and tips for preventing heat related illnesses, instructions to call the Health Department’s 2-1-1 Information and Referral Center to request a fan, and locations of the designated cool zones such as public libraries, indoor shopping malls and senior citizen centers,” according to Thomas Quinn, Assistant Emergency Management Coordinator with the City and County of El Paso. One of the main programs of the EWTF is fan donation and distribution, which have proven to be useful in combatting the impacts of extreme heat.  [11:  http://www.naccho.org/topics/modelpractices/database/practice.cfm?PracticeID=494] 


The Road Ahead
Extreme heat and heat waves will continue to be a regular occurrence in the Southwest U.S. and a concern for the region’s urban areas. Many WAA cities, especially those at lower elevations, have long experience with extreme heat, and have successfully implemented measures to reduce impacts. Challenges on the road ahead include an increasing population exposed to rising regional temperatures combined with the UHI effect. Intermountain Southwest cities will need to plan accordingly for the risks associated with episodes of extreme heat and prolonged heat waves—including increased energy and water demand, damage to roads, and an array of public health impacts. Cities not accustomed to such extreme temperatures could learn from measures already taken by hotter cities, in their attempts to prepare for the future. With the occurrence of heat waves and the expansion of the region’s urban areas on the rise, this is the time to act, for the road ahead is hot, hot, hot!
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