
Drought in the Intermountain Southwest Region

In the Intermountain Southwest, drought has been a constant fixture, more or less, since 2000. Severe drought conditions, between 2000 and 2004, brought the issue into sharp focus, as the region suffered dramatic declines in surface water supplies, wildfires of record-breaking extent and severity, and the hottest streak of regional annual average temperatures recorded by thermometers. Western Adaptation Alliance (WAA) cities in the region responded with a variety of measures, including water conservation campaigns, drought declarations, water restrictions, and renewed planning for drought. Drought is a normal part of the climate of the Intermountain Southwest. Scientific studies tell us that the Southwest is prone to multi-year drought, primarily due to the influence of the tropical Pacific Ocean, which influences the transport of winter moisture into the region. We distinguish drought—which refers to a temporary lack of precipitation sufficient to cause impacts—from aridity, the tendency for a region to be dry. Even arid regions can experience drought episodes.

It is often difficult to pinpoint the start and end dates of drought, because drought is a slow-onset natural hazard. The impacts of drought often accumulate over many months, as a lack of precipitation affects soil moisture and, over longer periods of time, water supplies. Likewise, it is often difficult to tell when a drought has ended because, while precipitation can sometimes rapidly improve soil conditions and raise levels in shallow lakes and ponds, the effects of drought may linger in large rivers, reservoirs, and groundwater aquifers.

The drought of the 1950s is frequently cited as the most severe Southwest drought in the historic record, based on the severity, duration, and area affected by drought. Paleoclimate records, reconstructed from moisture-sensitive tree rings, tell us that sustained droughts in the 1100s, 1200s, late 1500s, and late 1800s exceeded the 1950s drought in severity, duration, and area. Temperature-sensitive Southwest tree-ring records indicate that the period since about 1950 has been warmer than any time since at least 1400 years. The regional increase in temperature is important, because it has affected both soil moisture and snowpack—both of which are critical factors contributing to regional streamflows and water supplies.
DEFINING DROUGHT


Observations in the recent historical record show increasing temperatures, decreasing soil moisture, decreased snowpack, and earlier snowmelt. Given these trends, we expect drought to become more frequent, causing concern for the region's water supply. But how does drought affect us? What lessons have we learned? How can we better prepare for drought?

Intermountain Southwest Drought: Impacts, Preparedness and Response
Let’s take a look at how drought has affected our region, decade by decade, and how Intermountain Southwest states and cities have met the challenge of drought.

1960s. A multi-year drought affected the entire region in the early 1960s, a continuation of drought in the 1940s and 50s, when the region’s population was still relatively low. In Utah, the duration of this drought surpassed that of the Dust Bowl, reducing statewide crop yields, and dropping reservoirs near Park City to less than half their normal levels. Fortunately, reservoir construction and groundwater supply development projects appear to have reduced impacts in most cities. In south-central Arizona, the 1960s were unusual for a lack of spill releases into the Salt River. The early 1960s also set a record of 10 consecutive days above 110°F in Las Vegas, and the second highest number of consecutive days over 100°F (9 days) in Salt Lake City. 

1970s. In 1976 and 1977, drought primarily affected the northern part of the Intermountain Southwest, including Utah, Colorado, and the northern parts of Arizona and New Mexico. This drought produced record low streamflows at two-thirds of Colorado stream gages, the lowest water-year flows on the upper Colorado River, and caused an estimated $78.6 million in ski industry losses. The City of Aspen still uses 1977—a year in which the Roaring Fork River went completely dry—as the baseline for declaring drought emergencies. In Fort Collins, Horsetooth Reservoir, a water supply and key recreational lake, nearly dried up, and the city required mandatory water restrictions for the first time in its history. Denver Water imposed mandatory outdoor watering restrictions beginning in 1977. Between 1976 and 1978, total New Mexico reservoir levels dropped to levels not again seen until 2004. Arizona, New Mexico, and Utah declared drought disaster emergencies in 1977, and the state of Colorado put into effect water conservation campaigns. Federal drought aid for Colorado exceeded $110 million. Thirty-six percent of Utah municipal water providers increased water rates in 1977.There is no universal measure of drought severity. Severity depends on the duration, intensity and geographic extent of drought. We chose to measure drought using the Standardized Precipitation-Evapotranspiration Index, or SPEI. The SPEI is a useful measure because it combines precipitation (supply) and temperature (demand) in a way that allows for direct comparisons across areas that may have very different annual precipitation and temperature. Also, the SPEI data are easy to obtain, from the Western Regional Climate Center. SPEI is also a valuable measure for the Intermountain Southwest—a region in which snow is a critical factor for supplying runoff to streams and reservoirs.

Although the United States lacks a long-term database of drought impacts, by examining multiple online natural hazards databases and conducting interviews with various state and local officials, we derived drought impact information for the region. The impacts of drought are affected by water demands, conservation practices, and water policies; thus, most residents of the Intermountain Southwest have not been directly affected…yet…by water shortages at our homes and business. Nevertheless, we can briefly report that regional drought impacts during the last 55 years have included: water cut backs and rationing, increased groundwater pumping, installation of new wells, severe and extensive wildfires, diminished agricultural crop yields, liquidation of rangeland cattle herds, loss of tourism and recreation business. In addition, some drought episodes have been accompanied by long and severe heat waves—amplified by heat trapping building and paving materials that create a “heat island” in our rapidly expanding regional cities.
DEFINING DROUGHT CONT’D


Late 1980s and Early 1990s. Though the 1980s are remembered as a wet period in the Southwest, reoccurrence of drought conditions in the early 1980s, combined with a lack of accurate data and knowledge about drought, prompted Colorado’s governor to convene a drought task force, charged with developing a drought emergency response plan—one of only three in the nation. Denver Water continued outdoor watering restrictions through 1982, due to lack of supply and treatment capacity, and to manage peak demands on the water distributions system. In acknowledgment of precipitous urban and agricultural area groundwater declines, and to secure funding for a massive state water project, in 1980 Arizona adopted the nation’s most comprehensive groundwater law.

A late 1980s drought affected most of the region, dropping the levels of Bear Lake, the second largest lake in Utah, to levels not seen since the Dust Bowl years. By 1990, Utah streams and rivers were flowing well below average, and lack of forage forced thinning of cattle herds and a loss of 80 percent of the state’s deer population. To alleviate impacts to agriculture, the state allowed a temporary 10,000 acre-foot water sale, and parts of the state enacted water use ordinances and restrictions. Colorado suffered $1.77 million in crop damages, and revised its drought plan in 1986 and 1990. In July, 1989, water and electricity use in Denver reached all-time highs due to extreme heat. In 1991, following several dry years, Salt River Project (SRP), Phoenix’s major water supplier, rationed water. Tucson, Arizona recorded its all-time highest temperature, 117°F, on June 26, 1990, during the midst of its second longest consecutive streak of days over 100°F...and…Phoenix registered 122°F on the same day—an all-time record. Phoenix also adopted a drought management plan that year. In 1990, Flagstaff, Arizona instituted a drought preparedness plan, with regulations on outdoor watering, prohibiting water wasting, and requiring golf courses to use reclaimed water.

Mid-1990s. Following an extended stretch of El Niño winters, between 1992-1994, which brought generally above-average winter precipitation to the southern half of the region, severe short-term drought emerged between 1995 and early 1997. The mid-1990s drought spurred New Mexico to convene a drought task force, in 1996, primarily in response to loss of domestic drinking water in some parts of the state. The state declared a drought emergency in 1996, and the County of Santa Fe was declared a disaster area by FEMA, during the spring of 1997. Northern New Mexico’s Dome Fire, in April, 1996—a devastating 16,516 acre fire, considered quite large for its time—brought further attention to drought in the Intermountain Southwest. In 1996, Arizona, which suffered multiple large wildfires, including a blaze that passed through the Phoenix metropolitan area city of Scottsdale, made the first of 19 consecutive drought emergency declarations. Arizona’s cattle ranching industry also suffered major losses in 1995 and 1996, and has received multiple millions of dollars in relief and assistance, since the mid-1990s drought. Phoenix registered one of its worst heat waves, between July 25 and August 10, 1995; temperatures between July 26 and July 29 were 116°F, 118°F, 121°F and 115°F.

[bookmark: _GoBack]2000s. Beginning with dry conditions in the southern half of the region in 1999, drought parched the Intermountain Southwest in the early 2000s with an almost biblical array of impacts ranging from record-breaking wildfires, to water shortages, grasshopper outbreaks, decimation of some cattle and wildlife populations, and deadly extreme urban temperatures. Arizona, Colorado, New Mexico, and Utah experienced their largest fires on record at least once during this time. The High Park Fire in 2012 burned over 250 homes near Fort Collins and threatened the city’s water supply. Extreme urban temperatures affected the entire region during this drought, with normally cool northern cities experiencing scorching temperatures familiar to low elevations in the southern part of the region. In 2012, the temperature in Denver reached 105°F on July 20th and 104°F on July 21st, exceeding any previous records for the city. In July of 2001 and 2002, Park City, Utah reached 99°F and 97°F, respectively, setting the records for first and second hottest days on record.- Losses to Arizona’s cattle industry totaled $300 million
- Impacts of drought in Colorado approximately $1.3 billion
- Costs to agriculture and tourism in Utah almost $200 million

2002 MONETARY LOSSES


The 2000s drought has been almost continuous throughout the southern part of the region, occasionally regaining intensity across Colorado and Utah in the mid-to-late 2000s and in 2012-13. In 2006 and 2012, every WAA city in Arizona and Colorado was in a county declared as a disaster area by the USDA. The most severe drought year for much of the region was 2002. State drought emergency declarations were made in Arizona, Colorado, New Mexico, and Utah. Reservoirs on both the Colorado and Rio Grande Rivers have declined over the course of the drought to levels not seen since these reservoirs first filled. 

Unique to this drought is its effect on urban areas, with several water providers forced to restrict water deliveries. In Colorado, providers in Boulder, Denver, Fort Collins, and Lakewood instituted both voluntary and mandatory water restrictions beginning in 2002. Boulder’s restrictions were particularly effective, with 75 percent of customers reducing their water usage during the summer of 2002, resulting in a drop in total water use by about 30 percent. Denver Water was again forced to restrict water usage in 2013 and implement a temporary drought pricing structure. In 2002, Aspen, lacking a strong drought ordinance at the time, offered end of season cash credits to customers who reduced their summer water usage. One measure of the effectiveness of this strategy is that it allowed Aspen to avoid diverting water from alternative sources. The city also implemented voluntary restrictions in 2012 and 2013. Santa Fe, New Mexico was forced to implement water restrictions from 2000 to 2002. Although effective at reducing demand enough to sustain the water supply, the restrictions were very controversial and heavily impacted local business. In the Phoenix area, SRP reduced their allocation of water in 2003 and 2004. Between 1998 and 2008, SRP has borrowed or purchased water from the Central Arizona Project. If not for this water, Roosevelt Reservoir would have been near empty in 2002. This water has also ensured full allocations by SRP, with the exception of 2003 and 2004.

Due to the severity of this drought and its impact on urban areas, especially in 2002, drought and water resources planning soared (see drought timeline graphic for specific events). Several cities instituted tiered water rates and water shortage ordinances as a result of severe drought in 2002, including Aspen and Boulder, which joined other WAA cities that had already instituted tiered rates. The well documented decline in per capita water use in large WAA cities demonstrates the effectiveness of these actions. Conservation campaigns by various WAA cities have also proved extremely effective, reducing per capita water use even as population has increased. For example, due to conservation goals and ad campaigns put in place since 2002, Denver Water customers are using 20 percent less water than before 2002. Denver Water also has goals to further reduce water use by another 22 percent. In Flagstaff, per capita water use has dropped 40 percent since 1989 due to strategies outlined in their city code, including odd/even watering days and fines for wasting water.

This drought forced other cities and water providers to innovate and develop alternative water supplies. In 2003, the El Paso water utility purchased, on an emergency basis, eleven one million gallon per day reverse osmosis systems in order to procure potable water from previously abandoned wells. In addition, in 2007, El Paso, in conjunction with Fort Bliss, completed construction of the Kay Bailey Hutchison Desalination Plant, the world’s largest inland desalination plant. It can produce 27.5 million gallons of fresh water per day, increasing the city’s fresh water production by 25%. To ensure continuity of its major surface water supply, the Southern Nevada Water Authority (SNWA) approved construction of a new drinking water intake from Lake Mead, scheduled for completion in 2015. Some cities have even initiated collaborations to address this regional issue. Aspen is partnering with four nearby municipalities to create a regional water efficiency plan. Phoenix and Tucson have begun the testing phase of shared water storage between the cities.

Connecting the Dots
Paleoclimate records, such as the tree-ring records described earlier, tell us that drought periods in the past have been longer and more severe than anything we have witnessed. Observations in the recent historical record show:
· increasing temperatures, 
· decreasing soil moisture, 
· decreased snowpack, and 
· earlier snowmelt. 

In Colorado, for example, snowpack in all river basins has been mostly below normal since 2000, and spring snowmelt and peak runoff has come 1-4 weeks earlier over the past 30 years. All of these trends are cause for concern as they begin to affect the region’s water supply. Many entities, including Denver Water, the SNWA, Colorado Water Conservation Board, and Bureau of Reclamation, are taking these trends seriously as they plan for the possibility of prolonged severe drought. 

Tackling the Intermountain Southwest’s Next Drought
The Intermountain Southwest has been severely affected by multiple droughts in the last 55 years. Over this time, population has grown exponentially, increasing water demand and raising questions about the reliability of regional water supplies. California is now facing the constraints of water demands from a large and growing population, coupled with extensive agricultural water needs, in combination with severe drought. California’s situation raises the worst fear of Intermountain West cities—not enough water when we need it. California is having to make tough decisions about how to use their dwindling supplies, how to restrict use, and perhaps most important, where to get that next bucket of water. 

Each time we have experienced drought, states, cities and organizations have responded, by developing more thorough drought plans, implementing new water policies and regulations, improving coordination among entities charged with monitoring, planning and response, and coming up with innovative solutions for conserving water and protecting citizens and their property. Each time we have learned, but most times we’ve learned the hard way—which is costly. While we cannot stop drought from occurring, WAA cities are leading the charge to improve preparedness for drought, so we don’t replay the “hydroillogical cycle” of panic, emergency response, and apathy—when the next rain arrives—followed by another round of panic and costly impacts. California has been in a more reactive or panic mode, crafting short-term solutions for rapidly emerging drought problems. At some point, the Intermountain West, like California, will need a new bucket of water, and that next bucket may be really expensive. Unlike California, we have the opportunity to calmly prepare, and the more we do to prepare now, the less likely it is that we will have to resort costly, panic-mode strategies.
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