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PREFACE

One of the responsibilities of the Utah Division of Water Resources is comprehensive water planning. Over
the past decade and a half, the Division has prepared a series of documents under the title "Utah State Water
Plan." This includes two statewide water plans, an individual water plan for each of the State’s eleven major
hydrologic river basins and “special studies” (such as this document). Preparing these documents involves
several major data collection programs as well as extensive inter-agency and public outreach efforts. Much is
learned through this process. State, local, and federal water planners and managers obtain valuable
information for use in their programs and activities, and the public receives the opportunity to provide
meaningful input in improving the state’s water resources stewardship.

This document is the latest in the "Utah State Water Plan" series and is intended to provide information
regarding drought in Utah. It describes drought of the past century (instrumental record) and compares these
droughts with pre-instrumental droughts of the not-so-distant past and ancient times, in an attempt to more
fully describe drought variability in Utah and the West. It encourages discussion among water managers and
decision makers regarding the potential for drought more severe than has been experienced in the past 100
years and strongly promotes a mitigation-based methodology of drought planning and management. It
presents and discusses mitigation and response strategies that are currently used, or can be employed, to
manage drought and minimize its impacts. This document also makes recommendations that will assist the
water community in planning and employing drought mitigation strategies.

In addition to the printed form of this document, the Utah Division of Water Resources has made a “pdf”
version available on the Internet. This can be accessed through the Division’s home page at:
www.water.utah.gov. Such access facilitates better planning and management at the state and local level. It
also provides a convenient mode for readers to provide comment and feedback to the division regarding its
water planning efforts. Reader comments regarding this publication are welcome.

In April 2008, selected data were revised. Specifically, tree-ring data and analyses presented in Tables 3-2, 3-
3, 3-4 and Figures 3-1 and 3-2. Minor modifications were also made in the text to reflect the revised data.
Uncertainty in the tree-ring data (fewer tree-ring chronologies) used for analysis increases before
approximately 1400 AD. Due to this, additional analysis of the tree-ring data over 1400-1895 AD was
conducted and the results added to better reflect drought variability in the recent past (before the start if the
instrumental record of drought). This data is also considered more applicable for use in drought planning.
The revision was made only to the “pdf” document available on the Division’s home page.
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EXECUTIVE SUMMARY

Drought in Utah is a common occurrence and has
given rise to various issues, from environmental to
societal stresses. This natural phenomenon brings
with it impacts that may take years to fully develop
and similarly years to recover from. Water in Utah
is a limited resource and drought only amplifies this
truism. Water development projects and wise man-
agement practices are an integral part of Utah’s bur-
geoning growth and appeal. As the population con-
tinues to grow, so too does the demand for water.
This growth can potentially increase the state’s vul-
nerability to drought and result in economically up-
setting consequences. In many cases, current man-
agement of drought is based upon a response-
oriented methodology, which can be a rather costly
and sometimes ineffective approach. Management
of drought, in general, needs to change from a re-
sponse-oriented methodology to one of mitigation.

Drought in Utah: Learning from the Past—
Preparing for the Future emphasizes the need to
plan and implement mitigation strategies—actions
taken to ensure a reliable water supply before a
drought occurs—in order to satisfy future water de-
mand during periods of drought. Some water sup-
pliers, such as Salt Lake City, have already taken
measures to diversify their water supplies and thus
mitigate for drought. This document reinforces such
actions. Drought can never fully be mitigated and an
element of “coping” or “living with drought” will
always exist, however, the effects of drought-related
impacts can be limited through mitigation. This
document also highlights droughts of the past 111
years (the time since weather conditions have been
monitored—instrumental record) and compares
these droughts with droughts of the not-so-distant
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past and ancient droughts (pre-instrumental record—
paleoclimatic record) in order to expand current un-
derstanding of drought’s natural variability and po-
tential future impacts. It suggests possible mitiga-
tion strategies that could be employed and stresses
the importance of proactively managing drought us-
ing a “risk” management (mitigation) based method-
ology rather than traditional “crisis” management
(response) practices. This document is intended to
be a reference to local water planners, managers and
decision-makers as they strive to meet water chal-
lenges during drought. It will also be of help to
those in the general public who are interested in
making greater contributions to water-related deci-
sions being made by local, state and federal govern-
ment officials regarding drought. The following
paragraphs summarize the main points of each chap-
ter.

CHAPTER 1
INTRODUCTION: DROUGHT, INDICES AND
IMPACTS

The purpose of this report is to:

» Present the significance of historical drought
events, drought-related impacts and soci-
ety’s vulnerabilities to drought.

» Warn of the likelihood of longer-term and

more severe drought based upon recon-

structed climate records and climate change.

Discuss mitigation strategies that could be

implemented well in advance of drought.

Make recommendations for action to help

manage and mitigate drought.



Executive Summary

» Encourage discussion among the water
community regarding drought management.

Drought is a dynamic phenomenon and challeng-
ing to define; no one definition adequately explains
it. Several definitions (meteorological, agricultural,
hydrological and socioeconomic) have been devel-
oped and when put together, give a better description
of drought. Monitoring drought is equally as chal-
lenging. Several drought indices have also been de-
veloped in an attempt to measure drought severity
through comparison of climatological variables to
the normal or long-term average (see Box I).

In order to gain a better understanding of drought,
its impacts need to be understood. Impacts can be
categorized broadly as economic, social and envi-
ronmental. However, impacts generally are not con-
fined to a single category. Drought impacts can be
far reaching and result in economic, social and envi-
ronmental consequences all at once. In general,
Utah’s potential vulnerability to drought and its im-
pacts may increase as the population and demand for
water continue to grow. Some water suppliers’ vul-
nerability to drought has been greatly reduced due to
continual planning efforts and actions taken.

CHAPTER 2
HISTORICAL DROUGHT EVENTS FROM THE
INSTRUMENTAL RECORD

Index (PDSI), which relies on the data from the in-
strumental record, was used in this report to identify
significant drought periods in Utah. It was chosen
due to its relatively long record in comparison to
other drought indices’ records (since climate meas-
urements have been recorded) and direct compara-
bility with reconstructed PDSI records (paleocli-
matic or proxy records as discussed in Chapter 3).

Utah is divided into seven climatically similar re-
gions. PDSI records exist for each of the seven divi-
sions. Using severity and duration of dry conditions
as a guide, the Utah Division of Water Resources
identified six drought events in Utah within the in-
strumental PDSI record. Severity and drought-
related impacts varied from region to region and
several droughts consisted of consecutive years of
mild (PDSI < -1) to severe (PDSI < -3) statewide
drought conditions. See Box Il for the identified
drought events and some related impacts.

CHAPTER 3
DROUGHT FROM A PALEOCLIMATIC
PERSPECTIVE AND CURRENT CLIMATE TRENDS

Utah scientists began to measure and record
weather conditions using instruments in the late
1800s. This instrumental record spans a 111-year
period (1895-present) and is used in the calculation
of drought indices. The Palmer Drought Severity

Although the instrumental PDSI record yields
valuable information on drought, it is limited. This
record may be over a century in length, however,
drought contained within this time interval does not
provide a complete picture of drought variability.
Drought occurred years and millennia before the
start of monitoring and recording climatic/weather
conditions. To gain a broader knowledge and
clearer picture regarding drought, analysis of records
of longer duration is needed. In order to accomplish
this, natural environmental or “proxy” records of

Drought Indices:

cal index.

Box I—Drought Indices

» Palmer Drought Severity Index (PDSI): based upon meteorological conditions such as
temperature and precipitation and weather and climate trends.

» Palmer Hydrological Drought Index (PHDI): also based upon meteorological conditions,
however it lacks the “trends” component of the PDSI and therefore becomes a hydrologi-

» Surface Water Supply Index (SWSI): based upon meteorological and hydrological condi-
tions, and takes into account snowpack and stored water supplies.
» Standardized Precipitation Index (SPI): based upon precipitation.

Xiv
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Box Il—Drought Snapshots

1896-1905: Large cattle operations folded, leaving small operations to fight over what
was left of adequate grazing lands. The drought forced settlers to uproot their families as
lands were drying up and water rights were inadequate.

1924-1936: The “Dust Bowl Years” affected approximately 75% of Utah. Agriculture pro-
ductivity was decreased to almost half of prior years production and the number of farms
significantly decreased.

1946-1964: Multiple areas within Utah were declared disaster areas. Statewide, impacts
could have been worse but were lessened due to steps taken to enhance the water sup-
ply.

1974-1979: Conditions in seven of Utah’s counties prompted the governor to request
Federal Disaster Declarations for these counties. By the end of 1977 the state and its
citizens lost $41 million ($132 million in 2005 dollars) due to the drought impacts.
1986-1992: Drought blanketed the entire state of Utah for multiple consecutive years.
Nationally, 1988 was the most costly drought ever, and until Hurricane Katrina, was the
most costly natural catastrophe in U.S. history.

1999-2004: The drought produced some of the hottest years and one of the driest years
(2002) on record. Statewide reservoir capacity plunged below 50% and farmers and

ranchers struggled to make ends meet.

climate variability, such as tree-rings, fossil pollen,
sediments and ice cores are used.

Tree rings are commonly used to assess past cli-
mate. Patterns and densities of these annual growth
rings strongly correlate with regional climatic condi-
tions (wide and narrow growth rings equate to wet
and dry conditions respectively). From these growth
rings, scientists have been able to reconstruct a long-
term PDSI record. This record dates back over two
thousand years. Analysis of this record indicates
that many droughts, before the advent of the instru-
mental record, were more severe, more frequent and
impacted larger areas. On average, drought con-
tained in the reconstructed PDSI record (roughly
1,900 years before the instrumental record) was ap-
proximately 10.9 years in length compared to the
average drought duration of 6.8 years during the last
111 years (instrumental record). Geologic records,
analysis of lake and eolian (wind-borne) sediments,
reinforce this conclusion. Research indicates that
prolonged dry periods have occurred in greater fre-
guency than has been experienced within the last
century.

These results coupled with the evidence of climate
change, suggest that drought within the past century
is not a complete subset of drought variability and

XV

that drought similar to episodes of the past (more
severe and longer duration) will likely happen again.

CHAPTER 4
MITIGATION STRATEGIES AND DROUGHT
FORECASTING

The possibility of decade-long or longer drought
occurring in Utah’s future is real. Utah has devel-
oped a Pre-Disaster Mitigation Plan that addresses
drought (to a degree) and other natural hazards.
However, more drought specific planning and action
is warranted. Water managers and purveyors can,
and do, take several feasible actions to address fu-
ture droughts. Mitigation or action taken well in
advance of any disaster or drought event is a meth-
odology of drought management that should be un-
derstood and implemented (see Figure |—Disaster
Management Cycle, page xvii). Several existing
mitigation strategies can lessen the severity of some
future drought-related impacts. Addressing Utah’s
vulnerabilities to drought—through mitigation and
diversification—is essential to providing a reliable
water supply during prolonged periods of drought
(decade or longer). Mitigation strategies discussed
in this report are listed in Box 1ll.
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» Water Redistribution: transfer of agricultural water (or other water) via a water banking
system (“brokering” system) from “willing sellers” to “willing buyers” during times of
drought. Large volumes of agricultural water could possibly be available for M&l uses
(agriculture to M&l transfers) during prolonged periods of drought or drought of any
length.

» Conjunctive Management: conjunctive use of surface and ground water supplies. Store
water when it is available in surface facilities and/or sub-surface aquifers (aquifer storage
and recovery [ASR]), for use when needed, such as during drought. Potential ASR pro-
ject sites have been identified by the Utah Division of Water Resources and generally
cost much less than surface storage.

» Water System Interconnections: extensive water networks exist throughout Utah, how-
ever many of these are not well-integrated or integrated at all. Increased integration of
conveyance networks and implementation of advanced monitoring and control systems
can increase efficacy in meeting regional water demands during drought of any length
(M&l to Mé&l transfers). Extensive planning, cooperation, coordination and establishment
of agreements between all involved parties would be needed.

» Water Development: efficient use of dams, reservoirs and other water systems as well
as construction of necessary additional projects currently plays a significant role in satis-
fying water demands of the projected population growth and in maintaining a reliable wa-
ter supply during prolonged drought.

» Water Reuse: use of treated wastewater effluent (may require new facilities, convey-
ance, permits, and water rights) for nonpotable uses. Use of this relatively constant and
guantifiable source can temporarily lower and/or reduce consumption of potable water
used for irrigation and industrial purposes.

» Demand Management: more aggressive demand management practices, beyond cur-
rent water conservation policy, can be implemented to mitigate drought, such as reducing
lawn/turf size, eliminating parking strips and requiring water-wise landscapes.

o0 Public Education and Outreach: use of programs to instill a “water wise” ethic in
both children and adults as well as promote possible water use regulatory
changes.

o Alternative Landscaping: by encouraging or requiring more efficient landscapes
(water wise and more drought tolerant), outdoor water use can be significantly
decreased with minimal influence upon everyday life. Aggressive demand man-
agement programs such as this could delay the need for additional water devel-
opment projects.

0 Incentive Pricing: effective year-round pricing can help mitigate drought by low-
ering water use rates.

» Water Metering and Leak Detection Programs: billions of gallons of water are lost
each day nationwide due to leaks, overflows, pipe bursts and inaccurate or no metering.
These system and operational inefficiencies are abundant nationally and throughout
Utah. Water suppliers should regularly conduct system water-audits to ensure that the
water system is properly metered and in working order.

» Weather Modification: the state of Utah views cloud seeding as a cost-effective strategy
to supplement the water supply. Additional weather modification projects or improve-
ments to projects already in place should be pursued to help to further mitigate future
drought impacts and further research is encouraged.

» Forecasting (Early Warning System): although scientists are currently unable to predict
future drought, advancements are being made and cooperation at all levels within the
state with scientists and drought-forecasting programs is highly encouraged.

XVi
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These strategies are
not a panacea to all
future water manage-
ment challenges, how-
ever, when multiple
strategies are imple-
mented and managed
as one system, with
drought  components
embedded within each
strategy, they can serve
as long-term mitigation
actions or *“solutions.”
Without drought com-
ponents embedded
within these strategies,
they may serve only as
short-term drought
mitigation solutions.

Risk Managemen

Although current
drought forecasting
technologies are lim-
ited, predicting drought
is becoming more and

Dis
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Disaster
Recovery

Response

more of a possibility as
scientists come to a
clearer understanding
of the driving forces
that underlie most climatic events.

The ability to forecast weather events greatly in-
creases the effectiveness of both mitigation and pre-
paredness activities. Several federal programs are
dedicated to drought monitoring, research and pre-
diction; and new programs are being developed that
will enhance forecasting abilities. One such pro-
gram is the National Integrated Drought Information
System (NIDIS). The NIDIS Act, which allows the
formation of NIDIS within the National Oceanic and
Atmospheric Administration, was passed in Decem-
ber 2006.

CHAPTER 5
DROUGHT RESPONSE

Source: Adapted from the National Drought Mitigation Center’s “Disaster Management Cy-
cle” figure, University of Lincoln-Nebraska.

has traditionally been the foundation of drought re-
sponse.

Utah has used such relief during drought, but has
done so as an option of last resort. Following its
drought response plan, Utah has adequately re-
sponded to recent droughts and has employed sev-
eral drought response strategies (see Box V).

CHAPTER 6
CONCLUSION AND RECOMMENDATIONS

Though movement towards drought mitigation is
needed, response will always be a part of drought
management. Response to drought can take place
concurrently with the impacts or after they occur,
when needs may be more apparent. Federal relief

XVil

During drought, an already scarce resource be-
comes even scarcer. Proper management of Utah’s
finite water supply is the essential aspect of ensuring
a reliable supply and environmental integrity during
drought. As the population and subsequent water
demand continue to grow, so too does society’s po-
tential vulnerability to drought.

By using sound mitigation and response strate-
gies, it may be possible to satisfy future water de-
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Box IV—Response Strategies

Demand Management—Water Use Restrictions: many water suppliers have devel-
oped conservation plans that contain drought management elements. These aspects of
water management during drought should ideally be included in separate contingency
plans. In order to curtail water use during drought and other emergencies, cities, conser-
vancy districts and purveyors may adopt more aggressive water management strategies
as set forth in these plans, as is the case with some, such as Salt Lake City’s Water
Shortage Contingency Plan. These management strategies may include water use re-
strictions and ordinances, limiting water use to certain times of the day and certain days
of the week. However these strategies must be monitored for effectiveness. See dis-
cussion in Chapter 5 on pages 83-85.

Ground Water Use and Temporary Well Permits: during drought, ground water with-
drawals tend to increase as surface water supplies decrease. The Utah state engineer
can approve the installation and use of temporary wells in response to water deficiencies.
Some temporary wells could possibly be placed near current reservoirs to take advan-
tage of water infiltrated from the reservoir and the nearby conveyance systems. Water
rights are a large component in this response strategy.

Agricultural Management: the agricultural sector is generally impacted first and most
severely by drought. Management of agricultural resources is therefore paramount dur-
ing drought and includes land management, crop management and water management.
Systems and management strategies have been developed to aid farmers with manage-
ment decisions and minimize losses during drought.

Water Hauling: when the water supply has been greatly reduced or rendered unusable
due to drought, water can be and has been hauled in for public use. Although uncom-
mon, this has recently been done in rural areas affected by drought. Quick and efficient
response by local authorities can significantly reduce drought-related impacts.
Legislation: on occasion drought has prompted responses form the Utah Legislature in
the form of laws, acts and other actions.

mands without increasing society’s vulnerability to
drought—even if future droughts are more severe
than historic droughts of the 20™ Century.

Leaders in the water supply industry, legislators
and other community leaders are encouraged to
implement the strategies and methods put forth in
this publication and adopt a methodology of
mitigation rather than one primarily of response to
drought. The Utah Division of Water Resources has
made recommendations to assist with managing
drought and implementing mitigation strategies (see
Box V).

XViii
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1)

2)

3)

4)

Box V—Recommendations

Develop Drought Management Plan: in order to maximize efficiency, cost effective-
ness, supply diversification, maintain environmental integrity and ensure a reliable water
supply during periods of drought, water suppliers should develop drought mitigation and
water shortage contingency components. Mitigation components should detail vulner-
ability assessments and layout a plan of action to address identified vulnerabilities
through the implementation of mitigation strategies. Water shortage contingency com-
ponents should outline more aggressive response actions that address management of
water shortages and can be applied to drought, such as Salt Lake City’s Water Shortage
Contingency Plan.

Water Redistribution and Interconnections: develop a mechanism to facilitate tempo-
rary redistribution of agricultural water (or other water) to supplement the public supply
during drought. Additional infrastructure may be needed.

Agreements on Reservoir Operations: water users who rely on water supplies from a
major reservoir in Utah should craft, a reservoir operation agreement to dictate reservoir
operation during drought. In situations where broad segments of the population will be
affected by such agreements, a reservoir operation curve (or appropriate indicator)
should be developed, posted and regularly updated to help the public understand when
and why various operating criteria and water restrictions are triggered.

Data Collection: governing bodies, counties and cities (or appropriate institution) should
collect beneficial information that will assist decision makers and the legislative body re-
garding drought. Survey municipal water utilities, suppliers and conservancy districts
throughout and at the terminus of droughts and provide results upon request. Monitor
economic sectors (socioeconomic impact data) during and after drought in order to more
fully understand and quantify drought impacts. Encourage additional research within
state agencies, universities and other institutions regarding climate change and precipi-
tation in Utah. Also support of federal research programs already in place is highly en-
couraged.

XiX
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INTRODUCTION:
DROUGHT, INDICES AND IMPACTS

Utah’s most recent drought affected parts or all of
the state during 1999-2004. At its peak (2002 and
2003), many agricultural water users and municipal
water suppliers in Utah encountered difficulties
meeting their needs. These difficulties include the
following:

» Farmers suffered millions of dollars in
losses due to low crop yields and outright
crop failure.

» Some ranchers went bankrupt as they were
forced to sell off entire herds of cattle and
other livestock at a loss.

Thousands of fish died in East Canyon
Creek and water quality standards were
compromised when the stream dried up.

Salt Lake City diverted drinking water into
ditches to satisfy century-old exchange
agreements with irrigators.

The Utah State Engineer cut-off several
Bear River irrigators (by water right prior-
ity) due to low flows.

City officials in Monticello restricted out-
door watering to once a week to preserve
dwindling storage capacity in Lloyds Lake.
Government officials facilitated the hauling
of water to residents
of Navajo Mountain
as springs went dry.

As severe as the problems
were, they could have been
much more widespread had
the drought continued a few
more years. During each
successive year, reservoir
levels dropped (see Figure
1-1), ground water levels
declined, and the environ-
ment became drier and more
susceptible to devastating
wildfires. When above
normal precipitation finally
returned to most areas of

FIGURE 1-1
Storage and Capacity of 26 Critical Reservoirs in Utah
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Utah in 2005, water suppli-
ers breathed a collective
sigh of relief—many had
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Source: Utah Division of Water Resources analysis, 2006.

avoided what could have

Note: Does not include Lake Powell, Flaming Gorge, Strawberry, Jordanelle and

other smaller reservoirs.
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been an extremely adverse situation.

Although most Utahns remember various aspects
of the drought, attention has been diverted from this
natural climatological hazard to other issues of more
immediate concern. It is hoped that this report will
again focus some attention on drought and assist
decision makers and water managers with mitigating
drought and preparing for it well in advance, particu-
larly during wet years.

PURPOSE OF THIS REPORT

The purpose of this document is multifaceted. It:

1) Present the significance of drought’s influ-
ence on society from a historical perspective
and how projected growth can potentially
make Utah more vulnerable to its impacts.

2) Warns about the likelihood of more severe
and longer-term droughts in the future based
on reconstructed climate and proxy records
as well as climate change.

3) Explores various strategies to mitigate, pre-
pare for and respond to future drought
events.

4) Makes recommendations for future action.

5) Encourages discussion among decision
makers and water managers regarding
drought management.

A main objective of the report is to highlight those
things that have successfully limited drought-related
impacts on society in the past, motivate policy-
makers and water managers to continue to imple-
ment appropriate measures and move toward a more
mitigation-centered water management strategy.

This report compiles a vast array of research and
presents new information all into one place—thereby
providing a comprehensive view of drought in Utah
and what can be done to mitigate and better prepare
for future events. Simply put, this document is a
word of warning about drought and a strategy for
mitigation and preparedness.

WHAT IS DROUGHT?

Drought is unique among natural hazards. Unlike
a flood, earthquake, hurricane or tornado, drought is
not an easily recognized event. While most natural
hazards are sudden and result in immediate impacts,

droughts “sneak up on us quietly disguised as lovely,
sunny weather”* and can last a long time. As a re-
sult, it is difficult to know exactly when a drought
begins and equally challenging to pinpoint when it
ends.

Drought is a normal, recurrent feature of climate
that occurs everywhere to some degree. It is mani-
fested in different ways depending upon the region
and the impact it has on human activities. In the
most general sense, drought can be defined as “a
deficiency of precipitation [or effective moisture]
over an extended period of time, resulting in a water
shortage for some activity, group, or environmental
sector.”® Thus, drought is much more than simply a
climatic phenomenon—and can only be fully de-
scribed in light of its broader impacts on society and
the environment.

Over the years, drought experts have developed
several different ways to define and measure
drought. The following four drought categories®
have evolved:

» Meteorological drought
» Agricultural drought
» Hydrologic drought
» Socioeconomic drought

Although these categories have some unique char-
acteristics, it may make more sense to think of these
as “phases” of the same drought (as depicted in Fig-
ure 1-2), rather than different types of droughts.

Meteorological Drought

Meteorological drought is determined by measur-
ing climatological conditions, particularly precipita-
tion. It is usually defined by the degree of dryness
compared to a “normal” or long-term average.”
Defining drought in meteorological terms is the
easiest way to gauge drought conditions. If recent
precipitation is less than normal, then it follows that
meteorological drought conditions exist. The more
precipitation amounts are less than normal and the
longer this persists, the more severe the drought.
While this approach provides a relatively “early
warning” of drought conditions, it can also produce
false alarms. For instance, a dry period may end
before a watershed is seriously affected and water
users experience a water supply deficit. Also, after
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prolonged drought conditions, a period of above av-
erage precipitation may signal an end to the mete-
orological drought, when in reality the watershed is
a long way from recovering, and water supply defi-
cits persist for some time. As long as winter precipi-
tation is adequate, several areas in Utah can endure a
meteorological drought during the spring, summer
and fall months by capturing available runoff in res-
ervoirs and releasing it as needed during the year.
However, in addition to winter precipitation, some
areas rely on spring precipitation as a water supply
source. For example Alta receives roughly 34 and
31% of total precipitation in the winter and spring,
respectively.

A common measure of meteorological drought
across the country is the Palmer Drought Severity
Index (PDSI). The PDSI, although not a true meas-
ure of meteorological
drought in the strictest
sense, adequately de-
scribes it. The PDSI and
other drought indices will
be discussed later in this
chapter.

most of the available water supply within a region
(81% in Utah). In Utah, only the Salt Lake Valley is
an exception to this. Consequently, any water short-
age translates directly to economic losses in the agri-
cultural sector. High temperatures associated with
drought and decreased water supplies make it diffi-
cult to keep up with watering requirements and crop
yield subsequently may decrease in amount and/or
quality. Energy costs (such as pumping) may also
increase and result in negative economic implica-
tions.

Hydrologic Drought

Hydrologic drought is determined by the overall
water supply (or hydrologic) conditions of a water-
shed—snowpack, soil moisture, streamflows and
reservoir storage. The severity of hydrologic

FIGURE 1-2

Progression of Drought Conditions and Impacts
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Source: Adapted from a graphic by the National Drought Mitigation Center found on
their web page, "What is Drought? Understanding and Defining Drought." Re-
trieved from: http://drought.unl.edu/whatis/concept.htm, August 2006.
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drought is determined by the deviation from normal
or long-term average values. While this analysis is
more involved and time consuming than the mete-
orological approach, it provides a more detailed pic-
ture. In Utah and other mountainous regions, where
water users are largely dependent upon winter
snowpack and reservoir storage for their water sup-
ply, this approach is quite useful.

In the Intermountain West, several indices are
used that adequately describe hydrologic drought:
the Palmer Hydrologic Drought Index (PHDI), long-
term Standardized Precipitation Index (SPI) and the
Surface Water Supply Index (SWSI). These indices
will be discussed in more detail later in this chapter.

Socioeconomic Drought

If dry conditions persist long enough and severely
impact reservoir storage and ground water levels,
drought enters its most disruptive phase: socioeco-
nomic drought.  “Socioeconomic definitions of
drought associate the supply and demand of some
economic good with elements of meteorological,
hydrological, and agricultural drought.”® Socioeco-
nomic drought reaches well beyond the agricultural
community and affects community drinking water
supplies and consequently many social and eco-
nomic enterprises. At this stage, long-term damage
to vegetation, wildlife habitat and other natural envi-
ronments is also likely to occur.

A weakness of the socioeconomic drought defini-
tion, as well as with the other types of drought, is
that no standardized methodology or index exists

that truly measures its severity and impacts. Al-
though attempts have been made in the past to
measure total economic costs of drought—which is
the most logical way to reflect the severity of socio-
economic drought—these efforts have been inade-
guate and, thus, not very useful. A consistent meth-
odology for socioeconomic drought impact analysis
is needed and warrants further research and devel-

opment,

Sequence of Drought in Utah

The typical drought sequence (as depicted previ-
ously in Figure 1-2) begins with meteorological
drought and progresses to agricultural drought. If
abnormally dry conditions last long enough, hydro-
logical drought begins and ultimately progresses to
socioeconomic drought. While this sequence de-
scribes the various “phases” of drought in a logical
way that is broadly applicable, in reality the se-
guence of events is not always so simple and may
vary from region to region. In Utah, for instance,
agricultural drought only precedes hydrological
drought for dry-crop farmers who do not irrigate.
Farmers who irrigate and ranchers who water live-
stock using streamflow or reservoir storage do not
experience agricultural drought (to the same degree
as dry-crop farmers) until these parameters are af-
fected and hydrologic drought begins. Even then,
farmers who have access to or rely solely on ground
water may never truly experience agricultural
drought, because even prolonged drought may not
completely deplete ground water supplies. How-

ever, prolonged drought may make it economically
infeasible for farmers to pump ground water if levels

T T

the fall of 1990.

-

£ Sa = X - o = = D
fter several years of drought, water levels in Echo Reservoir dropped precipitously, exposing vast mudflats in




Introduction: Drought, Indices and Impacts - 1

decline far enough.

Another nuance to the sequence of drought is the
beginning of socioeconomic drought. Sequentially,
socioeconomic drought typically does not manifest
itself fully until the duration of the drought becomes
very long. However, socioeconomic drought techni-
cally begins as soon as any economic loss is experi-
enced and can last the entire duration of a drought
and beyond. An example of this could be lack of
early snowfall (an indicator of meteorological
drought), which prevents ski areas from opening and
causes immediate economic loss (socioeconomic
drought). While it is often helpful to define drought
according to the discussed criteria or phases, drought
is almost always a much more complex phenome-
non.

DROUGHT INDICES®

Over the years, scientists have developed various
numerical indices to measure drought. Several of
these indices use climatological and hydrological
parameters such as precipitation, temperature,
streamflow, and lake and reservoir levels, to derive a
relationship between instrumental measurements and
drought. These indices commonly produce a single
digit number that falls within a set range and indi-
cates the severity (which is dependant upon duration
and intensity) of the drought or wet period. Water
managers and policy makers use these indices to
help them make important drought management de-
cisions.

Many of these indices measure the deviation or
variation in weather conditions from the observed
historical norm. The indices most commonly used
in Utah are described in the following sections.

Palmer Drought Severity Index’

The Palmer Drought Severity Index (PDSI), also
known as the Palmer Drought Index (PDI), was de-
veloped in 1965 by W.C. Palmer to measure de-
creases in moisture based upon supply-and-demand
for relatively homogenous regions. The goal of this
index is to measure moisture conditions that are
standardized to allow comparisons across space and
time. The PDSI is used as a meteorological drought
index that acts in response to abnormally dry or wet
weather conditions. PDSI values generally range
from -4.0 to +4.0, which represent extremely dry to

extremely wet conditions, respectively (see Table 1-
1). These values are calculated based on precipita-
tion, temperature and available water content in the
soil. It does not take into account streamflow, lake
and reservoir levels, or other hydrological parame-
ters that require a long recovery time (time needed to
overcome deficit and return to “normal” conditions).

The PDSI also attempts to measure the duration of
a drought or wet spell. Long-term drought is cumu-
lative® and therefore the index relies upon current
weather conditions and patterns as well as the cumu-
lative conditions of previous months (long-term
trends) to estimate the intensity of the drought.

TABLE 1-1
Palmer Drought Indices Classifications
\ Value \ Description

4.0 or more Extremely wet
3.0t04.0 Very wet

2.0t0 3.0 Moderately wet

1.0t0 2.0 Slightly wet
0.5t01.0 Incipient wet spell
-0.5t0 0.5 Near normal
-0.5t0-1.0 Incipient dry spell
-1.0t0-2.0 Mild drought
-2.0t0-3.0 Moderate drought
-3.0t0-4.0 Severe drought
-4.0 or less Extreme drought

Although the PDSI was developed for the Great
Plains areas of the United States, it is perhaps the
most commonly used index across the United States.
Monthly values for the PDSI (some dating back to
the beginning of the instrumental record in 1895) are
available for all climatic regions within the United
States.

Palmer Hydrologic Drought Index®

“In near-real time, Palmer's index [the PDSI] is
no longer a meteorological index but becomes a hy-
drological index referred to as the Palmer Hydro-
logical Drought Index (PHDI) because it is based on
moisture inflow (precipitation), outflow, and storage,
and does not take into account the long-term
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trend.”® The PHDI is an adaptation of the PDSI
that indicates hydrological drought and does not in-
corporate weather and climates trends; it is not
“backward-looking” like its PDSI counterpart. Be-
cause of this, it generally responds more slowly to
weather/hydrologic conditions than the PDSI.

As with the PDSI, PHDI numerical values are
generated monthly by the National Climatic Data
Center (NCDC)™ and are available nationally. The
Palmer Indices:*

» Provide information on weather anomalies
and related hydrologic conditions for a re-
gion.

» Allow scientists to compare recent condi-
tions to those measured by various instru-
ments for more than 100 years.

» Provide valuable comparable spatial and
temporal data on historical droughts.

Both of the Palmer Indices have several draw-
backs; most notably—for application in Utah—the
indices do not recognize the difference between
snow and rain. All precipitation is treated as rain in
the indices’ calculations. Therefore in regions where
snowfall is present, potential inaccuracies in the tim-
ing of the PDSI and PHDI values can be created.
Snowmelt and rainfall runoff is also not adequately
considered and modeled, which generally leads to an
underestimation of total runoff.”> These indices also
do not take into account large topographical differ-
ences that are present in the Intermountain West.

Surface Water Supply Index*

Although the Palmer Indices are widely used
across the United States, there are limitations to their
application in mountainous regions, which have
large topographic (elevation) variations and are
largely dependant upon winter snowpack and surface
reservoir storage. Shafer and Dezman developed the
Surface Water Supply Index (SWSI) in 1982, to
complement the Palmer Indices and address such
limitations. The SWSI is designed to monitor
streamflow and surface water storage conditions,
which are dependent upon mountain snowpack. Al-
though the SWSI was originally developed to de-
scribe conditions in Colorado, with minor modifica-
tions it is also a useful tool to describe drought con-
ditions across other Intermountain states due to their
topographical and water supply similarities.

The SWSI integrates hydrological and meteoro-
logical elements to generate a numerical index simi-
lar to the Palmer Indices’ values and ranges. The
SWSI is centered on zero, which indicates normal
conditions, and generally extends between -4.2 and
+4.2, representing dry and wet conditions respec-
tively. SWSI values are calculated by using snow-
pack, precipitation and reservoir storage during win-
ter months and streamflow, precipitation and reser-
voir storage during the summer months.

Utah officials use the SWSI as part of the state’s
Drought Response Plan. According to the plan, the
SWSI is used to help officials monitor, assess and
report drought conditions during early stages and
throughout a drought. For more detail regarding
Utah’s Drought Response Plan, see Chapter 5—
Drought Response.

Despite the advantages of the SWSI for use in
Utah, some characteristics limit its application: 1)
the SWSI calculation is unique to each basin or re-
gion and it is therefore difficult to compare across
basins or broader regions; and 2) the SWSI index is
dependent upon frequency distributions for selected
stream gages and reservoir storage facilities and thus
must be recalculated when gages are discontinued,
changed, new storage reservoirs are constructed, and
after extreme events. As a result, it is difficult to
maintain a long-term SWSI time series and only
about half of the Utah basins have a series that goes
back further than 1980.

Comparison of Drought Indices

Figure 1-3 compares the PDSI, PHDI and SWSI.
The figure plots annual average PDSI and PHDI
values for the South Central (climatic region 4), and
North Mountains areas (climatic region 5) alongside
annual values of the SWSI for the Upper Sevier,
Provo and Weber River drainages (see inset map and
Box 2-1 for division of climatic regions in Utah).
The three indices are similar, with the SWSI varying
the most from the two Palmer Indices. This is ex-
pected since the SWSI relies heavily upon stream-
flow and surface storage measurements from local
streams and reservoirs and generally produces a lag
or lead regarding the commencement of a drought
when compared to the Palmer Indices as seen in
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FIGURE 1-3
SWSI vs. Palmer Indices
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Figure 1-3. Analysis of these indices also reiterates
the fact that while one stage or type of drought, such
as hydrological drought (SWSI), can still be under
way, another may have terminated, such as meteoro-
logical drought (PDSI). This can be seen most nota-
bly in the Provo River Basin during the 1950s
drought. Also, hydrological drought conditions may
not appear to be as severe as meteorological drought
conditions (or visa versa), as can be seen in the fig-
ure during the 1970s drought.

In addition, and not surprisingly so due to the no-
table similarities between the two indices, the annual

PDSI and PHDI values for each climatic region in
Utah are strongly correlated, with r-values ranging
from 0.97-0.98. The closer the r-values are to 1, the
stronger the correlation or the more similar com-
pared values are. The monthly values are also
strongly correlated with r-values ranging from 0.90-
0.93, depending upon climatic region. On the other
hand, the Palmer Indices and SWSI are moderately
correlated. This is due to the differences in the pa-
rameters, calculations of the indices, natural hydro-
logic factors, and the result of various operational
and management factors, which affects streamflows
and reservoir levels. Such operational factors may
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include retaining water in a reservoir longer or re-
leasing water earlier to compensate for expected
runoff conditions and water demands. Additional
analysis of drought with regard to the SWSI and
comparisons and discussion of these drought indices
are in Appendix A—Comparison of Drought Indi-
ces. It can be seen in Figure A-3 (of Appendix A)
that the SWSI records are quite variable in length.
Subsequently it is difficult to obtain spatial informa-
tion pertaining to early century droughts using the
SWSI record.

While water managers and drought experts gener-
ally agree that the SWSI is one of the most accurate
and meaningful indices to gage the severity of
drought in Utah, its limited data set and inability to
make spatial comparisons limit its usefulness in ana-
lyzing historical drought, which is one of the main
purposes of this report. Therefore, in this report, the
PDSI is used to define and identify drought events
within the instrumental and paleoclimatic records
(see Chapter 2—Historical Drought Events from the
Instrumental Record and Chapter 3—Drought from a
Paleoclimatic Perspective and Current Climate
Trends).

Standardized Precipitation Index®

Another index that is relatively new, developed in
1993 by T.B Mckee, N.J. Doesken and J. Kliest
from Colorado State University, is the Standardized
Precipitation Index (SPI). This index is based upon
precipitation and was originated from the under-
standing that precipitation deficits impact groundwa-
ter, soil moisture, reservoir storage, streamflow and
snowpack differently. “The SPI was designed to
quantify the precipitation deficit for multiple time
scales. These time scales reflect the impact of
drought on the availability of the different water re-
sources.”™® For example, soil moisture is greatly
influenced by short-scale precipitation anomalies
whereas changes in groundwater levels, streamflow
and reservoir storage are influenced by longer-term
precipitation anomalies or events. The SPI therefore
can be calculated for various time scales. The pur-
pose of this index is to assign a numerical value re-
lating to precipitation that can be compared across
climatic divisions and varying topographies.

The SPI is basically a probability index. It is
based upon the probability of measuring a given

amount of precipitation. These probabilities are
standardized such that an index value of zero indi-
cates the median precipitation amount over the pe-
riod of record. Positive values indicate precipitation
that is greater than median (normal to wet condi-
tions), and negative values indicate precipitation less
than median (normal to dry conditions). Drought
events are identified by the SPI when values are con-
tinuously negative and reach an intensity equal to or
less than -1.0.

The SPI is used extensively in Colorado and by
the National Drought Mitigation Center, and merits
further investigation for its application and integra-
tion in drought-related monitoring and response ac-
tivities in Utah. Diversifying Utah’s drought moni-
toring portfolio, by utilizing several indices at once,
can enhance Utah’s ability to manage drought effec-
tively.

DROUGHT IMPACTS

Since the impacts of drought are an integral part
of defining and understanding drought, a more de-
tailed discussion of these impacts is necessary.
Drought impacts vary widely across space, time and
economic sectors. While drought can manifest itself
in similar ways in various locations—dead lawns in
urban areas versus dead crops in a rural setting—the
impacts to these areas are vastly different. While
dead lawns are unlikely to disrupt many economic
activities within a city, dead crops can devastate in-
dividual and/or family farms in rural areas. These
impacts cannot just be “measured by the crops ru-
ined and cattle sold, but at the cash registers and
banks in local towns with effects creeping into the
larger economy...”*" While droughts most directly
impact agriculture, intense droughts or droughts of
significant duration can produce crosscutting im-
pacts, from farmland to life in suburbia. Impacts can
be extremely complex, span several sectors within a
region and reach far beyond the area actually experi-
encing the drought.

Drought impacts can either be direct or indirect.'®
For example, a farmer’s harvest may be reduced due
to drought, which is a direct impact; the subsequent
loss of income to the farmer, increased prices for
food, and unemployment are indirect impacts. Fur-
thermore, drought impacts generally fall into three
categories: economic, social and environmental as
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TABLE 1-2
Categories of Drought Impacts
Economic Social Environmental
A_gnculture and Nutrition Wetland
Livestock
Transportation Reduced Animal and
P Quality of Life | Plant

Health and .
Industry Stress Water Quality
Energy Public Safety | Wind Erosion
Timber Produc- | Increased Infestation, In-
tion Conflicts sect
Tourism and Cultural Val- Wildfires
Recreation ues and Sites

Source: Adapted from Cody Knutson, Mike Hayes, and
Tom Phillips, "How To Reduce Drought Risk," (1998).
Produced by the Preparedness and Mitigation Working
Group of the Western Drought Coordination Council.

shown in Table 1-2."° Although these categories are
used in this document to simplify the discussion,
they may not be entirely distinct and separate from
one another. Many impacts have economic, envi-
ronmental, and social aspects, such as drought-
induced or drought-enhanced wildfires, thus necessi-
tating consideration of all feasible impacts during
planning, mitigation and response actions.

Economic impacts occur more prevalently in sec-
tors that rely heavily upon surface or subsurface wa-
ter supplies. The economies of agriculture, forestry,
fisheries and other related sectors, can be severely
impacted by drought due to lower productivity, dis-
ease, insect infestations and wind erosion. Such
impacts commonly cause a ripple-effect. For in-
stance, when farmers lose income, businesses that
provide financial support or other services to farmers
will also suffer. This can lead to “unemployment,
increased credit risk for financial institutions, capital
shortfalls, and loss of tax revenue for local, state,
and federal government.”®* Agricultural-based or
water-intensive commodity prices may increase as
producers try to offset reductions in supply. Hydro-
power production may be significantly reduced
(roughly 60 hydroelectric plants in Utah) and tour-
ism and recreation can be negatively affected, im-
pacting local, state and even national economies.

Social impacts of drought include public health,
safety and quality of life.”> Drought can also induce

physical and emotional stress and has been the im-
petus for population migration to less impacted ar-
eas, which has occurred in isolated areas in Utah
(for instance, many moved from the Abraham area
east of Delta during the drought of the 1890s). Such
migrations can place increased pressure on the
physical and social infrastructure of the area to
which people migrate. It also leaves the rural
drought-impacted area (from which people have mi-
grated) lacking valuable human resources® needed
for further economic recovery and development.

Environmental impacts include damage to wild-
life habitat, plants, water quality, forests and much
more. These impacts can linger for years with dev-
astating effects. Public awareness of the environ-
ment, its resiliency and fragility, is steadily growing
and demands public officials to direct greater atten-
tion and resources to these effects.* A long recov-
ery time from these as well as other impacts may be
required.

Not all drought impacts are negative. Generally
agriculture, for example, is hit hardest by drought;
however, agricultural producers in unaffected areas
may benefit from higher prices for agricultural prod-
ucts and thereby decreasing economic impacts on a
larger- or national-scale. A critical part of under-
standing drought is to understand such impacts. Un-
fortunately, many drought-related impacts are never
quantified and therefore not fully understood. It is
important to remember that drought impacts are the
result of natural events combined with the vulner-
ability of society to water deficiencies.®® In order to
reduce the effects of drought, we must lessen our
vulnerability to it. There is a need for additional
monitoring of economic, social and environmental
parameters during drought years and a more con-
certed effort to quantify impacts. For further discus-
sion of assessing drought impacts Refer to Appendix
B—Assessing Drought Impacts: The Drought Im-
pact Reporter.

Drought is a natural process that is easily forgot-
ten as it comes and goes at an almost imperceptible
pace. Drought and its impacts need to be remem-
bered in order to facilitate preparations and mitiga-
tory actions, which require time and money. See
Chapter 4—Mitigation Strategies and Drought Fore-
casting and Chapter 5—Drought Response, for fur-
ther discussion on drought mitigation and response.
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FIGURE 1-4

Population Projections and Drought Vulnerability
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*Drought periods contained in the instrumental record as defined and discussed in Chapter 2.
Source: Population data obtained from the Utah Governor's Office of Planning and Budget, 2005.

Utah Division of Water Resources analysis, 2006.

DROUGHT VULNERABILITY

Throughout Utah’s history, water users have been
vulnerable to drought and suffered from its impacts.
Over the years, water planners and managers have
successfully reduced this vulnerability by construct-
ing surface reservoirs, drilling wells and developing
other available water sources. This extensive water
development has allowed Utah’s population to grow
significantly and enabled the economy to prosper.
In some cases, water development may create “new”
vulnerabilities, such as high water use rates. How-
ever, through effective management strategies and
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public awareness, these “new” vulnerabilities can
largely be avoided. While Utah’s population and
economy are expected to continue their rapid
growth, Utah’s developable water supplies are lim-
ited. In some areas of the state, such water supplies
have essentially been fully developed.

As the population increases, so too does societies’
potential vulnerability to drought impacts (see Fig-
ure 1-4). In order to decrease this susceptibility, wa-
ter managers will need to implement innovative wa-
ter management strategies to ensure that Utah’s fu-
ture water supplies are efficiently used and as reli-
able as possible during periods of drought
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HISTORICAL DROUGHT EVENTS
FROM THE INSTRUMENTAL RECORD

To better understand how to manage Utah’s water
resources during drought and thereby decrease vul-
nerability to it, it is prudent for water managers to
take a look at and put in perspective historical
drought events that have occurred in Utah. Droughts
are common in Utah and the state’s natural level of
aridity, and limited water supply, compound the ef-
fects of drought. Scientists measure drought condi-
tions by using various indices (as described in Chap-
ter 1—Introduction: Drought, Indices and Impacts).
These indices, some of which go back as far as 1895,
make up the instrumental record of historical
drought. From this century-long record, several sig-
nificant drought events are easily recognized at a
national scale as well as within each of Utah’s seven
climatic regions (see Box 2-1). This chapter chroni-
cles the severity, areal extent and some of the im-
pacts of each of these droughts in Utah as well as
nationally.

UTAH DROUGHTS WITHIN THE INSTRUMENTAL
PDSI RECORD

In the late 1800s, scientists began to measure and
record weather conditions resulting in an instrumen-
tal record, which is widely available today. Gener-
ally, the Surface Water Supply Index (SWSI) is used
as a drought indicator (which triggers the implemen-
tation of a certain drought response actions) in Utah.
However, due to the lack of long-term SWSI data
and in order to allow a direct comparison of
droughts recorded in the instrumental record with
droughts of the not-so-distant past and ancient
droughts recorded in “proxy records,” the Palmer
Drought Severity Index (PDSI) instrumental record
is used in this report to identify significant drought
periods. In Utah this record spans a 111-year period
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(from 1895-present) and contains several monitored
weather parameters. This record provides us with “a
picture of the short-term behavior and spatial pat-
terns of drought, helping scientists learn more about
the character of droughts.”*

Data reliability of the instrumental record de-
creases farther back in time due to fewer weather
monitoring stations and less dependable technolo-
gies. By analyzing the PDSI data graphically, dis-
tinct drought periods are easily recognized. These
droughts vary in duration, intensity and impacts to
the state.

For the purpose of exploring and understanding
historical drought contained in the instrumental
PDSI record in this document, drought events were
defined and identified using the following criteria:

» A drought was considered to have started
with two consecutive years of annual aver-
age PDSI values less than or equal to —1.0.
The drought was terminated with two con-
secutive years of near or above normal con-
ditions (annual average PDSI above -0.5).

Refer to Table 1-1 for Palmer Drought Index clas-
sifications. Following these basic guidelines, the
Utah Division of Water Resources analyzed the
PDSI instrumental record.

The term “drought” from this point on, with re-
gard to the instrumental and tree-ring records, refers
to drought as defined by these criteria unless other-
wise indicated.
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Box 2-1—Utah Climate Divisions
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Utah has been divided into the seven climatic regions as shown. These regions or divi-
sions are areas within the state that are relatively homogenous in terms of their climate.
The divisions allow for a more detailed representation of climate variability within the state.

Identification of Utah Droughts

Since the commencement of weather measure-
ments, Utah has experienced several noteworthy
droughts. Analysis of PDSI data collected in the
state’s seven climate divisions reveals six significant
droughts (see Figure 2-1), during 1898-1905, 1928-
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1936, 1946-1964, 1976-1979, 1987-1992 and 1999-
2004. The state maps in Figure 2-1 represent the
cumulative areal extent and intensity of each
drought. The graphs also indicate drought intensity
as well as drought duration in each of the seven cli-
mate divisions.
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These droughts can also be identified (or verified)
using hydrologic data. For instance, these droughts
are expressed by fluctuating lake elevations of the
Great Salt Lake (see Figure 2-2). Pre-1875 lake ele-
vation data is termed “inferred data” as it was de-
termined from historical accounts. Post-1875 data is
gauged or measured data. The Great Salt Lake re-
ceives mountain runoff, which is extremely sensitive
to precipitation changes and therefore lake levels can
be used as a record of regional drought (representing
climatic regions 3 and 5). As shown in Figure 2-2,
declines in lake elevation coincide quite nicely with
droughts identified using the PDSI and defined
drought criteria.

Figure 2-3 displays hydrographs of the Virgin
River and Ashley Creek, representing climatic re-
gions 2 and 5 respectively. The drought durations
identified in these climatic regions (refer to Figure 2-
1) by using the PDSI record and defined drought
criteria are reinforced by these hydrographs. The
horizontal green lines represent the historic average
or average annual flow for the entire period of re-

cord. The areas shaded red indicate below average
flow and correspond rather well with the PDSI iden-
tified droughts. As would be expected, the vast ma-
jority of low flow and extreme low flow events take
place during these droughts.

PDSI Parameters—Temperature and Precipitation

As discussed in Chapter 1, the PDSI is largely
based upon temperature and precipitation. Figure 2-
4 presents statewide precipitation and temperature
maps of single years—with the lowest annual aver-
age PDSI values—within each drought period and
the statewide “normal” precipitation and temperature
over 1971-2000. Spatial similarities between pre-
cipitation and temperature distribution (Figure 2-4)
and areal extent and severity of each drought (Figure
2-1) can be seen. Precipitation decreased signifi-

cantly statewide during the years shown—the peak
of each drought—as large areas of the state received
only 0-5 inches of rainfall.

FIGURE 2-2
Great Salt Lake Elevations During Drought
4215
4210
c
S 4205
©
>
o
1]
£
X 4200
-
4195 10
[52]
3
8
&
4190 ; ; ;
n n [Te] n n n [Te) n [Te) 19 [T9) 19} [T9] wn 193 n
< n © ~ [oe] o] o - N ™ < 7o) © ~ [ee] [«2]
[ee] <o) [e*] [ee] [e¢] [e¢] =) (o)) (o)) (=] (2] ()] (<] ()] (o] o
i — - - i - - — - - — — — — — —

2005

Note: *The duration of each drought period correlates with the cumulative drought durations on Figure 2-1 for
climate regions 3 and 5 for each drought. These regions are the main regional areas that contribute to the

Great Salt Lake.

Source: Utah Division of Water Resources analysis, 2006.
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FIGURE 2-3

Average Annual River Flow and Drought
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Note: Virgin River—PDSI drought durations correlate with climatic region 2 (Figure 2-1). Ashley Creek—PDSI
drought durations correlate with climatic region 5 (Figure 2-1). Green line indicates annual average flow over

the entire record.

Variability of precipitation and temperature be-
tween each drought event is also expressed in this
figure.

There are several ways to conduct an analysis of
drought, which can be done at several scales. It
would be prudent to look at drought using multiple
indices and indicators at various spatial scales, such
as at the watershed or river basin levels. However,
the use of climatic regions satisfies the scope of this
chapter, which is to give a general overview of re-
gional and local historical drought variability.

Recurrence Intervals and Frequencies of Utah
Drought Conditions

Statewide and regional recurrence intervals and
frequencies of mild to severe annual drought condi-
tions (see Box 2-2 for definition) are shown in Table
2-1. Recurrence intervals were calculated by divid-
ing the total number of years on record by the num-
ber of years where a PDSI value was equal to or less
than -1.0, -2.0 and -3.0 for mild, moderate and se-
vere drought conditions respectively. Frequencies
were calculated as the number of years where mild
to severe drought conditions occurred divided by the
total number of years on record.
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FIGURE 2-4
Utah Statewide Precipitation and Temperature—Peak of Drought Periods

Note: Single years with lowest annual average PDSI value during each drought compared to the average annual precipitation
over 1971-2000.
Source: Utah Division of Water Resources analysis, 2006.
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Box 2-2—Drought Conditions: Intervals and Frequencies

Criteria used to calculate recurrence intervals and frequencies of drought conditions differ
from the definition of drought used previously (see drought criteria on page 13) in that all
years (single non-consecutive years included) with a PDSI < -1.0 were included (resulting
in recurrence intervals and frequencies of annual drought conditions, not necessarily d-
roughts per the drought criteria). Therefore drought conditions may refer to a single year.

On average, Utah has experienced moderate to se-
vere statewide drought conditions once every 15.7 to
36.7 years (see Table 2-1) respectively. In reality,
years of statewide drought conditions generally oc-
cur in groupings of consecutive years (i.e. not
equally distributed every “x” number of years) as
can be seen in Figure 2-5. Regional recurrence in-
tervals for moderate to severe drought conditions
range from 3.7 to 5.2 and 6.9 to 13.8 years, respec-
tively. This means, for example, that regional mod-
erate drought conditions are present one out of every
3.7 to 5.2 years on average (for any given climatic
region).

The Western area (climatic region 1) has most
frequently experienced mild to severe drought condi-
tions in comparison with the other regions, whereas
the Northern Mountains (climatic region 5) has one
of the lowest frequency of annual drought condi-
tions.

BRIEF SUMMARY OF THE IDENTIFIED DROUGHTS

The following sections provide a brief summary
of the six Utah droughts identified within the in-
strumental PDSI record. Although details of some
early droughts are not well documented, these sum-
maries provide a snapshot of how drought has influ-
enced Utah and its citizens over the past century. A
few details regarding regional and national impacts
of these droughts are also provided, which adds
valuable perspective.

Drought of 1898-1905

In 1898, mild drought conditions developed in the
Dixie and Southeast climatic regions. These condi-
tions intensified the next year and spread to other
regions, eventually involving the entire state from
1900-1903, and persisted two more years in the
South Central, North Central, Northern Mountains
and Uinta Basin climatic regions.

TABLE 2-1
Recurrence of Mild to Severe Drought Conditions
Based on the PDSI

PDSI<-1 PDSI < -2 \ PDSI < -3
Climatic  Recurrence Frequency Recurrence Frequency Recurrence Frequency
Region Interval (yr) (%) Interval (yr) (%) Interval (yr) (%)
2.6 38.2 3.7 27.3 6.9 14.6
2 2.7 37.3 5.0 20.0 13.8 7.3
3 3.1 318 4.4 22.7 8.5 11.8
4 3.1 32.7 5.2 19.1 9.2 10.9
5 3.3 30.0 5.2 19.1 8.5 11.8
6 2.9 34.6 4.6 21.8 11.0 9.1
7 2.9 34.6 5.0 20.0 9.2 10.9
Statewide* 10 10 15.7 6.4 36.7 2.7

Note: *Statewide refers to instances where all seven of the climatic regions experience drought conditions simul-

taneously.

Source: Utah Division of Water Resources analysis, 2007.
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FIGURE 2-5 any region at -3.91 fol-
Percent of Utah Experiencing Mild to Severe Drought Conditions lowed by the South Cen-
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Table 2-3).
by the end of the dec-
ade...”® and in 1900, it
1895 1905 1915 1925 1935 1945 1955 1965 1075 1985 1995 2005
Year

1928-1336

Many Utah farmers
suffered greatly during
this drought and were in
dire need of assistance.

Percentage of State

was reported in the Davis
County Clipper (local
newspaper) that the honey
crop was only one-fifth of
previous years due to the
drought and resulting lack
of flower blossoms.*
Many Utahns were forced
to find relief from
drought-stricken areas

and as a result, moved to
Note: Percentages were calculated using the seven climatic regions and their corre- “greener pastures.” The

sponding areal percentage of the state.
Source: Utah Division of Water Resources analysis, 2006. Abraham area, east _Of
Delta, lost many of its

settlers due to this
drought and inadequate water rights.” Many of
these settlers did not return, leaving the area without
crucial human resources.

This was the longest drought contained in the in-
strumental record experienced in the Southeast (cli-
matic region 7), persisting for a 7-year span (see Ta-
ble 2-2). During this drought, region 7 also experi-
enced the worst multi-year drought PDSI average of
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TABLE 2-2 Drought of 1928-1936
Longest Drought on Record by Climatic Region

Based on the PDSI The drought of the late-1920s to
Average An- mid-1930s, known as the “Dust
—_— ————— | Minimum nual PDSI Bowl Years,” holds a significant

Climatic Duration . . ,
Region \CEES ) Annual Value for place in our natlon_and state’s his-
PDSI Value Drought Du- tory. Although this drought may
ration have been shorter than other
1 1950-1961 12 -3.92 -3.48 droughts in Utah (see Figure 2-1), it
2 1946-1964 19 388 -1.39 boasts the lowest multi-year PDSI
average (compared to the other five
3 1953-1963 11 434 -1.96 droughts) contained in the instru-
4 1950-1964 15 -4.02 -1.60 mental record of -5.08. This oc-
5+ 1900-1905 6 -4.02 -2.77 curred over a 5-year period in the
6 1953-1964 12 -3.50 -1.62 Northern Mountains, climatic re-
7 18981904 7 5.00 301 gion 5 .(se.e Table 2-3) frme which
the majority of the state’s popula-
Statewide  1900-1903 4 -4.29 -3.57 tion received its water supply. The
Note: Drought durations were calculated based on the established drought drought’s areal extent covered ap-
criteria. proximately 50% of the state for
*Two droughts were of equal duration; the most severe (lowest average three consecutive years, and at its

PDSI) is shown.
Source: Utah Division of Water Resources analysis, 2006. See Figure 2-1
for visual representation.

peak in 1934, moderate drought
conditions were manifested in 98%
of the state (see Figure 2-5) with

The drought impacted other southwestern states as devastating impacts.

well. The Salt Lake Tribune reported in 1899, that
in New Mexico, “on account of unprecedented
drought and the recent order of the Interior depart-
ment in excluding ranchmen from forest reserva-
tions, sheepmen are in a bad plight and sheep are
dying by the thousands.”®

In 1934, Utah’s annual streamflow was only 50%
of its mean annual discharge. This lack of water was
reflected in crop production. Merely 59% of the
1921-1930 average crop yield was produced.” The
U.S. Department of Agriculture’s Statistical Report-
ing Service recorded that corn yield had dropped to

TABLE 2-3
Most Intense Droughts on Record by Climatic Region
(Lowest PDSI Average of Drought Duration)

Average Annual

Minimum Annual

Climatic Region Years Duration (yr) PDSI Value PDSI Value fqr
Drought Duration
1 1999-2004 6 -4.98 -3.48
2 1999-2004 6 -5.02 -2.72
3 1900-1905 6 -4.70 -3.10
4 1899-1905 7 -4.81 -3.27
5 1931-1935 5 -7.76 -5.08
6 1899-1905 7 -4.99 -3.17
7 1898-1904 7 -5.00 -3.91
Statewide 1989-1990 2 -3.98 -3.58

Source: Utah Division of Water Resources analysis, 2006.
See Figure 2-1 for visual representation.
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Dust storm in Stratford, Texas in April of 1935. This was a common sight
as the landscape was ravaged by drought and wind erosion. Photo: cred-
ited to NOAA George E. Marsh Album.
Source: http://www.photolib.noaa.gov/historic/c&gs/theb1365.htm

17 bushels per acre in 1934 from 32 bushels per acre
in 1929. Also, winter wheat production decreased
from 22 bushels per acre in 1930 to 14 bushels per
acre in 1934. A farmer in the Uintah Basin recorded
that at the peak of the drought “our grain burned
completely and there was no harvest.”® After the
end of the drought in 1936, farm numbers decreased
by approximately 3,000 (10%) over a three-year pe-
riod. Total cattle (including calves and bulls) de-
creased by 73,000 head from 1934 to 1935, a 15%
reduction.’

In addition to agricultural impacts, water storage
supplies rapidly diminished; Utah Lake contained
only '/5 of its total volume. During the summer of
1934, many communities established outdoor water
use restrictions with lawn watering permitted only
twice a week.”® To help alleviate the impacts of the
drought, in 1934 Utah appealed to the federal gov-
ernment and within thirty-six hours President Roo-
sevelt approved a grant for $600,000 and another for
$400,000 shortly thereafter. That is the equivalent
of approximately $14.6 million in 2005 dollars—
dollar amounts, where indicated throughout this
chapter, were converted to 2005 dollars using the
consumer price index to give a rough estimate of
costs. With this funding, several drought response
actions were taken: 276 wells were installed, miles
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of pipeline were laid, and miles
of irrigation ditches were
lined.*

This drought impacted the na-
tion and affected an entire gen-
eration. Approximately 65% of
the country was affected by the
drought in 1934.'? Residents of
the Great Plains were over-
whelmed by agricultural and
economic losses.”® As a result,
agriculture was abandoned in
some areas of the country and
large numbers of people relo-
cated to California, impairing
the economic substructure that
supported agriculture in the
Great Plains."* “By 1940, 2.5
million people had moved out of
the Plains states; of those,
200,000 moved to California.”*®
The environmental impacts were undoubtedly severe
and aggravated by poor agricultural practices as
farmers struggled to turn a profit. Barren and over-
grazed agricultural land perpetuated immense dust
storms throughout the mid-West. It was estimated
that the federal government provided financial assis-
tance upwards of approximately $14.1 billion (in
2005 dollars).*® Additional unmeasured individual
economic losses, costs in the form of social distress,
and much more certainly raise the toll of the Dust
Bowl not only nationally but within Utah as well.

Drought of 1946-1964

In many aspects, the drought that spanned the en-
tire 1950s in most of Utah’s climatic regions rivals
the Dust Bowl. In the majority of Utah’s climatic
regions, this drought surpasses the Dust Bowl in du-
ration. In the Western and Southeast (climatic re-
gions 1 and 7) the Dust Bowl is exceeded in inten-
sity as well. This period was the longest drought
contained in the instrumental record for all regions
of the state (with exception of the Northern Moun-
tains and Southeast), averaging 13.8 years. Drought
conditions existed statewide during 1954 and 1960
(see Figure 2-5).

During this drought, a significant portion of Utah
was declared a disaster area'’ with impacts more
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severe than the 1930s drought in some local areas.
However, impacts overall (statewide) appear to have
been reduced due to action taken and lessons learned
from previous drought. Mitigation measures (al-
though not called that at the time) including con-
struction of reservoirs and other water supply pro-
jects such as ground water development were pur-
sued and completed. In addition, advancements
were made in agricultural practices and land man-
agement, and a much stronger economy was in
place. Even with such improvements, however, ag-
riculture could not endure the drought unscathed.
There was a significant reduction in crop yield
statewide. Winter wheat harvest decreased from 22
bushels per acre to a low of 13 bushels per acre in
1952. During the 1950 and 1951 water years (Oct.-
Sept.), southern Utah received approximately 57%
of the precipitation average of 1921-1945' (an av-
erage that includes the 1928-1936 drought); how-
ever, due to mitigation projects, the impacts were
subdued. Without the mitigatory measures taken to
develop water resources and stabilize the water sup-
ply prior to this drought, its impacts would have
been far more severe.

During the early 1950s, just under half' of the
contiguous United States was affected by drought.
Low rainfall and excessively high temperatures
characterized this event.®® Millions of cattle died
across the Southwest and southern Plains, causing
ranchers to relocate their livelihood to other regions
of the country.?* Crop yields in some areas dropped
as much as 50%.%2 Due to this and other losses, the
federal government estimated that it spent $3.95 bil-
lion (in 2005 dollars), in relief efforts during this
drought.?

Drought of 1976-1979

The period from August 1975 through most of
1977 was one of the driest periods on record. In
1976 the statewide average precipitation was only
7.71 inches® and mild drought conditions affected
92% of the state and moderate drought conditions
were experienced statewide in 1977 (Figure 2-5).

In an attempt to curtail wasteful water use, ap-
proximately 36% of the surveyed municipal (or pub-
lic) water suppliers increased water rates during
1977.% Seven of Utah’s counties were hit especially
hard, with 40 to 100%, of the crops lost. In 1977,

Governor Matheson requested Federal Disaster Dec-
larations for these counties.?® The state and its citi-
zens lost millions of dollars from decreased agricul-
ture productivity and reduced recreation activity.
From 1976 to 1977, decreased field crop production
resulted in a loss of $13 million ($38.9 million in
2005 dollars) in potential revenue.?

Winter snowpack was also limited and, as a result,
the ski industry greatly suffered, losing millions of
dollars. The Utah Ski Association was forced to
look into obtaining federal loans for Utah’s ski re-
lated businesses due to impacts of this drought. By
the end of 1977, it was estimated that the state and
its citizens lost a total of $41 million® ($132 million
in 2005 dollars) due to drought-related impacts. The
environment felt the effects of the drought as well.
Reservoir levels dropped significantly, resulting in
increased water temperatures, subsequent large die-
off of fish and other environmental impacts.

Lack of winter precipitation resulted in harsh
drought conditions in the West, and at the peak of
the drought, affected approximately 35% of the
country.” The Western Governors’ Policy Office
estimated federal drought response to this short-lived
drought cost roughly $7.62 billion (in 2005 dol-
lars).*® A separate estimate indicated that federal
assistance was upwards of $10.8 billion (in 2005
dollars) for agriculture alone.** The disparity be-
tween these two estimates illustrates the need for
better drought impact assessments of all economic
sectors.

Drought of 1987-1992

In 1987, drought conditions manifested them-
selves in the western and northern regions of the
state. These conditions intensified the following
year and spread to other regions of the state, eventu-
ally affecting the entire state. In 1989 and 1990
moderate and severe drought conditions, respec-
tively, were statewide (see Figure 2-5). The drought
persisted two more years in all climatic regions ex-
cept for the Dixie and Southeast regions. The North
Central region (climatic region 3) recorded the low-
est PDSI average for the duration of this drought at -
2.89 (relative to PDSI averages for the duration of
the drought in other regions). Statewide, stream-
flows were well below average, however, in 1990
the Colorado River and Wasatch Front Basins were
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in relatively well
condition up to

FIGURE 2-6

Bear Lake Elevations During Drought
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below average as
well; indicated by
an extremely low
water elevation by the end of the drought. Only dur-
ing the Dust Bowl and most recent drought (1999-
2004) have Bear Lake elevations been lower (see
Figure 2-6). Springs and wells in northern Utah
dried up and flows in streams and rivers were well
below normal,® not boding well for wildlife and
agricultural activities. It was reported that in certain
units throughout the state, up to 80% of the deer
population was lost during the winter of 1992 due to
the lack of suitable forage in the preceding months.
This lack of forage and suitable rangeland was also a
problem for cattle and sheep during the drought. In
1988, much of the summer range was diminished
due to the drought, most notably in the northern re-
gions of the state, resulting in low cattle and sheep
prices as ranchers were forced to thin out their
herds.>*

Efforts were made to alleviate impacts to the ag-
riculture sector. Temporary water sales, totaling
10,000 acre-feet, were made from Soldier Creek
Reservoir to the Central Utah Project for irrigation
purposes.® Other areas of the state enacted water
use ordinances and restrictions, as was the case in
the City of Price.*

The drought affected approximately 36% of the

country.*” The northern and eastern Great Plains,
which have greater agricultural productivity and a
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per the PDSI instrumental record. The width of the shading correlates to the drought durations
for climatic region 5 (Figure 2-1), in which Bear Lake is located.

denser population (relative to the Southwest) were
hit hardest by the drought.® It was estimated that
$6.59 billion (in 2005 dollars) in relief for the agri-
culture sector was appropriated by the federal gov-
ernment.* Total cost of the drought from both di-
rect and indirect impacts range from an estimated
$39 billion® to a staggering $61.6 billion ($66.9
billion in 2005 dollars).** Along with this monetary
cost, societal impacts were abundant with approxi-
mately 7,500 deaths attributable to the heat wave
that accompanied the drought. The drought year of
1988 is the most costly drought-related event on re-
cord. Prior to Hurricane Katrina it was the single
most costly natural catastrophe in U.S. history.

Drought of 1999-2004

Similar to the 20" Century, the 21* Century was
ushered in with drought. The year 2002 was one of
the hottest and driest on record, ranking 18" and 7™
respectively (as of 2005). Although this drought
faded away in Utah during 2005, it lingered on in
some areas of the U.S. It is comparable to other ma-
jor droughts in duration and magnitude.”? In the
Dixie and Western regions (climatic regions 1 and 2)
the drought lasted 6 years and yielded the lowest
average PDSI values (for the duration of the
drought) relative to past droughts in the instrumental
record for these regions (see Table 2-3). Drought
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conditions reached a statewide areal extent for two
consecutive years, 2002-2003, with moderate condi-
tions in 2003 (Figure 2-5). Although it is compara-
ble to past droughts of the 20" Century in several
respects,43 due to the notable increase in population
and subsequent increased demand for water, the im-
pacts in some areas of the state were more severe
than previous droughts.** This drought would have
had much greater impacts had it not been for the
many water development (mitigation) projects that

were in operation.

The drought first began in the Dixie and Western
regions in 1999 and by 2000, except for the South
Central climatic region, drought conditions were
apparent throughout the state. It is reported to be the
worst drought experienced in parts of the Upper
Colorado River Basin (the eastern half of the state)
in the last 80 years.” The water deficit of the Colo-
rado River (near Cisco, Utah) incurred due to the
drought was almost equal to two years of average
stream flow.* The National Weather Service
(NWS) analyzed flows of six Utah river basins (river
headwater gauge volumes) and ranked the driest or
lowest 5-year average flows over 1999-2003 (see
Table 2-4).* During this 5-year span, the Bear
River Basin experienced the lowest 5-year average
flow in its period of record (1948-2003) and flows of
four other basins experienced averages that fell
within the top five lowest, 5-year averages of their
respective records.

Statewide temperature rankings for individual
years during this drought are presented in Table 2-5.
From 1999-2004, statewide annual average tempera-
tures were consistently above normal, which com-
pounded drought conditions throughout the state. In
addition, in 2002 statewide precipitation plummeted
below normal conditions, lowering surface runoff.
Several stream flows in the state were well below
their average flow. Small reservoirs profoundly felt
the effects as well. Where water once was 30 feet
deep there was only a puddle as a 390 acre-foot res-
ervoir near Enterprise, Utah dried up.®® Several
years of below-normal precipitation lowered levels
of numerous large reservoirs as well, resulting in the
capacity of critical reservoirs falling below 50% in
2004 (see Figure 1-1 of Chapter 1). Such conditions
required three towns, Park Valley, Ponderosa Ranch
and Oak City to haul in water®® in order to supple-
ment the public water supply.

TABLE 2-4
5-Year Average Flow (1999-2003) Rankings of
River Basins

River Basin Rank

Bear River Drainage* 1
Logan River Drainage 13
Provo River Drainage 3
Sevier River Drainage 5
Virgin River Drainage 4
Weber River Drainage 4

*Example: Bear River had the lowest 5-year average
flow—from 1999-2003—in its record, compared to other
five-year averages.

Source: Adapted from a presentation given by Brian
Mclnerney, NWS entitled "Comparison of Utah’s Current
Drought to Past Years," 2003.

Dry-crop farmers were hit exceptionally hard by
the drought. One farmer of southern Utah, east of
Monticello said that their 5,000-acre farm usually
yields 20 to 25 bushels per acre of wheat but in 2002
they averaged only 6 bushels per acre and their corn
did not produce a harvestable crop. Governor

Leavitt declared a statewide agricultural disaster,
which was promptly followed by additional disaster
declarations due to grasshopper and Mormon cricket
infestations.*

TABLE 2-5
Statewide Annual Temperature Rankings—
Warmest
Year Years in —
(Jan-Dec) Record Rank Description
1999 105 6 Much above
normal
2000 106 > Much above
normal
2001 107 4 Much above
normal
2002 108 16 Above normal
2003 109 3 Much above
normal
2004 110 24 Above normal

Source: Compiled data from Annual Climate Review re-
ports obtained from the National Oceanic and Atmos-
pheric Administration’s webpage-
http://www.ncdc.noaa.gov/oa/ncdc.html
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In 2002 alone, state officials estimated that the
drought cost Utah agriculture and tourism $200 mil-
lion ($217 million in 2005 dollars). Of this, $150
million ($163.3 million in 2005 dollars) was attrib-
utable to agriculture losses—$50 million in hay sales
and $100 million in livestock sales.®® The drought
forced ranchers to liquidate livestock at low prices
and during August and September of 2002, ranchers
were selling roughly 2,500 animals a week® and
many were not turning a profit. The drought-
induced low cattle prices were followed by high re-
placement prices at the end of the drought, hurting
the agriculture industry not only as the drought ma-
terialized but also as it faded away. In 2003, it was
reported that the drought led to increased unem-
ployment with the loss of 6,100 jobs and $120 mil-
lion ($127 million in 2005 dollars) in income.>

Wildfires and Drought

Additional impacts, such as fires—which are per-
vasive throughout the state during drought—and low
water levels in popular lakes and rivers, negatively
affected tourism and recreation. This resulted in an
estimated additional loss of $50 million ($54.3 mil-
lion in 2005 dollars) statewide.> The frequency of
wildfires increased during and after the drought.
Wildfires can magnify the economic and social bur-
den borne by communities within drought-stricken
areas. Drought exacerbates conditions with explo-
sive results by drying out grasses, trees and other
combustibles.

Nationally, from
1995 through 1999,
fires burned on aver-
age, 4.1 million acres

2004 (drought years). The national costs incurred by
fire fighting activities increased from $500 million
annually to $1.3 billion annually (2005 dollars).>
While the acreage burned annually increased by
49% during the drought years, the fighting costs in-
creased by 160% nationally. Costs generally in-
crease as fires threaten homes within the “wildland-
urban interface” (urban areas bordering wildland)
due to the use of additional firefighters, fire engines,
aircraft and fire retardant. It is estimated that there
are 44 million homes located in the contiguous states
within this interface.®® A significant portion of
Utah’s population is located near this interface. Re-
fer to www.utahfireinfo.gov for information on pro-
tecting property from wildland fires.

During a twelve-year period from 1994 through
2005, the Federal Emergency Management Agency
(FEMA) authorized federal funds to help Utah fight
wildfires seven times. Of the seven Fire Manage-
ment Assistance Declarations, five were consecu-
tively declared from 2001 through 2005 (see Table
2-6), four of which (2001-2004) were during the
drought. Economic costs of these fires reached far
beyond the costs incurred through fire suppression.
The Mollie fire left hillsides in Utah county near
Provo, barren and vulnerable to landslides, which
occurred a week later after intense rainfall.>” The
aftermath of the Mustang fire in northeastern Utah
near Dutch John also caused additional costs and
environmental damage due to siltation® in streams
from the highly erodible and charred landscape.

TABLE 2-6

Fire Management Assistance Declarations

each year. This in- § Year Date Incident Hpomes LR
creased to 6.1 mil- CEpIE EMEELEIET
lion acres each year 1994 08/06 Edgar Fire =
from 2000 through 1994 08/06 Dry Canyon Il Fire -
2001 08/19 Mollie Fire 220/ 80
2002 07/01 Mustang Fire 125 /200
2003 07/15 Causey Fire G hori%(')s J dzeg?roye d)
2004 06/16 Brookside Fire 500/ -
2005 06/27 Blue Springs Fire 375/ 1200+

Source: Compiled data from the Federal Emergency Management Agency’s webpage-
http://www.fema.gov/news/disasters_state.fema?id=49.

Note: “-“ indicates no data.
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Hite Marina, Lake Powell, M

National Impacts

On a national scale during the summer of 2002,
51% of the contiguous United States was experienc-
ing mild to severe drought conditions. This is third
in areal extent only to the 1930s and 1950s
droughts.®® Regionally, 87% of the West was af-
fected, which is second only to 1934 when 97% of
the West was experiencing drought conditions.® In
his testimony before the Committee on Commerce
of the United States Senate, Dr. Chester J. Kob-
linsky, of the National Oceanic and Atmospheric
Administration (NOAA) said, “In terms of the com-
bined effects of intensity and duration, the 1999-
2006 and 1986-1993 western droughts are unprece-
dented in the 110-year historical record.” Nebraska
alone experienced $1.2 billion in damages during
2001 and 2002 ($1.3 billion in 2005 dollars), and
received only $138 million ($150 million in 2005
dollars) in Crop Disaster Payments—roughly 10
cents to every dollar that was lost.®* Similar impacts
were realized in other Great Plains communities. In
2002, Wyoming’s business losses due to the
drought’s impact on wildlife ranged from $65 to $75
million annually®® ($70.6 to $81.4 million in 2005
dollars). Fewer outdoor recreation seekers, than
compared to previous years, negatively affected all
types of business from fuel, food, and lodging to
entertainment and outdoor guiding services.

As the drought has loosened it’s grip upon most of
the West and Great Plains, there are two lingering
effects: reduced ground water levels and dramati-
cally depleted large reservoirs such as Lake Mead
and Lake Powell, which were well below capacity at
56% and 47% respectively (as of March 2007).%

Even under normal conditions it will take several
years to reestablish ground water levels and to refill
these reservoirs to capacity.

The Colorado River has also experienced its low-
est average flow (over the duration of the drought)
relative to any drought contained in the instrumental
record, averaging only about 9.9 million acre-feet
annually from 2000-2004.°*  Although Utah has
largely returned to normal precipitation, drought
conditions lingered on in Arizona and New Mexico
for another two years with low soil moisture content
and large portions of crops in poor conditions.

DROUGHT SNAPSHOTS AND ADDITIONAL IMPACTS

Drought Snapshots

Utah has experienced six major drought events
(see Box 2-3) during the 111-years of instrumental
record. These droughts affected nearly all parts of
Utah, from decreasing agriculture productivity to
disrupting every-day life. Each drought event was
unique in its climatic characteristics, impacts® and
differs from other natural hazards in a significant
way: their effects slowly accumulated and took a
number of years to be fully realized. Some impacts
lingered or even peaked after the drought terminated.

Additional Impacts and Vulnerability

Impacts of drought are strongly linked with sever-
ity. Drought severity is dependant upon several fac-
tors including duration, intensity and spatial extent.
In addition to these, and in some cases less recog-
nized, are human and vegetation demands upon the
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Box 2-3—Drought Snapshots

1896-1905: Large cattle operations folded, leaving small operations to fight over what
was left of adequate grazing lands. The drought forced settlers to uproot their families as
lands were drying up and water rights were inadequate.

1924-1936: The “Dust Bowl Years” affected approximately 75% of Utah. Agriculture pro-
ductivity was decreased to almost half of prior years production and the number of farms
significantly decreased.

1946-1964: Multiple areas within Utah were declared disaster areas. Statewide, impacts
could have been worse but were lessened due to steps taken to enhance the water sup-

ply.

1974-1979: Conditions in seven of Utah’s counties prompted the governor to request
Federal Disaster Declarations for these counties. By the end of 1977 the state lost $41
million ($132 million in 2005 dollars) due to the drought impacts.

1986-1992: Drought blanketed the entire state of Utah for multiple consecutive years.
Nationally, 1988 was the most costly drought ever, and until Hurricane Katrina, was the
most costly natural catastrophe in U.S. history.

1999-2004: The drought produced some of the hottest years and one of the driest years
(2002) on record. Statewide reservoir capacity plunged below 50% and farmers and

ranchers struggled to continue operations.

water supply of a region. Human demands can ex-
acerbate regional drought impacts and result in water
use restrictions and supply shortfalls, which have a
negative effect on the economy.

Annually, the national costs of losses due to
drought generally fall in the range of $7.9 to $10.5
billion (in 2005 dollars).%® During the period from
1980-2003, there have been 58 weather-related natu-
ral hazards, which have been estimated to cost more
than one billion dollars. Of these 58 events, 10 have
been droughts.®” These droughts “...(17.2% of the
total) accounted for $144 billion (41.2%) of the es-
timated $349 billion dollar total cost of all weather-
related...”®® catastrophes. Three weather-related
extreme events hold the distinction of costing over
$40 billion dollars, of which two are droughts. Cost
of the 1980 drought year (located in the central and
eastern U.S.) due to losses was estimated to be $52.4
billion (in 2005 dollars) and the societal impacts
were extreme with approximately 10,000 drought-
related deaths nationwide. The most costly drought
year on record, which occurred in 1988, was esti-
mated to cost $66.9 billion (in 2005 dollars) and
played a large role in 7,500 deaths. This was the
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most costly natural event ever recorded before Hur-
ricane Katrina, which cost over an estimated $136
billion (in 2005 dollars) and caused at least 1,800
deaths.®

Each year, on average, 12% of the United States
(excluding Alaska and Hawaii) is in the severe to
extreme category of drought.”® Drought is consis-
tently either here or there and management of it and
society’s vulnerabilities to it are critical. As water
demand and the population continually increase, so
too does the potential severity of drought impacts.
Drought management needs to be continually im-
proved and drought mitigation strategies need to be
implemented in order to lessen the severity of future
potential impacts. To do so, a state, county or com-
munity needs to assess its vulnerability to drought
and reduce its identified “weaknesses.” Drought
needs to be better understood by political leaders,
water managers and other decision makers in order
to make progress towards improving drought man-
agement and reducing drought-related impacts. The
instrumental record gives us an important piece in
the puzzle for understanding drought, however, it is
limited by time in its application.
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DROUGHT FROM A PALEOCLIMATIC PERSPECTIVE
AND CURRENT CLIMATE TRENDS

Droughts have occurred years, centuries and mil-
lennia before the start of the instrumental record. In
order to obtain a more comprehensive knowledge
and better mitigate future drought, a look farther into
the past is required. Long before people developed
instruments to measure and record weather and cli-
mate, natural processes were keeping a record of
these events. The resulting records in trees, plants,
ice and sediments have been preserved for millennia
and can be interpreted today. These records help

Kendrick Taylor (ice).

Typical types of proxy records: trees, ice and pollen. Phbtos courtesy
of: PDPhoto.org (tree and flower), NOAA: Peter Brown (tree ring) and
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describe climatic conditions (or “paleoclimate”) re-
lated to drought of the distant and not-so-distant
past. This is the primary subject of this chapter.

While the record of weather instruments (primar-
ily temperature and precipitation) provides a rich
supply of data extending back into the 1890s, this
record is too short to adequately describe many cli-
matic processes and thus provides only a limited
understanding of drought.! “It is also not [long]
enough to allow drought variability
to be evaluated during a time when
the climate system was not heavily
affected by radiative forcing of
anthropogenic  [human  caused]
greenhouse gases™ and to ade-
quately consider other natural
events and processes that affect
climate. In order to obtain a
deeper historical perspective and
increase our understanding of
drought in general, we must also
consider the paleoclimatic record.

Paleoclimatology employs the
use of natural environmental re-
cords known as proxy records, to
infer climate conditions of the
past® A natural proxy is a re-
placement for, or reflection of, a
climate record for the years prior to
the time of instrumental records.

Tree rings, fossil pollen, ocean
sediments, lacustrine (lake) sedi-
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ments and ice cores are a few of the commonly used
proxy records. They show climate variability and
enable a better understanding of past conditions.
Analysis and interpretation of these records allows
scientists to extend records of climatic conditions
such as drought, temperature and other natural cli-
mate variables.

PROXY DATA TYPES*

Tree rings have been used extensively during the
past few decades in paleoclimatology studies. Trees
are sensitive to climatic conditions and this sensitiv-
ity is readily reflected in patterns of ring widths,
composition and density—all of which reflect cli-
mate variations to some degree (see Box 3-1). Trees
normally generate one ring per year and thus yield
records of climate with an annual resolution. Tem-
perature, water availability, precipitation and other
climatic variables can be correlated to tree-ring
characteristics. Samples are taken by boring into
live or dead trees to extract a cylindrical core con-
taining tree rings from the outer bark to the center of
the tree. Samples from dead trees, in conjunction
with live trees, can extend tree-ring records far into
the past.

Ice cores are generally collected from the polar
ice caps and Greenland. They are analyzed for dust,
air bubbles, isotopes of oxygen, and ratios of hydro-
gen to deuterium.® These parameters vary on an an-
nual basis and can be analyzed similar to tree rings.®
Ice records contain several thousands of years of
data. They are continuously being deposited and
destroyed, a process that has gone on for millions of
years. This data can be used to interpret climate
conditions over those time periods.

Lacustrine (lake) and ocean sediments are col-
lected by coring into the stratified layers of lakebeds
and the ocean floor. The sediments have accumu-
lated from erosion of the surrounding topography
and contain fossils, pollen, chemicals, salts and mo-
lecular residue from past times. These can be dated
and analyzed to interpret past climate conditions.
Changes in vegetative cover suggest variations in
regional weather conditions at multi-decadal to mil-
lennial scales.

PDSI RECONSTRUCTION METHODOLOGY

In order to reconstruct drought or other climate-
related parameters from proxy data, a statistical rela-
tionship is defined and modeled by calibrating the
proxy data with the instrumental record. Usually,
part of the instrumental record is withheld from the
calibration to test the model. This allows scientists
to determine how well the proxy data estimates the
instrumental record.” The model is then applied to
the full length of the proxy record to reconstruct the
pre-instrumental Palmer Drought Severity Index
(PDSI) record from the proxy data.

When instrumental records are extended with
proxy records, the resulting record provides a much
more complete history of past climate than either of
them alone, allowing the shorter instrumental record
to be assessed in a long-term context. This long-
term record and perspective is essential for a more
complete understanding of the impacts, severity and
duration of droughts. Although severe droughts
have occurred during the 20" Century, proxy data
indicates those droughts do not completely represent
drought variability.? As will be demonstrated in this
chapter, proxy data indicates past droughts of greater
severity and duration than those of the 20™ Century.

A proxy must:

> Be exactly dated

ence Reviews, 2006), 10.

Box 3-1—Climate Proxy Requirements for Application to Drought Planning

» Be highly sensitive to changes in moisture/water supply (drought sensitive)
» Have a broad spatial coverage to adequately capture the spatial patterns of drought
» Have adequate resolution (annually-resolved)

» Provide record long enough to estimate past drought

Source: Edward R. Cook, Richard Seager, and Mark A. Cane, “North American Drought: Reconstructions, Causes, and Consequences,” (Earth Sci-
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Tree rings, ice cores, lake and ocean sediment and
other geomorphic data “make it clear that the
droughts of the twentieth century, including those of
the 1930s and 1950s, were eclipsed several times by
drought earlier in the last 2000 years...”°

TREE RINGS

Tree rings are used in dendrochronology, dendro-
climatology and other related scientific studies (see
Box 3-2 for definitions). They contain vast records
of regional climatic variability, forest fires and addi-
tional information helpful in understanding past cli-
mate conditions. Tree rings are used to:

» More accurately see and understand past
climate conditions.

» Provide recent and present climate with a
longer-term perspective.

» Understand current environmental proc-
esses, particularly ones that operate at de-
cadal and longer time scales.

» Improve understanding of possible future
environmental conditions.

Some experts view tree rings as the only proxy
that satisfies all of the climate proxy requirements™
for application to drought planning (see Box 3-1)
and thus provides extremely useful and descriptive
records of paleoclimatic conditions.

Scientists have collected tree-ring borings
throughout North America for decades. The vast
majority of studies indicate that droughts of the 20"
Century have been surpassed in severity, duration
and areal extent on multiple occasions. Tree rings
have been proven to be a reliable record of past cli-
mate and can be validated by other paleoclimatic

records. For instance, PDSI values reconstructed
from tree-ring data for the Western United States
indicate “elevated aridity and epic drought in AD
900-1300, an interval broadly consistent with the
“‘Medieval Warm Period.”"*

Tree-Ring Climatic Record—Nationally and the
West

Cook et al*? developed a gridded network to re-
construct drought over the continental United States.
Known as the North American Drought Atlas, this
network is derived from an expansive collection of
tree-ring chronologies® and provides information
that is helpful in analyzing past climate nationwide
and for a particular region (see Box 3-3).

Several studies throughout North America have
been conducted using this tree-ring atlas. In addi-
tion, studies of separate chronologies, that in many
cases were ultimately included in the atlas, have
been conducted. The results of these earlier, re-
gional-specific studies have often been confirmed in
the larger drought atlas study. Together, they indi-
cate that drought before the start of weather instru-
ment records in the 1890s was more frequent and in
nUMerous cases more severe across many re-
gions. 21518171819 Alsg  many paleo-droughts are
comparable to the severe droughts of the 20™ Cen-
tury. For example, “droughts during the 1750s,
1820s, and 1850s-1860s estimated from tree rings
were similar to the 1950s drought in terms of magni-
tude, persistence, and spatial coverage...”?

The Great Plains area has been hit hard with
drought throughout the instrumental record and has
been hit even harder by drought before then.

Box 3-2—The Study of Tree Rings

Dendrochronology is the science that uses tree-rings dated to their exact year of formation to
analyze temporal (time) and spatial patterns of processes in the physical and cultural sciences.

Dendroclimatology is the science that uses tree-rings to study present climate and reconstruct

past climate.

Assumption from which tree-ring studies are based—empirical relationships established be-

tween tree-ring growth and climate does not change significantly over time.
(Source: Hugo G. Hidalgo, "Climate Precursors of Multidecadal Drought Variability in the Western United States," (Water Resources Research, 2004).
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Box3-3—North American Drought Atlas

Limitations of instrumental climatic data and the need to more fully understand drought causes
prompted the development of a comprehensive history of drought over North America. Cook et al de-
veloped the North American Drought Atlas to help educate and inform about drought. It is a collabo-
rative effort based on a network of 835 annual tree-ring chronologies distributed throughout most of
North America. The tree-ring chronologies were grouped together through geographic proximity, ana-
lyzed, and correlated to PDSI values (by point-by-point regression) resulting in a reconstructed PDSI
grid that has a resolution of 2.5 degrees latitude by 2.5 degrees longitude.

PDSI GRID FOR DROUGHT RECONSTRUCTIONS 835 TREE-RING CHRONOLOGY NETWORK
IN CANADA, UNITED STATES AND MEXICO FOR RECONSTRUCTING DROUGHT
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The grid is composed of 286 grid points covering much of North America. Tree-ring chronologies
used to reconstruct the PDSI are particularly dense in the West. The majority begin before 1700 with
many of 400 to 1000 years in length. Reconstructed PDSI records were calibrated using the 1928-
1978 period and then validated using the data over the 1900-1927 period of instrumental record.

Utah contains four grid points (086, 087, 102, and 103) relatively evenly dispersed throughout the
state. An example tree-ring PDSI reconstruction for grid point 086 located west of the Great Salt Lake
is shown below. Smoothed data (20-year low-pass filter) is shown in yellow. The farther back along
the timeline, the greater the uncertainty, due to fewer tree-ring chronologies. This uncertainty mark-

edly increases around 1400 AD.
(Figures and text adapted from: http://iridl.Ideo.columbia.edu/SOURCES/.LDEO/.TRL/.NADA2004/.pdsi-atlas.html)

PDSI
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— Reconstructed PDSI 20 Year Low-Pass Filter
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“The collection of dendroclimatic reconstructions
for the Great Plains region suggests that the severe
droughts of the twentieth century, although certainly
major in terms of their societal and economic im-
pacts, are by no means unprecedented in the past
four centuries.”® Droughts comparable to those of
the 1930s and 1950s have occurred regularly over
the past 400 years.?

Pifion pine trees dot the landscape. In the background
is Stienaker Reservoir located in the northern portion
of the Uinta Basin.

Furthermore, during the 16" Century, North
America was blanketed by a “megadrought,” a
multi-year and sub-continental (major subdivision of
the continent) drought that equaled or exceeded the
droughts of the 1930s and 1950s in magnitude, dura-
tion and extent.”* This megadrought is thought to be
one of the most severe and sustained droughts to
impact North America in the past 500 years.?
Analysis of tree-ring chronologies and the sub-
sequent reconstructed summer PDSI

the spatial pattern of the 1999-2004 drought, but it
lasted for a much longer period of time—nearly four
times as long. %

Tree-Ring Climatic Record—Utah

A tree-ring study conducted in the Uinta Basin of
northeastern Utah indicates that the worst single-
years with drought conditions of the 20™ Century
(1934 and 1977) were likely equaled or exceeded as
many as 16 times in the preceding seven centuries.
The study covers a 776-year period, from AD 1226
to 2001. Researchers sampled 107 pifion pines to
reconstruct the proxy climatic (precipitation) record.

The study indicates that the 20" Century portion
of the proxy record contains only 2 out of 39 (5%)
of the most severe years of drought conditions. The
16™ and 18" Centuries each contained four times as
many, or 8 out of 39 (21% each century).”’

The proxy record also revealed that the past
tended to contain decadal scale dry periods (see Box
3-4) that persisted longer than those experienced in
the 20" Century. The only statistically significant
dry period of the 20" Century, contained within this
proxy record, lasted 12 years in the early 1950s to
mid-1960s.2 In contrast, “...[13] significant dry
regimes before 1900 averaged 21 years in length.”
Four of the periods lasted for at least 28 years.”
These dry periods are based upon precipitation vari-
ability and therefore do not strictly follow the
drought criteria established in Chapter 2 (based upon
the PDSI). However, the information indicates peri-

“...indicate moderate drought conditions (PDSI
< -2.0) for 30 years over Northern Mexico
from 1560-1589, and mild drought conditions
(PDSI < -1.0) over most of the United States,
southern Canada and Mexico during this same
30-year period.”® The drought manifested it-
self first in Northern Mexico and the South-
western U.S. and appeared to propagate to the
northeast across the U.S.

Another similar megadrought occurred
primarily in the West over AD 1140-1162, a 23
year-period. For almost a decade during that
time, the average PDSI across North America
was below -1.0. This drought was similar to

A dry period or event refers to an overall dry

Box 3-4—Dry Period or Event

trend over a time period and does not refer to a
specific drought (as defined by the criteria in
Chapter 2).

A dry period or event may consist of several

droughts and contain years where drought condi-
tions are present.
few wet years, is not necessarily defined using
the PDSI and is generally identified through proxy
records (and is not limited to these interpreta-
tions).

It may also contain one or a
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ods, before the instrumental record, of drought con-
ditions that were more severe.

Table 3-1 shows the reconstructed precipitation
values of the 39 driest years from AD 1226 through
2001, from the Uinta Basin study. For comparison,
the current average annual precipitation for the basin
is roughly 8.5 inches. It is clear from the proxy data
that most of those years were significantly drier than
the two driest years of the 20" Century. Twenty-one
of 39 (54%) were drier than 1934, and 34 of 39
(87%) were drier than 1977.

Additional proxy records also indicate that
droughts in the Colorado River Basin and Great Ba-
sin have persisted for several decades.’***? The
previously mentioned megadrought that occurred
over AD 1140-1162 (23 year period) was most se-
vere in Utah. The entire state experienced average
drought conditions correlating to a PDSI < -3.0 (se-
vere to extreme drought) for a period of 10 years
(AD 1150-1159).>® These severe conditions lasted
for a period almost twice as long as the most recent
drought experienced in Utah (1999-2004).

Using the North American Drought Atlas, paleo-
drought in Utah can be further analyzed to reveal
additional extended dry periods and droughts. Grid
point data obtained from this atlas is expressed
graphically in Figure 3-1. This data represents grid
point 086, located south of the Great Salt Lake (see
Box 3-3). The data is smoothed by a 20-year aver-
age (kernel smoother) to emphasize decadal varia-
tions of the climate and reveals periods of prolonged
dry periods and drought conditions. The magnitude
or intensity is decreased due to smoothing or averag-
ing of data points as well as the due to the recon-
struction process. 1t is important to note that the far-
ther back along the dataset timeline, the greater the
uncertainty or less confidence in the data is present.
If using this data, from the North American Drought
Atlas, for planning purposes, there should be a “cut

TABLE 3-1
Driest Years from AD 1226-2001 Recon-
structed from Uinta Basin Study

Estimated
RENS DI AEE Precipitation (in)

1 1270 2.95
2 1460 2.99
1532 2.99

3 1506 3.07
4 1686 3.15
5 1251 3.31
6 1773 3.35
1475 3.35

1580 3.43

8 1774 3.74
1234 3.74

9 1871 3.98
10 1399 4.06
1786 4.06

11 1285 4.09
1496 4.09

12 1307 4.25
13 1685 4.29
14 1708 4.33
15 1824 4.37
1316 4.37

16 1934 4.41
1461 4.41

1362 4.41

17 1531 4.45
18 1756 4.57
19 1780 4.69
20 1542 4.76
1474 4.76

21 1544 4.80
22 1442 4.84
1894 4.84

24 1751 4.92
1735 4,92

25 1350 5.00
1585 5.00

1977 5.00

26 1632 5.04
1579 5.04

off” point; meaning that the data before this point is
not used in planning activities due to the decreased
confidence in it. For purposes of this document, the
chosen cut off point is 1400 AD (see Figure 3-1),
however, the entire dataset will still be presented for
general informational purposes and comparison.

Several additional dendroclimatology studies re-
veal similar results. Taken together, they indicate
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Source: Adapted from table in Stephen T. Gray, Stephen
T. Jackson, and Julio Betancourt, 2004.

that on average past droughts were more frequent, of
longer duration, and of greater severity than 20"
Century droughts and they occurred on a regional
scale.
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Drought Condition Recurrence Intervals and
Frequencies—Utah

Further analysis of the reconstructed tree-ring
PDSI and instrumental PDSI records reveals a dif-
ference in drought recurrence intervals, frequencies
and duration. Utah has been divided into seven cli-
matic regions as shown in Box 2-1 of Chapter 2.
The instrumental PDSI record reveals that on aver-
age at least one of Utah’s climatic regions has ex-
perienced mild (PDSI<-1), moderate (PDSI<-2) and
severe (PDSI<-3) annual drought conditions 34.2,
21.4 and 10.9% of the time, respectively, during the
111 years since 1895. Frequencies of drought condi-
tions were calculated as described in Chapter 2.
Proxy records from the four grid points contained
within Utah, reveal that on average at least one
guadrant of Utah has experienced mild, moderate
and severe annual drought conditions 38, 24.3 and
13% of the time, respectively, in 496 years during
1400-1895 AD (see Table 3-2). The four grid
points, 086, 087, 102 and 103 from the North
American Tree-Ring Atlas are spaced throughout the
four quadrants of Utah, roughly the four corners of
the state (see Box 3-3).

Analysis of these proxy records over 1895-2003
yield results that are consistent with the instrumental
record. A number of PDSI reconstructions are based
on tree-ring data up to 1978 and then rely on instru-
mental data from 1978 to 2003, so it is likely that
some of the same data is being compared between
the tree-ring records and instrumental records. This
causes the recurrence intervals over 1895-2003 to be
more similar. The average recurrence intervals (per
analysis of tree-ring proxy records) for this time pe-
riod (1895-2003) for mild, moderate and severe an-
nual drought conditions are 3.1, 4.7 and 12.2 years,
respectively. The corresponding frequencies for
mild, moderate and severe annual drought conditions
are 33.7, 21.8 and 9.4%, respectively. Compared to
the average recurrence intervals for mild, moderate
and severe drought conditions obtained from analy-
sis of the instrumental record (over the same time
period, see Table 3-2), there is a 5.4, 1.1 and 28%
difference, respectively. The percent differences
between drought frequencies of the instrumental and
tree-ring records for mild, moderate and severe
drought conditions are 1.2, 1.7 and 13.8%, respec-
tively; for the 1895-2003 time period.

FIGURE 3-1
Smoothed Reconstructed PDSI—Tree-Ring Grid Point 086
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Source: Data collected form the North American Tree-Ring Atlas. Utah Division of Water Resources analysis, 2006.
Note: The farther back along the record the less reliable the data due to fewer tree-ring chronologies.
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TABLE 3-2
Recurrence and Frequency of Mild to Severe Drought Conditions
*PDSI vs. *Tree-Ring Reconstructed PDSI

PDSI < -1 PDSI < -2 PDSI < -3
Climatic Recurrence Frequency Recurrence Frequency Recurrence Frequency
Region Interval (yr) (%) Interval (yr) ) Interval (yr) (%)
1 2.6 38.2 3.7 27.3 6.9 14.6
2 2.7 37.3 5.0 20.0 13.8 7.3
3 3.1 31.8 4.4 22.7 8.5 11.8
4 3.1 32.7 5.2 19.1 9.2 10.9
5 3.3 30.0 5.2 19.1 8.5 11.8
6 2.9 34.6 4.6 21.8 11.0 9.1
7 2.9 34.6 5.0 20.0 9.2 10.9
Average 3.0 34.2 4.7 214 9.6 10.9

Entire 1400- Entire 1400- Entire 1400- Entire 1400- Entire i 1400- Entire

1895 |Record

Record 1895 Record 1895 Record 1895 Record 1895 Record

TregsFémg. 29 24 343 413 46 37 216 271 89 62 113 161
Tregssmgé 26 22 387 46.5 42 33 236 300 89 6.1 113 165
Trefogi”Q: 28 23 363 445 45 35 224 200 86 60 117 168
Treleoging- 23 19 427 515 34 27 294 367 56 42 177 241

Average 2.7 22 380 459 42 33 243 307 8 56 130 184

Note: *PDSI is from 1895-2005. **Tree-ring data contains 496 years from 1400-1895 and the entire record is 1,896 years
(pre AD 1895).
Source: Data from Tree-Ring Atlas and NOAA. Utah Division of Water Resources analysis, 2008.

TABLE 3-3
Statewide Mild to Severe Drought Conditions Recurrence and Frequency
PDSI vs. Tree Ring

PDSI < -1 PDSI < -2 PDSI < -3
Recurrence Frequency Recurrence Frequency Recurrence Frequency
Climatic Region Interval (yr) (%) Interval (yr) (%) Interval (yr) (%)
" .
PDSI Statewide 10 10 15.7 6.4 36.7 2.7
Average

1400- Entire | 1400- Entire | 1400- Entire | 1400- Entire | 1400- Entire | 1400- Entire

1895 Record| 1895 Record| 1895 Record| 1895 Record | 1895 Record | 1895 Record

**Tree-Ring Re-

constructed PDSI

Statewide Aver-
age

3.1 26 323 388 51 40 198 247 95 7.1 106 14.0

Note: *PDSI is from 1895-2005. **Tree-ring data contains 496 years from 1400-1895 and entire record pre 1895 AD,
1,896 years, statewide average was calculated using the four grid points located in Utah (North American Tree-ring Atlas)
Source: Data from Tree-Ring Atlas and NOAA.

Utah Division of Water Resources analysis, 2007.
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TABLE 3-4
Paleo-Drought Duration—
Tree-Ring Reconstructed PDSI

Regardless of how the data in
Tables 3-2 and 3-3 is viewed, it
appears that drought conditions
during earlier times have occupied

A . . A A\ggg?e a larger percentage of the time than
verage onges verage : .
Drought Drought PDSI During During Most during the instrumental record.
Duration Duration All Drought Severe . .
) (vr) T Drought Drought Duration and Severity—
Period Utah
1400- Entire [ 1400- Entire | 1400- Entire 1400- Entire .
1895 Record [ 1895 Record | 1895 Record ;| 1895 Record In order to (?mpha5|ze drouqht of
Tree ring longer duration and therefore
(086) 6.3 89 14 46 -2.05 -2.20 -3.45 -4.95 greater potential of severity, the
- o e : t Utah Division of Water Resources
r(%%;')”g 79 108 27 52 -201 -213 -354 -394 calculated drought duration after
- modifying the criteria in Chapter 2,
Tr(elf)g;]g 76 112 27 44 -196 -2.13 -3.48 -354  asfollows:
Treerng g5 126 29 45 -229 247 -4.08 -4.10 > A drought was considered
(103) | | : : to have started with three
Average - 7.8 109 243 46.8 -2.08 -2.23 -3.64 -4.13 consecutive years of annual

Note: Tree-ring data contains 496 years from 1400-1895 and the entire record

of 1,896 years (pre AD1895).
Source: Data from North American Tree-Ring Atlas.
Utah Division of Water Resources analysis, 2008.

Also, the proxy record indicates that statewide
mild, moderate and severe drought conditions oc-
curred much more regularly than indicated by the
instrumental record (see Table 3-3). The difference
in statewide drought recurrence between the two
records is quite dramatic.

It is important to note however, that the tree-ring
recurrence intervals and frequencies are based upon
data of different spatial resolution—four grid points
versus the seven climatic regions. Therefore the re-
sults for statewide drought using these tree-ring data
sets are likely to be reduced for the more recent sev-
eral centuries contained on the proxy records due to
a “smoothing out” effect of local drought events
over the four grid points. Normal to wet conditions
in one part of the grid cell tend to compensate for
dryness in another area. In the earliest portions of
the tree-ring records (pre AD 1250 or so), where the
density of tree-ring sites contributing to the recon-
structions drops significantly, drought recurrence
intervals might be skewed or inflated due to the ef-
fects of localized drought events.

average PDSI values less
than or equal to -1.0.

» The drought was termi-
nated when two or more
consecutive years of near

or above normal conditions existed (annual

average PDSI above -0.5).

Following this modified criteria, both proxy and
instrumental records were analyzed to generate
drought duration data as shown in Table 3-4 and Ta-
ble 3-5 respectively.

Using the instrumental record as the base, com-
parison of the averages of the two records reveals
the following:

» Average drought duration during the paleo
period was 1 year (15%) longer.

» Average of the longest drought durations
during the paleo period was 12.3 years
(103%) longer.

» Average reconstructed PDSI value of all
drought periods during the paleo period was
0.37 (18%) less severe in magnitude.

» Average reconstructed PDSI value during
the most severe drought period during the
paleo period was 0.07 (2%) more severe in
magnitude.
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TABLE 3-5
Drought Duration—Instrumental PDSI

Average PDSI
During Most Se-

Average Drought

Longest Drought Average PDSI

Climatic Region Duration Duration During AI_I vere Drought Pe-

(yr) (yr) Drought Periods riod

1 6.6 12 -2.60 -3.48

2 8.4 19 -2.02 -2.72

3 7.0 11 -2.56 -3.11

4 7.3 15 -2.63 -3.22

5 5.3 8 -2.58 -5.08

6 7.2 12 -2.18 -3.46

7 5.6 7 -2.56 -3.91
Average 6.8 12 -2.45 -3.57

Note: PDSI is from 1895-2005.
Source: Data from NOAA.
Utah Division of Water Resources analysis, 2006.

This analysis indicates that average paleo-
droughts were longer (15%) while the average of the
longest droughts was substantially longer (103%).
The average reconstructed PDSI value during all
paleo-droughts was lower (18% less) while the aver-
age reconstructed PDSI value during the most in-
tense paleo-droughts was more severe (2%). The
average drought duration over 1895-2003 (per
analysis of the proxy records) is 7.7 years, a 12%
difference from the instrumental PDSI record (6.8
years) over the same time period.

In addition to this drought duration analysis, tree-
ring data in Utah evaluated by Herweijer and Se-
gaer® suggests that medieval drought lasted nearly
two decades, whereas recent droughts have lasted
just under a decade. Drought duration generally
tends to increase the farther we look back along the
proxy record (see Figure 3-2; this figure indicates
the number of drought events in 100-year intervals,
maximum and minimum drought duration and the
average duration). It must be noted however, that
the data also becomes less reliable as there are fewer
data points (tree-ring chronologies that span past
time periods) the farther back along the proxy record
and there are uncertainties associated with intensity
and duration of paleo-drought reconstructed from
tree-ring data. The 1400 AD “cut off” point is noted
on the figure. Drought duration is also influenced
by how drought is defined (the drought duration cri-
teria, see page 41). For additional discussion and
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comparison of the instrumental PDSI and tree-ring
reconstructed PDSI, refer to Appendix C—
Instrumental PDSI versus Tree-Ring PDSI.

Based on tree-ring studies, as presented in this re-
port and from scientific literature, it appears drought
before the instrumental record has surpassed drought
of the 20™ Century in duration and in several in-
stances, severity. Such studies also indicate a higher
frequency of prolonged drought events. Therefore,
the last century’s instrumental record cannot be con-
sidered wholly representative of the complete range
of drought variability in Utah.

GEOLOGIC PROXIES

Although tree-ring studies are extremely useful
and provide information over the past 2000 years,
additional proxies are required to provide insight
beyond that timeframe. Geologic proxies on the
other hand, offer data that is many more millennia in
length. Ice cores, marine sediment, lacustrine (lake)
sediment and eolian sediments (wind -borne, -
deposited, or -eroded sediments) provide us with a
look farther back along the paleoclimate timeline.
Sediment cores provide us with indirect climate in-
formation. Researchers analyze the sediment for
such things as plankton shells, fossil pollen, salinity,
and signs and types of vegetation, from which cli-
mate characteristics can be inferred.
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FIGURE 3-2
Average Duration (yr) of Drought—

Tree-Ring Reconstructed PDSI
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*These are averages of the four grid points (086, 087, 102 and 103)—tree-ring chronologies, which are located in Utah.
Source: Grid point data obtained form the North American Tree-ring Atlas.

Utah Division of Water Resources analysis, 2006

The slow accumulation rate of sediments results
in lengthy records. However, the ability to resolve
short-term changes (such as annual variability) is
greatly reduced. Thus sediments yield data over
time spans of hundreds to thousands of years, often
with coarser resolution, from which general climate
trends can be inferred.

Geologic Proxies and Climate—Utah

Some lake sediment studies have been conducted
in Utah and neighboring regions and even though
discussion specifically regarding drought is lacking,
inferences can still be made. Additional studies in
Utah and other topographically related regions are
needed in order to add more depth and understand-
ing to Utah’s paleoclimate regimes and drought of
the past. Results of a few studies are presented in
the following paragraphs.

Analysis of charcoal, indicative of fire, in sedi-
ments from Water Lily Lake in the Uintah moun-
tains of northeastern Utah revealed four distinct cli-
matic periods, roughly 3500 to 2750 BC, 2750 to
1000 BC (period that likely featured several
droughts and significant drawdown of the lake),
1000 BC to AD 500 (cool moist period) and AD 500
to 1150 (shift back to a warm dry climate),® indicat-
ing long-term regional climatic variability.

The “Loss of Ignition” or LOI, a measure of or-
ganic content in the sediment, for this lake, was
found to be proportional to lake level.*® Therefore
the LOI measurements can be used as a proxy for
lake level and compared to the climatic region 5
(Northern Mountains) PDSI identified droughts as
shown in Figure 3-3.

Although this particular record is not extraordinar-

ily long, it shows relatively short-term regional cli-
mate variability. There also appears to have been a
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FIGURE 3-3

Water Lily Lake and Drought
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Thus, evidence of
drought in the Great
Plains supports the con-
clusion that such
droughts are likely indi-
cators of similar
droughts in the South-
west. However, topog-
raphical differences and
the resulting regional
climatic regimes, be-
tween the Southwest and
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Source: Data from Collin Rodgers’ thesis, “Latest Holocene Environmental Change in
the Uinta Mountains, Utah, Based on Analysis of a sediment Core from Water Lily

Lake,” Middlebury College, 2004.

Note: %LOIl—Loss of Ignition is a measurement of organic matter content.

regional or localized climate shift around 1845 to an
overall drier regime. In contrast, sediment analysis
of another high mountain lake, in the Leidy Park
region only 100 km away from Water Lily Lake,
indicated different regional climate regimes.*” This
emphasizes the fundamental distribution of climate
regimes in the Intermountain West. Due to the ex-
treme topographical differences in the West, “micro-
climates” or regional climates are quite common and
may behave differently than the overall climate re-
gime that the West is experiencing. It was also
noted that a “boundary” between summer dry/winter
wet (Water Lily Lake) and summer wet/winter dry
(Leidy Park) appears to bisect the Uinta Moun-
tains,*® further emphasizing climate variability that
exists in northeastern Utah and the need for more
Utah-based studies.

Geologic Proxies and Climate—Great Plains

Great Plains research is used in this discussion
due to the readily available studies and data sets.
Great Plains lake sediment reconstructions are simi-
lar to tree-ring studies in the conclusion that 20"
Century drought is neither representative of past
drought variability nor the potential range of drought
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the Great Plains areas
limit the breadth of in-
ference.

Records spanning the
Holocene geologic pe-
riod, the last 10,000 years, which are driven by
changes in orbital patterns or “earth-sun relation-
ships,” provide evidence of epic dry periods. In the
middle of the Holocene, lake sediments of the north-
ern Great Plains, have recorded 100-year to 130-year
and even 160-year long extended dry periods sug-
gesting increased drought frequency. These periods
were characterized by decades of productivity fol-
lowed by decades of drought conditions and ero-
sion.***?" These shifts between wet and dry periods
(regime shifts), “...have gone on pretty consistently
throughout the last 4,500 years.”*

In a similar study, sediments from three Great
Plains lakes revealed that the climate of the past
2,000 years was quite complex hydrologically.
Large oscillations from wet to dry phases occurred
and, prior to AD 1200, severe multidecadal periods
of drought conditions were frequent. These were
indicated by long intervals of high salinity in the
sediment cores.**

Similarly, the U.S. Geological Survey presented
evidence from various sediments indicating climatic
shifts over the last 10,000 years in the upper Missis-
sippi River Basin. Analyses of pollens found in
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sediments collected from EIk
Lake in Minnesota provide
clues to millennial-scale cli-
mate regime shifts. A spruce
forest once dominated the area
after the ice age 10,000 years
ago. As the climate warmed,
a pine forest replaced the
spruce forest and about 8,500
years ago, as the climate be-
came drier, the pine forest was
succeeded by prairie vegeta-
tion,”> see Figure 3-4. This
time period, for this geo-
graphical location, is known
as the “Prairie Period” due to
the climatic shift towards
conditions favorable to prairie
grasses.

Varve (a pair of layers of
alternately finer and coarser
silt or clay believed to com-
prise an annual cycle of depo-

FIGURE 3-4

Elk Lake Proxy Indicators of Holocene Period Drought

Varve

Thickness Sagebrush Aulacoseira

Sodium

Quartz

Varve Age (thousands of
years ago)

Note: 4,000 to 8,000 years ago, dry conditions prevailed with sagebrush vegetation
dominating the region.

Source: Adapted from Walter E. Dean, "Evidence of Climate Change over the Last
10,000 Years from the Sediments of Lakes in the Upper Mississippi Basin: USGS
Fact Sheet FS-059-99." Retrieved from: http://pubs.usgs.gov/fs/fs-0059-99/, July
2006.

sition)* thickness increased

during this time due to eolian

(wind-borne) sediment deposition indicative of pro-
longed dryness. Active dune fields were also
formed during this time period. Enhanced eolian
activity is generally associated with drought condi-
tions severe enough to inhibit and remove vegeta-
tion.*’  This mid-Holocene climatic shift is charac-
terized by elevated dry periods. These dry periods
affected much of North America and are thought to
dwarf the 1930s dust bow! in several aspects.”® The
data suggests that these dry periods were expressed
during roughly a 4,000-year span, as shown in Fig-
ure 3-4. As can be seen, the proxies found within
the sediments are quite consistent and reflect that
prolonged dry period.

Analysis of eolian sediments in the Wray Dune
Field of eastern Colorado and Sand Hills of Ne-
braska indicates enhanced eolian activity to have
taken place within the past 400 years, coinciding
with the drought conditions of the late 16" Cen-
tury;* a significant dry period also indicated by tree-
ring studies.  Further analysis of the Nebraska Sand
Hills by Muhs et al®® suggested prior enhanced
eolian activity about 800 years ago, which supports
and coincides with analysis of lake sediments from

Elk Lake in Minnesota, indicating a severe and sus-
tained dry period.

In addition to this, another geologic proxy re-
cord study indicates a noticeable change in drought
characteristics through time. Analysis of sediment
salinity (higher salinity concentrations correlate to
drier conditions) from Moon Lake in North Dakota
indicates a regime shift from predominately dry to
wetter conditions, around AD 1200.>* Droughts be-
fore this time were characterized by greater fre-
quency, longer duration and greater intensity when
compared to 20" Century drought. Compare the two
time periods (pre-1200 and post-1200) as shown in
Figure 3-5. Once again, natural records show the
most recent century of human existence to be less
severe in terms of drought conditions when com-
pared to past times.

In support of this inference, several tree-ring re-
constructions in the Great Basin and Southwest re-
veal a similar shift, however the timing of the shift
in these studies is slightly later.** Indications of this
regime shift can also be seen in the tree-ring recon-
structed PDSI record (Figure 3-1), as prolonged
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FIGURE 3-5

Moon Lake Salinity—Regime Shift
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Note: High salinity concentrations depict dry periods whereas low concentrations are indicative of wet periods.
Source: Data acquired from ftp:/ftp.ncdc.noaa.gov/pub/data/paleo/paleolimnology/greatplains/moonlake/moonlake
_salinity.txt Contributors: Kathleen R. Laird, Sherilyn C. Fritz, Kirk A. Maasch, and Brian F. Cumming.

Utah Division of Water Resources analysis, 2006.

drought conditions were more prevalent before AD
1200-1300. In order to adequately describe this
event (regime shift) that apparently took place
around 700 years ago additional investigation of
highly resolved and accurately dated proxy records
is required.

FUTURE CLIMATE AND TRENDS

Climate Driving Forces (Climate Forcings)

Tropical pacific sea-surface temperature (SST)
patterns have been found to moderately influence
Utah’s climate. The most notable SST patterns are
known as El Nifio and La Nifia and commonly are
heard in weather forecasts. El Nifio events generally
result in dry winters in the normally wet Pacific
Northwest and northern Rockies and wet winters in
the southwestern United States. The influence of La
Nifa is the opposite of ElI Nifio and when coupled
with a positive Southern Oscillation Index (SOI)
(see Box 3-5), dry winters are almost guaranteed in
the southwest. “It is the most dependable predictive
climate relationship in the United States.” EI Nifio,
La Nifia and the SOI collectively are referred to as
the EI Nifio Southern Oscillation (ENSO).
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In addition to the relatively well-known ENSO,
drought may be linked to additional climate varia-
tions brought about by changes in SSTs in the Pa-
cific and Atlantic Oceans, known as the Pacific De-
cadal Oscillation (PDO) and Atlantic Multidecadal
Oscillation (AMO). See Box 3-5 for definitions.
These oscillations along with El Nifio and La Nifa
events can help explain drought occurrence. AMO
causal mechanisms regarding drought are not yet
clear, however the PDO appears to be associated
with the ENSO as a low frequency component. The
PDO and AMO may be linked to prolonged drought
periods.

Although much is still yet to be verified, it is re-
ported that up to “52% of the spatial [space] and
temporal [time] variance in multidecadal drought
frequency over the conterminous U.S. can be attrib-
uted to®*” specific PDO and AMO phases, and in-
creasing Northern Hemispheric temperatures.
Across the U.S., in both the instrumental and proxy
records, the wettest decadal-scale events are gener-
ally associated with a negative AMO and the driest
with a positive AMO,* which appears to have influ-
enced the duration of the 1950s drought. This
drought appears to strongly correlate with a positive
AMO (see Figure 3-6). The Southwest climate
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Box 3-5—Definitions

El Nifio Southern Oscillation (ENSO) is described by it two phases, El Nifio and La Nifia and
also by the Southern Oscillation.

El Nifio is the warming of se-surface temperatures (SSTs) of the eastern and central tropical
Pacific Ocean, which interacts with atmospheric conditions, with 2 to 7 year phases. Generally
this results in drier winters in the Pacific Northwest and wetter winters in the Southwest United
States.

La Nifia events (or cold events) are the cooling of SSTs across the eastern and central tropical
Pacific Ocean, which tends to be associated with wetter winters in the Pacific Northwest and
drier winters in the Southwest United States.

Southern Oscillation is an inverse relationship in atmospheric surface pressure between Ta-
hiti and Darwin (Australia). When lower than average pressure exists at Tahiti and higher than
average at Darwin, El Nifio is generally present. The normalized pressure difference between
the two locations is known as the Southern Oscillation Index (SOI).

Pacific Decadal Oscillation (PDO) is a long-term El Nifio-like pattern of climate variability in
the Pacific, with 20-30 year phases. The warm or positive phase is indicative of cooler than
average SSTs (in the main Pacific) and warmer than average SSTs near the coast of Califor-
nia, enhancing El Nifio effects. The cooler or negative phase tends to enhance weather condi-
tions associated with La Nifa.

Atlantic Multidecadal Oscillation (AMO) refers to long-duration changes in the SSTs of the
North Atlantic Ocean, with phases lasting 30-40 years. During the warm or positive phases,
droughts tend to be more frequent and/or severe.

phase also tends to be determined by a positive PDO
and negative PDO for wet and dry periods, respec-
tively. Furthermore, the location of a drought epi-
center within the western states is influenced by the
PDO phase (northern region—positive phase and
southern region—negative phase). The first few
years of the most recent major drought event, 1999-
2004, was associated with positive AMO and nega-
tive PDO phases. See Figure 3-6 for phase changes
on record in relation to the six identified drought
periods from the instrumental record.

This relatively new area of research is leading to-
wards a greater understanding of drought and our
climate at both global and regional scales. Every
step forward in understanding the mechanisms of
natural variability of SSTs brings us closer to being
able to forecast and better understand future drought
events. While the ENSO, PDO and AMO are

somewhat good indicators of weather conditions and
possible drought for many regional areas, Utah, due
to its geographical location, falls within a “grey
area.” It can be thought of as being on the edge of
influence of both PDO and AMO phases, or an area
of overlap. Therefore the resulting weather condi-
tions brought about by AMO or PDO phases may
not be fully expressed in Utah or the expression
thereof may be somewhat unclear.

Climate Change

It is clear that the climate has been changing
throughout all of history—it is a natural phenome-
non. Some of the changes in the climate during the
last 10,000 years, that appear to have had an effect
on drought, have been discussed in this chapter.
Clearly, there have been changes in wet and dry
times as well as hot and cold times on land. Simi-
larly, oceans have experienced changes in tempera-
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FIGURE 3-6

PDO, AMO Phases and Drought
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Note: Annual Pacific Decadal Oscillation (PDO) and Atlantic Multidecadal Oscillation (AMO) time series with Utah
droughts shown. Source: Adapted from McCabe, Paleki, and Betancourt, Pacific and Atlantic Ocean influences
on multidecadal drought frequency in the United States, 2004. PDO data from the University of Washington’s
webpage- http://jisao.washington.edu/pdo/PDO.latest, AMO data from the National Oceanic and Atmospheric

Administration’s webpage- http://www.cdc.noaa.gov/Timeseries/AMO/.

Utah Division of Water Resources analysis, 2006.

ture and flow patterns. The ability of people to ob-
serve, quantify, monitor and understand climatic
processes has been greatly improved with the advent
of instrumental records during the last 111 years or
s0.® Climate change is of great interest since every
human activity from how individuals dress to how
entire economies function is greatly dependent upon
the weather and climate. Undoubtedly, climate
change may continue to be examined and discussed
far into the future. This section discusses the current
state of knowledge on climate change with emphasis
on potential impacts to the water supply and drought
in Utah.
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One topic of great interest is whether or not the
planet is heating up—the concept of global warming.
Today, the anthropogenic influence on climate
change is pronounced more than ever before.
Greenhouse gases are contributing to overall climate
change, however, it looks as though that even with
strict regulation of greenhouse gases, climate change
will continue and mankind will have to adapt to
whatever the resultant climate may be.*” Much
credible work has been done for decades and serves
to illuminate the subject and it is in the interest of
Utah water suppliers to gain some knowledge of the
matter.
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In August 2006, the National Academies of Sci-
ence published a report titled, “Surface Temperature
Reconstructions for the Last 2,000 Years.” This was
done in response to a request by the United States
Congress to “describe and assess the state of scien-
tific efforts to reconstruct surface temperature re-
cords for the Earth over approximately the last 2,000
years and the implications of these efforts for our
understanding of global climate change.”® The re-
port discusses results from six different research pro-
jects, each from different authors. These projects
examined and analyzed *“proxy evidence from
sources such as tree rings, corals, ocean and lake
sediments, cave deposits, ice cores, boreholes, gla-
ciers and documentary evidence.” The results are
graphically summarized in Figure 3-7.>° This graph
shows that global air temperature has been increas-
ing over the last several centuries. Most notably the
rate of increase, or slope of the curves, itself has
been increasing over the last 150 years. A similar

report, which focuses on the Colorado River Basin,
supports these findings by stating that mean tem-
peratures in the Colorado River Basin have been
increasing and goes on further to say that, “there is
no evidence that this warming trend will dissipate in
the coming decades, with many different climate
model projections pointing to a warmer future for
the Colorado River region.” It also states that in re-
cent years, “the Colorado River basin has warmed
more than any region of the United States.”

As with every scientific endeavor, “Surface Tem-
perature Reconstructions for the Last 2,000 Years™
contains many caveats and conditions on interpreta-
tion of the data. However, the following points from
the report’s summary are relevant to the purpose of
investigating drought in Utah. Based on these ob-
servations, global air temperature is rising.

It can be said with a high level of confidence

FIGURE 3-7
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time, as indicated by the gray shading. This set of reconstructions conveys qualitatively consistent picture of tem-
perature changes over the last 1,100 years, and especially the last 400.

Source: Adapted from the National Academy of Sciences.
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that global mean surface temperature was
higher during the last few decades of the 20"
century than during any comparable period
during the preceding four centuries. This
statement is justified by the consistency of
the evidence from a wide variety of geo-
graphically diverse proxies.®* Based on the
analyses presented in the original papers by
Mann et al. and this newer supporting evi-
dence, the committee finds it plausible that
the Northern Hemisphere was warmer dur-
ing the last few decades of the 20" century
than during any comparable period over the
preceding millennium.®

The report concludes by encouraging further work
on surface temperature reconstructions and encour-
ages investigation into, “other climatic variables,
such as precipitation, over the last 2,000 years [that]
would provide a valuable complement to those made
for temperature.”®

The overall implications of a warmer environment
are many and varied—and not yet completely under-
stood. A consensus has not yet been reached per-
taining to the affect climate change will have on pre-
cipitation in Utah. Currently there is no significant
annual precipitation trend in Utah that has been pro-
jected or detected. Through statistical analysis of
Utah’s snowpack, conducted by Randall Julander of
the Natural Resources Conservation Service, no sta-
tistically significant trends with regard to snowpack
accumulation, melt or ablation have been identified.
This conclusion is reinforced, as precipitation trends
have not been identified in the Colorado River Basin
as well.** However, many studies do introduce po-
tential consequences of increasing temperatures, of
which several have been documented as occurring in
the West.®® These potential consequences are as fol-
lows and warrant consideration in water manage-
ment and planning activities:

» The growing season will likely begin earlier
and last longer.

» Evapotranspiration will likely increase.

» Snowpack will likely be less (largely due to
higher evaporation rates) and melt earlier.

» Summer precipitation could decrease while
in the fall and winter a greater percentage of
precipitation could fall as rain rather than
Snow.
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» Future Colorado River and tributary stream-
flows will likely decrease and “contribute to
increasing severity, frequency, and duration
of future droughts.”®

The National Oceanic and Atmospheric Admini-
stration’s Earth System Research Laboratory pre-
sents a possible scenario for the future. Through
recent research, to be published in the Regional Im-
pacts of Climate Change, An Assessment of Vulner-
ability, 4™ Assessment (by the Intergovernmental
Panel on Climate Change in 2007), the following
preliminary data regarding Utah is as follows. All
projections are statewide, unless indicated and are to
occur by about 2060:

» Air temperature is projected to increase in
Utah by 5.4 to 6.3 °F. The Northern Moun-
tains and Uinta Basin, climatic regions 5 and
6 are projected to be the national epicenter
of temperature increase. The Colorado
River Basin has already warmed more than
any other region in the United States.

» Annual precipitation is projected to change
within a range of -1.2 to +1.2 inches. Pre-
cipitation in the Dixie area, climatic region
2, is projected to decrease by 1.2 to 2.8
inches.

» Annual evapotranspiration is projected to
increase by 5.1 to 6.7 inches. Evapotranspi-
ration in the Dixie area, climatic region 2, is
projected to increase by 6.7 to 7.9 inches.

» Annual water balance (precipitation minus
evapotranspiration) is projected to decrease
by 30%, indicating a deficit in the water bal-
ance—nhigher loss than recovery.

» Drought, due to the estimated air tempera-
ture increase, is projected to be more severe
early on in the 21% Century (severe drought
= PDSI< -3), on average have an areal ex-
tent that will affect 50% of the Interior West
and on average last for 12 years (similar to
severe droughts expressed in the recon-
structed PDSI records).

This is one possible scenario among many. The
data shown are the averaged preliminary results of
over 40 computer models. As expressed in this sce-
nario, droughts could become more severe in terms
of duration and intensity, similar to droughts con-
tained in proxy records.
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MITIGATION STRATEGIES
AND DROUGHT FORECASTING

Water managers and suppliers are encouraged to
consider drought in the context of historical records,
proxy records and climate change, as presented in
the previous chapters, and re-evaluate their drought
management strategies. In order to better plan for
drought and alleviate its impacts, water mangers and
suppliers are also encouraged to move toward and
implement a more mitigation-oriented drought man-
agement methodology. The possibility of decade-
long or longer drought in Utah’s future is sobering.
The socioeconomic impacts of such a pernicious
natural event would be enormous. Although it is
difficult to predict exactly what kind of drought to
expect in the future, based on historical and paleo-
climatic data, the evidence suggests that droughts of
longer duration and greater intensity have occurred
and therefore could occur again. When this under-
standing is coupled with the current scientific under-
standing of climate change and global warming, the
prospects for the future become even more sobering.

All this begs an important question—is there any-
thing that society can do to effectively mitigate such
future drought? While the answer to this question
for the “worst case” scenario is possibly “no,” for the
events of shorter duration that are more likely to oc-
cur the answer is certainly “yes.” The means and
methods of mitigating, preparing for and responding
to prolonged drought are the topics of this and the
next chapter. While the prospects are challenging
and an element of “coping” with drought will likely
be required, practical solutions, which can be im-
plemented while maintaining environmental integ-
rity, are available to deal with more extreme drought
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events than society has experienced in the past cen-
tury.

DEFINING MITIGATION

Often mitigation is erroneously considered syn-
onymous with response. It is important to under-
stand the distinction between the two. Response is
action taken after a disaster has commenced and im-
pacts are already felt. Due to the long duration of
drought events, response can at times take place
concurrently with ongoing impacts. The impacts,
however, commenced first and the response fol-
lowed. In this document, mitigation is defined as
effort, planning and work done in advance of a dis-
aster or drought, to lessen, or in some instances
eliminate potential impacts. Frequently, mitigation
for the next disaster follows closely on the heels of a
recent disaster and occurs concurrently with ongoing
response efforts. The distinction is that while the
response efforts are addressing the impacts of the
recent disaster, mitigation efforts are directed at the
potential impacts that could result from future
events, in kind of a “lesson-learned” approach.

Mitigation can also be confused with prepared-
ness. To correctly understand the distinctions be-
tween mitigation, preparedness, response and recov-
ery, refer to the Disaster Management Cycle as de-
picted in Figure 4-1. Before a disaster occurs, the
planner is concerned with managing the risk pre-
sented by a potential disaster. Hence, this portion of
the cycle is known as Risk Management. After a
disaster has occurred, and impacts evident, planners
and community leaders are concerned with manag-
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FIGURE 4-1
Disaster Management Cycle
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spent on mitigation will begin to exceed
the dollars saved in reduced impacts.
Consequently, and because communities
don’t have unlimited funds with which
to mitigate, it is incumbent upon local
planners to carefully weigh mitigation
strategies against potential impacts in
order to determine what is the accept-
able-level-of-risk. This reasoning fur-
ther supports the need for accurate esti-
mates of economic losses and quantita-
tive impacts.

UTAH’S MITIGATION PLAN

Utah’s Pre-Disaster Mitigation Plan

The Utah Division of Emergency Ser-
vices and Homeland Security (a Divi-
sion of the Utah Department of Public
Safety) is the state’s designated coordi-

Source: Adapted from the National Drought Mitigation Center, University

of Lincoln-Nebraska “Disaster Management Cycle.”

ing the crisis, hence this portion of the cycle is
known as Crisis Management. Crisis Management
(response and recovery) is “backward-looking” in
the sense that it addresses impacts that have already
taken place. Risk Management (mitigation and pre-
paredness) is “forward-looking™ in that it is planning
ahead for future disasters. For additional discussion
and understanding of mitigation and preparedness,
see Box 4-1 for an illustrative example.

The Economics of Risk Management

Because some mitigation strategies can be expen-
sive, it is important for communities to carefully
consider not only what mitigation strategies will be
implemented, but also what is an “acceptable-level-
of-risk.”  Cost-benefit analyses should always be
conducted. If funding were not an issue, and a com-
munity had at its disposal an unlimited supply of
money with which to mitigate, then a community
could mitigate for impacts of every possible natural
hazard. If such were the case, in some cases the cost
of mitigation could possibly exceed the actual cost
of the potential impacts, had the impacts actually
been allowed to occur unmitigated. The logical ex-
tension to this hypothetical situation is that there is a
point of diminishing returns, at which the dollars
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nating agency for disaster preparedness,
emergency response and recovery, and
hazard mitigation programs. In Novem-
ber of 2004, the Utah Division of Emer-
gency Services published “The State of Utah Pre-
Disaster Mitigation Plan.” This plan is the culmina-
tion of three years of mitigation planning and was
undertaken to meet the requirements of the federal
Disaster Mitigation Act (DMA) of 2000. This act
details mitigation and planning requirements for
state, local and tribal governments. These require-
ments mandate governments to complete a mitiga-
tion plan that identifies natural hazards, risks and
vulnerabilities.

The DMA is the latest federal legislation that pro-
vides funding for disaster relief, recovery and some
hazard mitigation planning. The new legislation
reinforces the importance of mitigation planning and
emphasizes planning for disasters before they occur
and established a Hazard Mitigation Grant Program
(HMGP), which fosters close coordination and inte-
gration of mitigation planning activities within local
governing entities. The DMA specifically addresses
mitigation at the state and local levels, identifies new
requirements that allow HMGP funds to be used for
planning activities and increases the amount of these
funds available to states that have developed a com-
prehensive or enhanced mitigation plan prior to a
disaster. State and local communities must have an
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Box 4-1—Flood Mitigation and Preparedness—An lllustrative Example

The difference between mitigation and preparedness can be illustrated by considering the exam-
ple of an impending flood. Days before the river reaches flood stage, residents can prepare by
placing sand bags along the river banks and get pumps, hoses and other equipment ready. Miti-
gation, on the other hand—which targets the threat of flooding—could have been accomplished
months or even years earlier by building an engineered berm, landscaped dike or flood wall and
non-engineering options such as flood plain buy-outs.

This example illustrates a very important point about mitigation. Often mitigation is expensive,
such as, an engineered dike or flood wall. This is especially true when comparing the cost of
constructing a permanent dike with the cost of having volunteers place sand bags. Obviously, if
a community knew that there would only be one flood, and they knew when it would happen, the
most economically viable option would be to place sand bags at the appropriate time. But in real-
ity, floods are reoccurring phenomena and can occur without warning. Although mitigation can
be expensive, it is often the best long-term solution to reoccurring natural hazards.

While the example of a flood was used here because it easily illustrates the difference between
mitigation and preparedness, the principle is the same with regard to drought. When a drought is
in its early stages precautionary measures can be taken to prepare for a worsening drought
situation. Mitigation on the other hand should be planned and accomplished long before the
drought commences.

> Bureau of Reclamation
> National Resources Conservation Service
(NRCS)

approved mitigation plan in place prior to receiving
both pre- and post- disaster funds.’

An important aspect of hazard mitigation planning

is to obtain input from skilled professionals who
work with specific hazards and their associated im-
pacts. Through such input, the hazard mitigation
planner can plan for those conditions, which cause
an unacceptable threat to life and property. ldentify-
ing what constitutes an acceptable or unacceptable
risk is an essential component of any mitigation
plan.? In addition to its own assets and expertise,
the Utah Division of Emergency Services and
Homeland Security has established an inter-agency
technical team, which provides disaster mitigation
assistance. The team includes representatives from:

Utah Division of Water Resources

Utah Division of Water Rights

Utah Division of Drinking Water

Utah Division of Forestry, Fire and State
Lands

Utah Geologic Survey

Utah Division of Oil, Gas and Mining
National Weather Service

U.S. Geologic Survey

VVVY VVVYVY

Utah’s mitigation plan addresses the following
seven natural hazards: earthquake, flood, landslide,
wildfire, dam failure, drought and severe weather.
The plan also identifies which communities and
counties in the state have developed mitigation plans
that have been approved and are in place. The state
plan is supplemented by six hazard mitigation plans
completed by county-formed associations of gov-
ernment. All of these plans are available online at
http://dhls.utah.gov/nathaz/plans.htm. Within these
hazard mitigation plans, drought mitigation goals
and objectives are detailed at the state and county
levels (goals of cities within their respective county)
as shown in Table 4-1 and Table 4-2, respectively.

The state and counties have addressed drought
from several angles, including the following: water
development, agricultural use improvements, secon-
dary water systems, public education/outreach—in
which the vast majority of counties have taken an
active role—and promotion of efficient water use,
especially outdoor use.
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Some of these goals or mitigation strategies, along
with additional strategies, are discussed in detail in
the following sections. Concerted drought mitiga-
tion efforts put forth by the state, its counties and its
communities can undoubtedly reduce impacts of
drought in all sectors of the economy and social con-
struct.

DROUGHT MITIGATION STRATEGIES

As the state continues to grow in population, so
does the demand for water. In order to satisfy or
modify this demand year-round (especially during
periods of drought) and maintain a reliable water
supply, Utah has, and can, employ several mitigation
strategies. These strategies include, but are by no
means limited to the following: water redistribution,
conjunctive management, water system interconnec-
tions, water development projects, water reuse, de-
mand management (alternative landscaping and in-
centive pricing), water metering and leak detection
programs, weather modification projects and fore-
casting.

These mitigation strategies are not viewed as a
panacea to all future water management challenges.
However, when multiple strategies are implemented
and managed as one system, with drought compo-
nents imbedded within each strategy, they can serve
as long-term mitigation strategies. It is also impor-
tant to note that without drought components, such
as_a_ mechanism to store water for use during
drought, the strategies presented in this document
may only mitigate drought in the short-term, until
the water which was “freed up” by the implemented
strateqy is required by the growing population.
Successful implementation of each strategy as a
means to mitigate drought must be based on this un-
derstanding. These strategies developed in concert
and managed as a whole will likely produce more
beneficial results and more effective drought man-
agement possibilities.

Water Redistribution

In the event of a decade-scale drought, the water
supply industry will not be able to conduct “business
as usual.” A major challenge during such a drought
will be simply to obtain enough water to meet basic
municipal and industrial demands, let alone agricul-
tural demands. As a result, a temporary redistribu-
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tion of water supplies may be needed. This would
most likely involve voluntary leasing and/or selling
of agricultural water (and/or other water) to satisfy
public demand. Such water redistribution can be
done during a drought of any length. Current water
use patterns in Utah suggest such a redistribution
could take place. To some degree this is already
occurring to satisfy growing urban demands.® The
vast majority of surface water supplies in Utah are
used for agricultural purposes. Use percentages of
subsurface and surface water supplies are as follows:

» In 2000: 81.1% of freshwater withdrawals
were for irrigation.

Average from 1960 to 2000: irrigation—
88% surface water.

In 2000: 13.4% of freshwater withdrawals
were for public supplies.

In 2000: public supply—58% ground water.
Average from 1960 to 2000: public sup-
ply—45% surface water.

vVV VYV 'V

Given that drought impacts the agricultural com-
munity first, and most severely, the agricultural sec-
tor will likely be in dire conditions during a pro-
longed drought. Although some surface water will
be available each year, the reduced amounts could
make the economic viability of raising crops and
livestock for many farmers extremely challenging.
Under such circumstances, selling irrigation and
livestock water to thirsty cities could be more profit-
able for farmers and ranchers than producing mini-
mal crop yields.

While most Utah cities rely more on ground water
than surface water for drinking water, many may
still be challenged to provide an adequate water sup-
ply. Many municipalities have yet to “prove-up-on”
(show beneficial use of water allotted via water
rights) and fully develop existing ground water
rights, which will likely be put into service. How-
ever, several ground water basins, including Salt
Lake Valley and Bountiful East Shore Area, are
over-appropriated (approved water rights exceed
natural recharge) and have declining ground water
levels.*  Furthermore, all the major metropolitan
areas in Utah, except for Cache and Rich Counties,
are closed to additional ground water applications
due to lack of sufficient recharge.’
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Given these and other factors, a logical option for
municipalities faced with prolonged drought might
be to turn to the agriculture community for needed,
and potentially available, surface water supplies.
Moreover, the large percentage of agricultural with-
drawals suggests a relatively large volume of water
available to meet demand during prolonged drought.
As of 2000, total agricultural water use in Utah was
approximately 4,221,000 acre-feet per year (see Ta-
ble 4-3). During drought, agricultural water avail-
able for redistribution would be less. Statewide the
total municipal and industrial (M&I) or public water
requirement is approximately 714,720 acre-feet per
year. Some basins where large quantities of water
are used for agricultural purposes are also locations
of substantial M&I water demand, for example, Bear
River, Weber River and Utah Lake (Figure 4-2).
Water redistribution may be best suited in such ar-
eas. One method that can be employed to help fa-
cilitate water redistribution is water banking.

A water bank is an “institutional mechanism that
facilitates the legal transfer and market exchange of
various types of surface, ground water and storage
entitlements.”® Water banks are not new and have
been used in the western states in various forms for

decades. The common goal of these banks is to
TABLE 4-3
Agricultural Water Use by Basin
Agricultural Water Use
Basin in 2000 (acre-ft/yr)
Bear River 858,000
Sevier River 767,000
Uintah 745,000
Utah Lake 523,000
Weber River 322,000
West Colorado River 284,000
Cedar/Beaver 268,000
West Desert 204,000
g?/r;a:b Creek/Virgin 92,000
Jordan River 85,000
FSQR/LgPeaSt Colorado 73,000
Total 4,221,000

Source: Division of Water Resources, Utah’s Water Re-
sources: Planning for the Future, 2001, State Water Plan.

bring “willing sellers” and “willing buyers” together
and mediate or broker the deal. Providing such a
mechanism for locating and transferring water rights
during periods of drought can reduce the potential
severity of drought impacts.

The greatest challenge to such redistribution
would be physically transferring the water. As can
be seen in Figure 4-2, urban and industrial areas are
in many cases adjacent to or within close proximity
of actively irrigated agricultural lands. In order to
physically facilitate water transfers, new infrastruc-
ture may be needed. There are, however, numerous
reservoirs and pipelines existing between agricul-
tural and urban locations that could be used to con-
vey water from where it is available to where it is
needed. It would be advisable for public water sup-
pliers to formulate plans and put in place agreements
and develop infrastructure that allow water transfers,
before they are needed. See Box 4-2 for an example
of an effective water redistribution program in Cali-
fornia. The effectiveness of this strategy is not only
contingent upon proximity of available water for
transfer but also the quality of it and ability to meet
treatment needs. If the water cannot be diverted for
treatment then its application is greatly limited to
secondary distribution systems. Also, potential en-
vironmental impacts must be evaluated such as ero-
sion potential of fallow fields and decreases in re-
turn flows (runoff from agricultural fields) to receiv-
ing water bodies and ecosystems. Considerable ef-
fort and cooperation among several agencies would
be required in order to negotiate any potential legal
restraints and water rights issues.

Conjunctive Management

Conjunctive management is another useful man-
agement tool for mitigating droughts of any length
in Utah. While there are many components to this
tool, the most important is also the most straightfor-
ward: store water when there is a surplus in order to
have it available when it is needed. Utahns have
been successfully storing water in surface reservoirs
in this manner for over a century. Although often
equally feasible, and even less expensive, storing
water underground has not been applied nearly as
much.
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Conjunctive management concepts are simple as
follows’ (See Figure 4-3 for an illustrative represen-
tation):

» Use more surface water and less ground wa-
ter when surface water is available during
wet periods.

» Store unused surface water above ground
and underground (managed or artificial re-
charge) during wet periods.

» Wet periods include the annual spring sea-
son snowmelt and consecutive years of
above-normal precipitation.

» Conversely, use
less surface water
and more ground
water during dry
periods when sur-
face water sup-
plies are reduced.

» Take water out of

surface and
ground water
storage during dry
periods.

» Dry periods in-
clude the annual
summer  months
and consecutive
years of below-
normal precipita-
tion (droughts).

> Protect natural re-

inherent to surface reservoirs. Water can be re-
charged to the aquifer by two methods: 1) spreading
untreated water on the ground in favorable locations
and allowing gravity to draw the water down, and 2)
using ASR wells to inject water into the target aqui-
fer.® Both options are typically less expensive, cost-
ing 50% to 90% less, than surface reservoirs.? Sev-
eral water sources for ASR are available including
stream floods, springs, storm runoff, reclaimed water
and converted agricultural water.™

When employed specifically for long-term
drought mitigation, a good strategy would be to put

FIGURE 4-2
Agricultural and Urban Land Use

Land Use

I Irrigated Agricultural Lands
Non-Irrigated Agricultural Lands

I Urban/Industrial Areas

charge zones.

The key point is that
unused surface water, dur-
ing normal or wet years, is
intentionally stored above
ground and underground
in order to have it avail-

able when it is needed.
Aquifer storage and re-
covery (ASR) is one way
of doing this. An aquifer
can be regarded as an
“underground reservoir.”
This reservoir can be op-

erated just like a surface
reservoir, without the

large evaporation losses
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Source: Utah Division of Water Resources, 2006
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Box 4-2—California’s Water Redistribution Program

This agriculture-to-urban water redistribution concept (or water banking) has been implemented
in various forms in California since 1991. Initially, water redistribution was prompted by a five-
year drought, a relatively rare occurrence in that state. The two primary infrastructures for mov-
ing water were experiencing difficult times due to greatly reduced water supplies. “The State Wa-
ter Project had limited deliveries to municipalities to ten percent of contract entitlements and de-
liveries to agricultural users had been suspended. The Central Valley Project system also was
cutting back deliveries to 75 percent [25% reduction] for Sacramento River water rights and San
Joaquin exchange contractors, 50 percent [50% reduction] for municipalities, and 25 percent
[75% reduction] for agricultural users.” In response, the state government established a water
bank to “obtain water from voluntary transfers to supply water to “critical needs” of the state.”
The California Department of Water Resources negotiated water purchase contracts and water
sales contracts, monitored compliance, secured permits and coordinated deliveries. “The goal
was to create ‘new’ surface water through the implementation of three types of contracts.” Over
820,000 acre-feet of water was provided under 351 contracts in 1991. Dry conditions in suc-
ceeding years necessitated the reactivation of the water bank in 1992 and 1994. A total of
330,000 acre-feet of water was provided during these two years.

Success of the water banks and requests from water users throughout the state resulted in the
establishment of a permanent, Dry Year Purchasing Program. Under this program, “the [Califor-
nia] Department of Water Resources negotiates a Memorandum of Understanding (MOU) with
potential buyers to estimate water demand, and then enters into separate agreements with sell-
ers to purchase water on behalf of the participants of the MOU. This program is available in
years with less than normal hydrologic conditions. Water can be purchased through two different
types of contract structures: 1) dry-year option contract, or 2) direct purchase contract.” During
the years 2001, 2002, and 2003 some 172,211 acre-feet of water was provided under this
mechanism. When a drought of any length occurs, California is well positioned to redistribute
water throughout the state to match supplies with demands. A similar system in Utah would help
water suppliers lessen the impacts of drought on their customers.

Washington State Department of Ecology and West Water Research, Inc., Analysis of Water Banks in the Western States, July 2004,
Publication No. 04-11-011, pages 40-46.

more water in the aquifer every year than is ex-
tracted, thus building up a storage surplus over a
long time. This strategy would need to be done in
cooperation with the Utah Division of Water Rights
and the Utah Division of Water Quality since there
are regulatory requirements for ground water re-
charge and recovery.™

The greatest opportunities for conjunctive man-
agement in Utah are with public water suppliers.™
That is an advantage since the greatest need for wa-
ter is for an increasing population, primarily in urban
locations. When using ASR wells, the storage loca-
tion could be the aquifer directly beneath the city
that needs such a facility. Several locations having
favorable geologic conditions have been identified
and are listed in the Utah Division of Water Re-

source’s report: Conjunctive Management of Surface
and Ground Water in Utah (available online at:
www.water.utah.gov). Depending on local geologic
conditions, agricultural water users could also em-
ploy conjunctive management; however, the oppor-
tunities are fewer primarily due to cost.

At any level of use, above ground stor-
age/infrastructure will likely be required in order to
retain surplus water until it can be introduced into an
aquifer via injection wells or infiltration.

Besides managed recharge, protecting natural re-
charge areas would enhance and/or maintain natural
recharge rates. In many cases these environmentally
sensitive areas are within or adjacent to developed
areas. Measures should be taken to protect these
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areas in order to maintain wa-
ter quality standards and facili-
tate adequate recharge. Main-
taining instream flows is also a

FIGURE 4-3
Conjunctive Management

WET YEAR

DRY YEAR

concern when implementing
conjunctive management
and/or managed recharge.

Water System
Interconnections

Many independent water
systems exist throughout Utah.
Connecting these systems to-
gether, as inferred in the sec-
tions on water redistribution
and conjunctive management,
will be required to distribute
water to the user as needed
during prolonged drought and
other emergencies. Individual
communities are generally
“plumbed” from the water
source or treatment plant, to
the individual homes or busi-
nesses. In most cases, this
plumbing system is not well
integrated with neighboring
systems to meet regional water
demands and management
requirements. Increased inte-

gration of conveyance net-
works and implementation of
advanced monitoring and con-
trol systems (such as supervi-
sory control and data acquisition, or SCADA sys-
tems®®) can increase water suppliers’ ability to meet
regional water demands during drought. If during
drought, the demand on a particular system is lower
than the supply and a surplus exists, that surplus can
be distributed to the neighboring network through
such an integrated and managed system (M&I to
M&aI transfers).

During the summer of 2000, drought conditions
coupled with a 12-25% increase in water demand
from the previous year in Jordan Valley Water Con-
servancy District and Salt Lake City, prompted wa-
ter managers to implement cooperative management
adjustments through mechanisms already in place.
System adjustments and aqueduct capacity transfers
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Source: Conjunctive Management of Surface and Ground Water in Utah, 2005,
Utah Division of Water Resources.

made it possible to distribute water throughout Salt
Lake County without shortages.* Such cooperation
and management adjustments are to be commended
and highly encouraged.

Connecting water systems together is a viable
mitigation strategy that requires extensive planning,
cooperation and coordination between all parties
involved, however it may be limited by the com-
monality of water sources. For example, if
neighboring systems use the same drought impacted
water source, the likelihood of water to be available
for transfer from one system to the other is greatly
diminished. Water suppliers should investigate such
opportunities and develop agreements and physical
interconnections (substantial monetary investment
likely required) that would allow such transfers to
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take place when needed. Water districts and other
purveyors should explore the prospect of forming a
committee to facilitate and create the opportunity for
dialogue among one another to discuss interconnec-
tions and managing water systems as a whole, espe-
cially during drought.

Water Development and Inter-Basin Transfers

Development of Utah’s water supply has been an
ongoing effort since the early days of the pioneers.
Water development is inseparable from Utah’s pros-
perity and appeal. Many projects were initiated to
bolster the water supply during drought. Through
the drought of the 1930s, it became apparent that
development of water sources was essential to sup-
plement the water supply and increase reliability.
The Provo River Project, an idea that had previously
been considered, was thrust into the spotlight in a
concerted effort to alleviate future drought impacts.
After seeking federal aid and approval, construction
was started in 1938 and completely finished in
1958."> Water was first made available in 1941.
This multi-use, multipart project included the dam; a
collection system of smaller dams and diversions, a
tunnel, and canals; the Salt Lake Aqueduct and tun-
nels; the Deer Creek Division structures; and the
Deer Creek power plant.*®

The water supplies developed by the Provo River
Project and other similar projects have been invalu-

— - X i 2

courtesy of Bud Rusho)

Deer Creek Dam and Reservoir completed in 1941 as part of the Provo
River Project, supplying water to many of Utah’s residents. (Photo

able resources for communities throughout the state
providing benefits to domestic, M&I uses, irrigation,
recreation, wildlife, fish and flood control.*” In ad-
dition, these projects enabled water purveyors to
provide a timely and adequate water supply during
droughts.

Impacts of the 1950s drought were mitigated due
to this and other projects. Many projects have been
initiated in order to mitigate deficiencies, which
have become more apparent in times of drought.
Agriculture-based projects are sized to meet the ag-
ricultural water demand and generally do not pro-
vide water to meet M&I demand during drought
unless the water is redistributed. The Jordanelle
Reservoir is another project that helped mitigate the
drought of 1999-2004 as it came online in the mid-
1990s before this drought. If built earlier than
needed, these projects can greatly mitigate drought
until the growing population’s water demand regu-
larly requires the available water.

Current water development projects are at various
stages of implementation and evaluation such as the
Central Utah Project, Bear River Project and Lake
Powell Pipeline. These projects and other water de-
velopment projects will effectively supplement the
water supply and help mitigate drought, and are im-
portant to the development of a sustainable water
supply for the state. Some water projects in the state
contain over a years worth of storage. When eco-
nomically feasible, this type of stor-
age capacity should be considered.
The large capital costs, immense
planning efforts and feasibility stud-
ies (which can take several years to
accomplish) must be considered
when assessing and implementing
this strategy.

In addition, reservoir operations
may also involve inter-basin trans-
fers (the movement of water from
one drainage basin or watershed to
another) or interstate transfers (from
state to state). Such transfers could
be used more during drought to
lessen the impacts of water deficien-
cies. These transfers often involve
water rights and possibly intergov-
ernmental dealings. When basins or
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watersheds cross state boundaries, interstate com-
pacts are needed to regulate the sharing of the water
source and any potential transfers from one state to
the other. It would be beneficial to have mecha-
nisms or agreements in place to facilitate such trans-
fer in the event of a drought. Also, system effi-
ciency can be improved and should continually be
assessed. Digital modeling to understand and im-
prove the efficiency of large systems, possibly entire
river basins with multiple dams, is of great value and
should be pursued where appropriate.

Besides capital cost and the time needed to enact
this strategy, potential environmental impacts need
to be carefully considered. Action must be taken to
limit such impacts when executing water develop-
ment plans and projects. Environmental values, or
vulnerabilities, are always changing as public opin-
ion and understanding of the environment evolves;
thus necessitating continual vulnerability and envi-
ronmental assessments.

Water Reuse

Large volumes of wastewater are gen-
erated daily from residences, commer-
cial establishments and industries. This
water traditionally has been discharged
to natural waters after treatment or dis-
posed of in evaporation ponds. How-
ever, in recent years, this water is being
viewed as an additional supply to be re-
used after treatment. Water reuse, “the
direct or indirect use of effluent for a
beneficial purpose,”*® is a water man-
agement strategy that can provide a
community with an additional water
source during normal and dry years by
providing “once-used water” for spe-
cific, nonpotable uses. Such a water
source is extremely reliable and is avail-
able perennially in predictable quanti-
ties.

Water reuse can serve as a mitigation
strategy by developing a relatively un-
der-utilized water source, which can
temporarily reduce the consumption of
potable or “better quality” water for irri-
gation and industrial purposes. Potable

supplies can be left in an aquifer, or sur- Facility.)
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The Central Valley Golf Course receives approximately 0.6 million
gallons per day of reclaimed water from the Central Valley Water
Reclamation Facility to irrigate its greens and fill the various deco-
rative ponds. (Photo courtesy of Central Valley Water Reclamation

face waters formerly used for other purposes can be
used for reservoir and aquifer recharge.

In Utah, water reuse regulations have been devel-
oped that specifies water quality standards and ac-
ceptable uses (see Utah Administrative Code R317
and Table 4-4 for reuse water types and uses). The
quantity of community effluent is fairly constant on
a daily basis and is available year-round and propor-
tional to population. This can make it difficult to
fully utilize effluent for irrigation purposes unless
storage facilities are developed, making industrial
processes with a more-constant demand desirable.
In any case, small storage reservoirs/facilities are
typically required for water reuse in order to provide
a buffer for varying demands and other reasons.
Wastewater treatment plants situated near farmland
may provide reuse water for agricultural uses and
incur relatively low development costs since little
piping may be required to transport the reuse water
where it is needed and land is available for small
retention ponds.
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TABLE 4-4

Acceptable Uses for Treated Effluent

Secondary

At the Plant Site:

Chlorinator injection water for
wastewater chlorination facilities.

Water for hosing down wastewa-
ter clarifiers, filters and related
units.

Irrigation of landscaped areas
around the treatment plant from

Type Il

Irrigation of sod farms, silviculture
(tree farming), limited access
highway rights-of-way, and other
areas where human access is re-
stricted or unlikely to occur.

Irrigation of food crops where the
reclaimed water is not likely to
have direct contact with the edible
part, whether the food will be
processed or not (spray irrigation
not allowed).

Irrigation of animal feed crops
other than pasture used for milk-
ing animals.

Impoundments of wastewater
where direct human contact is not
allowed or is unlikely to occur.

Cooling water. Use for cooling
towers that produce aerosols in
populated areas may have special

Type |

All Type Il uses listed.

Residential irrigation, including
landscape irrigation at individual
homes.

Urban uses, which includes non-
residential landscape irrigation,
golf course irrigation and other
uses with similar potential for hu-
man exposure.

Irrigation of food crops where the
applied reclaimed water is likely to
have direct contact with the edible
part. Type | water is required for
all spray irrigation of food crops.

Irrigation of pasture for milking
COWs.

which the public is excluded.

Other uses approved by the Wa-
ter Quality Board on a case-by-
case basis.

Soil compaction or dust control in
construction areas.

restrictions imposed.

Impoundments of treated effluent
where direct human contact is
likely to occur.

Source: Utah Administrative Code, Rule R317-1-4.

For some communities, reuse of effluent might
require obtaining water rights, permits, building fa-
cilities and infrastructure such as treatment facilities,
pumping plants and storage ponds, and finding an
appropriate application. Other communities may
have to perform only minor modifications to existing
treatment facilities and connect to existing irrigation
pipelines. The most viable reuse projects will, of
course, be those with the most reasonable costs.

At present, only a few projects in Utah reuse ef-
fluent to supplement their water supplies. The
Tooele reuse project produces Type | effluent (see
Table 4-4) for use on a golf course and in the nearby
Overlake subdivision. It currently produces 1,904
acre-feet of reuse water each year. Another project,
in the Heber Valley, operated by the Heber Valley

Special Service District produces 1,568 acre-feet per
year for alfalfa.

Environmental and public health elements must be
factored into the development of such projects. Wa-
ter reuse potentially can reduce instream flows con-
siderably if not properly managed and implemented.
Such decreases can adversely affect aquatic wildlife
as well as downstream junior water users’ ability to
withdraw the amount of water they are accustomed
to. Balance between water reuse and instream flows
must be achieved in order for this strategy to be truly
effective. For a more thorough look at water reuse
and projected volume of water available for reuse
see the report, Water Reuse in Utah online at:
http://www.water.utah.gov/.
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Demand Management

Through increased awareness, individuals and
communities are making wise choices and taking
responsibility to use water resources efficiently.
Even during wet years, many of Utah’s residents can
and do implement water conservation practices as
they sensibly use this precious resource.

It is_important, however, to understand that the
state’s current water conservation goal or policy (at
least a 25% reduction in per capita use, by 2050, as a
means to meet future demand) cannot stand alone as
a_sole solution to drought and is not intended as
such. Water conservation is an “ethic” and is prac-
ticed regardless of drought. However, one of the
many benefits of conservation practices is that it can
help to mitigate drought, which is discussed in this
section. The term “demand management” is used in
order to make a distinction between the current wa-
ter conservation goal and more aggressive practices.

In the context of drought mitigation, these demand
management practices (achieved through stricter
measures than currently used) beyond the state’s
current water conservation goal (achieved largely
through public education) may be needed and are

already implemented by several water management
entities. Demand management practices can result
in negative effects during drought if not properly
employed. An example of this can be seen by exam-
ining limitations of demand management as pre-
sented in Box 4-3. On the other hand, it can result in
a “surplus” that can be drawn upon during drought
and other emergencies as well as put to use as the
population grows. Withdrawing less water due to
demand management practices also leaves more wa-
ter in rivers, streams and reservoirs for fisheries and
other environmental values.

Public Education and Outreach

The implementation of more aggressive demand
management practices is a function of public educa-
tion, perception and willingness to follow more ag-
gressive management measures such as reducing
lawn/turf size, eliminating parking strips, requiring
water-wise landscapes (alternative landscaping) and
year-round incentive pricing. A successful program
will utilize outreach programs to continuously edu-
cate and inform the public regarding efficient water
use practices. These programs not only need to
reach school children, but adults as well, and do so
at multiple stages—repetition is an important facet

Box 4-3—Limitations of Demand Management

If a water system has a water supply of 10,000 acre-feet per year and delivers that water to end-
users who waste it to the tune of 2,500 acre-feet per year, then the system has an inefficiency of
25 percent. When the service area is impacted by a drought that reduces the supply by 20 per-
cent, eliminating wasteful practices can easily mitigate that reduction. If, however, the system
has through aggressive demand management efforts already increased its efficiency to say 95
percent, then a drought that reduces supply by 20 percent will have a much bigger impact.

If this system eliminated wasteful practices (the 2,500 acre-feet) and did not experience an ac-
companying growth in demand, then its supply of 10,000 acre-feet per year will satisfy its de-
mand of 7,500 acre-feet per year and although a drought may reduce the supply by 20 percent
the system would remain fully supplied. However, most of Utah’s communities are growing. If a
water supply system becomes 95 percent efficient and the system also allows its demand,
through growth, to rise to within say 90 percent of its annual supply, this system would be very
susceptible to drought impacts. A drought that reduced this system’s supply by 20 percent would
have serious impacts and demand management, in this case, has not served as mitigation
against drought. In order for aggressive demand management strategies to truly serve as a
drought mitigation tool it is important for planners to understand the susceptibility of their supplies
to drought, and to maintain an appropriate balance between the demand and supply that will ade-
guately address potential drought impacts on the water supply.
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to implementing successful programs. Education
and outreach programs need to be continually fine
tuned and supported. An example program is that of
public education gardens. The state, as well as some
water conservancy districts and other institutions,
have developed public education gardens, with the
purpose of promoting alternative landscaping and
other water-wise practices.

Alternative Landscaping

Green lawns are what Utahns are used to; it is the
norm. Lawns are prolific in Utah because sufficient
water has been obtained to allow them to be main-
tained at a relatively low cost. Although much of
Utah is a desert environment, it has an ample source
of storable water nearby—mountain snowpack. Wa-
ter use for lawns—outdoor water use—is the main
use of the public water supply. Currently outdoor
water use is approximately 60% or 154 gallons per
capita per day [gpcd], of the total public water use
(see Figure 4-4). Of this 154 gpcd, 75% or 116 gpcd
is residential outdoor use (watering lawns, etc.). As
the population grows, developments continue and as
long as green grass is an expectation throughout
Utah, outdoor water use will likely continue to be
the largest portion of both the total and residential

uses of the public supply. The obligation to use wa-
ter respectably coupled with projected climate
change and ever present potential for prolonged
drought, begs the question, “Will the average land-
scape survive during prolonged periods of water de-
ficiency?” The answer to this question is likely
“no,” as there could be only enough water available
to satisfy indoor needs.

Changing landscapes to contain more native and
adaptive species (water efficient species) that can
survive in warmer conditions and during prolonged
drought is an excellent mitigation strategy.

During a severe drought, when mandatory restric-
tions are instituted, the first things to “go” in an ur-
ban environment will likely be green lawns, and if
the drought is prolonged and restrictions required
over consecutive years, lawns may not recuperate
and reestablish. Transitioning current landscapes
using proven alternative landscaping techniques to a
more drought tolerant landscape should be consid-
ered at all levels—county, city and residential. This
does not mean that lawns are to be replaced with
rocks and cacti but lawns should be reduced in size
and vegetation with lower water requirements
planted—an aesthetically pleasing landscape can be

FIGURE 4-4

Breakdown of Public System Water Use Including Secondary Water (2005)
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replaced with another of a different kind. Not only
are water-wise landscapes environmentally friendly,
they are economically sound. Consumers who im-
plement alternative landscapes will likely save
money, as outdoor water use will decrease and main-
tenance requirements could decrease depending
upon the chosen and installed landscape.

Transitioning to an alternative landscaping would
definitely take time and could be phased in for estab-
lished communities. For example, first, replacing
grass along parking strips—the buffer between the
sidewalk and the street—with water efficient vegeta-
tion, rock and wood chips while maintaining aes-
thetic aspects should be required. This could be fol-
lowed by additional requirements as needed and
deemed appropriate. Incentives could also be of-
fered to the homeowner to encourage such action.
New landscaping activities at new developments or
individual homes should be required and are encour-
aged to pursue and utilize alternative landscaping
methods. A significant amount of water that is cur-
rently used for outdoor water use can potentially
become available through alternative landscaping
and used in periods of drought—temporarily lessen-
ing drought impacts and delaying the need for addi-
tional water development activities.

Several cities, including Sandy, West Jordan,
South Jordan and West Valley, have adopted land-
scaping ordinances that promote water efficient
landscapes and irrigation systems. Thus far these
ordinances have been viewed as water conservation
practices; however, this also is a good initial step in
transitioning from current landscapes to alternative
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Utah Department of Natural Resources’ alternative landscaped grounds.

ones to survive prolonged drought. Cities are en-
couraged to adopt similar and more aggressive land-
scaping ordinances that can be implemented. These
ordinances outline requirements for residential and
commercial landscapes as well as irrigation meth-
ods. A model-landscaping ordinance can be found
on the Jordan Valley Water Conservancy District’s
webpage: http://www.slowtheflow.org/programs/
ordinances.asp. While these ordinances emphasize
water efficient and native plants and efficient irriga-
tion systems, they do not restrict lawn size with any
regularity. Restrictions on lawn size, in an urban
environment, according to available open space or
irrigable land within a lot should be considered. Al-
ternative landscaping is encouraged and should be
viewed as an acceptable landscaping practice across
the board (residential and commercial). Several
other potential water saving regulatory actions could
be implemented as mitigation strategies that are not
discussed in this document, such as land use regula-
tions, cooling tower regulations and other industry
related regulations.

Incentive Pricing

Effective water pricing can help mitigate drought
impacts by lowering water use rates, however, sim-
ply raising water rates may not be the best solution
to using less water. Implementing a pricing strategy,
year-round, that provides incentives to customers for
efficient and wise water use can “free up” existing
supplies for use elsewhere or during drought until
the surplus is once again required by the growing
population. Rate structures should also be designed
to provide sufficient income to finance system main-
tenance and improvements and avoid capital short-
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falls as lowered water use reduces revenue. A few
of the possible water pricing strategies that provide
incentives to customers are listed and briefly dis-
cussed below.

» Increasing Block Rates—this pricing struc-
ture has a base fee, which must be paid
whether or not any water is used (and some-
times a fixed amount of water is made avail-
able at no additional cost). The price of sub-
sequent increments of water supplied then
increases in a step-wise fashion. This rate
structure encourages efficiency and less wa-
ter use only if the steps in the incremental
price are sufficient to discourage excessive
use.

» Seasonal Block Rates—this rate structure
also has a base fee and is similar to the in-
creasing block rates structure, however, in-
stead of rate increases based upon the vol-
ume of water used, rates are set according to
seasons. The summer price is set strategi-
cally to encourage consumers to be more
conscious of watering habits and general
water use during the months of peak de-
mand. If desired, a spring and fall use rate
can also be applied to help reflect the rising
and falling costs associated with typical use
patterns within the water system.

» Increasing Seasonal Block Rates—this rate
structure is a combination of the increasing
block and seasonal rates. Like the seasonal
rate, it has a price for each unit of water de-
livered in winter that is lower than for water
delivered in the summer. However, instead
of a flat rate for a given season, the increas-
ing seasonal block rate has an increasing
block rate for each season.

» Target Block Rates—this rate structure re-
quires that a target use be established for
each customer. This target is based on the
water needs of the landscape and the number
of people in the home or business. Land-
scape water need is determined by using
evapotranspiration rates for turf grass from
local information sources and landscape
size. Then, each unit of water is priced in
such a way so as to reward the consumer for
using no more than the target use for their
individual property or penalize the consumer
for using amounts that exceed the target use.

Water Metering and Leak Detection Programs

According to the American Water Works Associa-
tion (AWWA), “40 billion gallons of water are proc-
essed by U.S. water utilities each day, 6 billion gal-
lons [15%] are lost due to problems such as main
leaks, tank overflow, pipe bursts, improperly open
drains, system blow-off, inaccurate or no metering
or unauthorized use.”*® This water loss (water leav-
ing the system and not being used as intended) is
significant. System and operational inefficiencies
are abundant nationally and Utah is no exception.

Although a totally leak-free water system (collec-
tion, treatment, storage, conveyance and in-house
plumbing) is not an achievable goal, even for the
best-managed and maintained systems, leaks and
other system losses can be minimized through me-
tering and repair. Metering water systems allows for
accurate quantification of the volume of water and
rate at which it is escaping the system. Regular
maintenance and replacement of aging water meters
and distribution pipelines is an essential component
of a properly functioning and efficient water system.

Effective metering allows water suppliers to better
monitor operations of their system. For example,
Logan City was unaware of the inefficiencies of its
system due to inadequate system metering. During
upgrades to the system—to increase water capacity
for distribution—the supplier uncovered a substan-
tial leak in a water tank, which was undetectable by
the metering network in place. After repairing the
tank, the system’s efficiency significantly increased
and more water became available for distribution.

In addition, California has successfully imple-
mented leak detection and repair programs by em-
ploying *“acoustic leak detection” technologies.
California achieved half of the targeted potential
water savings at a price of $100 per acre-foot. Cali-
fornia was also able to achieve 80% of the potential
water savings at a cost of $200 per acre-foot
(“saved” water)—the extra 30% cost an additional
$100 per acre-foot.?’ Water suppliers should requ-
larly conduct system water-budgets and ensure that
the water system is properly metered and in working
order. This has the potential to dramatically increase
system efficiency and save money in the long run,
however, maintenance costs may increase.
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Weather Modification (Cloud Seeding)

Weather modification, or cloud seeding, has long
been recognized as a means to enhance existing wa-
ter supplies. Utah first investigated cloud seeding in
the 1950s and has provided funding for cloud seed-
ing programs since the early 1970s. Cloud seeding
enhances existing water supplies by increasing natu-
ral precipitation. Cloud seeding is a process that
introduces water droplet-forming nuclei into a cloud
at the appropriate time and place, usually in moun-
tainous areas, to aid in the formation of precipitation
and increase snowpack during winter months. Typi-
cally silver iodide is released into the air via ground-
based generators or in some cases aircraft; propane
gas is also used. These particles attract moisture
from the surrounding air and form water droplets
and ice crystals that fall to the earth as rain and
snow.

Cloud seeding is most effective when it is contin-
ued during several consecutive years (wet and dry).
This increases soil moisture, reservoir storage,
ground water levels, spring flows, and helps sustain
base flows in streams and rivers. In a study con-

TABLE 4-5

ducted by the Utah Division of Water Resources,
cloud seeding projects within the state were found to
have increased total precipitation by an estimated 1.3
to 20% (depending upon project location, number of
generators and weather conditions) in the target ar-
eas, over the years that the projects have been in op-
eration.? This water has helped supplement exist-
ing water supplies of many Utah communities, trans-
lating into a 2.3 to 18% increase in April 1% snow
water content.?

Cloud seeding is currently viewed by the state as a
cost-effective strategy to supplement the state’s wa-
ter supply. In 2005 it was estimated to cost $1.69
per acre-foot and increase total runoff by 222,800
acre-feet.”  Additional weather modification pro-
jects or improvements to projects already in place
should be investigated.

Additional Mitigation Strategies

Additional mitigation strategies are available (see
Table 4-5) that can be integrated into water man-
agement methodologies. Several of the mitigation
strategies require structural components, however,

there are viable strategies
that require only minimal
or no structural elements.

Drought Mitigation Strategies

Structural

Improvement of Water System (distri-
bution-pipes and pumps)

Desalination Projects
Consolidation of Utilities

Over-drilling Wells (where appropriate, to
avoid lowering the intake later)

Upgrading Wells (lower intake)

Urban Runoff Management
Ground Water Remediation Projects

Development of Livestock Watering
Locations

Minimal to Non-Structural

Vulnerability Assessments

Legislation

Protection of Aquifers and Recharge
Areas

Protection of Ecosystems (Water Qual-
ity)

Remove Water-Loving Invasive Spe-
cies

Education and Outreach Programs
Interagency Cooperation

Water Law Revisions

Develop an Early Warning System
Improve Monitoring System
Floodplain Management
Watershed Management

System Optimization (Digital Modeling)

Source: Utah Divisions of Water Resources,
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2006.

Some of these are briefly
highlighted in the follow-
ing discussion.

Vulnerability Assessments

Vulnerability assess-
ments are a fundamental
part of mitigation plan-
ning. They provide “a
framework for identifying
the social, economic, and
environmental causes of
drought impacts. [They
bridge] the gap between
impact assessment and
policy formulation by di-
recting policy attention to
underlying causes of vul-
nerability rather than to its
result, the negative im-
pacts, which follow trig-
gering events such as
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drought.”® In order to improve drought mitigation

planning efforts, societal vulnerabilities to drought
need to be identified and the root causes of these
vulnerabilities addressed. Recommendation 4, of
Chapter 6, could be used to help identify such vul-
nerabilities. In addition to this, planners and water
managers are encouraged to refer to the report pub-
lished by the Western Drought Coordination Coun-
cil, Preparedness and Mitigation Working Group
entitled, How to Reduce Drought Risk, which can be
accessed online at: http://www.drought.unl.edu/plan/
handbook/risk.pdf. “Step 4” within the report spe-
cifically gives guidance on conducting a vulnerabil-
ity assessment. The entire document should be used
as a reference in developing a drought mitigation
plan (see Recommendation 1 of Chapter 6—
Conclusions and Recommendations).

Remove Water-Loving Invasive Species

Many invasive species exist along Utah’s water-
ways. Removing “water-loving” invasive species
such as tamarisk does not require structural compo-
nents. These trees consume large quantities of water
compared to the natural riparian vegetation that it
has displaced. Projects are currently underway in
southern Utah to remove tamarisk using biological
control methods. Beetles that feed upon tamarisk
foliage have been released and appear to be quite
effective in controlling tamarisk growth and ulti-
mately killing it. Removing invasive species such as
tamarisk not only is beneficial to the water resources
community but also to the riparian environment and
ecosystems.

Watershed Management

“Watershed management is the process of evaluat-
ing, planning, managing, restoring, and organizing
land and other resource use within an area of land
that has a single common drainage point.”? It is
finding and maintaining a balance between human
needs and ecological integrity. From a water re-
source perspective it can potentially improve capture
and storage of runoff, water quality and reduce
flooding potential. For example, by improving and
maintaining natural vegetation, more snowmelt can
be captured, which can lead to increased summer
base flows and less erosion, which improves water
quality.?

Only a selected few of the possible mitigation
strategies have been presented in this report, how-
ever all strategies need to be evaluated by decision-
makers in order to better manage this precious re-
source during times of drought as well as in years of
surplus. No matter the chosen strategy, environ-
mental integrity must be maintained. Riparian buff-
ers, aquifer recharge areas and sensitive ecosystems,
should be continuously evaluated throughout any
project and protected, not only to address water
quality but wildlife and recreation concerns as well.

Another important mitigation strategy discussed
in the following section is that of forecasting and
improving monitoring of drought indicators in order
to develop an “early warning” system. This can
prove to be extremely helpful in maintaining a reli-
able water supply to satisfy both municipal and agri-
cultural demands.

DROUGHT FORECASTING

Many climatic calamities are visually apparent in
their development and give clear indications of their
impending arrival; they are predictable. Therefore,
impacts of such climatic events can be alleviated
through preparation and the use of mitigation strate-
gies employed in advance. The ability to forecast
weather events greatly increases the effectiveness of
both mitigation and preparedness activities. Drought
on the other hand is a climatic event that does not
provide many obvious hints of its onset. There are
various federal programs dedicated to drought moni-
toring, research, and developing methods of predict-
ing or forecasting drought. The focal point of many
of these programs include understanding weather
patterns and trends and researching hydrological
aspects such as streamflows, ground water levels,
soil conditions. Collectively, the research conducted
by these programs is used to better understand
drought and ultimately more accurately forecast the
arrival of drought events. In a paper titled, “Pacific
and Atlantic Ocean Influences on Multidecadal
Drought Frequency in the United States,” (published
in Proceedings of the National Academy of Science
[PNAS], 2004), McCabe et al stated:

Although long considered implausible, there
is growing promise for probabilistic climatic
forecasts one or two decades into the future
based on quasiperiodic variations in sea-
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surface temperatures (SSTs), salinities, and
dynamic ocean topographies. Such long-
term forecasts could help water managers
plan for persistent drought across the con-
terminous United States.

Researchers’ breadth of understanding of climate
forcings and teleconnections (see Box 4-4) is con-
tinually expanding. In recent years, a probable link
between the spatial and temporal variability of
drought and SST oscillations from warm to cold or
cold to warm in the Pacific and Atlantic Oceans has
been identified.

At first, analyses and forecasting of precipitation
in the U.S. has largely utilized the Pacific SST
anomalies and the El Nifio Southern Oscillation
(ENSO). However, as climatology has progressed
through the maturation of scientists’ understanding,
variations in the Atlantic SST are now being incor-
porated thereby strengthening the potential of fore-
casting drought. As described in Chapter 3, phases
of the Pacific Decadal Oscillation (PDO) and Atlan-
tic Multidecadal Oscillation (AMO), which amplify
or diminish EI Nifio and La Nifia-like effects, influ-

ence the development or termination of drought
conditions globally and in the Southwest. Forecast-
ing drought greatly depends upon our understanding
of these oscillations. Researchers have found that
the probability of summer drought in the West is
increased during positive phase of the AMO. Addi-
tionally, during such periods (positive AMO) it has
been found that the phase of the PDO is likely asso-
ciated with the location (northern, positive phase or
southern, negative phase) of the drought center in
the West. Furthermore, analysis of paleo-droughts
contained in proxy records, reveal that several of
these droughts relate to the “spatial signature” of the
1930s and 1950s droughts and the spatial extent of
these droughts may be explained by the relationship
between the PDO and AMO.?’

Use of Proxies

An increased understanding of the causes of se-
vere and multiyear drought events is a necessary step
in developing dependable forecasting methods. Us-
ing proxy records, such as tree rings, in addition to
the meteorological instrumental record increases the
opportunity to test and research forcing mechanisms
as those described. Analysis of tree rings revealed

multiple oscillation modes for

from the earth).

of climate forcings.

face temperatures).
SST—Sea Surface Temperature.
Refer to Box 3-4 for definitions of:
ENSO—EI Nifio Southern Oscillation
PDO—Pacific Decadal Oscillation.

AMO—Atlantic Multidecadal Oscillation.

Box 4-4—Definitions and Acronyms

Climate Forcing—mechanism that “forces” the climate to
change by disrupting the global energy balance (balance be-
tween incoming energy from the sun and out going energy
The earth’s orbit, ocean circulation and
changes in the earth’s atmospheric composition are examples

Teleconnections—recurring and persistent
pattern of pressure and circulation anomalies that span vast
geographic areas (relationship between oscillations and sur-

climate variability, ranging from
bidecadal (oscillation expressed
in approximately two decades) to
pentadecadal  (oscillation  ex-
pressed over a period of ap-
proximately five decades) and
longer.®®  This reinforces the
likelihood of drought prediction.
However, drought behavior is not
in the strictest sense of the word
oscillatory (does not recur over
well-defined intervals) and the
oscillation modes mentioned are
only a piece of the picture needed
in order to forecast drought.
Additional climate trends, em-
bedded within the proxy and in-
strumental records are also being
considered in forecasting
drought.

large-scale
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Climate Trends

To enhance drought prediction capabilities, cli-
mate trends are continually being investigated. “Cli-
mate across much of the U.S. has been getting
warmer for about 20-25 years, especially in the win-
ter and spring. These conditions contribute to
drought by increasing the rate of snow melt in the
spring and early summer, and also by increasing wa-
ter evaporation.”® Climate models developed by
the National Oceanic and Atmospheric Administra-
tion (NOAA) simulate the current warming trend
and indicate that this trend will continue for the rest
of the 21 Century.*

Presently, there is a level of ambiguity concerning
how and when (how far into the future) there will be
a significant climatic response to elevated concentra-
tions of greenhouse gases. However, observations
have been made that indicate demonstrable changes
are taking place. The exact effect that such a warm-
ing trend will have in Utah is uncertain, however,
increased temperatures will likely, “...result in less
winter snowfall, more winter rain, and faster, earlier
spring snowmelt” and lower streamflows and lake
levels in the summer®! as discussed in Chapter 3.
Understanding climate trends adds a key component
to current and future drought forecasting models.

The Drought Monitor and Seasonal Drought
Outlook

NOAA, with support of various other government
agencies and public and private institutions, provides
current and potential drought conditions via the
Drought Monitor (see Figure 4-5) and Seasonal
Drought Outlook (see Figure 4-6), respectively.
Both of these systems utilize multiple drought indi-
ces, hydrological indicators such as streamflow and
soil moisture, agriculture conditions and impacts,
and other resources to describe drought conditions.
The Seasonal Drought Outlook describes potential
drought conditions approximately 3 %2 months into
the future. A modified Seasonal Drought Outlook
model is being developed that will display probable
drought conditions and changes over a longer time
period.

Recently, the Seasonal Drought Outlook has accu-
rately predicted development of drought conditions.
In December 2005 drought expanded into the South-

ern Plains and Southwest as predicted. Also, “the
mid-January [2006] Outlook accurately projected
that drought would expand into Kansas and the
Southwest, and this occurred by mid-March leading
to problems with winter crops and pastures and in-
creasing the danger of wildfires.”* There have been
inaccurate projections of drought and the process is
still somewhat tenuous, however, these tools are use-
ful and aid in agriculture management decisions as
well as in the distribution of federal aid to impacted
areas. As input parameters and data collection meth-
ods are refined and improved, the capabilities of
these models will greatly expand.

National Integrated Drought Information System

NOAA is currently expanding its drought fore-
casting or “early warning” capabilities through the
creation and implementation of the National Inte-
grated Drought Information System (NIDIS). The
NIDIS Act, approving the creation of this system
was passed in December 2006. In an oversight hear-
ing on drought, Dr. Chester J. Koblinsky, director of
NOAA'’s Climate Program Office stated:

NIDIS is an ambitious program to signifi-
cantly enhance the Nation’s ability to moni-
tor and forecast drought. It will establish a
modern, dense network of observing loca-
tions to observe and monitor all aspects of
drought and enhance stakeholder access to
information on drought conditions, impacts,
and forecasts. NIDIS, in turn, will be sup-
ported by a focused drought research pro-
gram. NIDIS will create a national drought
early warning system to enable the Nation to
move from a reactive to a more proactive
approach to drought. The vision is for
NIDIS to be a dynamic and accessible
drought information system that provides
users with the ability to determine the poten-
tial impacts of drought and their associated
risks and also provides the decision-support
tools needed to better prepare for and miti-
gate the effects of drought.®

This program will assist several sectors with miti-
gating and preparing for drought in a timely and ef-
fective manner. Benefits will be manifested through
more efficient agriculture production and municipal
water allocations, as well as better emergency decla-
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FIGURE 4-5
The Drought Monitor

U.S. Drought Monitor
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The Drought Monitor focuses on broad-scale conditions.

Released Thursday, March 1, 2007
Author: Douglas Le Comte, CPC/NOAA

Source: The Drought Mitigation Center’s webpage- http://www.drought.unl.edu/dm/monitor.htmi.

ration decisions and distribution of relief. The im-
plementation of NIDIS will also provide improved
“...climate and water assessments, more reliable
forecasts at various timescales, better decision-
support tools, and more timely communication of
this information to decision makers through an inter-
active delivery system [and] will greatly enhance
management of water and other natural resources.”>*
It will benefit Utah water suppliers and the state to
support and continue to support NIDIS and educate
themselves regarding its development.

FUNDING AND OTHER ASSISTANCE FOR DROUGHT
MITIGATION

Utah has funded many water development pro-
jects through several loan assistance programs. This
funding effort managed by the Utah Division of Wa-
ter Resources continues to provide low interest
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loans. The federal government also provides fund-
ing to support drought mitigation programs.

Utah State Water Resources Development
Funding

Since the early 1900s state funding has been
available to help local communities and water users
fund water development projects. These were rela-
tively minor amounts until 1947 when the legislature
created the Utah Water and Power Board and estab-
lished the Revolving Construction Fund with an ap-
propriation of $1 million. Since that time, state-
funding assistance has grown. The Utah Board of
Water Resources oversees three revolving funds that
provide low interest loan assistance for water devel-
opment projects. Since 1947 to the end of the fiscal
year 2006, the board has provided over $500 million
to applicants through these three funds for the con-
struction of 1,270 water projects. These state spon-
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FIGURE 4-6
Seasonal Drought Outlook
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sored and funded projects have never really been
touted as drought mitigation projects, however, in
many instances that is precisely what they are.
Many of these projects came about because of short-
ages experienced during droughts. These projects
include reservoirs and other water storage facilities
that make it possible to store surplus flows. Releas-
ing the water during dry periods in essence mitigates
or eliminates drought-related impacts.

An example of such a project funded by the Board
of Water Resources is Ken’s Lake, an approximately
2,610 acre-feet capacity reservoir located in the up-
per Spanish Valley, 10 miles southeast of Moab.
Originally touted as a flood management and agri-
cultural irrigation project, it has provided additional

benefits to the community. Before the completion of
this $4 million project in 1981, Moab City had ex-
perienced several years of water restrictions. After
its completion there have been no major restrictions
enacted. Such state funded projects have greatly
benefited Utah’s communities and will continue to
do so.

Federal Mitigation Assistance

The Federal Emergency Management Agency
(FEMA), through the Pre-Disaster Mitigation
(PDM) program provides funds to states, territories,
Indian tribal governments, communities, and univer-
sities for hazard mitigation planning and the imple-
mentation of mitigation projects prior to a disaster
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event. Funding these plans and projects reduces
overall risks to the population and structures, while
also reducing reliance on funding from actual disas-
ter declarations.

PDM grants are awarded on a competitive basis.
Funding is dependent upon a yearly appropriation
from Congress. The Utah Division of Homeland
Security reports that from 2002 to 2006, Utah has
received approximately $1.267 million dollars for
mitigation planning and $7.941 million for mitiga-
tion projects through this competitive grant program.
The majority of the project grants have been for
seismic retrofits of local and state critical facilities
that include water treatment facilities. Future miti-
gation planning funds may be provided to help iden-
tify drought mitigation strategies. The Utah Divi-

sion of Homeland Security manages the PDM in
Utah.

In a study conducted by the National Drought Pol-
icy Commission in 2000, it is reported that from
1990-2000, 88 drought-related federal programs had
been funded; 42 were related to drought mitiga-
tion.* The Bureau of Reclamation, U.S. Army Corp
of Engineers and U.S. Department of Agriculture
annually provide funding for mitigation and water
supply development projects.

Several additional federal programs exist that are
geared toward disaster or drought relief, emphasiz-
ing mitigation and monitoring of climatic anomalies.
Refer to Appendix D—Federal Drought Assistance
Programs—for a compilation of selected federal pro-
grams.
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DROUGHT RESPONSE

Through mitigation, communities and the state as
a whole greatly improve their ability to endure
drought. In an ideal situation, drought mitigation
would prohibit drought’s negative impacts to society
and thus no response would be necessary. However,
in most situations drought mitigation will only re-
duce the severity of drought impacts and some type
of response will still be required. Response to
drought can take place concurrently with the impacts
or after the fact, when needs may be more apparent.
Although added attention should be placed upon
Risk Management (mitigation), Crisis Management
(response) should not be over-looked. Crisis Man-
agement is an important part of water management
in Utah as steps are taken towards a more proactive
Risk Management approach—thereby further reduc-
ing vulnerability to sustained droughts.
Significant droughts *...are usually far enough
apart that we have forgotten about them, or we
choose to ignore them. So when drought happens to
us again, we perceive it as a whole new and surpris-
ing experience.”’ Spawned from this perception and
similar views, Crisis Management has predominated
in the planning arena. At the crux of Crisis Man-
agement is drought assistance and relief, primarily
from the federal government. Once the state has
proved that there is a need for assistance and has
followed proper procedures, relief in the form of
money is disseminated through appropriate channels
to sectors in need. Although federal relief is needed,
its effects are two-fold; it hurts and helps at the same
time. “It has been demonstrated that crisis manage-
ment responses, such as drought relief, actually de-
crease self-reliance and, therefore, increase vulner-
ability to future drought episodes.”?
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Federal relief should be requested as an option of
last resort when needed. Historically, Utah has done
just that. The state has developed a drought re-
sponse plan involving multiple sectors, which draws
upon federal relief only when absolutely needed.
The state’s multidisciplinary plan promotes coherent
coordination and communication between organized
committees and ultimately funnels collected infor-
mation of import to the Governor to aid with deci-
sion-making and drought management.

UTAH’S DROUGHT RESPONSE PLAN

Drought plans are a relatively new facet of the
planning process and are being developed nation-
wide. In 1982 only 3 states had drought plans. This
number has significantly increased as 38 states cur-
rently have developed plans® (Figure 5-1). Utah
developed its drought response plan in 1993 and
made minor revisions to it in 2003. The purpose of
the plan is to provide an effective and systematic
way for the state to deal with emergency drought
problems® through monitoring, impact assessment,
and preparedness and response mechanisms.

Each element of the plan is activated by set “trig-
gers” or designated values of the Surface Water
Supply Index (SWSI) (described in Chapter 1). Cal-
culated values of the SWSI, published monthly by
the National Resources Conservation Service
(NRCS), correspond with a sequence of actions de-
scribed in the plan. For further details, the Utah
Drought Response Plan 1993 (Revised — 2003) can
be accessed at: www.homelandsecurity.utah.gov/
pdf/nathaz/Appendix_G.pdf. Triggers are an essen-
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FIGURE 5-1
Drought Plans by State

Status of Drought Planning
January 2006

States with plans emphasizing response
States with plans emphasizing mitigation
States developing long-term plans

JONNE

States without drought plans

States delegating drought planning to local authorities

trusted with the primary purpose of monitor-
ing the water supply. This committee as-
sesses snowpack, soil moisture, reservoir and
ground water levels, precipitation, tempera-
ture and streamflow in an effort to quantify,
compare and track the water supply through
time.

Assessment’

The assessment aspect of the plan contin-
ues to utilize the WSAC and, if conditions
worsen, additional committees and task
forces are activated. Six different impact
task forces cover the following water-related
areas:

Municipal water and sewer systems
Agriculture industry

Commerce and tourism

Wildfire protection

Source: National Drought Mitigation Center, University of Lincoln-
Nebraska (Text enhanced by the Utah Division of Water Resources)

tial aspect of monitoring and defining drought as
stated below.

...public declarations of drought are often
triggered by specific and well-defined con-
ditions, such as a specific reservoir elevation
on a specific date. In some cases, there are
well-defined exit points that trigger a re-
sumption of normal activity. These
“drought triggers” become the practical
definition of drought for a particular region
and for specific issues. Defining these trig-
gers is an inseparable part of planning for
and responding to droughts. Once these
triggers are defined, a region is much better
able to estimate the costs, expected fre-
quency, and risks of drought response.®

Monitoring®

The Utah Division of Water Resources continu-
ally monitors climate conditions via the SWSI and
other resources that can “warn” of impending
drought conditions. When mild drought conditions
occur, the Water Supply Availability Committee
(WSAC), which is chaired by a representative of the
Division of Water Resources, is activated and en-
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The impact task forces are activated and specifi-
cally structured as described in the response plan.
Their primary goal is to identify existing and poten-
tial drought-related issues and assess the prospective
impacts on the public within their respective areas.
Additional task forces may be organized as needs
arise. The task forces report their findings to the
Drought Review and Reporting Committee (DRRC),
which compile the information from which recom-
mendations are made.

Response®

In the event that state response actions are war-
ranted, the Drought Response Committee (DRC) is
activated. The DRC is designed to operate as a cen-
tralized point of coordination to handle un-met needs
identified by each task force, ensure interagency co-
ordination and determine when deactivation should
occur. State involvement/response takes place when
local capabilities are exceeded and local response
has become inadequate. In the event that action is
needed beyond the state’s response, “...an existing
state program would facilitate preparation of re-
quests for federal assistance.”® The organization of
Utah’s drought assessment and response is depicted
in Figure 5-2.
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DROUGHT RESPONSE STRATEGIES

Depending on several factors such as drought se-
verity, location and condition of the water supply,
there are many avenues that response to drought can
take. These vary from large-scale state projects to
personal water use choices. Utah has historically
responded well to drought, satisfying deficiencies in
the water supply and infrastructure that become ap-
parent during severe and sustained periods of
drought, by establishing water use restrictions,
wisely using groundwater, using agricultural best
management practices, hauling in water and enacting
drought-related legislation. The following discusses
and provides examples of some of these selected
response strategies.

Demand Management—Water Use Restrictions

Water use restrictions can help reduce the severity
of drought impacts by lowering normal rates of wa-
ter use, which allows less water to “stretch farther”
within a well-managed system. In 2005, per capita
water use in Utah (refer to Figure 4-4) was second
only to Nevada and was primarily used for outdoor
purposes. In order for water restriction efforts to be
an effective response to drought, these restrictions
must focus on reducing outdoor use, which can be
accomplished in several ways.

In Utah, some of the most common water use re-
strictions are specific responsive elements embedded
within municipal water management plans to be en-
acted when more aggressive actions are needed.
Restrictions are also commonly suggested and/or
mandated by governing bodies in response to water
deficiencies:

FIGURE 5-2

Organization of Drought Assessment and Response

‘Govermnor

] ate Droug H

[ 7.7.77.,,!7- or

Source: Adapted from the Utah Drought Response Plan 1993 (Revised - 2003)
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Traditionally, managing water resources
during droughts has been based on immedi-
ate reactions to a current crisis. The focus of
most action is to reduce the daily demand
for water, and local governments usually are
responsible for reducing water demand
within their jurisdictions.™

Drought (Water Shortage) Contingency Plans

In the event of a drought, it is beneficial for water
suppliers to have a plan of action already in place—a
drought contingency plan. Currently, water suppli-
ers with more than 500 connections are required (by
the Water Conservation Plan Act) to prepare and
submit a water conservation plan to the Utah Divi-
sion of Water Resources and update the plan every
five years."® The Board of Water Resources also
requires that all state funded water projects complete
and submit a water conservation plan prior to receiv-
ing funding. These plans contain general conserva-
tion methods and goals and many directly address
drought. Several of the plans deal with water use
restrictions beyond common conservation practices
that may be implemented as a response to periods of
drought or other water shortages. These drought
response elements should be viewed as being sepa-
rate from common conservation practices and ideally
be included in drought or water shortage contin-
gency plans rather than conservation plans.

In order to curtail water use during drought, cities,
conservancy districts and other water purveyors may
adopt water management strategies as set forth in
their respective plans. These more aggressive efforts
generally include water use restrictions and penalties
for water waste.

Salt Lake City has developed a Water Shortage
Contingency Plan. Although not a drought specific
plan, it is applicable to drought and outlines the ini-
tiation, notification and termination of water short-
age stages and associated responses. In addition to
supply, these stages are also dependant upon
changes in demand. The stages progressively in-
crease in both import and response as conditions
worsen. Trigger, target, objectives and termination
qualifiers describe each stage. For example, Stage
3—Moderate, is triggered by a 30% reduction of the
average annual water supply (available water supply
is 70% of average), conditions have not improved

84

from previous stage and the demand levels indicate
the need for additional response to manage the situa-
tion. The target or ideal result of enacting this stage
is a 15% reduction in total daily or average annual
water demand. The objectives are as follows:

» Achieve target by restricting water users.

» Ensure adequate supply is available for pub-
lic health and instream flows.

» Minimize hardship on the public while
meeting targeted consumption decrease.

» Promote equity; establish restrictions that af-
fect all water users/customers.

This stage is terminated when conditions, which
triggered entering this stage, have improved and ul-
timately cease to exist for a time period deemed ap-
propriate.*?

The development of drought or water shortage
contingency plans or components that can be inte-
grated into a larger management plan is highly en-
couraged. The effectiveness of these plans or com-
ponents greatly depends upon public involvement.
The public needs to be aware of the condition of the
water supply and why certain actions are imple-
mented—what the triggers are. Such information
could be posted online and made easily accessible to
the public (see Chapter 6, Recommendation 3 for
further discussion on drought indicators/triggers for
public use and understanding).

Emergency Outdoor Watering Restrictions or Dec-
larations

During sustained drought, outdoor watering
guidelines such as those mentioned and time-of-day
watering declarations are quite common. For all
approved and funded projects, the Utah Board of
Water Resources requires that a time-of-day water-
ing guideline be in place always, not just during
drought. Such watering guidelines can be estab-
lished in emergency situations to aggressively lower
water use rates. In the 1930s, turf irrigation was lim-
ited to twice a week in some communities.*® During
Utah’s most recent drought, Governor Leavitt asked
cities to pass an ordinance setting times during the
day when watering could take place® and many
communities did so. Some cities also established
penalties for wasteful use of water.”® The City of
Nephi adopted an ordinance setting a time-of-day
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watering schedule with penalties up to $750.'°
Theoretically, outdoor watering time-of-day guide-
lines promote more efficient water use by limiting
watering to established times of the day when evapo-
ration is minimized; however, it has not been shown
to “save” water in some instances and other restric-
tions or ordinances may be more appropriate.

In order for temporary watering ordinances and
outdoor water use restrictions to be effective, the
public must perceive that there is a problem—that
the water supply is limited. Ordinances and restric-
tions cannot reduce water use alone; the public’s
willingness to be involved and enforcement of such
restrictions are critical for the success of these pro-
grams. If the consumer does not “buy into” the need
to limit water use, then water use may actually in-
crease because the consumer may take advantage of
the “day on” (day allowed to water) and over-use
water to compensate for the “days off” (days of re-
stricted use).

Ground Water Use and Temporary Well Permits

Utah is heavily dependant upon winter precipita-
tion (snowpack) for its water supply. The runoff is
captured in reservoirs, recharges ground water sup-
plies, and is diverted for municipal, industrial and
agricultural uses. In Utah, about 80% of total with-
drawals are from surface water sources. The state’s
public water supply is a mix of ground water (55%)
and surface water (45%). According to the U.S.
Geological Survey, Utah’s percentage of drinking
water that originates from ground water sources
ranks 10™ highest in the nation. This heavy reliance
upon ground water can be a mitigating factor, if
managed properly, since surface water supplies di-
minish first during periods of drought.

Agricultural and rural communities with heavy re-
liance upon surface water and/or limited surface
storage capacities are generally hit hardest by
drought and are forced to seek supplemental water
sources. The Utah State Engineer can authorize the
installation and use of temporary wells (generally
good for one year) in response to such water supply
deficiencies. Due to drought conditions in the 1970s
and late 1980s-90s, the number of approved well
permits increased dramatically,’’ contributing to an
approximate 26% increase in ground water with-
drawal (from 1970-1980) for agricultural purposes

statewide. This translated to a 6.5% increase of the
ground water fraction of the total water supply used
for irrigation (see Figure 5-3). These supplemental
ground water withdrawals can increase stress on al-
ready depleted aquifers resulting in a decline in
ground water levels, as was the case in the most re-
cent drought (1999-2004)."® “Lower ground-water
levels are the result of both decreased recharge and
increased withdrawals; however, it is difficult to de-
termine which causes the greater effect.”*® Efficient
well management and management of supplemental
ground water withdrawals are key factors in maxi-
mizing the available water supply and ensuring its
sustainability during drought and beyond. Existing
wells can also be lowered, drilled deeper, into the
water table in response to declining ground water
levels. This has been done in Beaver, Iron, Wash-
ington and Kane counties.

Temporary Well Placement

Potentially, one of the most reliable and probably
cost-effective ways to get ground water from tempo-
rary wells is to drill them under and adjacent to ex-
isting reservoirs. This available water supply would
be valuable to municipal, industrial and agricultural
interests. The water could be pumped right into the
reservoir to take advantage of existing distribution
systems. Utah has 135 surface reservoirs with ca-
pacities ranging from 1,000 to 1,370,000 acre-feet.
The total capacity of those reservoirs is approxi-
mately 5,155,000 acre-feet. °

Being built on pervious ground, water from every
reservoir continually infiltrates into the earth. Over
the many decades these reservoirs have been in op-
eration, large volumes of water have been “lost”—
from a reservoir storage standpoint due to this infil-
tration. In reality that water is not actually lost. It is
stored in the ground beneath and adjacent to each
reservoir. The volume of water contained under-
ground as a result of infiltration from a reservoir is
difficult to quantify. It depends on numerous geo-
logic factors unique to each individual reservoir.
However, it can be assumed that a significant quan-
tity of water is available beneath every reservoir in
the state. This water is a significant untapped source
located throughout Utah and could prove to be ad-
vantageous to water suppliers during drought. This
underground reservoir capacity could supplement
surface waters for some time—depending on local
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FIGURE 5-3

Water Use: Percentage of Ground Water and Surface Water for Public Supply and Irrigation
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runoff and demand, possibly many years—and could
be extremely important during prolonged drought.

Agricultural Management

The agricultural sector is impacted immediately
and most severely by drought of any length. The
NRCS website provides advice to farmers and
ranchers to mitigate and prepare for drought by em-
ploying sound management practices. NRCS dis-
cussion pertaining to drought can be found at:
http://www.nrcs.usda.gov/feature/highlights/drought
.html. Several of the recommendations are included
below.

Land Management

» Use conservation tillage (crop residue left on
the field after harvest) to increase soil mois-
ture and reduce evaporation.

» Use conservation practices that reduce run-
off and encourage infiltration of water into
the soil.

» Closely monitor soil moisture.
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Source: Data from USGS, http://water.usgs.gov/watuse/50years.html.
Utah Division of Water Resources analysis, 2006.

» Maintain and establish riparian buffers, filter
strips, grassed waterways, and other types of
conservation buffers near streams and other
sources of water.

» Know livestock’s forage needs. Contract
early to ensure enough hay is obtainable
during dry times or find alternative feed
sources.

Crop Management

Drought can negatively influence a farmer’s crop
in several ways. Increases in soil salinity and sodic-
ity, due to higher evaporation rates and lower quality
irrigation water can degrade soil condition and
stresses from dryer and hotter weather can stunt
growth and limit yield. Alleviating the impacts of
drought on crop yields requires proper crop man-
agement.

Suggestions for managing one of Utah’s main
crops, alfalfa, are as follows (from the NRCS):
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Agricultural land in Southeast Colorado River Basin.
Strip cropping, leaving fields fallow, is a management
strategy that can be used when the water supply is
low due to drought.

» Irrigate normally as long as possible and de-
lay harvesting until full bloom—this will in-
crease yield however quality will be low-
ered.

» As water becomes limited, irrigate the high-
est yielding fields—it is better to fully irri-
gate a smaller area (producing a higher qual-
ity and fuller yield) than to insufficiently ir-
rigate multiple areas.

» Fields should be grazed rather than har-
vested if harvest costs cannot be recouped
through sale of the crop.

» Plant crops with lower water requirements
such as small grains, oats, forage peas, and
corn silage.

Additional methods have also been applied in
Utah during drought, such as planting fewer crops,
planting more drought-tolerant crops and employing
available technologies to improve watering and gen-
eral crop management strategies. It is important to
note that each crop is unique. Some crops are annu-
als and need to be planted each year. Perennials, on
the other hand, generally take more time to establish
and may not tolerate large water reductions without
serious damage to their production. Some crops can
go dormant, such as alfalfa, while others cannot,
such as fruits and nuts. These factors need to be
taken into account when managing crops during
drought.

Water Management

» Evaluate all types of appropriate irrigation
systems and choose the one that will lose
less water to evaporation, percolation, and
runoff.

» Look for ways to make the existing irriga-
tion system more efficient and easier to
maintain.

» Build a water storage system that holds wa-
ter for use during the irrigation season.

» Install water measurement devices and keep
track of water use.

The type of irrigation management used by Utah
farmers during drought depends upon the water
source. If the water supply source is forecasted to
ensure at least some water is available throughout
the season, postponing irrigation until soil moisture
levels indicate that irrigation is required is an effi-
cient use of the water supply. If the water supply is
extremely variable and is likely to be reduced as the
growing season progresses (such as a small stream),
it is advantageous to store as much water as possible
in the soil when it is available by watering early in
the growing season to increase the surface soil mois-
ture content. After harvesting the crop, delaying
subsequent irrigation pending development of a leaf
canopy reduces leaf scalding and evaporation.

Efficient Irrigation _and Agricultural Management
Systems

The Utah Water Research Laboratory in coopera-
tion with the Department of Economics of Utah
State University (USU) is developing a program that
will greatly assist farmers during drought times®
and during normal conditions. Knowing the pro-
jected conditions of the water supply and local mar-
ket and economic conditions will enable a decision
on the most profitable crop to cultivate and irrigation
practices to adopt in a given year. Users enter in-
formation, which includes the following:

Irrigation system: center pivot or gravity.
Well or canal water delivery.

Estimated amount of water available.
System power source: electricity, diesel, or
natural gas.

Production costs including chemicals, labor,
and energy.

YV VVVYV
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» Soil type and area of land in the field.

» Crop type: alfalfa, sunflower, wheat, hay
and others.

» Local economic conditions such as demand
for food crops and crop sale prices.

The program outputs include when to irrigate and
how much water to apply for each crop type, ex-
pected optimal profit and risk exposure based on
fluctuating local market conditions. Farmers input
their own individual variables and select alternative
crops to see how to make the most profit with the
water available. The system is intended to enable
farmers to make their own decisions after seeing the
results of various options. It enables such decisions
down to an individual field level. Although this sys-
tem may initially take hold in the agricultural com-
munity through response to drought conditions (as
farmers search for management assistance during
such times), it is also a viable mitigation strategy
that can be employed and integrated into agricultural
management to improve annual efficiency and pro-
ductivity as well as promote conservation of agricul-
tural resources.

The system will eventually be set up to operate as
a stand alone system operating on the Internet allow-
ing users to better manage agricultural lands. Ini-
tially developed for Utah, it has the potential to be
applied throughout the country. This system is ex-
pected to be completed by Fall 2008.

Water Hauling

Although not a common practice, in some rural
areas where the potable water supply has been
greatly reduced or rendered unusable due to drought,
water has been hauled in for public use. When other
measures are ineffective or rapid response is needed
and the water supply has decreased to severely low
levels, supplemental water can be trucked in from
other sources. This was the case in several towns
during the peak period of the most recent drought
(1999-2004), pointing out the need for improving
the water supply in those areas. Water hauling for
use by livestock is more common. In Carbon and
Emery counties, it is a common practice to haul in
water for cattle during periods of drought.

As reported in the San Juan Record newspaper on
August 8, 2006, in southeastern Utah, drought has
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directly and indirectly impacted the water supply of
the town of Navajo Mountain. The area’s primary
water source, a natural spring, had been severely
depleted due to years of drought and the landscape
had been scarred by drought-induced wildfires. As a
result of heavy rains and the lack of ground vegeta-
tion, muddy and sediment laden runoff overwhelmed
filters on the water system’s storage tank and dam-
aged sections of the pipeline resulting in a contami-
nated and unusable water supply. In response, water
was trucked in at a cost of $1,200 per truck with a
need of six trucks per day. This continued for a few
weeks until the pipelines were repaired and the water
treatment system resumed production of potable wa-
ter. However, the community is still at risk during
rain events and severe drought until a more perma-
nent long-term solution is completed. Quick and
efficient response by local authorities to this incident
significantly reduced its impacts on the community.

Legislation

On occasion drought has prompted responses
from the Utah Legislature in the form of codified
laws, acts and other actions. In response to the
1976-1979 drought, a drought that developed rapidly
and caught much of the state off-guard, in 1977 the
Utah legislature:

» Appropriated a supplemental $3 million to
the Utah Division of Water Resources Re-
volving Construction Fund.

» Created the Governor’s Emergency (drought
relief) Culinary Grant Fund ($1 million) to
assist water suppliers.

» Appropriated $5 million for special drought
assistance:

= Of which $2 million was allotted to
the then newly created Emergency
Water Resources Act, Utah Code
73-20 to provide “financial assis-
tance to commercial farmers and
ranchers within the state who own
or lease commercial farms or
ranches and who are engaged pri-
marily in the production of basic
livestock herds in conjunction with
such agricultural activity to enable
them to provide adequate water
supplies for the maintenance and
preservation of such herds.”?
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= $2 million was allotted to the Re-
volving Construction Fund

= $1 million was appropriated to the
Cities Water Loan Fund

Of the $2 million appropriated for the Emergency
Water Resources Act, $300,000 was requested and
used, and the remaining $1.7 million was transferred
to the Revolving Construction Fund.?® During this
time great effort was put into enhancing ground wa-
ter development via temporary well installation and
drilling existing wells deeper.

Due to the most recent drought (1999-2004), wa-
ter reuse issues and possibilities have been re-
examined. As mentioned in Chapter 4, in 2006 the
legislature revised the Wastewater Reuse Act, Utah
Code 73-03c, which defines water reuse and sets
protocol. In part because of drought, water reuse is
emerging as a useful water management strategy in
Utah through continued research, legislative discus-
sion of its application and implementation of small-
scale reuse projects.

State Assistance

The state also offers several financial assistance
programs in response to drought such as loans,
grants and other monetary relief. Selected programs
are presented in Table 5-1.

Federal Assistance

The federal government has been a security blan-
ket for many in times of crisis by providing direct
relief. Due to national droughts and other calami-

ties, the federal government has strengthened its
emergency-assistance programs. There are many
federal programs that offer some form of monetary
assistance in response to drought. In addition to
monetary aid, the federal government assists by do-
nating needed supplies. Refer to Appendix D, Table
D-3, for drought response federal assistance pro-
grams.

The state, regional entities and individuals can re-
quest federal assistance. Generally, farmers are the
beneficiaries of federal government aid in times of
drought as their livelihood is adversely affected. In
Utah, the federal government has hauled in feed and
powdered milk supplements for livestock and also
has opened previously closed ranges for grazing
purposes as resources have been strained during long
periods of drought. In the 1930s, 25% of rural fami-
lies in Utah ended up on federal relief despite local
charitable donations.?* Also during this time, the
federal government purchased 155,000 cattle and
250,000 sheep from Utah farmers and ranchers in
effort to ease the impacts of the drought.”® When
disseminated and used properly in response to
drought, federal aid can be extremely beneficial to
satisfy immediate needs. However, it must not be
relied upon to “bail out” unprepared communities.
Additional mitigatory and preparatory steps should
continually be taken at the state, local and individual
levels. Federal aid may also be limited by long-term
(decade-scale) widespread drought due to the result-
ing volume of applicants and not enough aid to meet
total needs.
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TABLE 5-1
State Assistance Programs (Response

Customers
Served

Triggering
Event

Program

Assistance

Agriculture The Agriculture Resource Development Farmers
Resource Loan Program primarily deals with water and
Development and soil conservation and development of . agriculture .
Loan rangeland. Loans can be made at 3% agencies
Program interest with a maximum term of 12 years. g
The Governor has authority to declare an
emergency, effective for 30 days. The
Governor's emergency powers include the
State purchase or lease of necessary materials.
Drought Food and other items are specifically Deparment Governor's
Related mentioned, including lands, but not water. of Pbe“C Genbli'lfal declaration of
Assistance However, water rights are similar to the Satety, Public emergency
Programs property interestin land, and arguably the CEM
Governor could expropriate and reallocate
water. Appropriate compensation would be
required and determined under eminent
domain statutes.
This act authorized by Comprehensive
Emergency Management (CEM) to Division of
Utah coordinate disaster mitigation, Emergency Governqr's
preparedness, response, and recovery ) General declaration
Emergency S e Services and .
covering "natural phenomenon”, which Public of
Act 0f 1981 . : Homeland
specifically includes drought. Drought Security emergency
response therefore falls under the general
State Emergency Response Plan.
The Revolving Construction Fund was
) established in 1947 to provide
Revolving technical and financial assistance to Department
Construction nonprofitirrigation com panies and of Natural
Fund (Also water companies. Board funding is Resources, General
serves provided at 0% interest. This program Division of Public —
mitigation provides the best opportunity for the Water
purposes) state to provide assistance to irrigation Resources
companies experiencing problems
during the drought.
The Cities Water Loan Fund is used to
L : : " o Department
Cities provide funding to political subdivisions of t Natural
Water the state for upgrading and/or replacing its Fgesoatjtjces Residents of
Loan municipal water systems. During the 1977 Division of' affecte.d.
Fund drought, several communities received Wat communities -
(CWLF) funding through this program to help diill Resju‘i;es

wells.

Source: Compiled from the United States Department of Agriculture’s webpage:
http://iwww.fsa.usda.gov/idroughtffinalreport/appendices.him
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CONCLUSION AND RECOMMENDATIONS

Water is a scarce resource in Utah’s semi-arid
climate. During periods of drought this resource
becomes even more limited and the potential for se-
vere water management difficulties increases. As
the population continues to grow, the demand for
water and potential strain on the water supply will
also increase and likely compound future drought
impacts. By employing sound mitigation projects
and efficient response strategies, Utah’s increased
future water demand, may be satisfied without in-
creasing society’s current susceptibility to drought.
In certain situations it may be possible, through
mitigation, preparedness and response to reduce the
socioeconomic impacts of future droughts; even
these that exceed Utah’s historic droughts of the 20"
Century in intensity and duration.

MITIGATION AND RESPONSE TO DROUGHT IN
UTAH

Drought has affected Utah on numerous occa-
sions, straining the water supply. During the 111-
year instrumental record (Palmer Drought Severity
Index [PDSI] record), Utah has experienced six sig-
nificant droughts, varying in duration, intensity and
impacts. Some communities have been devastated,
experiencing drought-related impacts across many
sectors, while others have endured unscathed. The
state has responded to drought through several ave-
nues, from the installation of temporary wells to
hauling water. However, a more proactive manage-
ment approach toward drought is needed. Vulner-
ability to drought should be assessed both locally
and statewide, and mitigating actions should be
taken to bolster water supplies—reducing suscepti-
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bility while emphasizing wise-use of these supplies
and environmental awareness.

Efficient management of Utah’s finite water sup-
ply is an essential aspect of ensuring a reliable sup-
ply and environmental integrity during drought.
This can be accomplished through effectively incor-
porating mitigation strategies within management
efforts. From experience gained during past
droughts, communities must take action in mitigat-
ing and preparing for drought. (Table 6-1 lists some
of the mitigation and response actions that can be
and are used.) Movement in this direction is taking
place and needs to continue.

Problems resulting from drought often go
unrecognized until they become substantial,
producing a stark contrast from the “norm.” With
the exploration of drought contained in this report, it
is clear that naturally-occuring conditions and the
resulting problems encountered will eventually force
change in water management strategies at all
levels—state, local and individual. Mitigating
before the drought can be less expensive and less
painful than only responding after a drought is under
way. Leaders in the water supply industry,
legislators and other community leaders are
encouraged to implement the strategies and methods
put forth in this publication and adopt a
methodology of mitigation in addition to one of
response to drought.

Utah will continue to face drought and the de-
mand for water will increase as the population
grows. It is paramount that past drought episodes be
remembered and paleo-drought, as well as climate
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TABLE 6-1
Drought Mitigation and Response Actions

Mitigation Response

Water Redistribution

Conjunctive Management
(ASR)

Reservoir Construction

Drought Response Plan

Water Conservation

Water Reuse

Public Outreach and
Education

Protect Aquifers (recharge
areas)

Drought Contingency

Plan Crop Management

Fund Water System Im-

provements Legislation

Early Warning System

(monitoring)

Publicity and Communication
Water System Operations

Public Outreach and Education

Increased Ground Water Use >

State and Federal Assistance

1: Develop Drought Management Plan

» The Utah Division of Water Re-
sources in cooperation with other
state and local agencies will de-
velop a model drought manage-
ment plan. This plan will consist
of two main components: one that
addresses drought mitigation, and
one that addresses response to wa-
ter shortages (contingency plan).*

Utah water suppliers should de-
velop a drought management plan
that contains drought mitigation
and water shortage response com-
ponents. This plan can be used in
conjunction with or separate from
existing water management plans.

Selected response and mitigation activities, Utah Division of Water

Resources, 2006.

change, considered when developing a baseline from
which future water management decisions are made.
More significant droughts are evident within the
proxy records and there is no reason to believe that
such droughts will not occur again.

RECOMMENDATIONS

There are several actions, in addition to what is al-
ready being done, that must be taken in order to de-
crease Utah’s vulnerability to periods of water defi-
ciency, while maintaining environmental integrity.
These include and are not limited to: increasing stor-
age capacity through surface and sub-surface reser-
voirs, integrating distribution systems, water trans-
fers and economic impact assessments. An underly-
ing element of these and other actions is that of pub-
lic education and outreach. Public perception and
approval is fundamental to the success of any pro-
gram or action taken. Education and outreach pro-
grams must continually be executed and fine-tuned.

Some water suppliers/purveyors have and are tak-
ing such actions. The following recommendations
are primarily geared toward water managers, suppli-
ers, and local and state governing bodies to assist
with efforts to manage the water supply during
drought.
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The drought mitigation component
should contain results of a vulnerability
assessment and outline a plan of action to
address these results or identified “weaknesses.”
Mitigation strategies discussed in Chapter 4, and
other strategies, should be incorporated into this
mitigation component, thereby adding to water sup-
ply diversity and helping to ensure a reliable water
supply during prolonged drought. Potential projects
incorporating any mitigation strategy or strategies
not only need to be assessed individually but as a
unit or combination to maximize efficiency, cost-
effectiveness, supply diversification and maintain
environmental integrity. These drought mitigation
components are separate from the State’s pre-
disaster mitigation plan (discussed in Chapter 4) and
the association of governments’ hazard mitigation
plans, but should compliment these broader plans by
adding area specific detail.

The water shortage response component (or con-
tingency plan) is intended to differ from components
within current management or conservation plans in
that they layout more aggressive demand manage-
ment actions to be taken in response to drought or
other emergency water shortages. This contingency
plan should compliment and add to current man-
agement plans with regard to potential prolonged
water shortages. Response strategies outlined in
Chapter 5 could also be used in the development of
this contingency plan.
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Several water suppliers include drought response
as part of conservation plans; however, it may be
beneficial to address drought and water shortages
separately or in more detail. See Salt Lake City’s
Water Shortage Contingency Plan. Although Salt
Lake City’s plan is not specifically a drought con-
tingency plan, it encompasses water shortages,
which includes drought and sufficiently satisfies the
water shortage contingency component of this rec-
ommendation. Other states, such as Texas, have
made this a statutory requirement for all retail public
water suppliers (in addition to their water conserva-
tion plan requirement).

2: Water Redistribution and Interconnections

» Water suppliers within common regions
should initiate discussion on how to develop
a mechanism, such as a water bank and sys-
tem interconnections, to facilitate water re-
distribution (or water sharing) when needed,
thereby minimizing future time, effort and
potential disagreements.

As discussed in Chapter 4, temporary redistribu-
tion of agricultural water (or other water) to supple-
ment the public supply is a viable method to help
alleviate impacts of prolonged regional and local
drought.

Institutional collaboration (especially during
drought when water resources are limited) between
districts to share water and develop interconnections
and needed infrastructure is highly recommended. A
“committee,” with appropriate regional representa-
tion, could be formed in order to create an opportu-
nity for dialogue and cooperation.

3: Agreements on Reservoir Operation

» Water users who rely on water supplies from
a significant reservoir in Utah should craft a
reservoir operation agreement to implement
during drought.

This is currently underway for the Colorado River
and its major reservoirs, Lake Powell and Lake
Mead. The potential agreement involves reservoir
operations during drought; certain reservoir levels
trigger specific operational strategies and the distri-

bution of shortages among Colorado River water
users when supplies are limited.

» In situations where broad segments of the
population will be affected by such agree-
ments, a reservoir operation curve (or ap-
propriate indicator) should be developed,
posted and regularly updated to help the
public understand when various operating
criteria and water restrictions are triggered.

Figure 6-1 is an example of a generic operating
curve. The zones of operation, normal, drought
warning and drought are easily identified and com-
parable to the actual operating conditions—water
levels—of the reservoir.

Public accessibility and understandability of such
a curve (or appropriate indicator) is of utmost impor-
tance to the design. These indicators are visual rep-
resentations of “real-time” data and conditions that
may trigger certain responses in operational activi-
ties of the reservoirs and overall management of wa-
ter resources during drought. Using understandable
terminology to describe drought conditions will in-
crease the indicator’s effectiveness. Drought de-
scriptions such as phase 1 and phase 2 are not easily
understood by the public. Instead, words that de-
scribe the resultant action should be used such as
drought warning, alert, or water rationing. Such in-
dicators can provide information to the public, ex-
plaining why certain measures such as watering re-
strictions, are enacted. These indicators could also
be publicized during drought by local media and
public education and outreach programs.

4: Data Collection

» Governing bodies, counties and cities (or
appropriate institution) should regularly col-
lect information in an effort to assess
drought (and other water shortages) impacts
more effectively and guide future water
management decisions.

Some suggestions are as follows:
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FIGURE 6-1

Socioeconomic Impact Data

Reservoir Operating Curve with Drought Indicators
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Large and significant data gaps
hinder the quantification of drought
impacts in all sectors of the economy
and society. There is a need for ad-
ditional monitoring of economic sec-
tors during and after drought in order
to more fully understand drought
impacts and their associated costs.
Tax revenues and other potential
economic indicators of drought im-
pacts should be monitored at the city,
county, regional and state levels to
better evaluate and understand
drought impacts. Economic sec-
tors—agriculture, recreation, tourism
and other industries—should also be
evaluated individually in order to

Example operation curve with drought indicators. Adapted from: Page 31,

identify and address any specific
needs that may arise.

U.S. Geological Survey, 1986, National water Summary 1985-Hydrologic

events and surface-water resources: U.S. Geological Survey Water-Supply

Paper.

Survey

A survey of municipal water utilities, suppliers
and conservancy districts should be conducted each
year during a drought and results provided upon re-
quest.

Possible survey question topics include: 1) emer-
gency funding to supplement water supply; 2) water
use restrictions; 3) water supply versus demand; and
4) population growth.

Such surveys and other data gathering activities
will provide qualitative and quantitative information
regarding drought and will help to evaluate the ef-
fectiveness of mitigation and response activities.
Also, areas with specific needs may be identified for
future assessment and water development projects.
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Additional Research

While some research regarding
climate change in Utah has been conducted, more
such research is needed in order to better understand
the interplay between increasing air temperatures
(climate change) and precipitation (the ultimate
source of all the state’s water supplies). Water plan-
ners and managers will then have more information
from which to devise strategies and options to ad-
dress the potential impacts of climate change on the
state’s water supply. Research within state agencies,
universities and other institutions is encouraged.
Federally funded research should also be supported
by those in the water resources community and
where practicable should participate in such re-
search. Cooperation with ongoing programs such as
the National Integrated Drought Information System
is highly encouraged.
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NOTES
! To view example drought contingency plans, see:

—Salt Lake City’s Water Shortage Contingency Plan, available online at:
http://www.ci.slc.ut.us/utilities/cs_watershortageplan.htm and,

—Water Supply Division, Texas Commission on Environmental Quality, Handbook for Drought Contingency Planning
for Retail Public Water Suppliers, Austin, TX: April 2005, Appendix B & C. Available online at:
http://www.tceq.state.tx.us/comm_exec/forms_pubs/pubs/rg/rg-424.html
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Appendix A

COMPARISON OF DROUGHT INDICES

Presented within this appendix are comparisons of
the Palmer Drought Severity Index (PDSI), Palmer
Hydrologic Drought Index (PHDI) and the Surface
Water Supply Index (SWSI) for the State of Utah.
Climatic regions and statewide annual averages are
used to compare the data.

PDSI VERsus PHDI

The PDSI and PHDI have the same primary inputs
(soil moisture, temperature and precipitation). The
main difference between the two is that the PDSI has
a “backward-looking or back-tracking” component
that takes into account dry/wet/neutral trends in the
analysis. Due to this there is a slight difference in
calculated values for each index but the strong corre-
lation between the two indices regarding the magni-
tude and duration of wet and dry periods is of no

surprise. The PHDI is a simplified version of the
PDSI.

There is a slight offset (see Figure A-1, Index data
for Climatic Region 1) present in the PHDI data
(commencement and terminus of the drought peri-
ods) relative to the PDSI data; however, this offset is
not sufficient enough (less than six months in most
cases) to significantly influence the correla-
tion/similarities between the two (Table A-1).

The two indices are very similar through time,
most notably during extreme weather events (wet
and dry periods). This strong correlation (r-value—
as value approaches 1 the correlation or “likeness”
increase; the closer to 1 the stronger the correlation)
between the two indices suggest that for the purpose
of this document, the use of either of the two would

FIGURE A-1
PDSI vs. PHDI for Climate Region 1 (1925-2005)

Index Value

1925 1930 1935 1940 1945 1950 1955 1960

1965
—PHDI — PDSI

1985 1990 2005

2000

1970 1975 1980 1995

Division of Water Resources analysis, 2006.
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TABLE A-1
PDSI and PHDI R-Values

Utah Climatic Regions
1 | 2 || 3 4 5 6 7
Monthly
0.93
Annual
0.97 0.98 0.97
Statewide Annual
0.97

093 0.92 0.92 093 091 0.90

0.98 0.97 0.97 0.97

Source: Utah Division of Water Resources analysis, 2006.

be appropriate, however, since proxy reconstructed
data is universally presented using PDSI values, we
have chosen to use the PDSI records throughout this

report.

PALMER INDICES VERSUS THE SWSI

As aforementioned in Chapter 1, the Surface Wa-
ter Supply Index (SWSI) shows more variability
relative to the Palmer Indices (see Figure 1-3) due to
the hydrological and operational variables at play.
Although the SWSI may be the most appropriate
indicator for drought in Utah, due to the relatively
short record (ranging from 22 years in the Virgin
River Basin to 54 years for the Provo River Basin)
and lack of direct comparability to the reconstructed
PDSI records, it was deemed inadequate for the
scope this study.

Figure A-2, presents visual comparison of the
three drought indices. Droughts are highlighted and
identified using the drought criteria presented in
Chapter 2. For the most part, droughts identified in
each of the indices occur during the same time frame
or overlap one another. The most notable differ-
ences between the compared regions and indices are
the lack of the drought in the 1970s (orange color)
and the extended duration of the 1950s drought
(green color) in the SWSI data versus the PDSI and
PHDI data. Although dry years are present during
the 1970s in the SWSI data, they do not satisfy the
drought criteria set forth in Chapter 2. What was
deemed a shorter drought in climatic region 5 by the
PDSI and PHDI records was much longer in the
SWSI data for this region (Provo River Basin). The
Palmer drought indices indicate that meteorological
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drought conditions were of much shorter duration
than hydrological drought conditions expressed by
the SWSI during this drought.

R-values between the PDSI and SWSI as well as
the PHDI and SWSI are presented in Table A-2;
annual averages of each index were used. The We-
ber River Basin SWSI moderately to strongly corre-
lates with the Palmer Indices while the Provo River
Basin SWSI is moderately correlated. Drought ap-
pears to be slightly more variable (see Figure A-3)
in the SWSI records than indicated by the PDSI and
PHDI records. However, due to lack of a signifi-
cantly long and consistent SWSI record, as shown in
Figure A-3, the PDSI gives a better idea of drought
throughout the past 100 years (instrumental record)
as well as beyond (reconstructed or paleoclimatic
record).

TABLE A-2
SWSI versus Palmer Indices’ R-Values

SWSI Region PDSI Region 5 PHDI Region 5

Provo River

; 0.68 0.73
Basin
Weber River 0.84 0.87
Basin

Source: Utah Division of Water Resources analysis, 2007.
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FIGURE A-2

Drought Indices and Identified Drought

5- Northern Mountains PDSI

5- Northern Mountains PHDI

Provo River Basin SWSI
I No Data

[ Provo River Basin

Drought Index Annual Average

[l Weber River Basin

= = Climatic Region 5
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Source: Utah Division of Water Resources analysis, 2007.
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FIGURE A-3
Surface Water Supply Index and Identified Drought
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ASSESSING DROUGHT IMPACTS:
THE DROUGHT IMPACT REPORTER

Drought related impacts are woefully under-
assessed. This is largely due to the complexity of
such impacts. Drought impacts cut across several
sectors (ripple effect) of the economy and are ex-
tremely variable as discussed in Chapter 1. Cur-
rently there is not a consistent methodology for as-
sessing drought impacts. The National Drought
Mitigation Center (NDMC) is attempting to address
this issue through the development of an online
Drought Impact Reporter. “The principal goal of the
Drought Impact Reporter is to collect, quantify, and
map reported drought impacts for the United States
and provide access to reports through interactive
search tools.”* The Drought Impact Reporter is cur-
rently in its infancy. However, as more people be-
come aware of it and utilize it, more timely informa-
tion regarding severity, spatial extent (location) and
impacts of droughts will be available for use in man-
aging drought by means of risk management-based
(mitigation) methodologies. Impact information will
help assess vulnerabilities, thereby aiding policy and
decision makers in taking appropriate action and
establishing mitigation programs before drought oc-
curs.

The Drought Impact Reporter relies heavily upon
online articles, scientific journals, newspapers (over
5,000 such online sources), public input, media and
government agencies for information regarding
drought impacts. The NDMC staff members review
all submitted impacts for acceptance. There may be
biases embedded within the reported impacts, how-
ever as the Drought Impact Reporter is continually
fine-tuned, it will progressively come closer to pro-
viding and maintaining a consistent methodology for
assessing drought impacts.
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The Drought Impact Reporter can be accessed
online at: http://droughtreporter.unl.edu. The re-
porter consists of an interactive map (Figure B-1) of
the United States. Impact information can be ob-
tained on national, state and county levels. Local
leaders, in assessing drought impacts, can use the
county level of resolution to identify vulnerable ar-
eas and act appropriately through response or the
development of future mitigation actions.

The impact map can be very useful in showing ar-
eas where impacts linger after the physical nature of
drought has passed. It also serves as “ground truth”
for drought indices, which do not always reflect real-
ity. The impact map may not match the Drought
Monitor map by nature of direct and indirect impacts
(Figure B-2). Impacts can easily be submitted
online and are categorized into six areas: agriculture,
water/energy, environment, fire, social and other.

The state as well as counties, cities and individu-
als are encouraged to use this resource and report
drought related impacts. This will aid in identifying
deficiencies and vulnerabilities, disseminating relief
and mitigating future droughts.
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FIGURE B-1
Drought Impact Reporter Map
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Adapted from the Drought Impact Reporter webpage:
http://droughtreporter.unl.edu, October 2006.

FIGURE B-2
Comparison of Reported Impact and Drought Monitor
Maps—Spatial Extent
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Drought Impact Reporter map overlaid with the Drought Monitor map.
Adapted from the Drought Impact Reporter webpage:
http://droughtreporter.unl.edu, October 2006.
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NOTES

! National Drought Mitigation Center, "Drought Impact Reporter." Retrieved from the University of Nebraska-
Lincoln's Internet web page: http://droughtreporter.unl.edu, October 2006.
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Appendix C

INSTRUMENTAL PDSI VERSUS TREE-RING PDSI

The utilization of tree-ring chronologies to unlock
the door to past climate is a complex mathematical
process that has become extremely useful. It not
only broadens our understanding of past climate, but
also that of future possibilities. The tree-ring recon-
structed PDSI records used in this document were
obtained from the North American Tree-Ring Atlas
as previously discussed (see Box 3-3). Four grid
points, representing a composite of tree-ring chro-
nologies in proximity of each respective grid point,
are located in Utah and provide four reconstructed
PDSI records. Comparing the reconstructed PDSI
records with any of the seven climatic regions’ in-
strumental PDSI records (see Figure C-1) yields r-
squared values (degree of correlation; stronger corre-
lation as value approaches 1.0) ranging from poor
(0.31) to moderate (0.68). Overall, the reconstructed
PDSI and instrumental PDSI correlate rather well
given the variability of natural events, both spatially
and temporally.

The variability between the two record types is gen-

FIGURE C-1

erally expressed through the magnitude of the re-
spective PDSI values. The two records, overall, in-
dicate similar, if not the same, dry (drought) and wet
periods (duration—commencement and termination)
throughout the compared 108-year period (1895-
2003). The similarities and differences can be seen
in Figure C-2, where the average of the four recon-
structed PDSI records and the average of the seven
instrumental records are graphically compared. The
r-squared value of the two averaged data sets is
moderate at 0.68.

It is important to note that there is a distinct spa-
tial difference between the two records. The instru-
mental record consists of seven areas (climatic re-
gions) that represent the state whereas the recon-
structed record consists of four quadrants that
roughly represent the state (quadrants may also cross
state boundaries). This spatial difference was not
factored into the analysis and comparison of the re-
cords. Also, many tree-ring PDSI records are recon-
structed up to the 1970s and from then rely heavily
upon the instrumental PDSI record,
which likely results in the two re-
cords being more similar from then

Climatic Regions and Tree-Ring Grid Points on.
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FIGURE C-2

Instrumental PDSI Record vs. Tree-Ring Reconstructed PDSI Record (1895-2003)
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Source: Instrumental PDSI data obtained from: http://www.ncdc.noaa.gov/oa/climate/onlineprod/drought/xmgr.html. Tree-
ring data obtained from the North American Drought Atlas.
Utah Division of Water Resources analysis, 2006.
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Appendix D

FEDERAL DROUGHT ASSISTANCE PROGRAMS

There are many programs designed to provide
disaster relief and promote the implementation of
mitigation strategies. Selected federal programs,
aimed at disaster and drought mitigation (Table D-
1), monitoring (Table D-2), and response (Table D-
3) are comprised within this appendix.

List of Acronyms used in Tables D-1, D-2 and D-3:

Army COE—Army Corps of Engineers
APHIS—Animal and Plant Health Inspection
Service

ARS—Agricultural Research Institute
BEA—Bureau of Economic Analysis
BlA—Bureau of Indian Affairs

BLM—Bureau of Land Management
BXA—Bureau of Export Administration
CPC—Climate Prediction Center
CSREES—Cooperative State Research, Educa-
tion, and Extension Service

DOC—Department of Commerce
DOI—Department of Interior

EDA—Economic Development Administration
EPA—Environmental Protection Agency
ERS—Economic Research Service
FCIC—Federal Crop Insurance Corporation
FEMA—Federal Emergency  Management
Agency

FSA—Farm Service Agency

FS—Forest Service

FWS—Fish and Wildlife Service
NASS—National Agricultural Statistical Service
NCDC—National Climatic Data Center
NCEP—National Centers for Environmental
Prediction

109

NESDIS—National Environmental Satellite,
Data, and Information Service

NIST—National Institute of Standards and
Technology

NOAA—National Oceanic and Atmospheric
Administration

NPS—National Parks Service

NRCS—Natural Resources Conservation Ser-
vice

NWS—National Weather Service

OAR—Office of Artic Research, currently part
of the Climate Program Office
OAS—Organization of American States
OFCM—Office of the Federal Coordinator for
Meteorology

OGP—Office of Global Programs, currently part
of the Climate Program Office

RD—Rural Development

RMA—RIisk Management Agency

SBA—Small Business Administration
USBR—United States Bureau of Reclamation
USDA—United States Department of Agricul-
ture

USGS—United States Geological Survey
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Program

Federal Assistance

Agencies

TABLE D-1

Federal Assistance Programs—Mitigation

Customers
Served

Eligibility Criteria

Limitations

Federal
Crop
Insurance
(FCIC)

Livestock

Inde mnity

Program
(LIP)

Livestock
Assistance
Program
(LAP)

Cooperative
forestry
Assitance

Watershed
Manage ment
Program

Emergency
Conservation
Program

(ECP)

Conservation
Reserve
Program

(CRP)

Plant
Materials
Program

Financial assistance to manage risk for agricultural producers in order to improve
the economic stability of agriculture. Crop insurance helps farmers to recov er from
crop losses, secure operating loans, and financial assistance to manage risk for
agricultural producers in order to improv e the economic stability of agriculture.
Crop insurance helps farmers to recoverfrom crop losses, secure operating loans,
and aggressively market a portion of their crop. Recent changes in farm policy
hav e increased the risk borne by individual producers; to help them acquire the
risk management skills needed to compete and win in the global marketplace,
RMA has been providing education and educational grants in production risk, legal
risk, marketing risk, financial risk and human resources risk.

Financial assistance for losses of eligible livestock from natural
disasters occurring during specific periods.

Financial assistance for grazing losses suffered by livestock producers
in calendar year 1998 in counties that have suffered a 40 percent or
greater loss of normal grazing as a result of a natural disaster.

Financial and technical assistance to State Foresters

Technical assistance includes: 1. Water use conservation and
restrictions at government-owned offices, garages, employee housing,
fire retardant bases, livestock watering tanks and rrigation of pasture.
2. Construction and operation of water storage ponds forw ildfire
suppression. 3. Measurements of snow pack, rainfall, streanflow,
groundwater levels, air temperature and other meteorological
parameters at hydroclimatic stations on national FS lands in over 500
locations, often in support of NRCS and NOAA programs.

Financial assistance to make cost-share payments to agricultural producers who
carry out emergency measures to control wind erosion on farmlands or to
rehabilitate farmlands damaged by wind erosion, floods, hurricanes or other
natural disasters when, as a result of the foregoing, new conserv ation problems
hav e been created that (1) if not treated, will impair or endanger the land; (2)
materially affect the productive capacity of the land; (3) represent damage that is
unusual in character and, except for wind erosion, is not the ty pe that would recur
frequently inthe same area; and (4) will be so costly to rehabilitate thatfederal
assistance is or will be required to return the land to productiv e agricultural use.

Financial and technical assistance to cost-effectively reduce water and wind
erosion, protect the nation's long-term capability to produce food and fiber, reduce
sedimentation, improv e water quality, create and enhance wildlife habitat, and
other objectives including encouraging more permanent conserv ation practices
and tree planting. Under the CRP, Commodity Credit Corporation (CCC) will enter
into contracts with eligible participants to convert eligible lands to a conserwing use
for aperiod of not less that 10 years and not more than 15y ears in return for
financial and technical assistance.

Technical assistance through plant science technology to NRCS field
offices for transfer to end users (e.g., landowners and land managers).
The program functions in this capacity by providing vegetative solutions
for natural resource problems. It develops plant releases (i.e.,
materials) and information technology on haw to establish and manage
plant species.

USDA--
RMA,
FCIC

USDA--
CCC,
FSA

USDA--
CCC,
FSA

USDA--
FS

USDA--
ES?
NRCS

USDA--
FSA,
NRCS

USDA--
NRCS

All farmers

Livestock producers
who suffered
livestock losses

Livestock producers
who suffered
grazing losses

State Forestry Fire
programs

All sectors and
customers that depend
upon water supplied
from the 192 million
acres of national

forests and grasslands,
without restriction or
discrimination

Farmers and
ranchers

Farmers and
ranchers

NRCS field offices
receive technical
information and
transfer it to end
users (e.g., farmers
and ranchers).

RMA provides a risk management program that protects against
production losses due to unavoidable causes such as drought,
excessive moisture, hail, wind, hurricane, volkcano, tornado,
lightning, etc.

Natural disaster, including drought, that has been proclaimed in
a Secretarial or Presidential disaster declaration

Natural disaster, including drought, that has resulted in a 40
percent or greater grazing loss for 3 consecutive months

States receive assistance for preparedness

1. Data on below-normal precipitation, low soil moisture, and fine
fuels buildup are collected at hydroclimatic stations by any
agency. 2. Increasing risk of wildfire triggers restrictions on
outdoor burning and outdoor recreational and access activities
(road and trail closures) which can affect people's use of the
national forests and grasslands and, for afew, affect their ability
to access their buildings, water facilities, microwave tovers, efc.
located on these lands andwaters.

In the event of a natural disaster, ECP may be implemented to
rehabilitate farmlands and conservation facilities. ECP provides
costshare assistance to eligible producers.

The Food Security Act of 1985, as amended, authorizes the
Secretary in the case of drought and other similar emergency to
permit haying and grazing of CRP acreage.

The programiis limited to conservation cooperators' properties in
conjunction with Soil Conservation Districts, State Agricultural
Experiment Stations, and State Cooperative Improvement
Associations

Losses from drought are calkulated on a share, or producer/farm basis. To be eligible for
payments, afarmer must have purchased crop insurance before the sales closing date
established for the 70+ crop insurance programs covered.

Livestock producers must have possessed a beneficial interest in eligible livestockwhichwere lost
as a result of the disaster condition in the Presidential or Secretarial disaster declaration.

Livestock producers in an approved county must have suffered at least a 40 percent loss of
normal grazing for a minimum of 3 consecutive months for the producer's eligible livestock.
Livestock must have been owned or leased for at least 3 months.

Limited to resourcesfunds

No special funds, staffs, or agency priority are normally assigned to drought mitigation or
response until drought becomes very severe.

ECP is limited to funds which are generally made available by emergency supplemental
appropriation, and staff available to handle requests. There s no annual appropriation.

Limited to CRP participants. Emergency haying and grazing must be conducted in a manner
protective of all CRP stakeholders and purposes, including soil erosion control, water quality, and
wildlife.

The program emphasizes field testing to determine a plant's value and restoration techniques. It is
limited to conservation cooperators' properties in conjunction w ith conservation districts, State
Agricultural Experiment Stations, State Crop Improvement Associations and other federal and
state agencies. Plants or seed are not provided to the general public, and the public is not eligible
to participate in the program.
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Program

Federal Assistance

Agencies

TABLE D-1 Continued

Federal Assistance Programs—Mitigation

Customers
Served

Eligibility Criteria

Limitations

Environmental
Quality
Incentives
Program

(EQIP)

Economic
Adjustment
Program
(Sudden and
Severe
Economic
Dislocation
[SSED]
Components)

Natural
Disaster
Reduction
Initiative

ARS
National
Research
Program

Farm Labor
Housing
Loans and
Grants

Rural
Housing
Site Loan

Reclamation
Wastew ater
and
Groundw ater
Study Program

Reclamation
States
Emergency
Drought
Relief Act of
1991, Title |

Technical and financial assistance and education are provided to eligible farmers
and ranchers to help them address soil, water, and related natural resource
concerns on their lands in an environmentally beneficial and cost-&ff ective manner.
This program provides assistance to farmers and ranchers in complying with
federal, state, and tribal environmental laws and encourages environmental
enhancement. The purposes of this program are achiev ed through the
implementation of structural, vegetative, and land management practices on eligible
land.

Financial assistance. Grants to qualified economically distressed areas, a
nonprdfit organization, an economic development district, or a state or
political subdivision thereof, to prevent serious economic dislocations or
to reestablish employment opportunities after a sudden and significant
dislocation occurs. Grants can fund public infrastructure business loans
or technical assistance.

This technical assistance is a DOC strategy for natural disaster reduction involving
mainly NOAA, NIST, and EDA. Goal is to reduce the cost to society and commerce
of natural disasters and to reduce the risk to human life, personal property,
infrastructure, and natural resources. Program elements include: hazard
identification; application of new technologies to warning and dissemination

sy stems; improv ed predictions; technology transfer; training, education, and
outreach; strengthening state, local, federal, and industry disaster mitigation
capabilities; enhancing post-disaster response and recov ery; and export of natural
disaster reduction technologies.

Technical assistance to develop new and improved drought
preparedness and mitigation approaches and technologies

Financial assistance for project grants; guaranteed or direct loans to
provide decent, safe and sanitary low-rent housing and related facilities
for domestic farmworkers

Financial assistance for direct loans for the purchase and development of
adequate sites, including the necessary equipment w hich becomes a
permanent part of the development; forwater and sewer facilities if not
available; payment of necessary engineering and legal fees and closing
costs.

Financial cost shares or grants

Under Section 101, non-financial assistance to willing buyers in their
purchase of available w ater supplies fromw illing sellers. Participation in
water banks established by states, under Section 102, the Secretary may
permit the use of Federal Reclamation projects for the storage or
conveyance of project or non-projectwater for use bothw ithin and
outside an authorized project service area.

USDA--
NRCS,
FSA

DOC--
EDA

DOC--
NOAA,
EDA,
NIST,
BEA,
BXA

USDA--
ARS

USDA--
RD

USDA--

DO
USBR

DOL--
USBR

Farmers and
ranchers located in
locally chosen areas
where significant
natural resource
concerns exist.

Communities w hich
could experience or
have experienced
sudden major
permanent job
losses

General public,
business

Drought-impacted
communities

Family partnerships,
famiy farm
corporations, or an
association of
farmers

Public or private
nonprofit organizations
or state or local

gov ernments interested
in providing sites for
housing

Any nonfederal
entity is eligible;
municipalities are
the most common

Any state or tribal
entity w ithin the
States identified in
section 1 of the
Reclamation Act (Act
of June 17, 1902, 32
Stat. 388).

The program can be used by farmers and ranchers to apply
natural resource conserving practices, such as improved irrigation
water management, w hich provide long-term benefits that may
reduce impacts from future droughts

Disaster declaration

N/A

NA

Grants are available to eligible applicants only when it is doubtful
that such facilities can be provided unless grant assistance is
available.

No deadline limits for public or private nonprofit organizations that
provide the development sites to qualified borrovers on a cost of

development basis in own county and towns of 10,000 population
or less, or population up to 25,000 under certain conditions.

A nonfederal entity must meet certain requirements before money
may be released; 1) afeasibility report is required, 2) the
nonfederal entity must demonstrate capability to finance its share
of the project costs, and 3) a cost-share agreement is required.

The programs and authorities under Title I, Section 104, shall
become operative in any Reclamation state only after the
Governor or Governors of the affected State or States, or on a
reservation when the governing body of the affected tribe has
made a request for temporary drought assistance.

The program does not provide emergency drought relief. How ever, if a practice fails for reasons
beyond the producer's control, payments are offered for reestablishment. Cost-share and incentive
payments are limited to $10,000 per person per year and to $50,000 per person per year contract.

Absent afederal disaster declaration, an affected area would have to meet the agency's criteria for
economic distress. Grants usually provide 50% of project cost; supplemental grants depend on level
of distress. Need improved ability to plan for drought disasters, as by earlywarning of objective
indicators such as low reservoir levels, efc.

N/A

A science-based action plan is needed that will accelerate both the development and adoption of
drought preparedness and mitigation approaches that have the potential to reduce the impacts of
drought on rural communities. Current program on drought monitoring could be strengthened by
taking advantage of recent advances in technology.

Loan limitation of $100,000 w ithout national office approval; loan funds may not be used for
refinancing of debts or for payment of any fee or commission to any broker, negotiator or other
personfor the referral of a prospective applicant or solicitation of a loan; no loan funds will be used
to pay operating costs or expenses of administration other than actual cash cost of incidental
administrative expenses i funds to pay those expenses are not otherwise available. Repayment of
the loan is expectedw ithin 2 years.

Stakeholders may be seeking the authorization of additional projects.

Stakeholders who qualify under Title Il of PL 102-250 have suggested that the law be amended to
allow emergency assistance, under Title |, to be provided to all 50 states and U.S. territories.
Customers have also suggested that loans should be provided at a low-interest rate rather than
requiring interest rates based on Treasury rates.
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TABLE D-1 Continued
Federal Assistance Programs—Mitigation

Customers

Served Limitations

Program Federal Assistance

Agencies

Eligibility Criteria

This is a program of last resort. The law requires that all other reasonable means must be exhausted before the
Corps has authority to help. Corps assistance is supplemental to state and local efforts. Long-term solutions to water

Emergency i . Local and state supply problems are the responsibility of state and local interests. The authorities are not to be used to provide
Well Secretary of the Army can authorize the construction of wells or the AT EVETTTTETE AW R et er salsames mEy [ meak 5y amy femres drought emergency water assistance in cases where an owner of livestock has ather options, including raising funds
Construction transport of water to farmers, ranchers, and political subdivisions of those COnEy %dividual farr'ners rancher or qolitical T Withiﬁ a distresseyd a%a ! from private sources through a loan, selling all or part of the herd, or relocation of the animals to an area where
and Water areas determined to be drought distressed. and ranchers p . water is av ailable. Federally owned equipment must be used to the maximum extent possible. Assistance can be
Transport made av ailable to transport water for consumption. The cost of transporting water is provided by the Corps;
howev er, cost of purchasing and storing water is the nonfederal sponsor's responsibility . Assistance can also be
provided to construct wells. Federal costs associated with well construction must be repaid.
When available, the Secretary of the Army can sell storage in Corps resen oirs to
provide surplus water to a state or political subdivision which agrees to act as May be used only forwater supply vulnerability revealed by droughts. Water
wholesaler for all of the water requirements of individual users. Water stored for can be provided only i surplus water is av ailable in a Corps reserv oir. Where
purposes no longer considered necessary can be considered "surplus.” Water may the governor of astate has declared a state of emergency due to drought,
also be considered "surplus” if it could be more beneficially used for M&l purposes Corps project managers may approve withdrawals from 50 acre-feet of
Drought and its use would not significantly affect the authorized purpose. The local storage or less. This water can be made av ailable for domestic and industrial L o
Contingency government determines who is entitled to shares of this surplus water based on Army-- State or local uses but not for crop irrigation. If the Corps resew oir has an approved The Corps can do the same thing in advance of the drought, so that thewater supply & in place and
assessments of local needs. The price for drought contingency water supply will be COE government Drought Contingency Plan, the District Commander can approve emergency the emergency never develops.
Water determined in the same manner as for surplus water, but it will never be less than demands that require less than 100 acrefeet of storage, and the Division
$50 per agreement per year. Section 322 of the Water Resources Development Act Commander can approve demands that require from 100 to 499 acrefeet.
of 1990 gives the Assistant Secretary of the Army limited discretion to authorize a The term of the agreement will not exceed one y ear. Requests for larger
lower price for low-income communities. All revenues from drought contingency amounts and agreements that do not follow the standard should be
agreements will be deposited in the Treasury of the United States as miscellaneous submitted to HQUSACE (CECW-A).
receipts.
Pannin States may obtain Corps water resources planning expertise in 50-50 Half the study costs are paid by the Corps, half are paid by the state. Nationw ide, annual funds
As s'stang e costshar eyd studies toF:j evelop plans r elatgd to thg ovgr all state water Army-- States This program can be u_sed to develop state drought contingency cannot exceed $10_m|||on; actual f_ur_ldlng has been somewhat less. Nc_)t more than $5(_)0,000 per
- plan. COE plans, or local and regional plans that support state water plans. state can be spent in any year. This is a popular program used to provide Corps planning expertise to
support state water plans for all things, not just drought.
OoDl;_ought All persons & entities Fo h Co i there s ad ht conti |
ntingency . . Army-- affected by releases r éach LOrps resenolr, tere s a drought contingency pian Good program that can be a source of information for people depending on a Corps reservoir during
Plans for Plans for the release of water from Corps reservoirs during a drought. COE from Corps which contains information that may be useful to those relying on drouaht
Corps resery o'rg water in or releases from Corps reservoirs during droughts. ght.
Reservoirs

Source: National Drought Policy Commission, “Preparing for drought in the 21st Century”, Appendix B, (USDA’s Office of Communications), May 2000.
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Program

Federal Assistance

TABLE D-2

Federal Assistance Programs—Monitoring

Agencies

Customers Served

Eligibility Criteria

Limitations

National-Fire
Danger Rating
System

Vegetation
Greenness
Maps

Farmland
Protection
Program (FPP)

Drought
Monitor

Western
Regional Climate
Center

National
Climatic Data
Center

NWS Hydrologic
Information
Center

CEOS
Disaster
Manage ment
Support
Project

Long-Range
Climate
Outlooks

Seasonal
Drought
Outlook

Western
Region NWS
Drought
Program

National
Streamgauging
Program

Technical assistance as a means of monitoring and predicting conditions for wildland fires throughout the fire
season. The data on 1000-hour fuel (i.e. large, dead fuel), moisture, and energy release component are most
closely related to drought. National Fire-Danger Rating Sy stem uses daily input from some 1,500 weather stations
that comprise the Fire Weather Network to run v arious models and algorithms to create maps, graphs, and tabular
products, which yield predictions of fire danger.

Technical assistance to produce Greenness maps to assess the condition of live vegetation over
time. Actively photosynthesizing biomass, or vegetation "greenness," is used to assess relative fre
danger in forests and grasslands.

Technical assistance: Each farm under a purchased agricultural conservation easement (PACE) is
required to have a conservation plan. Part of that conservation plan should contain a drought section
that includes mitigation actions, should a drought occur.

Technical assistance. Map and text describing location of drought across the country.
Drought/dryness areas classfied by intensity and primary impact. Forecast trend changes indicated.
Available via Internet and NWS dissemination channels.

Technical assistance. Produces a section on its Web site (vww wrcc.dri.edu/monitor/quarterly.html)
under "WGA/WRCC Quarterly Reports and Information” that includes western climate and w ater
status reports.

Technical assistance. Publishes Climate Variations Bulletin that documents anomalous w eather in
the U.S. monthly and seasonally, including drought. Also publishes Climatic Extremes and Weather
Events on NCDC/NOAA Web site that documents major droughts and other significant events.

Publishes drought statements issued by NWSFO's and water resource statements for affected areas
issued by NWS River Forecast Centers.

Technical assistance. The Commitee on Earth Observ ation Satellites (CEOS), created in 1984 as a result of the
international Economic Summit of Industrialized Nations, sew es as the focal pointfor international coordination of
space-related Earth observ ation activities. The Disaster Management Support Project was initiated in 1997 to f oster
improv ed utilization of existing and planned Earth observ ation satellite data. Toward this goal, the Project has
assembled a number of hazard teams tasked with providing recommendations. The drought team has made several
recommendations on the use of future satellite systems. In an interim report published in 1998, the drought team
concluded that accurate drought prediction as well as early warning of drought onset can reduce drought-related
loss of life as well as human suffering.

Technical assistance. A probabilistic ("tilt of the odds") forecast of the likelihood of above- or below-
normal average temperature and total precipitation during the follow ing calendar month and all 3-
month periods for the ensuing year. The forecasts are issued shortly after the middle of each month
and are analyzed across the contiguous 48 states.

Technical assistance. A map depicting areas where drought is expected to persist,weaken, or
intensify over the next 1 to 2 seasons. Largely based on the CPC long-range outlooks.

Issuance of Water Supply Summaries by NWS offices when Drought Program in active status. Each
Western Region office implements a Drought Program. The MIC ( Meteorologist-in-Charge) of each
office s designated as the Drought Information Officer (DIO) for that office's county warning area.
The DIO w orks closely with the River Forecast Centers in monitoring and assessing drought
conditions

Technical assistance to monitor streamflow, groundwater levels, and reservoir contents. Comparison
with previous droughts, drought studies, and service on drought-emergency committees. Information
and advice concerning hydrologic conditions.

USDA--FS, DOI--
BLM, NPS, BIA,
FWS, OAS, and
DOC--NWS

USDA--FS; DOI--
BLM, NPS, BIA,
FWS, and OAS;
DOC--NWS

USDA--NRCS,
CcccC

DOC--NOAA, CPC;

USDA-- National
Drought Mitigation
Center

DOC--NOAA,
NESDIS

DOC--NOAA,
NESDIS, NCDC

DOC--NOAA, NWS
Office of Hydrology

DOC--NOAA,
NESDIS (primary
U.S. NOAA partici-
pants). Also
NOAA-OGP, OAR,
OFCM, NCEF/
CPC

DOC--NOAA, NWS
Climate Prediction
Center

DOC--NOAA, NWS
Climate Prediction
Center

DOC--NWS

DOI--USGS

Federal, state, county, and local
government agencies engaged in
wildland fire control and planning

Federal, state, county, and local
government agencies engaged in
wildland fre control and planning

State, local and tribal agricultural
protection entities that in turn
purchase easements fromfarmers

Primarily public, media,
executives

General public, business

General public, business

General public, business

Policy makers

USDA, NOAA, other federal and
state government offices, private
industry (primarily agriculture- and
energy-related), educational and
research institutes, military.

Available on the CPC Web site

General public. Also, the Water Supply
Summaries include drought conditions
forthe entire state and serve as a
primary source of briefing material for
state and federal inquiries about the
situation.

Cooperators (partners) in the NSP,
NWS, emergency managers, planning
agencies, reservoir operators, media
representativ es and the public

N/A

Maps are used throughout the fire season as a
means of monitoring conditions for wildland fires.
Drought places stress on livev egetation that can be
monitored using these maps. FAO uses data in
maps for early warning of food shortages (see
www.fao.org/giews/ english/windisp/windisp.htm).

Farmis accepted into a state, local, or tribal
farmland protection program and conservation
easements are recorded.

NA

N/A

NA

N/A

NA

The precipitation outlooks present the odds
that long-term precipitation w ill be above or
below normal for all locations across the
contiguous 48 states. They are primarily
useful in looking at areas already approaching
or experiencing drought conditions.

NA

Less than 60% of normal precipitation for the
season or the current water year (Oct-Sep)
and/or water supply less than 60% of normal

N/A

Interpretation requires knowledge of spatial and temporal context of
normal and drought conditions.

1. Uses AVHRR satellite imagery. Provides only coarse (1 km)
resolution. 2. Bestviewed as time series to detect and monitor
change. 3. Clouds may totally or partially obscure certain portions of
the images.

Limited CCC technical assistance funds are available for maintaining
the conservation plans for farms under the FPP.

While offering a concise summary of drought, may not meet the needs of local
and regional interests, where impacts are often dependent on origin of water
supplies. Intended as a national summary of drought. Not detailed enough in all
cases tosewv e local interests.

N/A

NA

N/A

NA

Not as useful at forecasting drought prior to the onset of at least minimally dry
conditions; no quantitative precipitation f orecasts. Use the long-lead forecasts
to produce drought forecasts (see Experimental Drought Outlook). Needs: 1)
sufficient research and v erification data; 2) greater ability to communicate the
meanings and limitations of the forecasts to users; 3) flexibility to tailor
forecasts to specific user needs, and/or educate users sufficiently so that they
can obtain information pertinent to their interests from the forecasts.

Based on subjective interpretations of seasonalforecasts of
precipitation and temperatures as well as model forecasts of soil
moisture.

N/A

NA

Source: National Drought Policy Commission, “Preparing for drought in the 21st Century”, Appendix B, (USDA'’s Office of Communications), May 2000.
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Appendix D — Federal Drought Assistance Programs

Program

Federal Assistance

TABLE D-3
Federal Assistance Programs—Response

Agencies

Customers Served

Eligibility Criteria

Limitations

Emergency Watershed Protection (EWP)

American Indian Initiative

Emergency Community Water Assistance
Grants

Public Assistance Program (Emergency
Measures)

Small and Limited-Resource Farmers

SBA Disaster Assistance Program

Reclamation States Emergency Drought
Relief Act of 1991, Title Il

Technical and financial assistance to
undertake (with sponsors) emergency
recovery measures torelieve imminent
hazards to life and property created by
natural disasters.

Technical assistance to individuals or
community units in Indian country. Indian
communities as well as Indian farms and
ranches should have conservation plans
developed and facilitation provided to
address the rapid response.

Financial assistance to the residents of rural
areas that have experienced a significant
decline in quantity or quality of water to
obtain adequate quantities of water that
meet the standards set by the SDWA (42
U.S.C. 300 f et seq.). Grants can be made to
alleviate a significant decline in quantity or
quality of the water available fromwater
supplies in rural areas that occurred within
twoyears of filing an application for
assistance.

Financial assistance in the form of cost
shared grants; technical assistance

Financial and technical assistance for
conservation plans and rapid response that
should address drought impacts and
corrective actions.

SBA dffers financial assistance with low-
interest working capital loans to small
businesses and small agricultural
cooperatives which have suffered
substantial economic injury as aresult of an
agricultural production disaster. Agricultural
enterprises are NOT eligible.

Under Title 11, the Secretary is authorized to
conduct studies to identify opportunities to
conserve, augment, and make more efficient
use of water supplies available to Federal
Reclamation projects and Indian w ater
resource developments in order to prepare
for and better respond to drought conditions.
The Secretary is authorized to provide
technical assistance to states, local and
tribal government entities to assist in the
development, construction and operation of
water desalinization projects.

USDA--NRCS

USDA--NRCS, FSA, APHIS

USDA--RD

FEMA

USDA--NRCS, FSA, RD, CSREES, NASS

SBA

DOL-USBR

Sponsoring local organizations (usually units
of government)

Individuals on private lands belonging to
recognized tribes and tribal governments

Public bodies and private nonprofit
corporations serving rural areas

State and local governments

Small and limited-resource farmers

Small non-farm businesses and small
agricultural cooperatives which have
suffered substantial economic injury as a
direct result of a declared agricultural
production disaster

Any of the 50 states and U.S. territories,
including tribal, county, public, and private
entities

FSA declares a drought.

A nationally or regionally declared drought
emergency or the intent to prepare drought
contingency plans.

Decline occurred within two years of the
date of the application with RUS. Does not
apply to grants for repairs, partial
replacement, or significant maintenance on
an established water system.

Presidential Emergency or Major Disaster
Declaration

Because of being underserved, many
believe they are too small to receive
assistance.

Declaration of agricultural disaster by the
Secretary of Agriculture

Willingness expressed by a state, tribe,
county, public or private entity in developing
a comprehensive drought contingency plan;
activities are primarily limited by funding.

Efforts must be defensible and sponsors
must contribute a 25% cost-share.

Indian lands are not all included in
conservation districts, and field offices are
not staffed adequately. Cultural differences
may also hinder timely assistance and
acceptance of that assistance

Grants cannot exceed $500,000. Grants for
repairs, partial replacement, or significant
maintenance on an established water
system cannot exceed $75,000.

In keeping w ith the agency's mission, this
program provides for the general public's
emergency needs directly related to drought:
the need for food and for potable drinking
water.

Many needing help are not identified. Pride
or distrust may limit the acceptance of help.

Loan amount is limited to the amount
needed to meet necessary financial
obligations w hich the business could have
met under normal conditions, but is unable
to meet as a direct result of the disaster.
Maximum loan amount is $1.5 million. Only
those businesses determined to be unable
to obtain credit elsewhere are eligible.

Expand authority to allow financial incentives
to be provided to stakeholders. Customers
have also expressed concern that a specific
fund is not available to fund drought
contingency plan imple mentation.

Source: National Drought Policy Commission, “Preparing for drought in the 21st Century”, Appendix B, (USDA’s Office of Communications), May 2000.
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A

Abraham Area, 9, 20
Agriculture
cattle, 1, 4, 20, 22, 23, 24, 26, 60, 86, 88, 89
crop management, 86-88
crop yield, 1, 3, 21, 23, 25, 60, 86, 87
farm numbers, 22
irrigation management, 87-88
water use, 1, 60, (Table 4-3) 61, 63
Alta, 3
Alternative landscaping, 60, 68-70
American Water Works Association (AWWA), 71
Agquifer storage and recovery (ASR), 62, 63
Arizona, 27
Ashley Creek, 16,
Atlantic Multidecadal Oscillation (AMO), 46, 47,
74
Available Water Supply, 3, 84, 85

B

Bear Lake, 24

Bear River, 1, 25, 61, 65

Beaver county, 85

Bureau of Reclamation (BOR), 57, 78

C

Cache county, 60

California, 22, 61, 63, 71

Canada, 37

Carbon county, 88

Categories of Drought
agricultural, 2, 3, 4, 5
hydrologic, 2, 3-4, 6
meteorological, 2-3, 4,5
socioeconomic, 2, 4,5

Central Utah Project (CUP), 24, 65

Climate Change, 2, 47-50, 55, 69, 96
air temperature, 48, 50
greenhouse gases, 33, 47, 75
potential consequences, 50

Climate/Regime shift, 43, 44, 45, 46

INDEX

Cloud Seeding, See Weather Modification
Colorado, 6, 8, 45
Wray Dune Field, 45
Colorado River, 23, 25, 27, 38, 48, 50, 95
Colorado State University, 8
Commercial water use, 69, 95
Conjunctive management, 60, 61-63
concepts, 61
opportunities, 63
Contingency Plan/component, 84, 94-95
Salt Lake City, 84, 95
Crisis Management, See Drought Response
Crop Disaster Payments, 27

D

Davis County, 20
Delta, 9, 20
Demand management, 60, 67-71
Dendrochronology, 35
Dendroclimatology, 35, 38
Department of Commerce, 27
Department of the Interior, 21
Disaster/Assistance Declaration, 22, 23, 25, 26
Disaster Management Cycle, 55
Doesken, N.J., 8
Downstream users, 67
Drought
areal extent (Figure 2-1 and 2-5), 14, 15, 186, 20,
21, 25, 27
defined by criteria, 13
definition (What is Drought?), 2
duration, 14, 16, 22, 24, 27, 34, 35, 37, 38, 41-
43, 45, 46, 50
instrumental record (Table 2-2), 21
tree-ring record (Table 3-4 and Figure 3-2),
41-43
impacts, 8-9
economic, 9, 37, 96
environmental, 9, 22, 23, 26, 61, 66, 67
social, 9
national annual costs, 28
severity, 27
vulnerability, 2, 9, 10, 27-28, 56, 66
Drought Assistance, See Drought Relief

121



Index

Drought conditions
definition (Box 2-2), 19
recurrence intervals and frequency, 17, 19, 38-
41, (Table 3-2 and 3-3) 40
Drought criteria, 13, 16, 17, 37
modified, 41, 42
Drought Forecasting, 46, 60, 73-75
climate trends, 43, 46, 48, 50, 74-75
drought monitor, 75
seasonal outlook, 75
Drought Indices
Palmer Drought Severity Index (PDSI), 3, 5-6,
7,8, 13, 14, 15, 16, 17, 19, 20, 21, 23, 25, 34,
35, 37, 38, 39, 41, 42, 43, 46, 50, 93
Palmer Hydrological Drought Index (PHDI), 4,
5-6, 7
Standardized Precipitation Index (SPI), 4, 8
Surface Water Supply Index (SWSI), 4, 6, 7, 8,
13,81, 82
Drought Mitigation, 2, 9, 23, 25, 28, 81-82, 93, 96
definition, 55-56
state goals, 57-60
strategies, 60-76, 88
Drought Mitigation Plan/component, 56-59, 94
Drought Monitoring, 8, 9, 13, 73, 75, 81, 82
funding, 78
Drought Relief, 20, 22, 23, 24, 26, 56, 75, 76, 77,
78, 81, 88
state, 89-90
Drought Response, 56, 81-82, 96
strategies, 83-89
Drought Response Plan, 6, 81-82, 83
Drought Response Committee (DRC), 82
Drought Review and Reporting Committee
(DRRC), 82
task forces, 82
Water Supply Availability Committee (WSAC),
82
Drought sequence, 4
Dry-crop farmers, 4, 25
Dry periods, (Box 3-4), 37, 38, 44, 45
Dust Bowl Years, 21, 22, 24, 44
Dutch John, 26

E

Earth System Research Laboratory, 50

East Canyon Creek, 1

El Nifio, See El Nifio Southern Oscillation

El Nifio Southern Oscillation (ENSO), (Box 3-5),
45, 46, 47,74
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Elk Lake, 44, (Figure 3-4) 45
Emergency Water Resources Act, 88, 89
Emery county, 88

Enterprise, 25

Evaporation, 50, 62, 66, 74, 85, 86, 87
Evapotranspiration, 50, 71

F

Federal Emergency Management Agency
(FEMA), 26, 77

Funding, 22, 56, 57, 71, 76-77, 84, 88-89
mitigation, 76, 77

G

Geologic proxies, 43-45
geologic (sediments), 33, 34, 43-45, 48
Governor Leavitt, 25, 84
Governor Matheson, 23
Great Plains, 5, 22, 24, 27, 35, 37, 43-45
Great Salt Lake, 16, 38
elevations, 16
Ground water, 1, 4, 27, 60, 61, 62, 63, 72, 73, 82,
83, 85, 89
aquifer, 62, 63, 66, 73
recharge, 60, 61, 62, 63, 66, 73, 85

H

Haul water, 83, 88

Hazard Mitigation Grant Program (HMGP), 56
Holocene, 44

Hurricane Katrina, 24, 28

Hydrographs, 16

Incentive pricing, 70-71
Indoor water use, 69, 95
Industrial water use, 60, 61, 66, 69, 85
Institutional water use, 69, 95
Instream flows, 64, 67, 84
Instrumental record (PDSI)
reliability, 13
significant/noteworthy droughts, 13, 14
Inter-basin transfer, 64-65
Interconnections, 60, 64, 95
control systems, 64
M&aI transfers, 64
Invasive species, 73
tamarisk, 73
Iron county, 85



Index

J

Jordan Valley Water Conservancy District
(JVWCD), 64, 70

K

Kane county, 85
Kliest, J., 8
Koblinsky, Chester J., 27, 75

L

La Nifia, See El Nifio Southern Oscillation
Lake Mead, 27, 95
Lake Powell, 27, 95
pipeline, 65
Leak detection, 60, 71
acoustic, 71
Legislation, 56, 83, 88-89
Leidy Park region, 43
Livestock, See Agriculture, cattle
Logan City, 71
Logan River, (Table 2-4) 25,

M

Mckee, T.B., 8

Medieval Warm Period, 35

Megadrought, 37, 38

Microclimate, 43

Minnesota, 44, 45

Mississippi River Basin, 44

Moab, 77

Monticello, 1, 25

Moon Lake, 45

Municipal water use, 1, 23, 60, 61, 73, 75, 85, 96

N

National Climatic Data Center (NCDC), 6

National Drought Mitigation Center (NDMC), 8

National Integrated Drought Information System
(NIDIS), 75-76, 96

National Oceanic and Atmospheric Administration

(NOAA), 27, 50, 75

National Resources Conservation Service (NRCS),

57, 81, 86
National Weather Service (NWS), 25, 57
Navajo Mountain, 1, 88
Nebraska, 27, 45
Sand Hills, 45
Nephi, 85

New Mexico, 21, 27

North American Drought Atlas, 35, (Box 3-3) 36,
38

Northern Hemispheric (NH) Temperature, 47

O

Oak City, 25
Outdoor water use, 1, 22, 60, 69, 70, 83, 84, 85, 95

P

Pacific Decadal Oscillation (PDO), 45, 46, 47, 73,
74

Paleoclimatic Record, See Proxy record

Paleoclimatology, 33, 34

Palmer, W.C., 5

Park Valley, 25

Per capita water use, 69, 83, 95

Ponderosa Ranch, 25

Population, 21, 25, 26, 28, 60, 63, 65, 66, 68, 69,
70, 77, 93, 94, 95
projected growth, 2, 10

Precipitation, 2, 3, 16-17, 23, 24, 25, 33, 34, 37-
38, 49, 50, 61, 62, 71, 72, 74, 82, 85
drought indices, 5, 6, 8

President Roosevelt, 22

Price, 24

Provo River Basin, 6, 7, (Table 2-4) 25

Proxy record, 2, 8, 13, 33-36, 37-38, 39, 41, 43,
45, 46, 47, 50, 55, 74, 94
reliability (tree ring), 35, 42

Public Education, 68-69, 95

R

Recreation, See Tourism and Recreation
Reservoirs,

capacity, 1, 24, 25, 27, 85

operation, 65, 95, (Figure 6-1) 96
Revolving Construction Fund, 76, 88, 89
Rich county, 60
Risk, 56, 57, 82, 88

assessment, 50, 72-73
Risk Management, See Drought Mitigation

S

Salt Lake City, 1, 24, 64, 84, 95

Salt Lake County, 3, 60, 64

Sea-surface temperatures (SST), 45, 46, 47, 73-74
Secondary water systems, 57, 61, 67

Sediments, See Geologic Proxies
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Index

Shafer and Dezman, 6

Soldier Creek Reservoir, 24

Southwest, 21, 23, 24, 37, 43, 44, 45, 47, 74, 75
Spanish Valley, 77

State of Utah Pre-Disaster Mitigation Plan, 56-59
Streamflow, 3, 4,5, 6, 7, 8, 16, 21, 23, 73, 75, 82

T

Temperature, 16, 17, 23
rankings (Table 2-5), 25
Temporary wells, 22, 85-86, 89, 93
placement, 85
Texas, (picture) 22, 95
Tooele, 67
Tourism and Recreation, 23, 26, 27, 65, 73, 96
Tree ring, 33, 34, 35, 74
reconstructions, 35-43
Uinta Basin (study), 37-38
Triggers, 81, 82, 84, 95

U

U.S. Department of Agriculture’s Statistical
Reporting Service, 21

Uintah Basin, 22

Upper Sevier River Basin, 6, (Table 2-4) 25,
(Table 4-3) 61

Utah Administrative Code, 66

Utah Board of Water Resources, 76, 77, 84

Utah Climatic Regions, 5, 6, 7, 8, 13, (Box 2-1)
14,16, 17, 19, 20, 21, 22, 23, 24, 25, 38, 41, 43,
50

Utah County, 26

Utah Division of Drinking Water, 57

Utah Division of Emergency Services and
Homeland Security, 56, 57, 78

Utah Division of Forestry, Fire and State Lands,
57

Utah Division of Oil, Gas and Mining, 57

Utah Division of Water Quality (DWQ), 62

Utah Division of Water Resources, 13, 41, 57, 72,
76, 82, 84, 88, 94, 95

Utah Lake, 22
basin, 61

Utah Legislature, 88

Utah Ski Association, 23

Utah State Engineer, 1, 85

Utah State University (USU), 87

Utah Water and Power Board, 76

Utah Water Research Laboratory, 87
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\Y,

Virgin River, 16, 17, (Table 2-4) 25
basin, (Table 4-3) 61
Vulnerability Assessment, 72-73

\W

Wasatch Front, 23
Washington county, 85
Wastewater Reuse Act, 89
Water banking, 61, 63
Water conservation, 67, 68, 70, 84, 94, 95
conservation goal (Utah), 67, 68
Water Conservation Plan Act, 84
Water development, 23, 25, 57, 64-66, 67, 70, 95
benefits, 65
Jordanelle Reservoir, 65
Provo River Project, 65
Water Lily Lake, 43
Water metering, 60, 71
Water quality, 1, 9, 63, 64, 66, 73
Water Redistribution, 60-61, 64, 95
California, (Box 4-2) 63
Water Reuse, 60, 66-67, 89
regulations, 66
Water Rights, 1, 20, 60, 61, 65, 66
Water Suppliers, 1, 23, 47, 55, 60, 61, 63, 64, 71,
75, 84, 85, 88, 94, 95, 96
Water Supply, 60, 64, 65, 69, 72, 73, 78, 82, 83,
84, 85, 87, 88, 93, 94, 95, 96
storage, 1, 3, 4,5, 6, 8, 22, 61, 62, 63, 65, 66,
71,72,73,76, 85, 87, 88, 94
Water use restrictions, 22, 24, 28, 69, 77, 83-85,
95, 96
penalties, 84, 85
time-of-day, 84, 85
Water withdrawals
surface and groundwater, 85
use percentages, 60
Watershed management, 73
Weather modification, 60, 71-72
Weber River Basin, 6, (Table 2-4) 25, 61
West, 3, 4, 6, 22, 23, 27, 35, 37, 38, 43, 50, 61, 74
Western Drought Coordination Council, 72
Western Governors’ Policy Office, 23
Wildfire, 1, 9, 26, 35, 43, 57, 75, 82, 88
Mollie Fire, 26
Mustang Fire, 26
Wyoming, 27
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