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Abstract

Geography is a unique discipline of study. From the classic geographical analysis of
exploration (completing the mapping of the world), to focusing on the generalities (explaining
patterns of human placement and behavior), to regional focus (with less structured
explanations than the general), geography has provided diverse ways of knowing. And while
‘ways of doing’ have changed between idiographic and nomothetic or have focused more on
explaining causality or complimenting scientific modeling, the approaches build on the
other’s strengths. These foundational developments need both the rigor of spatial and
statistical analysis as well as the rich and in-depth investigations of exploratory chorography.
Geography provides the holistic analytical means to better understand the complexities we

face in the 21 century.

There is no more intractable problem of our time than climate change. The impact from
increased greenhouse gases has and will continue to pervade every aspect of our lives.
Changes to the physical environment affect our economic, political and legal environs as well.
In the northwestern state of Idaho some of the most significant impacts of climate change
will be seen through water availability. In a snow-rain mixed dominated region increasing
temperatures have cascading effects on water resources. Compounding this biophysical issue
is the legal issue of water allocation which, in portions of the state, is already over allocated.
Meaning, there is already not enough water to satisfy all water rights at certain times of the
year in certain locations. Climate change impacts only exacerbate complex water law
agreements. The state’s document to provide valuable and up-to-date information for Idaho
citizens in times of water shortage is now seventeen years old. This outdated state Drought
Plan is not for lack of drought in the state. Idaho counties have declared drought eleven out
of the past fifteen years (2001 — 2016). Understanding why the slow-onset hazard of drought
isn’t able to garner the attention of policy makers in the state like other natural hazards, such
as fast acting floods or landslides, is imperative to getting drought on the agendas of policy

elites.
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An examination of geography’s role in addressing climate change through geographic thought
is woven through the need for this study and the implications of the research (Chapter 1).
The dissertation utilizes spatial and statistical analysis to better understand how
hydrometeorological and agricultural drought has influenced Idahoans through a
climatological drought metric (Palmer Drought Severity Index) and through a political drought
metric (county-level drought declarations) (Chapter 2). Drought declarations in Idaho allow
for an expedited temporary water transfer process, often providing the much-needed
alternative to resolve water shortage issues outside of litigation. One of the most stalwart
examples of out of court settlements in the region occurred in southern Idaho in 2015. An
adaptive planning framework is applied to the settlement between ground and surface water
users to identify areas of flexibility within the stable role of law (Chapter 3). While law has
room for adaptability, drought planning must be on the agenda of policy makers in order to
advance. Borrowing from the agenda setting literature within political science, this research
examines the process of state level drought policy. A window of opportunity opens for policy
change when a set of criteria is met. This study demonstrates how the slow onset hazard of
drought resists classic policy analysis due to its unique characteristics set within Idaho’s
unique demographic (Chapter 4). The dissertation concludes with a summary of research

findings and recommendations for future work (Chapter 5).

The objective of this research follows the tradition of geographic study of humans and their
interaction with the landscape. This paper utilizes an interdisciplinary approach to the
complex and integrated water resource issues facing the semi-arid state of Idaho. The central
conclusion of the dissertation leans on the studies of climatology, water law and policy
analysis to argue that the study of a intractable issue like climate change, seen here through

drought specifically, cannot be considered as an autonomous field of inquiry.
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Chapter 1 : Geographic Thought and Interdisciplinary Research

Scope and Objectives

The overarching goal of this research is to explore issues at the boundaries between the
physical, legal and policy aspects of planning for and responding to changes in climate. In
order to define a manageable scope of work for this research, it is focused on evaluating
issues at those disciplinary boundaries related to the occurrence of and response to drought
in Idaho. The southern portion of the state is particularly impacted by climate change and
drought, as it is a major region of irrigated agricultural production in the U.S., existing within
a snowmelt-dominated hydrologic system. The state is typical of other western states with
regard to major provisions of water law (i.e., “first in time, first in right”) however the state
has taken some measures to allow for adaptive management and science-based decision-
making with regard to water resource management. Examination of the utility of these
approaches is potentially useful to other jurisdictions that may be considering such measures.
Additionally, although the state exists within a context of widespread political resistance to
creating policies to plan for or mitigate climate change, it has created significant policies and

governance structures around the need for water resource planning and management.

Thus, this dissertation will cover three interrelated topics, designed to evaluate issues at the

boundaries between physical, legal and policy aspects of drought planning and response:

a) A spatial and temporal examination of county-level drought declarations in Idaho over the
last 16 years, including an examination of hydrometeorologic conditions as well as other

drivers for drought declaration rooted in policies and laws. (Chapter 2)

b) A critical examination of the successes and failures of Adaptive Planning as seen through

the case study of a landmark agreement between surface and ground water users in the

Eastern Snake River plain in southern Idaho. (Chapter 3)
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c) A conceptual analysis of Agenda Setting and climate informed drought planning at the state

level in Idaho through the lens of the Multiple Streams Analysis Framework. (Chapter 4)

The comprehensive examination of physical, legal and policy aspects surrounding drought
planning and response fits well within the major themes of the discipline of Geography. The
remainder of this chapter is organized to provide: 1) some history of the discipline as it relates
to an integrated analysis of the human (social, legal) and environmental (hydrometeorologic)
aspects of drought and climate change in general 2) background on each of three major topics

defined above and 3) specific research questions to be addressed in each chapter.
Geography’s History

This history of diverse methods and means in Geography has traditionally been told
chronologically through the concept of paradigm shifts, introduced by T.S. Kuhn, where a
paradigm is a shared approach, philosophy or means of conducting research (Kuhn 2012).
Each paradigm shift’s terminology is used to illuminate the establishment of approved views
or to reject the refuted views. During the age of exploration, geographers were called upon
to map the world. Once explored, conquered, measured, and divided (and re-divided) there
was no longer a need for geography to answer questions about society’s relationship to the
environment spatially with maps, narratives and increasingly obsolete tools. There was,

therefore, an inevitable transition point in the discipline’s viability as a necessary science.

The paradigm shifts swung like a pendulum over Geography’s rich history from varying
degrees of humanism to myriad forms of positivism. For example, before the designation of
anthropology, geography served as a much-needed tool for identifying ‘who was doing what,
when and where’. Geography was holding fast to its quantitative science, but while answering
where (i.e. location theory and economic geography), it neglected to ask why. In this way
Geography was not equipped to analyze social origins of spatial phenomena and was unable
to respond to some of the most pressing social and environmental needs of the time (Peet

1979, Cresswell 2012, Johnston and Sidaway 2015).
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A multitude of theories emerged that challenged the existing ideological bond of Geography,
including theories from: critical geographers, radical geographers, structural Marxist and
post-Marxist geographies, humanist arguments, new urban geographies, spatial theories in
structuration (and post-structuralism), phenomenology, regulation theories, Fordism,
postmodern geographies and feminist geographies. And yet three fundamental elements
remained in the development of modern geography: 1) time, process and rates 2) space and

scale and 3) one’s capacity to interpret and modify their environment (Peet 1998).

Despite the dominance of rationalism and positivism in the Geography discipline, it has been
argued that not much changed during the quantitative revolution, during which questions of
value and ethics weren’t adequately explored (King 1976). These concerns were addressed
by humanistic geography (Hasson 1984, Tuan 1976). If the scientific revolution in Geography
claimed to be a movement away from specific research to the more general to lead to more
scientific analysis, the humanistic approach was to provide geography a mechanism to
generate wisdom via theoretical analysis. And while this methodology has been criticized for
appearing elitist in its Socratic introspection, the daunting expectations of humanistic
geographers has been made tangible through the use of myth and metaphors to explain that

which cannot be explained through quantitative science alone (Buttimer 1982).

A ‘cultural turn’ took place around the 1980s and signified a break in the barriers between
the broad discipline’s strands of geographies such as social, political and economic (Johnston
and Sidaway). This analytical shift in the discipline emphasized social change by way of critical
analysis. In response to changes in the structure of national economy and the institutional
relationships between it and the political and social forces at work in the 1980s there was an
explosion in cultural studies, identity politics, and multiculturalism (Best and Kellner 1997).
Geography’s long history in the quantitative and qualitative theories made it a viable research
arena for this cultural turn. Livingstone (1993) identified geography as the integrating

discipline that kept the study of nature and culture under one disciplinary umbrella.
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The Call to Action

Geography’s history spans the fields of political ecology, sociology and human-environment
interactions, situating itself appropriately to address major global issues (Chase-Dunn and
Hall 1997) such as climate change. Geographers, as scientists, have been called upon to act
on the results of their findings (Harvey 1997). The legacy of the history of geography is seen
today through the balance of scientific rigor and the simultaneous qualitative weight placed

on the perspective of the ‘stakeholder’ in geographic study.

For example, when National Aeronautics and Space Administration’s (NASA) scientist Dr.
James Hansen was confronted with the political and economic realities of inaction in regards
to climate change, he felt compelled to write a book with this disquieting title: Storms of My

Grandchildren: the Truth about the Coming Climate Catastrophe and Our Last Chance to Save

Humanity (Hansen 2010). Dr. Hansen provides detailed information about our changing
climate which he purports brings us to the “startling conclusion that continued exploitation
of fossil fuels on Earth threatens not only the other millions of species on the planet but also

the survival of humanity itself —and the timetable is shorter than we thought” (Hansen 2010).

In 2013, the global concentration of carbon dioxide in the atmosphere reached 400 parts per
million (ppm) (NASA 2013). The goal of 350 ppm is needed in order to stabilize climate
without future warming (Hansen et al. 2013). According to the National Oceanic and
Atmospheric Administration’s (NOAA) and NASA data, average surface temperature of the
Earth has increased by ~0.8° Celsius or ~1.4° Fahrenheit (NASA 2018). By 2080 this will be in
the range of ~3.5 - ~9 °F increase (Melillo, Richmond and Yohe 2014).

We are already seeing the impacts of 1°C of global warming through more extreme weather,
rising sea levels, and melting ice caps (Stocker et al. 2013). Climate impacts accompanying
global warming of 2°C would be deleterious (Hansen et al. 2013). Extreme temperatures are
implicating global warming as the cause for more extreme heat events (Hansen, Sato and

Ruedy 2012). The Intergovernmental Panel on Climate Change (IPCC) states there have been
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significant changes in physical and biological systems that inevitably have posed, and will

continue to pose, considerable risks to human and ecosystem health (Allen et al. 2014).

The ability to address the climate change issue necessitates multiple and incremental policy
changes, as one bill passed cannot solve the entire problem. Additionally, the issue must be
addressed by research in multiple disciplines. The impact of a changing climate permeates
through all aspects of our lives and has already affected basic human needs such as world
food supply and available potable water, and has threatened many of the most populous

cities on earth which are already experiencing sea level rise (Allen et al. 2014)

While the IPCC summarizes what many are already experiencing, NOAA’s research solidifies
the permanence and continuity of these types of climate changes; even if carbon dioxide
emissions are completely eliminated, the changes in surface temperature, rainfall and sea
level are largely irreversible for more than a thousand years (Solomon et al. 2009). Roger
Pielke Jr. of the Center for Science and Technology Policy Research maintains that even the
IPCC projections (Meehl et al. 2007) were considerable underestimates (Pielke Jr, Wigley and
Green 2008). Scientific results in a variety of fields point to impacts of climate change as
affecting the focus of research (Parmesan and Yohe 2003, Roberts and Emel 1992, Hansen
2010). Camille Parmesan, for example, concluded that while most scientists are in agreement
as to the effects of climate change, they are experiencing difficulty in convincing other
academic disciplines, policy-makers and the general public of these observed impacts

(Parmesan and Yohe 2003).

In 2005 James Hansen wrote a memo to NASA Goddard management saying, “if NASA is to
fulfill its mission of providing information that helps the public and policymakers understand
and protect our home planet, if it is to uphold its public trust with integrity, it cannot knuckle
under to political pressures”(Hansen 2010). Dr. Hansen's plea speaks to the overlap of many

different disciplines and value systems imbedded in our society that can be at odds with each
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other. It is the necessary tension among climate science, public policy, and law that was the

catalyst for this dissertation.

Climate Change Impacts and Drought

Global climate change and its impacts are undoubtedly the principal challenge of the 21st
century. Many disciplines are being called to work to address these issues, and geography is
at the vanguard. Environmental geographers have especially worked to keep the dialog at the

forefront of the geographical tradition (Livingstone 1993).

Climate change effects are already being felt throughout the world (Romero-Lankao 2014),
including in the northwestern United States (Salathe 2010, Meehl et al. 2005) and within
Idaho (Klos et al. 2015). In the inland northwest, a snowmelt and mix rain-snow dominated
region (Hamlet et al. 2013, Luce and Holden 2009), the impacts of climate change will be
experienced most through the changing regime of water resource availability, quantity and
quality (Mote et al., 2003; Hamlet, 2011; Regonda et al., 2005). These changes will have a
myriad of impacts in Idaho and will include threats to agriculture (Qualls et al. 2013) increased

wildfires (Barbero et al., 2015), and increased hydropower demands (Hamlet et al., 2010).

From irrigation for agriculture to planning for growing municipalities — water resources are
becoming less reliable for states like Idaho (Luce, Abatzoglou and Holden 2013, Payne et al.
2004, Stewart, Cayan and Dettinger 2004, Hidalgo et al. 2009). Increasing temperature trends
(Abatzoglou, Rupp and Mote 2014, Sohrabi et al. 2013) create moisture related changes that
can exacerbate the strain on the available water supply (Wise 2012). Similarly, changes in the
amount and timing of streamflow (Luce and Holden 2009, Mote 2003, Rauscher et al. 2008,
Elsner et al. 2010, Stewart et al. 2004 2012), and declining mountain snowpack storage (Luce
et al., 2013; Lute et al., 2015) are indicators the state could experience more severe drought
risk than in the past (Sohrabi et al., 2013; Wilhite and Glantz, 1985; Diffenbaugh et al., 2014;
Williams et al., 2015, Trenberth et al., 2013).
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While current management reflects economic needs, the changing hydrograph will require
changes in management (Dettinger et al., 2015). As climate change impacts and natural
variability continue to impact Idaho’s potential for increased drought severity, the state’s
adaptive capacity is low (Pulwarty and Redmond 1997) because it does not have a proactive
plan for water shortage (IDWR, 2001; Wilhite, 1997). The projected hydrologic changes will
demand tradeoffs between water management for specific uses in the state (i.e. irrigation,
hydropower, flood control, and aquatic ecosystems) (Kunkel et al., 2013; Isaak et al., 2012).
The multiple indices of drought coupled with natural variability need to be better understood
in order to plan for effective water resource management (Gamble et al., 2003).
Understanding future drought impacts allows for coordinated efforts to increase capacity to
affect Idaho’s agriculture and forest industry (Littell et al. 2010, Qualls et al. 2013), and
recreation and energy availability (Hamlet et al., 2010) in order to improve water resource

management resilience (Callahan et al., 1999).

Previous studies focus on the effects or impacts of climate change on water resources in the
region (e.g. the Pacific Northwest (Adam, et al., 2015), the Columbia River Basin (Hamlet and
Lettenmaier, 1999; Miles, et al., 2000), as well as statewide impacts (Pan et al., 2011). Several
studies have looked at mitigating effects of climate change on water resources in the region
(Payne, etal., 2004), assessing the adaptive capacity strictly from the biophysical perspective
(Hamlet 2011), or including the social components into increasing adaptive capacity
(Lambert, et al., 2010). However, far fewer have studied the combination of climate change
impacts and water resource management as necessary for drought planning (Anderson, et

al., 2008).

There remains a need for understanding water management in terms of water rights and
policy alternatives (Tarlock, 2012, Dalton et al., 2013). Most statewide research topics
addressing the nexus of climate change impacts and projections with water availability and

drought have been done in water thirsty states like Nevada, Arizona and California (e.g.
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Brekke, et al., 2009; Anderson, et al., 2008). Climate change impacts are projected to amplify
droughts in the future (Burke 2011, Cook et al. 2014, Dai 2011, Dai 2013).

Resilience through Adaptive Planning

Like the definitional foundations that preceded them, many resilience plans are based on
rigid, static and unchanging premises in order to achieve measurable and preferred outcomes
(Arnold 2010a). Since adaptation is a response to change (Nelson, Adger and Brown 2007)
and adaptive planning is a deliberate step in preparation for a perturbation it is a logical
connection to see how Adaptive Governance, Management and Planning address these
necessary changes. Similarly, these measures enhance adaptive capacity in preparation for
adaptation. The adaptive strategies that can address future climate uncertainties while still
planning for adaptability to natural hazards can be seen through the framework of Adaptive
Governance (Cosens and Gunderson 2018). Robin Craig (Craig) argues that American
environmental law and policy are not keeping up with the need for adaptation, with goals
and assumptions based in ecological stationarity. She concludes that, as such, environmental
law and policy are unfit for “a world of continual, unpredictable, and nonlinear
transformations of complex ecosystems — but that is the world that climate change is

creating”(Craig 2010).

Adaptive Management has its roots in Holling’s resilience theory (Holling 1978) and is
primarily concerned with the management of uncertainty (Lee 2001). Adaptive Management
utilizes processed-based learning or “structured experimentation” to best manage
uncertainty (Huitema et al. 2009). Lee identified this experimental learning as being moved
to the policy arena, calling adaptive management the “implementing of policies as

experiments”.

Theoretically, utilizing the outcome of experiments seems like an ideal way to continue to
assess the successes or failures of a management strategy. This aspect of Adaptive
Management is the proactive means of learning by doing (Holling 1978). However, in the real

world, resource managers are rarely authorized to experiment, monitor and adjust. The
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essence of what differentiates Adaptive Management from conventional management is the
experimentation phase that implies examination of the system to be managed, monitoring
its response, and adjusting interventions based on reiterative feedback (Huitema et al. 2009).
Unexpected outcomes in this type of management are not seen as failures but as learning

opportunities.

The emphasis on failures as opportunities for learning is seen through the continual ability to
improve management policies and practices with each lesson learned from operational
activities. This is in contrast to Adaptive Governance, which isn’t focused on the day-to-day
management or iterative management policies, but the larger and over-arching institutional
structures. For example, when addressing their concern for Adaptive Governance in Adaptive

Governance and Water Conflicts, the authors recognize their concerns are parallel with those

of Adaptive Management in dealing with techniques to deal with scientific uncertainties, yet
qualify that they extend that uncertainty to human institutions as well as the natural system

(Scholz and Stiftel).

Adaptive Planning measures include management actions, the implementations of plans and
experiments as happening simultaneously, the monitoring of management actions, and
learning by doing (Kato and Ahern). Adaptive plans need to be flexible, contemplate
uncertainty, and include reiterative feedback into planning stages (Arnold). The inherent
community engagement of Adaptive Planning has been recognized as a means of reducing

vulnerability to future change (Abramovitz et al. 2001, Tompkins and Adger 2004)

Throughout the different adaptive strategies runs a theme of flexibility - whether this is in the
ability to have reiterative processes, allowing what constitutes knowledge to change or
malleability in experimentation and implementation. It is through this process that policy can
be revised with new information (i.e. climate science) and have the necessary capacity to
confront variables that have historically been challenged by change (Olsson et al. 2006,

Brunner 2005, Webster 2009).
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Planning and Perception

When compared with the rest of Americans, Idahoans are less concerned about climate
change (King et al. 2015). Idaho ranchers and farmers report experiencing some of the many
impacts of climate change — yet they do not attribute these trends to climate change or
anthropogenic forcings (Running, Burke and Shipley 2016 2014) This may be explained by the
political leanings of most Idahoans, as conservative political ideologies are consistently
predictors of skepticism in climate science (McCright and Dunlap). Similarly, farmers
specifically tend to distrust sources of information regarding climate change (Arbuckle Jr,
Morton and Hobbs 2015 2013). Research has found that individuals trust scientists who are

like-minded and share similar cultural belief systems (Kahan et al. 2011).

Agenda setting theories can serve as helpful frameworks to analyze certain issues, explore
how they are able to come to the forefront of attention (of the public, policy entrepreneurs,
or policymakers), and continue the momentum to find a solution to the issue in the form of
a policy enacted (Howlett, Ramesh and Perl 2009). The agenda setting literature provides an
avenue to explain the unique patterns that issues often follow prior to achieving necessary

notice and governmental consideration.

An agenda has been seen broadly in the policy literature as a set of issues that fall within the
range of the polity (Cobb and Elder 1983). Those issues have been identified equally as
broadly as whatever subject matter is in contention (Lang 1981). Dearing and Rogers (Dearing
and Rogers) noted that it is this contention, or two-sidedness, that is important to
understanding how an issue climbs to the top of an agenda. It is the potentially conflicting
nature of the issue that helps it gain attention through proponents, opponents and the public
battles that the media covers (Cobb and Elder 1983, Dearing and Rogers 1996). The media’s
amount of news coverage has been shown to affect public opinion, as seen through McCombs
and Shaw’s groundbreaking look at media content correlating with the public’s perception

and voting results of the 1968 presidential election (McCOMBS and SHAW 1972, Weaver
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2007). Similarly, the media is able to affect salience of an issue through its frequent reporting

and repeated messaging (Liu, Lindquist and Vedlitz 2011, McCOMBS and SHAW 1972).

While much of the agenda setting literature since the 1970s has looked at the correlation
between news coverage (content and frequency) and the public’s perception (through polls
and voting results), another important component to agenda setting is not just its influence
on the public agenda, but on the political agenda as well (Weaver, McCombs and Shaw 2004).
While there have been a plethora of studies focusing on who and what sets the media’s
agenda (Weaver et al. 2004, Lang 1981, McCombs 2018), Dearing and Rogers (1996)
distinguished an additional category of the media agenda as influencing how the media
portrays certain subjects. Another interesting component of the agenda setting literature is
how this information is portrayed or “framed” within the media (Weaver et al., 1975; Tankard
et al., 1991; Gamson, 1992; McCombs, Shaw and Weaver, 1997). For our purposes here, we

are concerned with policy agenda and the studies of the media’s impact on those agendas.

lyengar (lyengar and Simon) identifies two types of news frames that generally cover all types
of US media: episodic and thematic. The episodic content is framed through discrete events
or individuals, and therefore resonates on a more individual and emotional level. Similarly,
the type of episodic framing described by lyengar can trigger emotional responses that
influence public opinion (Aarge 2011). The thematic framing focuses more on statistics,
analytics and less on personal context (Papacharissi and de Fatima Oliveira 2008, lyengar and

Simon 1993).

The idea that the media can set public or policy agendas has made it an important area of

research in both the communication fields and political science arenas (Weaver 2007).
“On a national and even a state level, the impacts to agriculture and urban areas from

the California drought were relatively small, but the drought was newsworthy for

years and played a significant role in the passage of new state and new federal laws.
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Observations of droughts in the 1980's suggest that turmoil will be greater when the
losses are felt more personally and when long term entitlements to water use are

threatened.” (ACOE 1994)

While it has been recognized that looking at the influence on policy agendas is more complex
due to the role of political actors (Dearing and Rogers, 1986; Weaver, 2007), the agenda
setting literature is rich with examination of policy implications (Ostrom 1986, Schneider and
Ingram 1993, Protess and McCombs 2016, Baumgartner and Jones 1991 1993). In order for a
public issue to be considered in the public policy process, policy elites must be alerted to the
issue (Cobb and Elder, 1983; Baumgartner and Jones, 1993; Jones and Baumgartner, 2005).
This often happens through the media’s coverage of an issue. However, in agenda setting
literature policy elites can be made aware of an issue through several avenues such as
problem indicators, focusing events, and information feedback (Kingdon 1995, Liu et al.

2011).

These issue attention identifiers have been associated with social significance, policy elite’s
ideologies, political conflicts and issue attention cycles (Liu et al., 2011). For example,
Anthony Downs chose to look at the ‘Shaping Of American Attitudes Toward Improving The
Quality Of Our Environment’ as the case study for his “Issue-Attention Cycle” in 1972. Downs’
Issue Attention Cycle walks through a five part process where (1) an issue quickly gains
awareness as a problem that needs to be addressed through government action (2) this
momentum leads to enthusiasm to address the issue until (3) there is recognition of the
actual costs of doing so, so that there is an eventual (4) decline of public interest and (5) the
reality of other pressing issues coming to the forefront that then causes the original issue to
lose traction. The problem, though still needing to be addressed, fades from public attention
until the cycle starts over again when another issue is identified (Downs 1972). Downs
identifies a problem as quickly gaining awareness through a crisis or some other dramatic
series of events. This sudden attention to a particular issue is a key component of the agenda

setting literature and also referred to as a focusing event. Understanding why the slow-onset
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hazard of drought isn’t able to garner the attention of policy makers in the state like other
natural hazards, such as fast acting floods or landslides, is imperative to getting drought on

the agendas of policy elites.

Policy as seen through Agenda Setting

Planning for water resource management is something Idahoans have been doing for
centuries. Since the first water use customary laws of prior appropriation were formed,
Idahoans recognized that the western U.S. needed more accommodating regulations (with
an average precipitation of 5-15 inches annually) than the riparian laws of the eastern U.S.
(with an average of 35-60 inches of precipitation) and adapted to the arid environment
accordingly. In order to be productive and have a growing economy, Idaho communities
needed to divert water from streams rather than rely on rainfall. The simple act of doing this,
diverting water and putting it to a beneficial use, gave them a common law water right.
Management of these rights is referred to as “first in time, first in right” giving prior
appropriators access to their full allocation in times of scarcity (the amount needed for
reasonable use) with junior users only able to divert water if it doesn’t affect the senior’s

allocation.

This 19" century regulation of prior appropriation has served Idahoans well, but adapting to
projected water resources changes, while recognizing the significant challenges in the 21
century, is something Idaho has yet to accomplish. It was even on the agenda of legislators in
the state to remove all mention of not only climate change from core science curricula, but
other references to weather and climate models (Corbin 2017). Even though the Idaho State
Water Plan (Board) addresses indicators of climate change, the term “climate change” was
not allowed in the writing of the document. Instead, the term “climate variability” was

deemed acceptable (Musgrove 2016)

The important difference in the terminology of climate change versus climate variability is

that climate change refers to the overwhelming scientific evidence that the globe is warming
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due to anthropogenic forcings (Allen et al. 2014) and climate variability is categorized by
variations in climatic events that happened before the industrial revolution and will continue
to occur regardless of human actions, such as El Nino Southern Oscillation (ENSO) events and
the Pacific Decadal Oscillation (PDO) (Hamlet and Lettenmaier 1999). It is interesting to note
this distinction in Idaho state water planning since both the 2012 State Water Plan and the
2001 State Drought Plan do not mention projected “climate changes”, but have the sole
purpose of containing plans and procedures to deal with the hydrologic impacts (coupled
with climate variability) based on scientific information such as: climatological data, snow
surveys, gauging stations and streamflow forecasts (IDWR 2001), all of which have been and

will continue to reflect a warming climate (Dalton et al. 2013).

Surprisingly, for lack of reference to “climate change” impacts, the Idaho State Water Plan
does address the increased precipitation “in the form of rain and fewer, but more intense,
storm events are expected to result in more severe droughts and greater flooding” concluding
that water resource managers “must evaluate and plan for these possibilities” (p. 40).
Unfortunately, the will to take action stops there. Idaho is not alone in this reluctance; with
a few exceptions, government response to the shortages caused by lack of precipitation has
been to react rather than adopt an approach that can proactively minimize drought impacts

(Walker 1991)

The Idaho State Water Plan suggests that increased monitoring take place and that an “initial
vulnerability analysis for watersheds” be conducted, but the list of “milestones” for what has
been accomplished to date (as well as the “implementation strategies” of what still remains
to be done) do not address any further planning for drought. One bullet point in the
implementation strategies does seem to allude to possible future drought planning: “Identify
and implement adaptive mechanisms to address the impact of climate variability on water

supplies” (p.41).
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According to the National Drought Mitigation Center Idaho’s drought plan is considered
“response based” which is defined as a plan that focuses on the “short-term” threat of
drought and has plans for drought monitoring, expected impacts, responding agencies and
the triggers that will incite action. However, “actions, programs, or policies intended to
increase preparedness before a drought occurs (mitigation) are not discussed within the

plan” (NDMC 2016).

These omissions need to be better understood in order to plan for effective drought
management in the future (Gamble et al. 2013) and for coordinated efforts to increase
capacity (Hamlet et al. 2013). Understanding how and why Idaho’s plans do or do not contain
certain language and do or do not become state sanctioned documents, policies or
procedures can be understood by John Kingdon’s “policy primeval soup” (Kingdon and
Agendas 2011). Kingdon argues that the issues that surface to the top of the primeval soup
bowl all adhere to a certain set of criteria which he examined in his 1985 book, Agendas,

Alternatives and Public Policies. The book is still the cornerstone of many agenda setting

theories as Kingdon laid the foundation for the key roles people and processes play in creating
policy change. In addition to needing to be viable to the public and constituents, the issue
also needs to be cost effective in both temporal and fiscal terms. However, even all of these

factors combined do not necessarily equate to policy change alone.

Contributing to this soup are the roles of actors (either in or out of government), the forces
at work influencing them (lobbyists or private interest groups, stakeholders or the public at
large), the way an issue is defined (as an issue or a problem or a solution to an issue or a
problem) the finite carrying capacity of policy makers (for only a few important issues at a
time, all vying for prioritization) combined with the feasibility of an issue’s solution (financial,
social and political acceptance) all floating in ‘broth’. Some ideas surface to the top while
others sink to the bottom. The issues that surface may adhere to a set of criteria that his
framework explains. Kingdon clarifies that this continual messy process of suggesting

proposals, reconsidering, reformulating, and proposing can take years, even decades (p. 116).
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With a long-term issue like climate change, there is will be a need for many surfacing issues
in this primeval soup to align actionable items for mitigating and/or adapting to climate
change and its impacts. Keeping climate change at the fore for policy makers will be critical
because climate change is a long term problem and governments, with short term elected
officials, are unlikely to ‘solve’ the climate crisis with one or even multiple enacted policies

(Pralle 2009).

To help understand the process behind how something so seemingly important like climate
change adaptation does or does not get “on the agenda” in Idaho, | turn to both John
Kingdon’s and Anthony Downs’ approaches within the agenda setting literature. Unlike some
of the other agenda setting models, these two in particular have utilized the example of
environmental issues is their modeling, allowing room for analyzing long-term, not easily

visible, sustaining issues rather than short-term, highly visible issues.

Kingdon’s multiple streams framework shows how policy change can occur when three
independent process ‘streams’ come together to create a ‘window of opportunity’ for the
policy to pass. While it is possible that certain policy change can occur when only one or two
process streams come together, it is most likely to occur with the combination of the three:

problem stream, policy stream, and political stream.

The problem stream or problem recognition, in the case of planning for drought, is how the
issue is brought to the attention of people in and around government. In Idaho this could be
the experience of an extended drought that affected a variety of sectors - significant enough
to grab the attention of decision makers (a ‘focusing event’), or it could be an uproar from
citizens about not having enough disaster relief post drought (‘feedback from current
program or policy’). An example of this can be taken directly from the 2001 Idaho Drought
Plan where it clearly attributes action for planning to a focusing event clarifying that “state,

federal and local agencies directed considerable effort toward drought planning and
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assistance as a result of the 1977 drought. Valuable information was collected, many water
supply problems were addressed, and drought response procedures were developed”(IDWR

2001).

The policy stream “resembles the process of biological natural selection” in that only the
‘best’ survive. In the case of best policies proposed, they need to be feasible: technically,
socially (fits dominant values) and financially (can work within the current budgetary

framework).

The political stream refers to the dominant political mood. Kingdon refers to this in his work
as the ‘national mood’, the amount of turnover in the legislative branches, and the role of
special interest groups and pressure campaigns. The same method can easily help outline
why some states, like California for example, are able to pass adaptation legislation due to
the dovetailing of all three streams, whereas in Idaho, it can be argued that the policy
generation and the political stream do not have fitting issues. One crucial component of both
streams is ‘fitting the mood’ of the public. Even if a policy maker wanted to act on climate
change impacts as seen through extended drought, would doing so risk his/her political

career?

The Yale Program on Climate Change Communication estimates that only 58% of Idahoans
think global warming is happening. An even fewer number of citizens in Idaho are worried
about global warming (48%) and even fewer yet feel global warming will affect them
personally (32%) (Leiserowitz et al. 2010). These statistics have improved since reported in
2014 but they still do not create a welcoming mood for time and energy to pass policy that is
proactive against something that most residents do not believe is affecting them. Similarly,
the power of interest groups at play in Idaho is likely not a good fit for climate change policy

endorsement.
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By utilizing Kingdon’s model on agenda setting for drought planning in Idaho one can
recognize that there is a challenge with the first stream or problem recognition phase in that
many actors (in and around government — in a visible cluster of actors or not) do not see
drought as a problem that necessarily needs a solution. Since drought is not defined as an
impact of climate change, but a process of climate variability, having a fifteen-year-old Idaho
State Drought Plan with recommendations for how to best receive federal aid post disaster
must be seen as inadequate. This lack of clarity in accurately defining a drought can actually

exacerbate the problem.

Anthony Downs chose to look at the ‘shaping of American attitudes toward improving the
quality of our environment’ as the case study for his “issue-attention cycle” in 1972. Like
Kingdon, Downs recognized stages that issues had to go through to generate enough political
pressure to affect change. He also describes his methodology through the national issue lens,
but it is possible to correlate these national environmental issue stages and characteristics to
the state level to shed light on why state policymakers in Idaho are not planning more

aggressively for drought.

Downs recognized that not all issues go through his five-part cycle, but the example of
environmental issues do, which is why | selected it as the second model to look more closely
at planning for climate change in Idaho. Before examining the five stages an issue goes
through, it is important to note the characteristics of issues that Downs describes as being

the best fit for his framework.

The first characteristic is that the issue is not a concern of the majority. The problem is
generated by current social arrangements that a majority of people benefit from. Again, this
is most certainly the case with drought as an impact of climate change since climate change
is caused by an increase in CO2 which is primarily emitted from the burning of fossil fuels. It
is this recognition (that climate change is anthropogenic) that is the subject of debate in Idaho

(with only 44% of residents who think that global warming is mostly caused by human
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activities Leiserowitz et al., 2014) more so than the fact that many residents are already

experiencing impacts of climate change (Klos et al. 2015).

The second characteristic is “sustained attention and effort, plus fundamental changes in
social institutions or behavior” (Downs 1972). Not only does solving the problem require
these changes, but in the particular case of drought it is imperative that the impacts of
drought are clearly understood in order to accurately monitor and respond to droughts. To
manage drought “you have to monitor impacts and understand vulnerabilities of the

consequences of those impacts” (National Drought Resilience Partnership 2017).

The third characteristic of a problem that goes through all of Downs’ issue-attention cycle
stages is that it has no intrinsically exciting qualities. Outside of the scenario of reporting at
the end of a very serious long-term drought, with photos of broken and dried soil near a dried
riverbed, there really is nothing “exciting” to report about drought. It has often been said that
we do not know we are in a drought until the near end of it (Wilhite 2005). And this is certainly
one of the great challenges of defining and depicting drought in relation to other natural
hazards. Droughts can last for a long period of time relative to other natural disasters such as
floods or earthquakes — but are short relative to climate change. There are multiple types of
drought: meteorological, agricultural, hydrological, and socioeconomic and political (Wilhite
2005). The impacts of drought are difficult to quantify as they often have a much longer lag
time than other natural disasters. The social impacts of drought are difficult to quantify since
so often the water shortages affect agriculture and farming. We can quantify the cost of a
house destroyed in a fire, but it is more difficult to quantify the cost of a farm unable to grow,
sell and distribute a crop for multiple growing seasons. According to the National Drought
Preparedness website, “from 1980-2000, major droughts and heat waves within the U.S.
alone resulted in costs exceeding $100 billion. In 2012, approximately two-thirds of the
continental U.S. was affected by chronic drought. Severe droughts are projected for the next
several decades, impacting the nation’s communities and economy” (National Drought

Resilience Partnership 2017).
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In summary of the characteristics of issues in Downs’ issue-attention cycle, he notes that we
should not “underestimate the American public’s capacity to become bored — especially with
something that does not immediately threaten them, promise huge benefits for a majority,

or strongly appeal to their sense of injustice” (Downs 1972).

Unfortunately, planning ahead for action to address the uncertainty of drought threat seems
to fit this profile quite well. The stages the issue of water or drought management in Idaho
has to go through according to Downs are the pre-problem stage, alarmed discovery and
euphoric enthusiasm, realizing the costs stage, gradual decline of intense public interest and

finally, the post-problem stage.

In the pre-problem stage most people aren’t aware of the issue. This could be synonymous
with Kingdon’s initial problem stream when the issue is being brought to the attention of
people in and around government. It is the ‘less visible cluster’ of actors who are already
aware of the issue in Kingdon’s model and in Downs’ analysis it is the experts, scientists and
actors in public interest groups who are already aware of the severity of the issue. The
alarmed discovery and euphoric enthusiasm stage is where the public is now made aware of
the severity of the problem and they express alarm as well as the desire to act to solve the

problem quickly (via the silver bullet solution or “single action-bias”).

Downs’ “realizing the costs” stage is especially pertinent to the role of drought and climate
change policy planning in Idaho since it is very difficult to quantify, and the impacts are very
difficult to single out. Not only does this make it less feasible to fit into a fiscal budget, but a
time and commitment budget as well - equating to disillusionment on the part of finding a
solution. An example of this can be seen in the initial creation of drought planning in Idaho.
The authors of the Idaho State Drought Plan attributed “effort toward drought planning”
where “problems were addressed” and “procedures were developed” as a result of the 1977
drought. However, even with all of this momentum, the authors reveal that “an important

item not completed in 1977, though, was the production of a “Drought Plan””. That was not
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accomplished until over a decade later in 1990. The state revised the plan twice since then in
1995 and this most recent draft in 2001. The authors state that the revisions are “reflective
on continuing drought conditions and ongoing efforts to find viable responses to problems

resulting from drought”. (IDWR 2001)

This statement is cause for pause for several reasons: 1) the Idaho State Drought Plan was
written in 2001 with much of the state having experienced “severe drought for as many as 7
consecutive years” (Wilhite 2006) so that focusing event was not enough to create change as
seen through an updated drought plan, 2) the Idaho State Water plan states that a main goal
of that document is to assist “water managers, planners, and users formulate management
strategies and policies needed to meet growing changing water use needs (Board 2012) but
there was no parallel action with the decade older drought plan even though it is recognized
that drought severity would increase, and 3) in the state’s webpage on “20 years of Idaho’s
Disasters” drought isn’t even mentioned in the 1976-1996 disaster summary. However, Idaho
has certainly experienced the disaster of drought. Since 2000 the state of Idaho has
announced 149 drought declarations. The drought declarations are made by county and are
typically signed in the summer months. A drought declaration has been signed in Idaho every
year since 2002 save, 2006, 2009 and 2011 (Division). In 2005, 99% of the state was in a
drought and in 2015 all of Idaho was in a drought according the Idaho State Drought Monitor

Report.

These overlaying factors of attention not necessarily given to the impacts of drought could
be seen through the lens of Downs’ agenda setting theory of issue-attention cycle at the third
and fourth stages, or the following stage of waning interest in an issue that just simply can’t
keep the attention of the public. It also reflects the reality that thus far current water
measures such as water banks have been enough for adaptation to the types of drought we

have thus far been experiencing.
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Finally, the post-problem stage reflects the point at which a different problem has already
replaced the issue. Politicians, like the rest of us have a “finite pool of worry” that only has
enough carrying capacity for several major issues at a time. When very pressing issues hit

“closer” to home then the other issues inevitably fall by the wayside.

Despite the discouraging path the potential policy of adaptive drought management seems
to take through both Kingdon’s and Downs’ models in agenda setting theory, there is still the
possibility that the three streams may align to create a window of policy opportunity, that a
focusing event may motivate action, or that a policy entrepreneur may spearhead the

process.

Research Questions

As described in the first section of this chapter, the overall objective of this research is to
examine issues at the boundaries of the physical, legal and policy aspects of drought planning
and response, following the tradition of geographic study of humans and their interaction

with the landscape.

In Chapter 2, this research aims to identify and separate the various physical and social drivers
for drought declarations at the county level. Through comparative analysis of a climatological
drought metric, the Palmer Drought Severity Index (PDSI) and county-level drought
declarations for the last 17 years, the following research questions are addressed: 1) What
are the spatial and temporal patterns of drought declarations in a large, managed irrigated
system in the U.S.? 2) How do these patterns correlate with a standard drought index, PDSI?
and 3) When patterns of social response, seen through drought declarations, deviate from
PDSI drought metrics, what are other possible drivers motivating the drought declaration or

lack thereof?

Drought declarations in Idaho allow for an expedited temporary water transfer process, often

providing the much-needed alternative to resolve water shortage issues outside of litigation.
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To better understand some of the possible drivers of declaring drought, when one may not
have been evident through the drought metric, an adaptive planning framework was applied
to the legal application of water law in Idaho. The western doctrine of prior appropriation
creates a property right to use of water while retaining state ownership. Historically, much
of the flexibility in water law has been provided through the private property prong by
allowing individuals to transfer (market) water and through the public prong by state and
federal development of new water resources. Many state water-planning activities address

this later aspect, i.e. the planning needed to meet growing demand.

In Chapter 3, in order to better understand how the integral facets of the Adaptive
Governance in a more resilient system, this research looks to the key features of Adaptive
Planning and compares them to a case study in southern Idaho. Using the lens of adaptive
planning to look at the historic water agreement between ground and surface water users in
an already over-allocated semi-arid region, can one illuminate areas of success and room for

improvement in adaptive planning?

While law has room for adaptability, drought planning must be on the agenda of policy
makers in order to advance. Borrowing from the agenda setting literature within political
science, in Chapter 4 this research examines the process of state level drought policy. A
window of opportunity opens for policy change when a set of criteria is met. This study
demonstrates how the slow onset hazard of drought resists classic policy analysis due to its
unique characteristics set within ldaho’s unique demographic. The dissertation concludes

with a summary of research findings and recommendations for future work (Chapter 5).
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Chapter 2 : Examination of Palmer Drought Severity Index as It Correlates with Drought
Declarations for Temporary Water Transfers in Irrigated Agriculture

Abstract

Drought has been declared through the Governor’s office in Idaho nearly 200 times in the
past two decades, in 11 of the past 16 years. In Idaho, as of 2001, declaring drought allows
for an expedited legal water transfer process at the county level and the ability to move water
to an area experiencing or anticipated to experience drought in the already dry summer
months of June — August (as seen through Natural Resources Conservation Service and the
National Drought Monitor projections). Drought declarations are most evident in regions that
experience water scarcity and where economies are water dependent (such as the irrigated
agricultural regions). Idaho’s agricultural industry is third largest in the western United States
(Eborn, Patterson and Taylor 2012). County-level drought declarations were compared
against the Palmer Drought Severity Index (PDSI). Results showed that about 60% of county
level drought declarations occurred concurrent to moderate to extreme agricultural drought,
as measured by PDSI values at or below -2.0, the threshold for “moderate drought”. By
contrast, the remaining drought declarations did not occur during periods of drought as
defined by the PDSI threshold. Our research suggests that drought declarations made in the
absence of concurrent drought were the result of drought legacy effects tied to reduced
water storage and soil moisture deficits in the preceding years. Combined with policies that
allow expedited water transfers in counties that have filed drought declarations, the spatial
patterns in drought declarations when the PDSI is above the threshold also sheds light on
where water shortages occur first in a complex managed system that arises from a

combination of a hydrologic, legal and policy constraints on water use.

Introduction

Climate change impacts are being felt globally (Reichstein et al. 2013, Allen et al. 2014) and
over the last century, the inland northwest region of the US has been experiencing a trend of

average temperature increase that reflects the overall global warming increase of about 0.8°
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Celsius (Abatzoglou et al. 20144, Santos, Rao and Olinda 2015). In the inland portions of the
region, which are snowmelt and mix rain-snow dominated (Luce et al. 2013; Hamlet and
Lettenmaier, 2007; Hamlet 2013), the impacts of climate change has been and will continue
to be experienced most through the changing water resource availability (Mote et al. 2003;
Hamlet 2011; Regonda et al., 2005). This is especially important to multi-faceted water

dependent economic sectors including irrigated agricultural production (Howden et al. 2007).

Nationally, the average value of agricultural products sold per-farm in 2012 was $187,097,
yet the average value for irrigated farms was nearly 2.7 times higher, at $514,412 (Schaible
and Aillery 2017). Irrigated agricultural production in the northwestern U.S. consists of about
27,000 square meters (NASS 2012). Idaho sustains about half of all irrigated acreage in the
Pacific Northwest at nearly 3 million irrigated acres, most of which lie along the Snake River
Plain (Qualls 2013). The Snake River is the Columbia River’s largest tributary as well as a vital
source of irrigation water for crops in the semi-arid region of southern Idaho. The
heterogeneous vegetation and complex topography typical of mountainous watersheds can
create variability for both spatial and temporal examination of snowmelt trends (Marks and
Winstral 2001). Idaho is a mountainous state with watersheds that are historically a snow
dominant and mixed rain-snow region characterized by peak runoff that lags behind peak
precipitation. Mountain snowpack is the most vital part of the annual water supply for many
northwest watersheds (Graves 2009, Luce 2018, Cayan et al. 2016), and the lag in runoff
provides an essential part of water supply relied on in warmer months. In this snow-melt
dominated region, irrigators rely on a combination of surface water and groundwater. Of the
approximately 830 billion cubic feet per second (cfs), or 19 million acre feet (AF), seventy five
percent is surface water primarily from the Snake River (Qualls 2013). The headwaters of the
Snake originate in Yellowstone and Teton National Parks. The ~6,000 cfs, or (4.3 million AF),
from groundwater is sourced from the eastern Snake Plain Aquifer made up of dense basalt
flows and heavily woven sediments (Link and Mink 2002), making it extremely permeable,

and one of the largest and most prolific aquifers in the nation.
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Agriculture accounts for more than 90% of consumptive water use in the western US (Maupin
et al. 2014). Idaho, Texas and California consistently rank in the top three western states for
irrigated agriculture water use (Kenny et al. 2009, Maupin et al. 2014). In Idaho, irrigation
used for the 3.4 million acres of agriculture accounts for over 90% of water consumed
(Kramber 2012). In highly managed irrigated systems like the Snake River Plain of Idaho
modifications to the spatial and temporal movement of water occur through water storage,
release, and diversions. Water availability significantly affects agricultural vulnerability
(Schlenker, Hanemann and Fisher 2007) and while the economic impacts of droughts can be
considerable in agricultural economies (Harou et al. 2010) irrigated agricultural systems are
somewhat able to adapt to water shortages through increasing the supply or decreasing the

demand (Mehta et al. 2013).

This research focuses on the irrigated agricultural system of the Snake River Plain, which
depends on the conjunctively managed resources of both ground and surface water (IDAPA
37, Title 03, Chapter 11(37.03.11), Title 67 of IDAPA and I.C. Section 42-603). The state’s
conjunctive management rules address how one source affects another, though there remain
some gaps in understanding the complexity of those relationships over space and time. To
mitigate impacts of water shortage from loss of one source in a conjunctively managed
system, Idaho allows for expedited transfer of water or temporary changes to places of use
for a given water right. Those water rights must be surface water rights as per state code
(Section 42-240) and therefore often benefit more “senior” water rights holders, as they were
first to put surface water to beneficial use in the hierarchy of prior appropriation. This is made

possible through a county-level drought declaration.

Identifying when counties declare drought in order to take advantage of this adaptation
measure can demonstrate the physical and/or legal factors that may be addressed in order
to manage water resources most effectively. To understand the spatial and temporal patterns
of responses to drought conditions in irrigated agricultural systems, this paper looks to the

history of drought declarations in the semi arid state of Idaho and the corresponding
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biophysical drought conditions as measured through the Palmer Drought Severity Index
(PDSI). This research is the first to compare county level drought declarations as they
correspond with a standard drought index in a state with a major irrigated agricultural
system. In doing so we are able to address two main research questions: First, what are the
spatial and temporal patterns of drought declarations in managed irrigated systems as seen
through one of the most prolific system in the U.S.? Secondly, how do these patterns

correlate with a standard drought index, PDSI?

Study Area — Physical and Legal Considerations

1. Physical Characteristics and Sensitivity to Drought

While we are looking at the entire state of Idaho for regulations to legal and political
boundaries for water rights, allocations, and transfers, a majority of the research focuses on
the semi-arid region of the state in south central Idaho for its prolific agricultural yields. This

productivity is due to proximity to the Snake River and the Eastern Snake Plain Aquifer (ESPA).
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Figure 2-1: Map at left of Idaho in the Pacific Northwestern U.S. and at right of the Eastern Snake Plain Aquifer (ESPA) in
southern Idaho. The three main stretches of the Snake River are above American Falls, American Falls to King Hill and
below King Hill.

The ESPA underlies 26,000km? of the heavily irrigated portion of southeastern ldaho

(Cosgrove, Johnson and Tuthill 2008). The Snake River Basin is made up of three river reaches:

above American Falls, American Falls to King Hill, and below King Hill (Figure 2-1).
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The reach above American Falls contributes more than 40% of the Snake’s natural flow to
irrigation. The middle reach from American Falls to King Hill has allocated 30% of the basin
flow to irrigation water. And lastly, the lower reach, below King Hill, is not considered as

contributing much to irrigated agriculture in the region (Qualls et al. 2013).

The peak runoff of snowmelt in northwest streams is therefore shifting (Rauscher et al. 2008)
and occurring about a month earlier than the historical average (Dudley et al. 2017, Jones,
Muhlfeld and Marshall 2017). These impacts can result in high stream flows earlier in the year
and lower surface water availability when water resource managers need it most (Creighton
et al. 2015) to meet the needs for irrigated agriculture (Pathak, Kalra and Ahmad 2017, Malek
et al. 2017, McNabb 2017) which is a sector inherently sensitive to climatic changes (Vano et

al. 2010).

At the same time, rising temperatures in the region (Abatzoglou et al. 2014b, Sohrabi et al.
2013) lead to increased evapotranspiration (ET) rates during the growing season, (Han,
Benner and Flores 2018) which increases demand for irrigation water (Santos et al. 2015).
These physical changes in the region are coupled with social stressors such as high annual
population growth (0.89% growth rate annually for Idaho; World Population Review, 2015)

and increased demand for municipal water uses (Atlas 2018).

These physical changes are all indicators the state will likely experience more severe water
shortages than in the past (Sohrabi et al., 2013). In fact, most arid western communities
experiencing these impacts may see an increase of drought occurrence (Overpeck 2013, Dai
2013, Abatzoglou and Rupp 2017b) drought severity (Peterson et al. 2013, Luce et al. 2016,
Crockett and Westerling 2018) as well as increased sensitivity to future warming (Rieman and
Isaak 2010, Qualls 2013). Future drying projections will have a higher level of aridity and
drought intensities (Ficklin et al. 2016) than even the most severe megadroughts of the

previous millennium (Cook, Ault and Smerdon 2015).
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In summary, climate change will exacerbate drought stress in Idaho (Santos et al. 2015) and
this additional strain on Idaho’s water resources will require strategic water management

practices (Creighton et al. 2015, Wilhite, Sivakumar and Pulwarty 2014).

2. Legal considerations due to water right regulations

The history of western water law is uniquely tied to climate in the system of prior
appropriation (Kirchhoff and Dilling 2016, Leonard and Libecap 2016). Idaho is among those
states that follows “first in time, first in right” doctrine for both ground and surface water

(Idaho Constitution Art. XV §3, Idaho Code §42-106).

Although surface water diversion comprises a significant source for irrigation in the study
area, groundwater is withdrawn for agricultural, municipal, and industrial uses through
extraction wells to access water located in fractures of rock formations and soil pore spaces.
Groundwater is considered to be in an aquifer when a unit of rock or unconsolidated deposit
can yield a usable quantity of water (IDWR 2017). Since the mid 1990s it has been legally
recognized that groundwater in the Eastern Snake River Plain is rapidly recharged from
surface sources, including irrigation water and eventually flows to the surface naturally (i.e.
through springs and seeps). Surface and groundwater are considered a shared resource that

should be managed as such (IDAP 37.03.11, I.C. 42-605).

As Idaho experiences times of drought, junior water users in the state (often those with rights
to groundwater) may be curtailed in using their full water allotment as prior appropriation
accommodates the temporal hierarchy of those who first put the water to beneficial use. A
senior water right holder can request a water delivery call of a more junior water user under
this doctrine (Idaho Code, IDAPA 37.03.11). Curtailment orders can be dealt with in a variety
of ways for a surface water user seeking a delivery call of a groundwater user through a
mitigation plan (CMR 43). The Conjunctive Management Rules (CMRs) provide a device to

ensure efforts to improve efficiency by requiring the senior water right holder to show
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material injury of reasonable use before the call can go forward. Material injury factors
include efficiency improvements if feasible. Once a mitigation plan is in place, the Director of
the Idaho Department of Water Resources, through the watermaster, can regulate the
diversion, transfer and use of water or allow the out-of-priority diversion to continue. Prior
appropriation doesn’t prevent water right transfers, but the costs associated with such

transfers often can preclude the exchange of water (Smith 2012).

For example, since 2000, ground water users in the Eastern Snake Plain Aquifer (ESPA) area
have defended fifteen different delivery calls made by senior right holders. Five of those calls
were fully litigated before the Idaho Department of Water Resources, the Snake River Basin
Adjudication Court, and the Idaho Supreme Court. In order to avoid curtailment of junior
groundwater rights the Idaho Groundwater Appropriators, Inc., (made up of eight
groundwater districts and two irrigation districts representing nearly 2,500 water users)
secured mitigation plans. These curtailment alternatives involving a wide range of solutions
such as water exchanges, groundwater recharge, water delivery and water use reductions.

The estimated cost of these mitigation actions is over $65 million (Budge 2015).

In the State of Idaho, as in other western states, most streams and rivers do not provide
sustained flow to fully satisfy all water use needs even during good water years; during years
of drought, water delivery problems are exacerbated (Tuthill Jr, Rassier and Anderson 2013).
In the semi-arid region of southern Idaho do not only occur in years of water shortage. Since
water management in the Northwest is based on historical snowmelt and the timing of that
snowmelt runoff (Markoff and Cullen 2008, Adam, Hamlet and Lettenmaier 2009, Clifton et
al. 2018) the human responses to mitigate the changes in surface water can additionally alter
storage allocations (Dalton, Mote and Snover 2013, Qualls 2013). Supplementing the prior
appropriation doctrine with well-designed temporary reallocation policies that reduce

associated costs could improve economic efficiency during water calls (Elbakidze et al. 2012).

There are several possible responses to drought conditions in irrigated systems, but an

important mechanism of mitigation during times of shortage is to transfer water. Under
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normal circumstances a water right transfer involves an application with IDWR, (including
documentation of right, notarized attachments of change of use or diversion, and maps with
legal descriptions) a waiting period for public notice and feedback, and an application fee.
However, in 2001 the Idaho State Legislature passed a bill by the Resources and Environment
Committee, which amended the law to essentially become more adaptable during times of

drought.

This adaptability is in the form of a drought declaration made at the county level, allowing all
surface water rights holders in that county, and adjacent counties, to have a truncated legal
process. The Senate Bill allows for "temporary changes to water rights by transfer or

exchange of water during a drought emergency" (Senate Bill no. 1122, 2001).

Idaho has historically experienced severe and long-term drought with the pronounced and
chronic droughts during the dust bowl period of the 1920s and 30s. According to the Idaho
State Drought Plan, the worst single drought year on record for Idaho was 1977. That drought
year was the catalyst for the writing of Idaho’s State Drought Plan (IDWR 2001). The climatic
conditions in Idaho between 1987 and 1993 in the southwestern part of the state surpassed
the Dust Bowl era as the most severe period of drought on record (IDWR 2001) up to that
point. Idaho has experienced as many as 7 consecutive years of drought (Wilhite 2006). In
2005, 99% of the state was in a drought and in 2015, 100% of Idaho was in a drought according
the United States Drought Monitor Report (NDMC 2016).

Droughts can be defined as meteorological (deficiency in precipitation and/or high
evaporative demand), hydrological (deficiency in streamflow and inflow to types of water
storage such as reservoirs, lakes or wetlands) and agricultural (deficiency in soil water or plant
available water) (Wilhite 2000). In order to quantify drought impacts, we looked to voluntary
drought declarations made at the county level in Idaho. These declarations serve as an
indicator that water rights holders are being impacted by drought events. Once a county, via

the County Commissioners Office, has declared drought, they make a request to IDWR. IDWR
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then reviews the declarations and sends on to the Governors’ office for approval. IDWR
drought orders pertain only to the administrative process; they do not apply to disaster
support or financial assistance. The only types of water rights that are eligible for those
temporary exchanges are surface water rights (section 42-240, Idaho Code). Because of the
immediacy of the need, the statute allows for a truncated review by IDWR. According to a
memorandum associated with the review process (Saxton 2003) IDWR relies on the
recommendation of the local watermaster and the responsibility of the applicant to meet the
drought declaration criteria. Whereas, other western states, such as Washington, have a
criterion of regular water supply falling below 75% of average before a drought may be

declared.

Counties in Idaho have filed 188 drought declarations in our period of study (2001 — 2016).
The drought declarations are typically signed in the summer months though declarations
following on or more years of drought may declare as early as February. One has been signed

in ldaho every year since 2001 save, 2006, 2009 and 2011 (IDWRB 2016).

3. Drought Indices

In order to quantify the hydrometeorologic conditions under which droughts were declared
(or not) at the county level during the study period, the Palmer Drought Severity Index (PDSI)
was used. The PDSI was created in 1965 to standardize the calculation of relative soil moisture
availability, in order to facilitate comparisons across space and time (Palmer 1965). It
characterizes the cumulative relative departure of soil moisture to a baseline period using a

simplified water balance calculation.

Precipitation, potential evaporation (PET) and soil available water holding capacity (AWC) are
the variables used to estimate the soil moisture status. PDSI is the most extensively used
drought index since its creation in 1965, having been well tested and verified (Mishra and
Singh 2010) and is used commonly throughout the world to quantify observed drought and

drought projections (e.g., Dai 2011). While the PDSI has been widely criticized for its lack of
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including snow into the water balance and other simplicities (Alley 1984, Karl 1985, Werick
et al. 1994) it is used here only in the summer months of June, July and August (Pathak et al.),
consistent with prior studies (e.g. Cook et al. 2004, Griffin and Anchukaitis 2014).
Additionally, it has been shown to have strong correlative relationships with drought impacts
including streamflow, wildfire, soil moisture, and drought-related economic losses to

agricultural systems (Dai, Trenberth and Qian 2004).

Because water can be managed in irrigated systems, it would not be appropriate to use the
PDSI to estimate actual soil moisture conditions in the study area. However, it does provide
a good estimate of the hydrometeorological conditions under which water management
decisions were being made in irrigated systems, particularly those that rely on surface water
supply as it shows significant correlations to interannual streamflow variability in the Pacific
Northwest (Abatzoglou et al., 2014). Unlike some drought metrics that only consider
precipitation (e.g., standardized precipitation index), PDSI attempts to account for variability
in the evaporative demand component, thus incorporating both basic elements of the surface
water balance. Similarly, unlike some drought indices that may be better equipped for
estimating short-duration drought, PDSI relates best to longer time scales such as between 9
and 12 months (Wang, Rogers and Munroe 2015). In essence, it provides an estimate of the
water deficits that had to be made up with irrigation during each of the summer months

during the study period.

Methods
1. Datasets

Historical PDSI Values

Gridded values of PDSI for June, July and August for each year of the study period were
calculated at 1/24 degree (~4km) spatial resolution. PDSI values were calculated for each grid
cell using historical meteorological data from the gridMet data set (Abatzoglou 2013) which
incorporates data from the Parameter-elevation Regressions on Independent Slopes Model

(PRISM) Group at Oregon State University (http://prism.oregonstate.edu, accessed July 2017)
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and the Phase 2 of the North American Land Data Assimilation System (NLDAS-2) (Mitchell et
al. 2004).

The calculation of PET used in the PDSI water balance estimation can be done using different
approaches (Abatzoglou et al. 2014a) including a simple temperature-based approach via the
Thornthwaite method (hereafter Thorn-PET; Thornthwaite 1948) and an energy-balance
approach via the Penman—Monteith method (hereafter PM-PET; Allen 1998). Thorn-PET is a
widely used empirical transformation that only requires monthly-mean temperature and
latitude. This contrasts with PM-PET, which is an energy-balance approach requiring
temperature, latitude, elevation, wind speed, radiation, albedo, and vapor pressure deficit.
Utilization of more complex measurements for PET has not been shown to dramatically
influence time series of PDSI over the historical record (Dai 2011, Dai 2010), but may be more
relevant for applying climate change scenarios. The method used here for PET was the

Penman-Monteith equation for short-grass (Allen 1998).

Soil available water capacity (AWC) in the top 250-cm of the soil was used in the PDSI
calculations. Soil AWC data was extracted from the State Soil Geographic Database
(STATSGO) at a 1-km resolution and was interpolated to the resolution of the 4km grid cells
of the climatic data as in Abatzoglou et al (2017a). Gridded values of PDSI were spatially

aggregated to the county level as the average value of the 4km grid cells in each county.

Drought Declarations

Drought declarations made at the county level are submitted to the Idaho Department of
Water Resources (IDWR). The county declarations are reviewed and IDWR staff often include
supplemental information before the declaration is then sent to the Idaho Governor’s office.
Once approved, a drought order is issued by the state. The drought declaration and order

data are compiled by IDWR and updated on an annual basis.
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Water Rights

Water Right information was obtained from the IDWR database for both the rights where
water is used, called “place of use” (POU), and where the water comes from, or “points of
diversion” (POD). The POU is the legal location where a water right can be used and is
described by IDWR in quarter-quarter sections down to a 40-acre tract (IDWR 2017). A
guarter-quarter section is part of the Quarter Section delineation of the Public Land Survey
System (Interior 2018) and is the equivalent to 1/16 of one square mile (40 acres). Four
quarter-quarter sections are within every land parcel. The diversion structure for PODs divert
the water from its natural source (i.e. a river, well, canal, etc.) and is necessary to establish a
water right. Typical diversions are: head gates, pumps, ditches, dams, or a combination of

several diversions. A POD is also described in quarter-quarter sections.

Temporary Water Rights Transfers and Water Delivery Systems

Water Right Transfer Data was obtained from the most recent (revised 2/29/2016) statewide
database from IDWR. Information on basin, type of water right changes, applicant, county,
source, total cfs diversion rate, expiration date, water right numbers and receipt numbers
were available. Total water transfers per year or per county extrapolated. Water delivery
systems spatial data were obtained from IDWR via ArcMap and focused on surface water

districts and Irrigation organizations. These spatial data were mapped in ArcGIS.

2. Data Analysis

Thresholds of PDSI are typically used to identify severity classes of drought. Usually, PDSI
values of -2.0 to -2.99 are classified as moderate drought, -3.0 to -3.99 as severe drought and
-4.0 or less as extreme drought. For the purposes of this research, we are concerned with
impacts associated with drought occurrences, which are not often experienced during mild
drought conditions and therefor have chosen the threshold of <-2.0 PDSI. While the PDSI
values were aggregated and calculated monthly, we limited the analysis to average summer

(Pathak et al.) PDSI values that correlate well with summer soil moisture (Dai et al. 2004).
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Drought declaration data were mapped to give a spatial representation of the distribution of
a) cumulative drought declarations by county b) when those declarations occurred when
concurrent PDSI <= -2.0, and c) when the declarations occurred when PDSI > -2.0. We
additionally considered PDSI conditions one and two years prior to drought declarations.
Mean PDSI values were calculated for each county and plotted against drought declaration

years to reflect temporal pattern of declarations.

The water right transfers were provided in a format of water right numbers and included
approved, amended and denied water rights. Those data were cleaned and prepared for
analysis. Application numbers of water rights transfers in the Idaho Department of Water
Resources Temporary Transfers database were considered as a transfer (including “partial
water rights”). Applications that were withdrawn or denied were removed from the dataset.
One application was denied, as water transfers were not allowed in the Eastern Snake River
Plain due to limitation of the adjudication process at the time. Years were attributed to each
water transfer request and applicant. We calculated the number of transfers per applicant,
sorting by year and by county. For those with no date entry in the database for the transfers,
we compared the water right application numbers and combined it with the year most closely
matching the application number. For transfers listed under multiple counties (i.e. Jefferson,
Bonneville and Bingham) we defaulted to the first county, so as to not triple count one water

right transfer while still recognizing the drought declarations made in each.

In addition to the drought declaration and order data gathered from the Idaho Department
of Water Resources (IDWR) digital datasets and files, water right information was also
obtained. At the time of this acquisition, it was the best available compilation of drought
related and water rights information. However, the accuracy and completeness of the
datasets, including the temporary water transfers set could not be verified. Consistent with
prior studies using similar datasets (e.g. Snyder, Risley and Haynes 2012, Bromley 2015,
Serbina and Miller 2014) readers should check directly with the Idaho Department of Water

Resources to verify any specific dates, rights, orders and transfers.

www.manaraa.com



48

Results

1. Spatial patterns of drought declarations and drought indices

The number of years in which each county filed a drought declaration with the state over the
study period is shown in Figure 2-2a. Custer County in central Idaho declared drought 12
years out of the 16-year record, while the northern counties in the Idaho panhandle rarely, if

ever, declared drought.

The PDSI values averaged for the summer months in all counties were evaluated to determine
how frequently the PDSI values in those corresponding months would seem to support a
drought declaration using this index. Approximately 60% of county level drought declarations
occurred with PDSI < -2. To examine the spatial patterns in those figures, the number of years
for which both conditions occur (i.e., PDSI is < or = to -2.0 and drought was declared) for each
county are shown in Figure 2-2b. For example, the county of Custer declared drought during
12 separate years and the value of PDSI was less than or equal to -2.0 for 6 of those and above
that threshold for the other 6 years. The numbers in this map indicate that several counties
in the semi-arid region of southern Idaho experienced moderate to extreme drought

conditions in at least six of the past fifteen years.
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(b)

(c) (d)

Figure 2-2 a-d: Spatial patterns in drought declarations and PDSI values: (a) The number of years for which each county
has declared drought between 2001-2016; (b) the number of years for which each county has declared drought and the
summer month values of PDSI have been < or = -2.0; (c) ) the number of years for which each county has declared
drought and the summer month values of PDSI have been > or = -2.0; (d) the percentage of temporary water right
transfers utilized by each county.
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