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Executive Summary

This report describes the results of a study by an interdisciplinary team at the Climate
Assessment for the Southwest (CLIMAS), one of 11 Regional Integrated Sciences and
Assessments Centers (RISAs) funded by the Climate Program Office of the National
Oceanographic and Atmospheric Administration (NOAA). The goal of the RISA Program is to
support research that addresses complex climate-sensitive issues of concern to decision-makers,
policy-makers, planners, and managers at a regional level. CLIMAS, the RISA for the region
that includes Arizona and New Mexico, promotes participatory, iterative research involving
scientists, decision makers, resource users, educators, and others who need more and better
information about climate and its impacts. This particular study was funded by a 2010 grant
from NOAA to each RISA to conduct one-year exploratory research projects designed to
contribute to the National Climate Assessment process currently being developed by the U.S.
Global Change Research Program. The research took place between February and November
2011 and was designed to accomplish two goals: 1) to learn how rural Arizonans understand,
plan for, and respond to weather and climate in their daily lives, information that can help federal
agencies provide climate-related information and programs that better meet their needs; 2) to
assess the role that University of Arizona Cooperative Extension can play in the process of
assessing climate service needs, and providing programs to enhance adaptive capacity.

This report is targeted at authors of chapters for the 2013 National Climate Assessment,
particularly the chapters on Rural Communities, Adaptation, and the Southwest region, and
members of the National Climate Assessment Development and Advisory Committee with the
goals of addressing three of the eight topics that are priorities for the 2013 NCA. First, for the
Engagement, Communications, and Evaluation topic, the report provides a case study illustrating
climate change-related issues faced by rural residents in Arizona, including private
landowners/producers (e.g. ranchers and farmers), state and federal natural resource managers
and local government and planning officials, at this point in time. The study was designed to use
ethnographic methods to elicit the perspectives and ideas of rural residents and decision makers,
while sidestepping the political sensitivity of the topic of climate change in the U.S. at this time.
Second, for the Adaptation topic, the report provides a case study that illustrates how rural
Arizona residents approach adaptation, including how they typically respond to and plan for
weather-and climate-related events, how they are responding to climate changes they are
currently experiencing, and their ideas about how to better plan for or respond to climate
variability and change in their communities. Third, for the Sustained Assessments and Research
Needs topic, the report identifies a “path forward” for sustaining the assessment activities we
have undertaken by assessing the capacity of University of Arizona Cooperative Extension to be
an ongoing partner in the NCA process and to assist in ongoing climate adaptation and
mitigation efforts and education at the local level, and by suggesting how, nation-wide,
Cooperative Extension could become a partner in the NCA process. The report also provides a
detailed description of the research methodology used and the rationale behind it in order to
contribute to the development of an ongoing, consistent, and replicable approach to national-
scale climate assessment which can incorporate the advantages and policy relevance provided by
qualitative research, in particular by the traditional ethnographic methods of cultural
anthropology.



The key findings for each of these topics are summarized below.
Engagement, Communication, and Evaluation

1. Rural Arizonans are highly attuned to weather and climate. Participants in the study displayed
a high awareness, not only of current weather and climate conditions, but of past and projected
conditions as well. They were familiar with and used a variety of weather and climate
information sources, and many have their own rain gauges or weather stations at home.

2. Their perceptions of weather and climate are shaped by many factors: among them,
geographic location, current weather conditions; recent or remembered extreme weather events;
knowledge of conditions in the past; length of residence; and occupation.

3. The weather/climate-related topic that emerged as by far most important for rural Arizonans is
water. Among specific weather/climate phenomena, rain is discussed the most, including rainfall
seasonality, lack of rain, and changes in rainfall patterns. However, at this time, drought and
wildfire are the topics that generate the most concern.

4. Short-term drought impacts ranchers more than any other group because of its effects on
vegetation and water sources for cattle. Drought also has extreme impact on forest health and
fire danger. Farmers’ concern about drought is related to the source of their irrigation water.
Many feel they are more impacted by a perceived recent change in climate variability and in the
frequency of extreme events like hot and cold temperature extremes, wind events and shifts in
growing season length.

5. Rural Arizonans are aware of a variety of climate changes, including changes in rainfall
patterns both in time and space, more intense rainfall and localized flooding events, increased
temperature extremes, an increase in the frequency of extreme wind events and an increase in the
intensity, duration and frequency of drought conditions.

6. Their attitudes toward climate change attribution vary. A minority of those who participated
in the study accept it fully because of the climate changes they have experienced. Many, having
experienced the extreme variability of climate in Arizona, or being aware of the political
sensitivity of the issue of climate change and the policy recommendations associated with it, are
hesitant to attribute the changes they are experiencing to human causes. Most would like to learn
more about climate variability and change.

Adaptation
1. Rural Arizonans seldom use the word “adaptation,” and while they are constantly adjusting to
the arid to semi-arid, highly variable climate of Arizona, they are more likely to think of their

actions as a normal response to living in a variable climate.

2. Rural Arizonans are avid consumers of weather and climate information, while remaining
skeptical about its accuracy. To improve their weather- and climate-related planning, they would



like information tailored to their specific area, better local-scale precipitation monitoring, and
National Weather Service websites that are easier to use. More accurate and localized short-term
forecasting of extreme weather events would help them plan for events that will immediately
affect their daily lives; general intermediate-term climate projections of about ten years would
help farmers and local-level planners make decisions about investing in expensive machinery or
infrastructure; and general longer-term projections would help agricultural producers, resource
managers, and local government planners begin thinking about future planning and adaptation
possibilities.

3. In addition to weather and climate, ranchers, farmers, resource managers, and local-level
officials take many factors into account in their planning including such factors as cost of inputs,
market prices for their products, availability of water, property taxes, government policies,
environmental regulations, and public perceptions. Because decision-making is so complex and
information about future climate conditions are so uncertain, participants suggested that the best
approach to integrating climate change into planning would be to address the legacy of past
maladapative natural resource management and development activities (e.g. forest health
conditions and water resources planning) within the context of a changing climate.

4. Participants’ main suggestions for how to adjust to the climate changes they are experiencing
fall into two major categories: water conservation and educating people about how to live in the
Arizona environment (i.e. reducing exposure and vulnerability to Arizona weather and climate).
Three less prominent categories include: landscape restoration; local level planning, especially
for water and drought, and broader institutional reform that would allow more flexibility at the
local level.

5. Factors that impede local adaptation initiatives include: lack of confidence that climate change
is permanent (i.e. belief that recent changes experienced are part of a natural cycle); lack of
resources; and structural barriers such as environmental regulations, government policies, and
tax and rate structures that do not allow for the needed flexibility at the local level. In particular,
participants noted the challenges that rural communities, who are a political minority, face
having their concerns taken into account in national-level legislation and policy that affect rural
landscapes.

Sustained Assessments and Research Needs

1. By working through University of Arizona Cooperative Extension, a small interdisciplinary
team was able to accomplish an ethnographic study for the purpose of climate assessment in
rural Arizona with minimal resources. The type of information generated is essential to climate
assessment and climate adaptation research because it provides insight into how climate change
is experienced and responded to at the individual and local level, through non-economic values,
and into similarities and differences between and within counties in the same region that indicate
how they could be impacted unequally by changes in climate and through broad-based policies
aimed at responding to climate change.

2. This study indicates that Cooperative Extension, which has existed as a nationwide
organization that connects knowledge developed at state land-grant universities with people who



can use it since 1914, and maintains a network of university-trained Extension agents in counties
nationwide, is uniquely positioned to extend the National Climate Assessment process and
products to rural communities. However, the Cooperative Extension System across the country
has lost much of the regular federal and state funding traditionally relied on for support, so a
recommitment to funding and/or exploration of new funding mechanisms is required to sustain
this partnership.



1. Introduction

This report describes the results of a study by an interdisciplinary team at the Climate
Assessment for the Southwest (CLIMAS), one of 11 Regional Integrated Sciences and
Assessments Centers (RISAs) funded by the Climate Program Office of the National
Oceanographic and Atmospheric Administration (NOAA). The goal of the RISA Program is to
support research that addresses complex climate-sensitive issues of concern to decision-makers,
policy-makers, planners, and managers at a regional level. CLIMAS, the RISA for the region
that includes Arizona and New Mexico, promotes participatory, iterative research involving
scientists, decision makers, resource users, educators, and others who need more and better
information about climate and its impacts. This particular study was funded by a 2010 grant
from NOAA to each RISA to conduct one-year exploratory research projects designed to
contribute to the National Climate Assessment process currently being developed by the U.S.
Global Change Research Program. Dr. Michael Crimmins, Climate Science Extension Specialist
and Associate Professor at the University of Arizona, and a CLIMAS Investigator, proposed a
qualitative study that would work through University of Arizona Cooperative Extension (UACE)
to assess the climate service needs and adaptive capacity of rural residents in each of Arizona’s
fifteen counties. Dr. Julie Brugger, an anthropologist with experience working in the rural
American West, was hired to design and carry out the qualitative research. The study was
designed to accomplish two goals: 1) to learn how rural Arizonans understand, plan for, and
respond to weather and climate in their daily lives, information that can help federal agencies
provide climate-related information and programs that better meet their needs; 2) to assess the
role that UACE can play in the process of assessing climate service needs, and providing
programs to enhance adaptive capacity.

Rural residents are an often overlooked minority in the U.S.> The 2010 census showed that only
about 17% of the U.S. population lives in rural areas (Lal et al. 2011). In addition, less than 3%
of the workforce is involved in primary resource production (McCarthy 2002). Median
household income is less in rural than in urban areas — $40,135 versus $51,522 in 2009 — and the
poverty rate is higher — 16.5% versus 14.9% in 2010 (USDA Economic Research Service). In
the western U.S., distinguished by a largely arid to semi-arid climate and a high proportion of
public land,? resource-based rural economies have been declining since the last quarter of the
twentieth century, as a result of decreasing commodity prices, horizontal integrations in
agriculture and resource extraction industries, globalization, and reduced trade barriers.
Meanwhile, the West’s aesthetic landscapes, vast public lands, and lower real estate prices are
attracting more tourists, recreationists, and urban migrants who view the landscape in terms of its
amenity value rather than as ancestral home and a source of livelihood as do many lifetime
residents. As the rural West shifts from a resource-based production economy to an amenity-
based consumption economy, tourism, recreation, and real estate are becoming the main local
industries (Walker 2003). Because the first two typically offer low-paid service employment,

! The USDA Economic Research Service uses several different definitions for “rural” in the statistics it provides.
For the purposes of this study, we use a vernacular, rather than a technical definition. Rural areas are those that are
not urbanized, have a low population density, and a high proportion of agricultural land, rangeland, or public lands.
? The federal government owns 671.8 million acres (29.6%) of the territory of the United States and most of it is in
the West, where over 50% of the land is federally owned (Vincent et al.2004).
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while the latter generates tax increases, longtime rural residents are struggling to make ends
meet. At the same time, increasing numbers of amenity migrants from urban backgrounds,
whose worldviews and values differ from those of longtime residents, are challenging
established community identities. In addition, the media and popular culture, which are
dominated by urban worldviews, are likely to represent rural producers as overusing or
mismanaging natural resources, and to represent rural residents more generally in demeaning
ways. Geographers Jarosz and Lawson (2002) argue that the latter “redneck” discourse serves to
obscure the increasingly uneven development between rural and urban areas and the sharpening
of class differences it is producing. This is the predicament of many of the people who are
producing the food we eat and managing the natural resources we use.

The social, economic, and political challenges already facing rural communities in the American
West are heightened in the Southwest® by the fastest growing population in the nation, limited
water resources, and an arid and highly variable climate. In Arizona population has grown by
24% since 2000 (only Nevada’s grew faster), 40% between 1990 and 2000, and 35% the decade
before that (USDA Economic Research Service). This exceptional population increase is
occurring despite Arizona’s extremely limited water resources. The constraints imposed by
aridity have so far been overcome by the development of large-scale, federally-subsidized water
importation and transport systems and by significant groundwater overdraft (Colby and Jacobs
2007). However, there is mounting evidence that these water management systems are running
up against physical, economic, and ecological limits that constrain the expansion of water
supplies, at the same time that climate change threatens current supplies (Gleick 2010; Overpeck
and Udall 2010). This situation is made worse by the fact that Arizona continues to have one of
the highest poverty rates by state in the nation, and the poor are among the most vulnerable to
water shortages.

The climate of Arizona is exceptionally unique and important to all aspects of life and commerce
in the state. A seasonal-transitional climate characterized by two distinct wet seasons with
intervening dry periods creates exceptional variability in precipitation and temperature levels
throughout the annual cycle (Figure 1). Winter season rainfall typically comes from large-scale
frontal storms delivering low-intensity precipitation to broad areas. The summer season is
dominated by convective rainfall related to monsoon thunderstorm activity. These
thunderstorms can produce large amounts of rainfall over short periods of time and typically only
impact very small spatial areas (Goodrich et al. 1995).

Dramatic topographic relief across the state adds to this variability by creating a diverse range of
climatic regimes governed by elevation-temperature and elevation-precipitation relationships.
Higher elevation locations receive on average ten times more precipitation and are tens of
degrees cooler than the lowest elevation areas of the state (see Figures 2 and 3).

Arizona also experiences high levels of interannual precipitation variability related to the El
Nifo-Southern Oscillation (ENSO). This periodic shift in sea surface temperature patterns
across the equatorial Pacific Ocean impacts the winter storm track, moving it south towards

® Considered here to include California, the Great Basin, and the Colorado River Basin (the states of California,
Nevada, Utah, Arizona, and parts of Wyoming, Colorado, and New Mexico) because their arid portions have similar
climate and interdependent hydrological resources (Cayan et al.2010).
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Arizona during El Nifio events creating wetter-than-average conditions and northward away
from Arizona during La Nifia events with drier-than-average conditions. The frequency of El
Nifio and La Nifia events also varies at decadal scales, producing longer-term pluvial and
drought periods that can also last for decades. Tree-ring reconstructions of precipitation
variability across the Southwest indicate that decadal cycles between droughts and pluvials have
dominated the interannual variability in Arizona climate over the past 1000 years (Sheppard et
al. 2002). Several distinct periods of climate have impacted Arizona in very diverse ways over
just the last sixty years. A shift towards to more La Nifia events and drier winter conditions in
the 1950’s led to widespread drought and impacts to water resources across the state. A
subsequent shift towards more frequent EI Nifio events in the mid-1970’s led to a very wet
period that last until the mid-1990’s. During this period, much of Arizona experienced record
wet conditions, several floods of record, and dramatic shifts in vegetation with many new
invasive species taking hold (Crimmins and Comrie 2004). A subtle shift back towards more
frequent La Nifia events occurred in the late 1990’s leading to the return of drought conditions
similar to the 1950’s that continues to persist. Drought conditions peaked in 2002 with extreme
to exceptional drought conditions impacting the entire state. According to the NOAA National
Climatic Data Center the period of June 2001 through May 2002 was the driest on record for
southeast Arizona compared to observations dating back to 1895. These conditions led to
extensive drought impacts across the region including enhanced wildfire activity, diminished
streamflow, lake and reservoir levels and impacts to rangeland resources including limited forage
production and numerous dry stock ponds (NCDC 2009).

Climate change is a growing concern across the Southwest U.S. as the region has already
experienced significant warming of just over 1°C since the middle of the last century (Karl et al.
2009; Overpeck and Udall 2010). Breshears et al. (2005) have shown that the current drought is
indeed similar to the 1950’s period, but is occurring with warmer conditions creating additional
water stress and leading to additional impacts to vegetation including widespread tree mortality
across much of Arizona. The frequency of protracted drought episodes like the one that
continues to impact Arizona is expected to increase into the future due to anthropogenically
driven disruptions to the Earth’s climate system and global circulation patterns (Hoerling and
Kumar 2003; Seager et al. 2007). Winter season storm activity is expected to decrease across the
southwestern U.S. as the mid-latitude jet stream retreats north with the expansion of the East
Pacific subtropical high pressure system due to an enhanced Hadley cell circulation (Seager et al.
2007; Solomon et al. 2009). It is less certain how summer precipitation from the North
American Monsoon system will change across the southwestern U.S. (Dominguez et al. 2010).
Regardless of the lower confidence in summer precipitation projections, there is high confidence
that temperatures will continue to increase up to 3 to 6° C across Arizona by century’s end, with
greatest warming in the summer season (Karl et al. 2009). Higher temperatures will lead to
increased evapotranspiration rates and increasing aridity in all seasons (Hoerling and Eischeid
2007). As aresult, the combination of higher temperatures and less certain precipitation patterns
could lead to more intense, frequent, and longer lasting drought conditions in the southwestern
U.S. and Arizona in particular.

This study investigates the ways that rural Arizonans are experiencing and responding to these

broad regional trends. CLIMAS investigators have already completed in-depth studies of
vulnerability to climate variability in rural communities in southeastern Arizona (e.g. Finan and
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West 2000; Finan et al. 2002; Vasquez-Ledn et al. 2002; Vasquez-Ledn 2007). However, we
aimed for a study that covered a larger geographical area and included the most significant
sectors in each county, and could be accomplished by a smaller research team in a shorter period
of time. The next section describes the methodology we developed to accomplish these goals.
We describe the methodology in detail in order show how it can contribute to an ongoing,
consistent, and replicable approach to national-scale climate assessments and to identify a “path
forward” for the assessment activities this study has initiated and priority resource requirements
to sustain them.

The remainder of the report is organized as follows. Section 3, County Profiles, provides an
overview of the climate, physical geography, land use and ownership, and social and economic
status of each county where research was carried out. The indicators used are informed by the
ethnographic component of the research (described in the next section) and provide a snapshot of
background conditions in each county at the time of the research. They are used to provide a
nested-scale analysis, which relates results from analysis of county-level ethnographic data to
both intra- and extra- county dynamics: that is, heterogeneity within the county and broader scale
social, economic, and political processes that shape demographic patterns, economic
development, and resource use. The indicators also facilitate cross-region comparison and same
region comparison over time in subsequent national assessments. Section 4, Results of Group
Discussions, is a summary of the results of the ethnographic component of the research and
describes: how the rural Arizonans who participated in the study perceive weather, climate, and
climate change; the impacts of weather, climate, and climate change which they reported; and the
ways they are currently responding to these impacts. Section 5, Conclusions, summarizes the
contributions of this study to the National Climate Assessment.

2. Methodology

This section describes in detail the research design for this project, and the rationale behind it, in
order to inform development of a strategy to support an ongoing, consistent, and replicable
approach to national-scale climate assessment which can incorporate the advantages and policy
relevance provided by qualitative research, in particular by the traditional ethnographic methods
of cultural anthropology. Long-term in-depth fieldwork is the “foundation” of cultural
anthropology because it allows the researcher to develop rapport with the group being studied
and understanding of the physical environment they live in and the complexities of their social
world. This experiential knowledge makes it possible to grasp what they experience as
meaningful and important and why (Bernard 2002, Creswell, 1998, Emerson et al. 1995).
Anthropologists Sepez et al. (2006) point out that this type of understanding is valuable for
federal policy formulation because it provides information about the specifics of communities of
place that can be impacted unequally by broad-based policies, including their interactions with
the local environment, the ways they participate in and are shaped by broader political economic
processes, their internal heterogeneity, and their non-economic values. However, the time and
fieldwork commitments of ethnography are in tension with the large geographic scale, the need
for more rapid results, and the budget constraints of many federal programs.
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Researchers studying adaptation, adaptive capacity, and vulnerability to climate change
specifically also emphasize the need for “ethnographic, in-community methods” to identify the
conditions or risks that community members see as significant, rather than those assumed by
researchers, and the individual and collective decision-making processes they use to address
these risks, including the factors and processes that constrain their choices (Smit and Wandel
2006: 289). We agree that qualitative research is essential to climate adaptation research in the
U.S. because it can reveal how the unique experiences, viewpoints, values, and concerns of a
particular group shape both their perceptions of and attitudes toward climate change and their
adaptation strategies, especially in view of the political sensitivity of the topic of climate change
in the U.S. The short time frame and limited budget for the study, and the broad geographical
area to be covered, were significant factors shaping our research design. Thus, it can usefully
inform the National Climate Assessment process, which faces similar constraints.

For the smaller-scale vulnerability studies cited above (Finan and West 2000; Finan et al.2002;
Vasquez-Ledn et al. 2002; Vasquez-Ledn 2007), anthropologists at CLIMAS developed a
methodology called “rapid ethnographic assessment,” which entails three components: 1) a
review of relevant literature and secondary sources to obtain contextual information on the
community; 2) a series of concentrated site visits by the research team to obtain approval from
the communities and identify potential informants representing key economic and public service
sectors; and 3) in-depth interviews with representative stakeholders (Vasquez-Leon et al. 2002).
These studies provided in-depth understanding of vulnerability to climate variability and change
for specific sectors in a small geographical area. For their study, Finan and West (2000) reported
that seven researchers spent a total of at least 40 days in the research site over a period of six
months.

Anthropologists Sepez et al. (2006) discussed how they met the challenges of conducting
qualitative research over a very large geographical scale in order to meet the requirements for a
social impact assessment of fishery management actions in legislation governing NOAA'’s
National Marine Fisheries Service, the federal agency responsible for managing the nation’s
marine resources. To address the challenges of profiling more than 2,200 recognized fishing
communities in the four states within the Pacific and North Pacific management regions, while
maintaining some of the “intimacy” that the traditional ethnographic methods of anthropology
provide, Sepez et al.(2006) developed a method that combined: 1) selecting fewer, bit more
broadly representative communities; 2) team research in selected communities for a period of
two and a half to three weeks; and 3) compiling socioeconomic and fishing indicators from a list
informed by site visits, which illustrated meaningful local conditions and had already been
collected. This approach made it possible for them to compile baseline information about a large
number of communities, and to recognize community and regional specificities and
commonalities, as well as the ways they are internally heterogeneous. It also enabled them to
nest community information within both macro and micro scales of analysis, which is
particularly important for social science that supports the formulation of policy since key
variables often cut across geographic and regulatory scales. However, to implement this
approach required a team of at least seventeen researchers and a considerable investment in time
and travel.

12



The research design for our draws on insights from both the CLIMAS anthropologists’ work on
climate vulnerability assessment and Sepez et al’s thoughtful consideration of how to combine
the advantages of ethnographic research with the need to cover a large geographical area. We
used ethnographic methods to gain access to some of the advantages of long-term in-depth
fieldwork in rural Arizona for understanding the significance of weather and climate in residents’
lives and their approaches to adaptation. However, while we did not propose to cover as large a
geographic area as Sepez et al, we were much more constrained by team size and time than either
the CLIMAS anthropologist or Sepez et al. To overcome these limitations, we employed two
strategies. First, the researchers themselves were already familiar with the social and cultural
context in which the study took place, by virtue of previous research, work experience, or long-
term residency in the region. Second, we worked through University of Arizona Cooperative
Extension to gain access to the experiential knowledge and relationships that long-term in-depth
fieldwork provides.

Nationwide, Cooperative Extension was established by the 1914 Smith-Lever Act to connect
scientific knowledge developed at state land-grant universities with people who can use it. A
unique feature of its organization is that university-trained Extension agents reside in each
county statewide. As local residents, they are able to develop rapport and ongoing relationships
with a broad spectrum of other local residents, familiarity with the physical and social
environment, and experiential knowledge that gives them a deep understanding of local issues,
values, and concerns. In addition, Extension agents often do “needs assessments,” using mail
surveys, workshops, focus groups, or are guided by their Extension advisory board to identify
issues of concern to local residents and develop strategies to address them. Finally, many studies
have found that Cooperative Extension is the most trusted source of information in rural areas
(e.g. Fernandez-Gimenez et al.2005, lowa Farm and Rural Life Poll 2011 Summary Report?).

By working with county Extension agents, we were able to access the knowledge, social
relationships, and trust they have developed without the personnel and time commitments needed
to develop it ourselves.

Our data collection methods combined: 1) employing a research team composed of a climate
scientist and a social scientist who have worked in the rural West; 2) working through University
of Arizona Cooperative Extension to organize a discussion group in each county, and; 3)
compiling physical geographical and current socioeconomic indicators for each county. Our list
of indicators is informed by the ethnographic research and designed to estimate conditions of
interest in the county, at a specific point in time, for the purposes of a national-scale climate
assessment focused on rural communities, and to use data that are readily available. Conditions
of interest for a national-scale climate assessment focused on rural communities should include
current climate and environmental conditions, the status of significant resource production and
management activities, including farming, ranching, forestry, mining, and tourism, land
ownership and use, the status of infrastructure, and current socioeconomic status, with a focus on
vulnerable populations, such as the very young, very old, and poor. However, many of these are
not readily available.

The list of indicators we have selected is shown in Table 1. Indicators for physical geography,
such as climate, land use, land cover, and topography, are displayed in maps. Appendix 1

* http://www.soc.iastate.edu/extension/farmpoll/2011/PM3016.pdf
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describes the procedures used to produce the maps. Values for demographic and economic
indicators are drawn from the U.S. Census Bureau and the U.S. Department of Agriculture
Economic Research Service. Our research design takes advantage of the fact that Cooperative
Extension is organized at the county level and socioeconomic data is also readily available at that
scale. County characteristics were estimated using data from discussion groups and interviews
with county Extension agents. Word frequencies were produced using the word frequency
counter at http://writewords.org.uk/word_count.asp.

To learn how rural Arizonans understand, plan for, and respond to weather and climate in their
daily lives, we conducted semi-structured group discussions with eight to twelve local residents
in the most rural of Arizona’s fifteen counties. Aware of the controversial nature of the topic of
climate change, we planned to avoid it by simply asking people to talk about the significance of
weather and climate in their lives. Our goal was not to find discussion participants who were a
random or representative sample of county residents, but to achieve an amicable and balanced
discussion and to identify some of the ways that rural Arizonans are thinking and acting
proactively about climate variability and change. To organize the discussions, we began by
visiting the Extension agents in each county to conduct an in-depth interview and to discuss a
time and location for the group discussion and a list of potential participants who were local
‘opinion leaders.” To gain an overall view of the county, we relied on the Extension agents’
experience, and in the interviews asked them to describe the county and the main concerns of
residents. We asked the agents to identify potential participants from among the groups they
considered significant in their county and for whom weather and climate are a significant factor
in their work or lives, such as, ranchers, farmers, natural resource managers, local government
officials, environmental organizations, private enterprise, and home gardeners, and from among
lifetime and multi-generational residents. We also asked them to select participants whom they
felt would contribute constructively to the discussion. The local residents who work with
Cooperative Extension are often among the more progressive in adopting innovation in their
respective groups, and are actively seeking out new knowledge, which Extension can provide.
Studies on the diffusion of innovations, undertaken to improve the effectiveness of the Extension
Service, refer to them as “early adopters” (Rogers 1962). These studies also show that early
adopters are often ‘opinion leaders’ in their communities who influence innovation adoption of
others. For the purpose of climate assessment, early adopters are likely to be among those who
are thinking proactively about planning for climate variability and change, and their participation
should provide better insight into early adaptation initiatives on the ground.

To organize the group discussions, we worked with the county Extension agents to select a date,
time, and location for the discussion in their county. In each case but one, we held the discussion
during a working lunch, which we provided. At the agent’s discretion, either he/she or we
extended an invitation to the potential participants by phone, email, or, in one case, regular mail.
Our response rate was high due to potential participants’ existing knowledge of or relationship
with Cooperative Extension. Most of those invited responded, and most who responded
accepted the invitation unless they had a conflict with the selected date. We were unable to
invite Native American participants because of tribal rules governing research, although we had
one Extension employee who is also Native American, and one federal employee who works on
a reservation. The discussion groups consisted of eight to twenty participants with members
from the groups listed in Table 2.
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The discussions were digitally recorded for later transcription to text files. Both researchers and
the Extension agent took part in the discussion and our social scientist acted as facilitator. The
guideline for discussion questions and prompts is shown in Table 3. The questions were
designed to be open-ended and to elicit participants’ understanding of weather and climate rather
than focus on topics of importance to the researchers. We began with an introduction in which
we described the project and asked participants to fill out a one-page information sheet to get
important information on their backgrounds that might not come up in the discussion, such as
length of residence in the region. We found that initiating the discussion with an initial go
around where participants introduced themselves and explained, or told a story about, how
weather and climate affect their lives was an ideal icebreaker and got the discussion off to a
lively start. There was little need for further questions or guidance after initiating the discussions
in this way. An interest in weather and climate is something all participants had in common and
all had something to add to the discussion. As one participant put it: “My God, this is rural
America, and weather is important to us” (P5Gi)! Without prompting or mention of “climate
change,” changes in weather and climate were brought up in every group and discussion of their
potential impacts followed. Some groups pursued discussion of “climate change” or “global
warming,” revealing different levels of acceptance or agnosticism among the group. If
necessary, we prompted for information about how participants currently take weather and
climate into account in their planning, and for ideas about what else could be done. Participants
would frequently turn to our climate scientist for information about weather and climate or
clarification of information they had received elsewhere. In this way, the discussion groups also
provided an opportunity for informal climate science education as it related to participants’
specific interests or concerns.

We analyzed the textual data from the discussion groups using both qualitative and quantitative
methods. Grounded theory is a qualitative approach to analyzing qualitative data described by
Creswell (1998), Ryan and Bernard (2003), and Bernard and Ryan (2010). It uses an iterative
process involving successively more focused rounds of coding the text to identify themes and
categories of themes, identifying relations among themes and categories, and linking themes and
categories to build theoretical models. Themes can be induced from the data or can arise from
the researcher’s prior theoretical understanding or the questions in an interview protocol.
Because we were interested in learning about how discussion participants understand weather
and climate, changes they have experienced, how weather and climate affect their lives, and how
they plan for and respond to weather and climate, we began by coding for climate and weather in
general, and for specific weather and climate phenomena in the meteorological categories of
precipitation, wind, and temperature, with additional categories added as needed. We also coded
for impacts and for activities that could fall under the category of adaptation, broadly understood.

We also used word frequency counts, a quantitative method for analyzing textual data. Figure 7
is a graphical representation of the most frequent words used in all of the county discussions
combined.®> We combined qualitative and quantitative analysis of the ethnographic data with

® We used Tagxedo (http://www.tagxedo.com/app.html) to produce this word cloud, eliminating the most common
words and those that were a byproduct of the transcription process. This program does not allow the combining of
similar words, such as rain, raining, rained, etc., as does the word frequency counter program, so this graphic reflects
the dominant weather- and climate-related topics somewhat differently than Table 5.
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analysis of qualitative and quantitative data from county indicators, using the different types of
data and analysis to validate and reinforce each other. County indicators also facilitate
comparison across counties and time. This report describes the major categories and themes, and
the relationships among them that emerged from our analysis, and which are most salient to a
national climate assessment. We will delve more deeply into the results of this study in
subsequent papers for publication in academic journals.

This case study provides a snapshot of weather- and climate-related issues faced by rural Arizona
residents, and their approaches to adaptation, at a specific point in time. For the purpose of a
national climate assessment, it aims to look past survey results and regional trends and
summaries to hear individual stories and to put a human face on climate change and adaptation.
While more in-depth historical research would be needed in order to better understand how
historical processes of environmental and social change have shaped and continue to shape local
experience in a particular place, this snapshot adds crucial insights about rural Americans, a
group that includes only 17% of the American population, but occupies 80% of U.S. territory
(Lal et al.2011), and whose viewpoint is likely to be underrepresented in a national climate
assessment. While there are many different rural stories, in our analysis we look for patterns and
generalizations. What we present in this report is selected to illustrate both the common
elements and the diversity of perspectives, and we rely heavily on participants’ own words to
give a better understanding and feeling for their common and divergent perspectives. We
summarize comments made by many different individuals and discussions that occurred across
groups throughout the text, while quotes from specific individuals are identified by unique
participant numbers cited in parentheses.

3. County Profiles

A general overview of the physical geography and the socioeconomic characteristics of the study
area provides an understanding of the physical and social context in which climate change is
unfolding in Arizona, as well as the context for the ethnographic analysis which follows in
Section 4. Although dominated by a seasonal-transitional semi-arid climate, the Arizona
landscape is highly variable in elevation, giving rise to large differences in local temperatures,
rainfall, and ecosystems. As a result Arizona’s counties are very diverse climatically,
geographically, and ecologically, as well as socioeconomically, and this diversity is reflected in
the weather- and climate- related topics on which the discussion group for each county focused.
Table 4 shows the date and location for each discussion group and physical characteristics of that
location; Figure 4 shows the location graphically. Arizona has only fifteen counties; as a result,
some of them are very large and there is also much diversity within them. Indicator maps for
temperature, precipitation, land use, and land ownership (Figures 1-6) illustrate the both the
inter- and intra-county physical diversity. Table 5 shows the values of the demographic and
socioeconomic indicators by county. To capture some of the inter-county diversity more
descriptively, we also provide a brief verbal overview of each county where discussion groups
were held. The information in these overviews is drawn from county indicators, group
discussions, interviews with county Extension agents, and the researchers’ own knowledge as
Arizona residents. These overviews also illustrate how the contextual knowledge necessary to
the ground ethnographic research was gained through the research process.
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Cochise County

Cochise County lies in the high desert of southeast Arizona and has a cooler climate than most of
southern Arizona. It borders Mexico and has the largest Hispanic population of any county
where we conducted research (32.4%). Historically mining and ranching were the predominant
modes of livelihood, and the Copper Queen, which gave birth to the historic town of Bisbee, was
once the most productive copper mine in Arizona. Tombstone, another historic town is famous
as the site of the gunfight at the OK corral. With its historic sites, cooler climate, and other
natural amenities, recreation and tourism has become an important industry, and it is also
attracting a large retirement population. The Fort Huachuca army base is contributing to the
rapid growth of Sierra Vista. Cochise County has the highest average family income of the
counties in the study, and the highest proportion of private land of any county in Arizona (41%);
much of this is in ranching and farming. Ranchers in Cochise County, and throughout Arizona,
practice a form of transhumance, moving their herds between lower elevation pastures in the
winter, often on land they own, and higher elevation pastures in the summer, often on National
Forest, Bureau of Land Management, or state trust lands. Farming became important in the
1950s when low-cost groundwater pumping became available. Increased pumping costs as
groundwater was depleted and energy costs rose forced many farms out of production in the
1970s. Farmers that remained adapted more efficient irrigation techniques and greater crop
diversity. The county is the most diverse agriculturally in the state, with ranching, fruit and nut
orchards, field crops such as corn, cotton, and alfalfa, higher value field crops such as vegetables
and chiles, and vineyards, all within its borders (Vasquez-Ledn et al. 2002). It is fifth in
agricultural sales in Arizona. According to the Extension agent interviewed, the main issues for
residents at this time are the economy, border issues, water (in Sierra Vista), and the education
system.

Coconino County

Coconino County, located in north central Arizona, is the second largest county in the U.S.
behind San Bernardino County in California. Much of it lies at higher elevations on the
Colorado Plateau. The highest point in Arizona and part of the largest contiguous Ponderosa
Pine forest in the continental U.S. are located in Coconino County. Five Indian reservations are
located all or partly within it and it has a relatively large (27.3%) Native American population.
Formerly, its economy was based on the lumber, railroad, and ranching industries (Sheridan
1995). Today recreation and tourism is a significant sector of the economy due to the presence
of the Grand Canyon National Park, the Arizona Snowbow! ski resort, four national forests, and
other sites of natural and historic interest. Construction was a big industry but has been hard hit
by the recession. Ranching is still a significant part of the rural economy and several very large
ranches exist. Northern Arizona University (NAU) is located in Flagstaff, the largest city and
county seat. Coconino County has the lowest median age (30.6) and the largest percentage of
college graduates (31.3) of the counties in the study, probably due to the presence of NAU.
Water supply is an issue in some rural areas where there is neither surface water, nor accessible
groundwater. Ranchers in these areas depend on rain-filled tanks to water their livestock.
According to the Extension agent interviewed, the main issues for residents at this time are the
economy, property values, and job security.

Gila County
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Gila County is distinguished by National Forest in the north and west, the San Carlos Apache
reservation in the east, copper mining in the south, ranching throughout, and very little private
land. While Globe and the southern part used to dominate economically and politically, Payson
and the north have grown rapidly in recent years, due to recreation, tourism, and second homes,
and have now overtaken it in population and affluence. Gila County has the lowest
unemployment (7.6%) of the counties in the study. The north has been more affected by the
recession because it was more dependent economically on the construction industry, which has
dropped. In the south, mining is doing well because copper prices are up. However, mining is
not as labor-intensive as it used to be, so the mines do not provide as many jobs as they did in the
past. According to the Extension agent interviewed, the main issues for residents at this time are
the economy, having a livable community, and forest health. Water is an issue in the north,
where the Salt River Project has surface water rights and there is not a good groundwater supply,
but not in Globe, which does have a good groundwater supply. Payson, which has a “toilet-to
tap” water system is a national leader in water conservation.

Graham County

Graham County has the smallest population (37,220) of the counties in our study. Located in
southern Arizona at lower elevations than Cochise County it is also the second warmest and
driest after Pinal County. The population is concentrated in and around the city of Safford,
which was originally settled by Mormons beginning in the mid-19" century (Finan et al.2000).
Mining is important in the county, as well as commercial agriculture, especially cotton. It has
the highest proportion of population employed in agriculture of the counties in the study. There
is also a ranching community and a growing population of “ex-urban” small acreage
homeowners. According to the Extension agent interviewed, the main issues for residents at this
time include “just surviving.” Water is also a critical issue since the recent adjudication of
Native American water rights in the Gila Water Settlement will affect the amount of surface
water the city of Safford, agriculture, and the mines can use. Another concern is that, as a rural
county with a very small population it is politically weak, and the community will have to learn
how to work together to be able to sustain itself.

Mohave County

Mohave County, located in the northwest corner of the state, is the fifth largest county in the
U.S. Overall, it is the driest county of those in our study and has the highest proportion of land
administered by the Bureau of Land Management. Ranching is a major land use. Mohave
County has been experiencing a high rate of population growth as a result of its proximity to Las
Vegas and the availability of cheap land. The Colorado River forms part of its western border
and its largest population centers are located along the river, as well as some irrigated
agriculture. These cities obtain their water from the Colorado, but their water rights are junior to
downstream agricultural rights in Yuma County. The largest city in the county is Lake Havasu
City, a planned community located on the river, which has a high retiree population and records
some of the highest temperatures in the U.S. Most of the rest of the county obtains its water
from groundwater and there are concerns about groundwater supplies. According to the
Extension agent interviewed, the main issue for residents at this time is “surviving.” There is a
high foreclosure rate and population growth has dropped off significantly.

Navajo and Apache Counties
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Navajo and Apache Counties are dominated by Indian reservations in the north and south with a
band of National Forest in between. The largest stand of Ponderosa Pine in the continental U.S.
extends from Coconino County through these two counties. Along with Coconino, they are also
the three counties in the U.S. with the greatest amount of Indian reservation land within their
borders. Native Americans are the dominant racial group in Apache County (72.9%) and only
slightly less numerous than whites (43.4%) in Navag'o County. Mormons established
communities in the region beginning in the mid-19" century (Sheridan 1995). These two
counties are among the poorest in the nation, with high poverty rates and low levels of education,
and are designated areas of persistent poverty by the USDA ERS. Navajo County is somewhat
better off due to the existence of cities and towns in the forested belt where recreation, tourism,
and second-home ownership have become important industries. Ranching is a major land use
throughout the counties. According to the Extension agent interviewed, the main issues for
residents at this time are mistrust of the federal government, jobs, education, lack of cultural
understanding between Native and non-Native populations, and the state of the county’s natural
resources. In 2002, the Rodeo-Chediski fire, at that time the largest ever in Arizona burned
467,000 acres, mainly in Navajo County, and many Navajo County communities had to be
evacuated. In 2011, the Wallow fire exceeded that record, burning 538,000 acres, mainly in
Apache County, and forcing the evacuation of several Apache County communities.

Pinal County
Pinal is overall at the lowest elevation of the counties in the study and has the warmest climate.

It is unique among the counties in the study, being sandwiched between the large population
centers of Phoenix and Tucson. As a result, it may be the most economically diverse. It has the
highest population, the highest population density, and the highest growth rate among the
counties in the study. Many residents commute to jobs in these cities. It also has more industry,
including Abbot-Ross and Frito-Lay, and among the counties in the study has the greatest
percent employment in manufacturing. The county was less hard hit during the housing collapse
because people moved in from elsewhere to find cheaper rentals. The county is also third in
agricultural sales in Arizona behind Yuma and Maricopa, with the majority of cropland in cotton.
In the eastern part of the county, which is mostly rangeland, mining is the main industry and
ranching the main land use. Much of the western part is Indian reservation. According to the
Extension agent interviewed, the main issues for residents at this time are the economy,
education, the drought, and transportation, in that order. Interstate 10 has not expanded to meet
the needs of commuters. Water is also a big issue in the county, which obtains most of its water
supply from groundwater, and there are concerns about groundwater supplies and recharge rates.

Yavapai County

Yavapai County is divided into a western and eastern portion by a range of mountains, with the
Verde River flowing from the western portion to the eastern. A significant proportion of its land
is national forest (38%). There are population centers in each portion, Prescott in the west and
Verde Valley in the east. Both have become “retirement havens.” People move there for the
natural environment, climate, and clean air. There are a lot of golf courses, summer visitors, and
seasonal residents. Yavapai County has the highest white population (97.5%) and the highest
median age (49.2) of the counties in the study. Construction and development were a mainstay
of the economy but have gone downhill. Agriculturally, livestock grazing on public or private
land is the main activity. There is also some acreage under cultivation in the Verde Valley,
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irrigated by senior water rights on the Verde River. According to the Extension agent
interviewed, the main issue for residents at this time is water. The Salt River Project has surface
water rights in the county (junior to Verde Valley irrigators); the western portion gets its water
from groundwater; and there is contention over water between the western and eastern portions
of the county. Other issues are recreation, environment, schools, public safety from wildfires,
and community sustainability.

Summary
Arizona is still widely pictured as a place of sunshine, desert, and the saguaro cactus. While this

picture gets the sunshine piece right, Arizona is a much more environmentally diverse state,
ranging from the Sonoran desert, home of the saguaro, in the south, to high plateaus, snowy
winters, and extensive pine forests in the north. This diversity, and a rich mineral endowment,
have led to different livelihoods and lifestyles in rural areas of the state, which will be impacted
differently by climate change. In the past, Arizona’s economy rested on the five C’s, which are
represented on the state seal, and which every child used to learn in school: cattle, citrus, climate,
copper, and cotton (Sheridan 1995). Today, only climate, which fuels tourism and the rapid
population increase, is still a main driver of the state’s economy. However, as we have seen,
three of the other C’s are still important in rural areas of the counties in the study: cattle, copper,
and cotton. Copper and cotton are found in counties in the southern part of the state, while there
are cattle ranches in every county. Climate change will affect all of these.

The counties in the study also share some commonalities. Despite the fact that they are
predominantly rural, the service industry is the largest employer in all of them, and only in
Graham County is more than 10% of the population employed in agriculture. In all of them
except Cochise, less than 25% of the land is privately owned (MC: Is this correct? Need pie
charts of land ownership by county), the majority being public land or Indian reservation.
Finally, reflecting climate as an economic driver, population is increasing in all of them,
although it has slowed down significantly in all but Pinal since the economic downturn.

In this overview, we have attempted to capture both some of the diversity of Arizona’s counties
and some of their similarities using county indicators and profiles in order to better understand
how climate change will affect rural residents. For a deeper understanding, as well as a glimpse
into the ways that rural Arizonans have adapted to climate variability, how they are thinking
about climate change, and what they are doing about it, we now turn to the results of the
ethnographic portion of the study.

4. Results of Group Discussions

We begin with a discussion of how a broad range of rural Arizona residents (see Table 2)
understand weather, climate, and climate variability and change in a climatic context of high
temperatures and aridity, a bimodal seasonal precipitation pattern, and extreme background
variability. In section 4.2 we summarize the most significant impacts of weather and climate
brought up during the group discussions and their differential impact on different groups. In
section 4.3 we consider how rural Arizona residents respond to and plan for weather and climate
variability and change.
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4.1 Perceptions of weather and climate

The participants in this study were selected by Extension personnel because weather and climate
are significant factors in their lives, therefore it is not surprising that in the group discussions
they displayed a high awareness, not only of current weather and climate conditions, but of past
and projected conditions as well. As one farmer explained, “Everything we do is based on the
climate” (P17Coch). A rancher expressed the significance of weather and climate similarly: “My
whole life is centered on climate. And I’m obsessed with rainfall, precipitation, temperature,
wind, to an extent that most people would find unhealthy” (P15Coch). Likewise, a forest
manager affirmed, “I stay very in tune to what’s happening daily, what’s happening weekly,
what’s happening monthly, because everything we do in the forest is weather dependent”
(P3NA). The discussions revealed that most participants were familiar with and used a variety of
weather and climate information sources (see section 4.3), and that, in addition, many had their
own rain gauges or weather stations at home. Moreover, participants were aware that most
people are not affected by weather and climate, and particularly by drought and lack of water, to
the extent they are. One participant explained the difference between the situation of rural and
urban residents this way: “Part of it’s because it’s so easy. You don’t have to work for the water,
you go turn the faucet on and it’s there, it’s easy. It kind of fits with the further you get removed
from knowing where food comes from, knowing how the water cycle works, knowing any of that
stuff, and it’s easy, and you get complacent” (P3Y). However, as we shall see in this and the
following section, different types of rural residents still perceive weather and climate, and are
affected by them, in different ways.

Analysis of the group discussions indicates that rural Arizonans’ perceptions of weather and
climate are shaped by many factors: among them, geographic location, current weather
conditions; recent or remembered extreme weather events; knowledge of conditions in the past;
length of residence; and occupation. The fact that the weather and climate-related topics brought
up in each group discussion, and the attention focused on them, were affected by the location and
timing of the discussion, not only reflects the different physical geography of each location, but
also indicates that perceptions are shaped by current weather conditions and recent extreme
weather events. Table 6 shows the significant weather and climate events that occurred or were
occurring during the period of research and were brought up during the discussion, as well as
significant weather and climate events of the past that were mentioned. Table 7 shows the date
of the discussion and the top five word frequency counts for each county. The latter reflect the
weather and climate-related topics on which the discussion for each county focused. They are
affected by location and recent weather and climate events, as well as by the occupations of the
participants for that county. So for example, words related to “ranch” and “cattle” were
prominent in the discussion in Mohave County where two of the eight participants were
ranchers, and one worked extensively with ranchers. The complete list of weather- and climate-
related word frequency counts reflects the way that recent weather- and climate-related events
shaped the discussion in each county. These recent events combine with significant weather and
climate events in the past to shape participants’ understanding of “normal’”” weather, climate, and
climate variability.
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One illustration of the interaction between significant weather and climate events and the timing
and location of the group discussions is the fact that the all of the discussions were held during
an ongoing drought and a La Nifia year, and drought emerged as a major concern of participants.
In contrast, the in-depth studies of vulnerability to climate variability in rural communities in
southeastern Arizona published by Finan and West (2000) and Vasquez-Leon et al. (2002), based
on research conducted more than a decade earlier, just after a very wet winter with the 1997-98
El Nifio and just prior to the very dry period that began to emerge in 2001, reported much less
concern with drought. However, drought was very prominent in the Vasquez-Leon (2007) study,
conducted between the fall of 2002 and the fall of 2003, one of the driest water years on record
in Arizona. More specifically, the Cochise County discussion was held in the spring, and there
people brought up the lack of rain the past winter and the extremely windy spring. The other
discussions were held during the summer months, and discussion of the erratic nature of the
current monsoon rains was more prominent. The period of record-breaking below freezing
temperatures, which hit southern Arizona during the first week of February 2011, wreaking
havoc with water infrastructure and killing both native and non-native vegetation, received
significant attention during the discussions in the southern Arizona counties of Cochise, Graham,
Pinal, and Gila, but was scarcely mentioned in the north where cold temperatures are common in
the winter. Fire is particularly prominent in the discussions for Coconino and Navajo-Apache
Counties, where a large proportion of the land is forested, and where the 2002 Rodeo-Chediski
Fire, at the time the largest in Arizona history, burned 467,000 acres, mainly in Navajo County,
the Schultz Fire threatened Flagstaff in Coconino County in June 2010, and the 538,000 Wallow
fire, the largest in Arizona history, ravaged Apache County in June 2011. In Pinal County, the
warmest and driest of those in the study, dust received a great deal of attention. The discussion
there also took place after the large haboob that hit Phoenix on July 5™, pictures of which were
broadcast nationally.

How length of residence and occupation shape perceptions of weather and climate is reflected in
the way that longtime or lifetime residents and participants in agriculture and ranching
characterized the climate in contrast to discussion participants who had moved in more recently.
The former group was likely to refer to the variability of the climate and its extremes of drought
and floods. For example, a longtime resident of Coconino County told the group about a
discussion of weather he found in the memoirs of an early northern Arizona resident who had
worked for the Forest Service:

And he had his little notation on weather. He says, “The weather in northern Arizona,

I’ve lived my whole life here, and the only consistency I ever found was its

inconsistency.” That really does capture it, you know. We could have heavy, heavy

snows for three years, and then, you know, we just got through a seven year drought.

And you look at the tree-ring dating, and you can see the vacillation that goes on

(P6Coco).
A longtime resident of Navajo County brought up a course on weather he had taken at Northern
Arizona University many years earlier, in which his instructor was talking about “normal”
weather: “He said, ‘Recognize that normal is nothing but averaging the extremes.” And that has
always stuck with me. It explains this country very well. Very well” (P3NA). Recognition that
they live in a climate of extremes is also evinced by this comment: “As a developer, all | was
worried about were floods, because of floodplain issues. And now [as a farm manager] we’re
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worried about the drought. It seems like it’s one extreme or other in this world” (P8GR). A

lifetime resident of northwest Arizona who works with ranchers explained:
Well, the thing that we’ve always got in the back of our mind is drought, and the
impacts of drought. The thing of it is, we all want to have better days; we know the
eighties were pretty wet, but it kind of made us lackadaisical about drought. But now
we’re back in drought. And we overreact a little bit to drought, you know. It starts
raining, people suddenly forget about drought, but drought’s always on the back of our
mind here. Basically, seven out of ten years, we’re going to be in a drought year, and
it’s almost become a normal, where drought is normal here (P1iM).

And several longtime residents of Graham County agreed that they “pray for rain” every day.

However, in a climate of extreme background variability, people still look for predictability. Our
discussion participants used the term “normal” to describe the weather conditions they expected
from past experience or climate statistics. One participant reminded his group of Mark Twain’s
saying: “Climate is what we expect; weather is what we get.” But participants more often spoke
in terms of “normal’”: “normal” patterns of variability, “normal” droughts, “normal”” seasonal
temperatures, and “normal” precipitation. “Normal” temperatures and precipitation were
conceived of in relation to knowledge of the past or seasonal and annual averages. Several
participants felt these “normal’ patterns were being disrupted, variability was increasing, and
extremes were becoming more extreme. For example, “I think there is a lot less predictability.
I’ve only been here eleven years in Apache County, but I’ve lived in Arizona all my life. And
you can’t count on weather and climate as much as you used to” (P7NA). A farmer expressed
concern because:

I think the last five years in farming, there probably hasn’t been a normal year yet. A

very late frost this year and last year both, just really late cold weather, well into April,

end of April, first part of May, that seriously affect the germination of our cotton crop.

... So it’s general weather patterns that to me are a big concern, and just it seems like a

change in the seasons. Seems like we’re getting much later springs and unfortunately

we’ve had later falls as well (P8Gr).
And a rancher described the changes he was experiencing saying:

I guess I could say things in the last year or so have gone extreme. Had extreme winds

this spring, like I’ve never seen; last winter we had a winter like you can’t believe. The

winter before that we had no snow to speak of; last year, we had the Cowpunchers

Rodeo in Williams, it rained seven inches in three days. Those kind of things; the fires

(P5Coco).

When we present participants impressions of how weather or climate have changed, whether
from memory, accounts of ancestors or other longtime residents, or local lore, it is important to
keep in mind that what is significant is not whether their impression are correct and are borne out
by official data, but that the changes they describe indicate departure from an ideal past when
farming, ranching, and other activities were easier to manage, which could be for a variety of
reasons in addition to weather and climate.

In contrast, to longtime or lifetime residents, discussion participants who had moved to Arizona

more recently brought up aspects of the climate that were more constant, and which they
contrasted with the places they had come from and viewed as an amenity, such as Arizona’s blue
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skies, warmth, and sunshine; being able to spend more time outside than where they came from;
being able to know what to wear without looking outside; and being able to plan a picnic six
months in advance. Several of the newer residents described the learning curve they went
through when they first moved to Arizona, such as getting used to not having green lawns and to
seeing cows grazing in places that looked to them like there was nothing for them to eat. But
longer term residents complained that many new residents are not trying to adapt to the climate
of Arizona and are trying to grow exotic things like bananas and mangoes or plants they used to
be able to grow where they came from.

A lifetime Arizona resident from Cochise County pointed out that it is this understanding of
climate as amenity that has made it the “economic engine that drives the state.” As a result, the
state economy “has become a kind of one trick pony. And that’s why the state is in a depression
state now, because real estate development and real estate sales, and promotion of Arizona’s
climate and so forth, encouraged so many people to come here that the industry became building
for the people that would come.” And they built “houses that are totally inappropriate for this
climate. And they’re there because they’re fast and cheap and easy to build, and you can do it
with unskilled labor. ... And | often wonder, how could we dare invite somebody else to come
here until we kind of clean up the mess that we’ve made” (P15Coch). We discuss the impacts of
this understanding of climate further in Section 5.

The weather/climate-related topic that emerged as by far most important for rural Arizonans,
judging by its relative frequency in the group discussions, is water (see Table 7 and Figure 7).
As one participant from Cochise County put it: “There’s a lot of different components to climate,
but the water piece is really foremost in most people’s thoughts when we talk about climate”
(P9Coch). Since water scarcity is an impact of the climate we discuss it in the next section.

Among specific weather/climate phenomena, rain was mentioned the most, including monsoon,
fall, winter, and spring rain, lack of rain, and changes in rainfall patterns (see Table 7). Monsoon
or summer rains were the most frequently discussed. Longtime residents frequently compared
today’s monsoon rains with those “when | was a kid.” For example, a multi-generation Mohave
County rancher remembered that, “When | was a kid, | could guarantee it, from middle of July,
to the first part of September. We’d get rain probably every week. But our weather pattern has
changed. I don’t know what caused it, but something is definitely causing our, our monsoons not
to form” (P4M). A lifetime resident of southeast Arizona reminisced:

When | was a kid, you could set your clock; at four o’clock, during the monsoon

season, it rained. And then it rained for an hour, and every day from end of June

through September some years. | grew up over in the Chiricahua Range over there, and

Rucker Creek ran to the highway. Turkey Creek, Rock Creek, they all ran. Year-round.

Whitewater Creek had water in it, all the way into Mexico. San Pedro ran. Full-time.

And those don’t run anymore. They used to get enough snowpack in the Chiricahuas.

... All your springs up on top of the Chiricahuas, Slide’s Peak, all those springs that

were up along in there, they ran. | mean, you’d have a three-quarter inch, one inch pipe

just running a full stream, you know, four-five gallons a minute, they don’t do that

anymore. There’s no water, and there’s rarely a snowpack anymore (P6Gr).
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Other changes in the monsoon that were mentioned, in addition to changes in its reliability and
timing, are a change in spatial variability and an increase in the intensity and destructiveness of
microbursts. For example, ranchers in northwest Arizona have built a system of dirt tanks to
water their cattle on the range. These tanks are filled by hard, fast, and copious monsoon rains.
Ranchers have become aware of the increased spatial variability of the monsoon rains because in
some areas the tanks no longer get filled and there is no water for their cattle. As evidence for
the increased intensity of microbursts, Mohave County participants mentioned that culverts
which used to be able to handle monsoon runoff are being overrun, causing closure of and
damage to a major highway.

Ranchers, in particular, also mentioned changes in winter and spring precipitation patterns. For
example, a Cochise County rancher explained:

We depend upon what the book says about climate: a bimodal climate where forty

percent of the moisture falls in the winter months. And the last six years, that’s only

happened once — last year. 1I’m still waiting for my winter moisture. All these storms

that go through in the winter time pass north of us (P15Coch).
In Arizona, ranchers depend on both summer and winter rains to produce different types of
vegetation that cattle feed on in different seasons. Ranchers also take advantage of the spatial
variability of precipitation and the fact that higher elevations receive more rainfall to move their
herds to areas that have received rainfall and will be producing forage. In addition to lower
elevation land they own, they often have grazing permits on higher elevation land managed by
the Forest Service. However, these strategies can fail when both winter and summer
precipitation fails.

Her