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Abstract The prospect of unprecedented environmental
change, combined with increasing demand on limited re-
sources, demands adaptive responses at multiple levels. In
this article, we analyze different attributes of farm-level
capacity in central Arizona, USA, in relation to farmers’
responses to recent dynamism in commodity and land
markets, and the institutional and social contexts of farmers’
water and production portfolios. Irrigated agriculture is at
the heart of the history and identity of the American
Southwest, although the future of agriculture is now
threatened by the prospect of “mega-droughts,” urbaniza-
tion and associated inter-sector and inter-state competition
over water in an era of climatic change. We use farm-level
survey data, supplemented by in-depth interviews, to ex-
plore the cross-level dimensions of capacity in the agricul-
ture—urban nexus of central Arizona. The surveyed farmers
demonstrate an interest in learning, capacity for adaptive
management and risk-taking attitudes consistent with
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emerging theory of capacity for land use and livelihood
transformation. However, many respondents perceive their
self-efficacy in the face of future climatic and hydrological
change as uncertain. Our study suggests that the components
of transformational capacity will necessarily need to go
beyond the objective resources and cognitive capacities of
individuals to incorporate “linking” capacities: the political
and social attributes necessary for collective strategy for-
mation to shape choice and opportunity in the future.

Keywords Adaptive capacity - Linking capacities -
Agriculture - Peri-urban - Transformation - Water
management

Introduction

Adaptation to current and anticipated climatic variability
and change is a complex process involving actions at dif-
ferent decision-making levels, and spatial and temporal
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scales. Adaptation in irrigated agriculture epitomizes this
challenge: farmers, the primary resource users, make de-
cisions about crop choice, inputs, technology and finance.
In aggregate, their production and livelihood decisions
have implications for land and water use at a regional scale,
as well as the economic viability of agriculture in particular
locations. In central Arizona, the site of the research pre-
sented here, most producers employing surface water irri-
gation belong to formally constituted irrigation districts,
where water use is managed collectively and infrastructure
is provisioned in accordance with long-term resource
management objectives and planning horizons. Decision-
making in agriculture is further complicated by the prox-
imity of farming to the expansive metropolitan region of
Phoenix. Urban water policy and planning has co-evolved
with agriculture over much of the last century, adding
additional complexity to water management at all levels of
analysis.

Our objective in this article is to evaluate capacities for
change among irrigated field crop producers in central
Arizona, recognizing that these capacities are contextual-
ized within an institutional environment that proscribes
different forms of agency to different actors. Our analysis
draws from innovative work on the resilience and adaptive
capacity of natural resource managers, fishers and pro-
ducers in Australia, where the rate and severity of global
environmental change has been particularly dramatic
(Howden et al. 2007; Marshall et al. 2012; Park et al.
2012). There, conditions have become untenable for some
primary industry activities, and researchers have worked

with local stakeholders to identify what specific attributes
of individuals and populations are most associated with a
capacity to proactively embrace the scale and scope of
change and fundamentally alter livelihood activities
(Marshall et al. 2012). Arizona has yet to face such dra-
matic conditions of environmental change; nevertheless,
insights from the Australian experience provide a structure
from which we can assess existing capacities in anticipa-
tion of a need for potentially transformative change, at
multiple scales, in the not-too-distant future.

We analyze data from a survey of irrigated growers,
drawn largely from two counties (Maricopa and Pinal) in
central Arizona, where the Phoenix metropolitan area has
rapidly expanded over the last two decades (Fig. 1). Nearly
all of these growers farm within the boundaries of state-
regulated groundwater management districts, or Active
Management Areas (AMAs). In these AMAs, almost all
land parcels are located within specific irrigation districts.
Each irrigation district has a unique water portfolio, con-
sisting of different proportions of ground water, local sur-
face water, imported surface water diverted from the
Colorado River (called Central Arizona Project water, or
CAP) and urban effluent.

In an effort to build on the work initiated in Australia
(Marshall and Marshall 2007; Marshall et al. 2012), we use
the survey data to identify and evaluate different cognitive
dimensions of capacity—including risk perception, interest
in learning, experimentation and risk-taking, perceptions of
constraints on choice and perspectives on responsibility for
action—in the farm population of central Arizona. We
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discuss the implications of our findings within the context
of the changing institutional, demographic and biophysical
environment of farming in the region in an effort to gain
insight into the attributes of transformational capacity.

Assessment of adaptive capacity in primary sector
industries

Typically, adaptive capacity is assessed in relation to a
particular “unit of exposure,” e.g., the farm enterprise, or
an entire industry (Eakin and Luers 2006). Assessments of
the social vulnerability of farm communities are often
based on an assumption of natural resource dependence:
farmers, as adapting actors, are vulnerable because the
natural capital that is the foundation of their economic
activities (crops and livestock, soils and water) is presumed
to be highly sensitive to change and variability in climatic
parameters such as rainfall and temperature (Marshall
2011). The adaptive capacity of farmers is thus a function
of farmers’ perceptions and experience of signals of envi-
ronmental change in relation to other stressors and oppor-
tunities they face, the risks (probability of undesirable
outcomes, given the sensitivity of their assets and ac-
tivities) associated with those changes, and the context of
decision-making.

Although much of the actor-oriented adaptation lit-
erature has focused on the external resources and entitle-
ments of actors in the face of emerging risks (so-called
“objective capacities”, c.f., Grothmann and Patt 2005), a
growing body of literature is highlighting the internal,
cognitive dimensions of adaptation. Perception and indi-
vidual cognition has long been recognized as having an
important influence on risk behavior (c.f., White 1973;
Burton et al. 1978; Kasperson et al. 1988; McDaniels et al.
1996). Recent scholarship has expanded theories of cog-
nition and adaptation, focusing on how individuals per-
ceive information sources and internalize knowledge (c.f.,
Cash et al. 2002; Frank et al. 2011), how they perceive
their own capacities (i.e., their self-efficacy) as agents of
change and how effective they believe their adaptations
might be, given their particular social and institutional
context of decision-making (Grothmann and Patt 2005;
Burch and Robinson 2007). Critical social scientists have
long understood the profound influence that social and
political context—including formal institutional incentives,
available information, and control over knowledge and
meaning—can have on individual perceptions of oneself
and one’s capacities (c.f., Scott 1998; Wood 2003; Avelino
and Rotmans 2009); these perceptions are now being
considered as core components of individual motivations in
responding to exogenous change. Literature on social—e-
cological and psychological resilience, for example, has

emphasized individual and social characteristics such as
capacities for experimentation, risk-taking and learning as
determinants of abilities to respond to conditions of high
uncertainty and high risk (see, e.g., Tschakert and Dietrich
2010; Brown and Westaway 2011).

The research we present here is specifically informed by
research conducted by CSIRO on adaptive and transfor-
mative capacity in agricultural and ranching communities
in Australia (Marshall et al. 2012). Using questionnaires to
probe the attitudes, knowledge, values and perceptions of
farmers, graziers, fishers and others in the primary sector,
Marshall’s research has empirically identified specific
cognitive dimensions of individual actors’ adaptive ca-
pacity in the Australian context: how risks and uncertainty
are perceived and managed (risk perception), self-efficacy
in terms of planning, learning and reorganizing in the face
of change (learning), financial and psychological flexibility
to undertake change (flexibility) and interest and willing-
ness to act (interest) (Marshall et al. 2012). These attributes
are interpreted in an anticipatory sense: they are understood
as being indicative of individual capacities to respond
proactively and constructively in the face of a highly dy-
namic and uncertain decision environment, including but
not limited to climatic variability and change.

In some cases, environmental changes provoked by
climate change may be so significant that existing liveli-
hoods and economic activities become untenable, requiring
a fundamental transformation (Anderies et al. 2006; Kates
et al. 2012; Olsson et al. 2004; Walker et al. 2004; Westley
et al. 2011). It is thought that primary sector actors
(farmers, fishers, graziers) are likely to be particularly
sensitive to such change, given their livelihood dependence
on specific suites of natural resources and environmental
conditions. Marshall et al. (2012) argue that the same ca-
pacities that they have found to be indicative of incre-
mental adaptation (learning, flexibility, interest and risk
perception) are also applicable to capacity for more pro-
found individual transformation. However, they highlight
place attachment and occupational attachment as addi-
tional variables that are likely to affect capacity in such
conditions. While strong place and/or occupational at-
tachment may provide individuals with the emotional
motivation and willingness to adapt to emerging environ-
mental change, under more extreme conditions of change,
these attachments may become cognitive barriers, pre-
venting individuals from moving locations or altering
livelihoods to initiate new activities in more conducive
environmental circumstances (Adger et al. 2009).

The emerging work on cognition and capacities in the
Australian context does not, however, address how the
institutional context of decision-making might affect both
cognitive attributes as well as the objective capacities—
i.e., the resources, technology, skills and knowledge—of
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any actor. Institutions in the social-ecological systems
literature are typically defined as the formal and informal
rules and norms that govern actors, resources and their
interactions in any given situation. Nevertheless, under-
standing how institutions affect the behavior of individuals
and groups also must address the attributes of a system that
affect how rules are implemented, how they evolve and
what implications they have on social interactions, actions
and outcomes in particular contexts (Ostrom 1990).
Ostrom, for example, posits that within any action situa-
tion, actors’ behaviors are affected by the resources they
bring to a situation, how they value different states of the
world and different actions, the ways they acquire and
process information and knowledge, and the processes they
use to select specific alternatives of action (Ostrom 2011:
10). For complex and dynamic social-ecological systems,
information circumscribes how actors may anticipate and
respond to the actions of others as well as to the dynamics
of a resource base. In some cases, the flow of information
in a system can lead to modifications in institutions in order
to manage change and uncertainty (Ostrom 2011). In many
social-ecological systems, the institutional context also
includes a large component of physical infrastructure (i.e.,
the engineered elements of an irrigation system) for which
specific rules over use and maintenance are developed, and
which in turn influences the dynamics of resource use and
thus resource system itself (Anderies et al. 2004).

Institutions have important influences on risk percep-
tion, individual behavior and expectations about resource
availability and reliability into the future (Eakin and Lemos
2010). Grothmann and Patt’s MPPACC framework (2005),
for example, highlights how incentive structures, social
discourse, information about the behavior of other actors
and about environmental change, as well as resource
availability may affect different dimensions of individual
cognition, including how individuals appraise their own
capacity to adapt (self-efficacy), how individuals perceive
risk (risk appraisal) and thus their willingness and inten-
tion to adapt. Existing empirical evidence suggests that the
beliefs and attitudes of individual farmers about their future
livelihood viability or obsolescence may be more strongly
influenced by institutional, political and economic factors
than by perceptions and experience of environmental
change (Eakin et al. 2006, 2010). Expectations that formal
institutions for risk management will buffer individuals
from risk can also diminish the saliency of environmental
risks to individuals, and undermine individual incentives to
develop autonomous risk management strategies (Murtinho
et al. 2013; Eakin et al. 2014).

The specific institutional arrangements that influence
adaptive capacities may have long lifetimes (Stafford
Smith et al. 2010), taking shape in one period but creating
path dependencies and thus shaping social interactions into
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the future. At any moment in time, institutional change
processes may be more exogenous than endogenous to
adaptation decisions of any particular group of actors.
Nevertheless, at broader timescales, the relationship of
individuals’ adaptive capacity and the institutional context
in which they operate is multidirectional: farmers, indi-
vidually and as organized groups, can effectively mobilize
to influence the institutions that govern their choice sets
(see, for example, Eakin et al. 2014). This mobilization is,
in turn, dependent on capacities for collective action:
having a basis of shared values, trust, and leadership—
social capital—to organize to effect change (Adger 2003;
Pelling and High 2005). Social capital and leadership, for
example, help explain the successful management of water-
related risk in the highlands of Colombia (Murtinho et al.
2013), and lack of social capital has been shown to be
undermining adaptive capacity in Nova Scotia fisheries
(Barnett and Eakin 2015). At the level of the individual,
social capital and capacities for political influence, rein-
forced by the institutional arrangements that govern re-
source access and choice sets, constitute linking variables:
the dimensions of adaptive capacity that tie individual
adaptive capacities to collective action and the potential for
transformative institutional change (Fig. 2).

The research we present here explores these elements
through an analysis of the attributes of adaptive and po-
tentially transformative capacity of irrigated field crop
(primarily alfalfa, cotton, and grains) growers in central
Arizona. We use survey data to identify cognitive and
objective capacity attributes in the population, and to de-
scribe the distribution of these attributes. We explore the
relationship of place and occupational attachment to the
cognitive dimensions of adaptive capacity, and to provide
some insight into farmers’ individual perceptions and their
bonds to their community and place. We interpret our
quantitative findings in light of the institutional and po-
litical context of agricultural decision-making in Arizona,
highlighting the significance of this context in shaping in-
dividual farmers’ choices and perceptions about their
future.

Site description

We focused our research on central Arizona, a region
containing the farm operations and urban areas in Maricopa
and Pinal counties. While the Phoenix metropolitan area
dominates this area (pop. 4.3 million), the area outside the
city is still agricultural. In 2012, the two counties com-
prising this study area produced 60 and 50 % of the state’s
total market value in cotton and hay (including alfalfa),
respectively. Regional cotton, hay and dairy production
accounted for 28 % of Arizona’s $3.7 billion total value of
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Fig. 2 Conceptual framework: Institutional context, cognitive at-
tributes and linking variables in adaptive capacity. Source: Adapted
by the authors from Grothmann and Patt 2005 and Marshall et al.
2012. Note: Consistent with the MPPACC framework, we consider
that individual cognition is influenced by the objective capacities and
the social and political capacities that enable an actor to act alone or
participate in collective action. Adaptations can enhance objective

agricultural production in 2012 (USDA, 2012). There are
over 2000 farms in Maricopa County, making it the third
most significant county in terms of its farm population in
Arizona (USDA 2012). Like many parts of the USA, the
geographic as well as institutional interface of agriculture
and urban interests is increasingly central to debates about
resource access in contexts of increased climatic uncer-
tainty (Goetz 2002).

Central Arizona roughly corresponds to the Phoenix and
Pinal Active Management Areas (AMAs), the regulatory
areas established under the Groundwater Management Act
of 1980 (Fig. 1). Irrigated agriculture has been a feature of
the region since its earliest settlers, the Hohokam people,
who established over 500 miles of canal infrastructure in
the area over 1500 years ago (Abbott, 2003). In the late
nineteenth and early twentieth century, irrigation infras-
tructure along the Salt River valley enabled central Arizona
to become the focal area of an industrial boom in long-
staple cotton production, supplying textile and automobile
industries. Much of the twentieth century was characterized
by boom and bust in cotton production; farmers faced
volatile markets, labor constraints and, by the 1960s,
competition for water resources from growing urban areas
and mining interests (Sheridan 1995).

The declining groundwater table and increased water
demand eventually led to significant inter-sector conflict; in

capacities or represent investments in social and political capacities.
In turn, social and political capacities—or linking variables—are
those that enable individuals to help shape the institutional context of
adaptation, in other words, the institutions themselves, the physical
infrastructure shaping resource use, and the nature and flow of
information about the social-ecological system

1980, after years of negotiation, the Groundwater Manage-
ment Act (GMA) was put into effect (Maguire 2007). The
GMA delineated areas in the state where groundwater de-
pletion was particularly severe, and where competition over
water resources was already significant. In these AMAS,
farmers were allocated annual groundwater use rights
equivalent to their average water use over the 5 years prior
to the GMA’s implementation. No further expansion of irri-
gated area has been permitted. In the Phoenix AMA (roughly
incorporating Maricopa County), agriculture was expected to
gradually retire from the region, and agricultural water rights
would become available for urban and municipal use. In the
interim, state water authorities worked with municipalities to
incentivize the agricultural sector to rely more heavily on
surface water resources, conserving ground water for future
urban growth.

Over the period 1985-2000, agricultural water use did
decline by 42 % in the Phoenix AMA, primarily through the
conversion of agricultural land to urban use. Groundwater
resources improved as a result, aided as well by the in-
creased reliance of farmers on surface water sources
(ADWR 2011). In the Pinal AMA (roughly incorporating
Pinal County), agriculture and rural land uses prevail, and
agriculture has continued to rely primarily on groundwater
resources (Arizona Department of Water Resources 2010a).
In Maricopa County census data report a decline in numbers
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of farm operations as cropland has been converted, while
Pinal County has seen relatively stable numbers of farm
operators (National Agricultural Statistics Service 2007).

By the time the GMA was approved in the 1980s, there
was relatively widespread acceptance of the idea of even-
tual agricultural obsolescence around the Phoenix
metropolitan area, with the exception of the Native
American reservation lands where agricultural land use is
expected to continue (Bausch et al. 2015). The assumption
of agricultural decline is also reflected in most scenarios of
water demand and supply into the future (Arizona
Department of Water Resources 2010b, 2011; Gober et al.
2010).

In the coming decades, water resources will become in-
creasingly stressed as a result of increased population
pressure in the Colorado River Basin and decreased surface
water flows as a result of climatic changes (Morrison In-
stitute 2011; Seager 2007; U.S. Department of the Interior
Bureau of Reclamation 2012). Climate change is expected
to reduce Colorado River stream flow by approximately
20 % (U.S. Department of the Interior Bureau of Recla-
mation 2012; Vano et al. 2013). Droughts may increase in
severity, frequency and length, possibly lasting for decades
(Institute of the Environment 2013). Such mega-droughts
will further reduce the quantity of water available (Over-
peck and Udall 2010; Seager 2007). These climatic impacts
on water will have a significant effect on agriculture, as
agriculture accounts for 79 % of water withdrawals in the
Southwest (Institute of the Environment 2013).

While some assessments have concluded that central
Arizona will have sufficient water to maintain quality of
life, choices will need to be made about the allocation of
resources among different uses. Agriculture still represents
a significant demand on water in both Maricopa (with an-
nual demand of 37 % in 2009) and Pinal (with an annual
demand of 94 % in 2009) AMAs (Arizona Department of
Water Resources 2010b, 2011). Recent volatility in com-
modity prices and changing urban growth patterns in the
region introduce new uncertainties into the future of agri-
culture. It is in this context that we explore the attitudes and
perceptions of local producers in relation to their capacity
to adapt to potentially significant changes in water avail-
ability for farming.

Methods

Our analysis is based on a mail and online survey of farm
operators, implemented in 2012, with complementary data
from a series of expert interviews (33 water managers,
public officials, agricultural service providers, farmers and
academics) (see also Bausch et al. 2015). The survey re-
spondents were contacted first through a postcard advising
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them of the survey opportunity, and inviting them to re-
spond online. A paper copy of the survey was subsequently
mailed to those who did not respond to the initial invita-
tion. In the absence of a registry of all farm operators
accessible for public use, we relied on two sources for our
sampling universe: the names and addresses of individuals
or enterprises listed as users of irrigation water in the
Phoenix and Pinal AMAs (a random selection of 400 ad-
dresses) and the membership list of the Arizona Cotton
Growers Association (a random selection of 233 asso-
ciation members with addresses in Maricopa, Pinal and
Graham counties). The former list proved unreliable;
nearly a third of the addresses proved to be obsolete or non-
agricultural. The Arizona Cotton Growers Association list
was far more reliable, but nonetheless, the response rate
was low. Our efforts resulted in a sample of 52 growers.
While under these conditions it is difficult to accurately
assess the statistical representativeness of our sample, the
profile of our respondents reasonably reflects the profile of
operators in available secondary data (Table 1).

The survey collected information on the structure of the
farm operation (crops grown, acreage, irrigation use and
source of water) and of the farm’s principal operator
(education level, age, gender). To understand the behavior
and attitudes of farmers, given the institutional and in-
frastructural context of the region, respondents reported on
their personal experience with water scarcity, their irriga-
tion technology, their use of climatic and hydrological in-
formation, and their participation in farm assistance
programs. We hypothesized that the hydrological and cli-
matic information available to and used by farmers, the
physical infrastructure of the irrigation districts, and the
availability of information and support via public programs
influence their adaptive capacities and ultimately their
behavior in the face of change.

To measure the different cognitive dimensions of
adaptive capacity, we employed a series of Likert scale
items, designed to assess the respondents’ attitudes about
risk, change in water availability, entrepreneurship and
experimentation, interest in learning, and attitudes about
the location and community in which they were farming.
These Likert items were closely based on the survey in-
struments that Marshall et al. (2012) had developed and
tested, with some modification for language and social—
cultural context. Given our interest in the linkages between
cognitive elements in adaptive capacity and the institu-
tional context of decision-making, the survey also included
questions to elicit the extent to which irrigation infras-
tructure and water policy, markets and price volatility, and
farmers’ access to and perceptions of public support for
their activities, were affecting their experiences of risk and
their attitudes about their future viability. Respondents
were asked the extent to which they agreed with each
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Table 1 Agricultural operations (County and State) and survey respondents

Maricopa Pinal Arizona (state) Survey Respondents
Number of farms 2479 938 20,005 52%
% Principal operators with 10 years or more at current location 78.4 723 80.8 81.1%*
Average value of products sold $404,790 $989,058 $186,559 -
% Of farms with sales below $10,000 67.8 50.3 79.7 -
% Principal operators working off-farm 65.3 45.0 54.1 42.0%%*
% Principal operators 65 years or older 384 255 40.3 36.5
Average age of grower 60.4 56.0 61.1 574
% Land in farms 8.1 342 36.0 -

Source: 2012 National Agricultural Statistics Service Data and authors’ survey (2014)

* 52 refers to the number of respondents in the survey, many with multiple parcels farmed

** 81.1 % of respondents reported having farmed 10 years or more in Arizona

*#% 42 .0 % of respondents reported receiving some income from non-farm professional wages; 26 % derived half or more of their total income

from this non-farm source

statement, on a 1-5 scale, with 5 being “strongly agree”
and 1 being “strongly disagree.”

We selected those items from the Likert scale that cor-
responded to specific capacity dimensions, as explored and
refined by Marshall and colleagues. For each subset of
items hypothesized to represent a specific component of
capacity (e.g., attitudes about risk, entrepreneurship and
experimentation), we tested for construct validity using
Cronbach’s Alpha. This process resulted in the elimination
of some items from the scales measuring particular com-
ponents. We then used factor analysis to create a single
index representing the weighted mean of the Likert scale
items associated with each capacity component (following
Marshall and Marshall 2007). To assess attitudes in the
respondents regarding their place and occupational at-
tachment, we selected seven items from the survey that
were not included in the capacity measurement. We pur-
sued the same procedure as reported above on these items
to create indices of place and vocational attachment.

We interpreted the results of this analysis in light of the
remaining data from the survey, and the qualitative con-
textual information we have gleaned through stakeholder
interviews and an assessment of the secondary literature.
We used the capacity indicators to test for any correlations
between specific capacity attributes and farm operator
characteristics, as well as between capacity attributes and
our measures of community ties and attachment. Below we
report the results of our analysis.

Results
The surveyed farm population

The 52 respondents to our survey were, on average, highly
educated, with 69 % reporting having obtained a higher

education degree. Similar to the general agricultural
population in the USA, the respondents’ age averaged
57 years, and they were predominantly male. Just over half
(53.8 %) reported that agricultural activities constituted
more than 50 % of their total income. As was anticipated
from the sampling frame, the majority of the respondents
were cotton (50 %) and alfalfa (62 %) growers; other crops
grown were grains (barley, wheat, corn, sorghum) and to a
lesser extent, horticultural products. Respondents farmed
on average 1000 acres, in parcels of 500 acres, primarily
within the Phoenix and Pinal Active Management Areas.
Nearly half of these parcels—47 % —were leased rather
than owned.

Risk exposure and perception

With respect to the longer-term viability of their enterprise,
the top two concerns reported by respondents were water
availability and commodity prices. A majority of respon-
dents (63.5 %) reported having experienced problems of
water scarcity at least once over the prior decade. A third of
these reported having had experienced such scarcity for 4
or more years. High water demand and limited supply was
the most frequently cited cause of scarcity (55 % of re-
spondents), followed by drought (42 %), water table de-
cline (27 %) and problems in infrastructure capacity.
Recent increases in water prices were also reported by a
majority (77 %) of respondents.

This experience with water scarcity and variability in
supply and price likely affected farmers’ perceptions about
the future of water resources. Only 23 % of respondents
agreed with the statement “I do not believe that future
water resource availability will be any different from my
past experience,” and 42.3 % concurred with the statement
“Immediate action is needed to prepare for the impact of
changing climate conditions on agriculture.” Over half
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(57.7 %) disagreed—and 25 % strongly—that “Problems
in water availability are unlikely to manifest in this region
for some time.” A full 75 % agreed with the statement “I
can’t plan more than a few years ahead, things are too
uncertain.”

In addition to water scarcity, the respondents also con-
firmed significant volatility in income. Respondents esti-
mated that in a “good year,” their income from agricultural
sales can increase by an average of 20 %; similarly, in a
“bad year,” their income might decline by an average of
27 %. This self-reported income volatility reflects the sig-
nificant variability in cotton (coefficient of variation of 44 %
for 2001-2011, based on yearly data from National Cotton
Council of America) and alfalfa prices (coefficient of var-
iation of 23 % for 2001-2011, based on yearly data from
USDA National Agricultural Statistics Service) over the last
decade. At the time of our interviews, both cotton and alfalfa
prices were unusually high, driving up demand for both land
and water as producers moved to take advantage of the
economic opportunity in the face of limited land availability.

Capacity indicators
Our capacity indicators, while similar to Marshall et al.

(2012), differ somewhat in structure, reflecting in part our
particular interest in including items related to decision-

Table 2 Components of capacity

making constraints and opportunities in relation to the in-
stitutional context of farming. Some of the items that proved
robust in the Australian context did not prove to be salient in
the Arizona case. For example, items used for measuring
financial flexibility were ultimately dropped from our ana-
lysis after failing tests of construct validity. Nevertheless,
additional statements included in our study allowed for the
creation of two new indicators particular to the Phoenix
context. These indicators incorporated aspects of flexibility,
particularly the role of infrastructure and perceptions of
personal responsibility in management choices. The re-
sulting components of capacity were labeled learning and
knowledge seeking; risk-taking and experimentation, deci-
sion constraints, and adaptive management (Table 2).

Learning and knowledge seeking

The mean and mode of the statements in this component
indicate that the majority of respondents desired more in-
formation and knowledge about regional hydrology and
climate (Table 2), and many respondents expressed
uncertainty about their own skills in the face of change.
Only half (54 %) of respondents agreed or strongly agreed
with the statement “I have the skills or knowledge to
protect my land from drought”; 27 % were unsure. This
uncertainty was also reflected in other statements: 21 %

Component Statement Mean Std Mode Range Factor
dev. weight
Learning and knowledge I am interested in learning about hydrological changes and their 3.71  0.776 4 3 0.715
seeking potential impacts on agriculture
I am interested in learning about climatic changes and their 363 0864 4 3 0.689
potential impacts on agriculture
I have the skills or knowledge to protect my land from drought  3.63  1.189 4 0.615
I have sufficient information to make plans concerning my water 3.40  1.053 4 0.592
use into the future
My current approach for dealing with water challenges will be 3.17  0.834 3 4 0.424
sufficient for dealing with future water challenges
I like to discuss challenges facing the farm sector with researchers 3.56  1.056 4 0.488
I seek the advice of other farmers in the region 4.02  0.896 4 0.556
Risk-taking and I like to experiment with new approaches to managing my farm  3.58  1.177 4 0.913
experimentation enterprise
I like to experiment with new ways to irrigate 340 1142 4 5 0.906
I believe that opportunity comes from taking calculated risks 371 0915 4 0.509
Decision constraints My ability to manage change on my farm is constrained by state 3.17  1.133 4 4 0.883
and local regulations on water use and distribution.
My water management is impacted by inadequate irrigation 3.00 1.237 4 4 0.883
infrastructure
Adaptive management I continually monitor the condition of my land so that I can 423  0.877 4 5 0.938
recognize important changes
I like to think of myself as responsible for the future productivity 4.44  0.698 5 3 0.938

of my land
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disagreed with, and 30.8 % were unsure about, the state-
ment “I have sufficient information to make plans con-
cerning my water use into the future” and 52 % were
unsure whether their “current approach for dealing with
water challenges will be sufficient for dealing with future
water challenges.”

The respondents were already accessing information on
irrigation improvements and water conservation: only
23 % of respondents reported they did not seek such
guidance. Neighbors and the state Cooperative Extension
were the primary sources of information on this issue. Most
farmers also reported seeking weather and climate infor-
mation (83 %), primarily from local television news net-
works (44 %), the Extension service and the Arizona
Meteorological Network. National sector-specific climate
data sources (such as the US Drought Monitor, or USDA
Weather and Crop Bulletin) were seldom used.

Risk-taking and experimentation

The second component captures the entrepreneurial nature
of producers’ outlooks: 73.1 % agree that “Opportunity
comes from taking calculated risks,” although just half
(51.9 %) agree with the statement “I like to experiment
with new ways to irrigate.” The statement “I like to ex-
periment with new approaches to managing my farm en-
terprise” found 63.5 % agreement.

Despite the self-described experimental and en-
trepreneurial nature of the respondents, relatively few re-
ported using irrigation technology different from the
standard flood irrigation systems widely used in the area:
only 7.69 % reported employing drip, sprinkler or sub-
surface drip systems. Some analyses find that flood irri-
gation has an efficiency of 40-65 %, compared to 75-85 %
for sprinkler irrigation (Colby and Frisvold 2011: p. 197);
nevertheless, regardless of a farmer’s willingness to ex-
periment, soil and water salinity, crop characteristics and
tenure arrangements all affect whether or not a farmer can
adopt more water conserving systems.

Similarly, there was little evidence that farmers were
experimenting with non-conventional crops—only 27 %
reported planting crops other than the standard cotton, al-
falfa and grains. Again, beyond a farmer’s willingness to
experiment with alternative production systems, inter-
viewed farmers reported that crop choice is also con-
strained by market conditions and infrastructure as well as
soil and water quality.

Decision constraints
The third component focuses explicitly on perceptions of

exogenous constraints on decision-making. It encapsulates
two statements, reflecting growers’ concerns with

infrastructure and government regulation. The responses
were ambivalent. Forty-two percent of respondents agreed
that water regulations restricted their ability to manage
change effectively, while 28.8 % were unsure. Similarly,
44.2 % agreed that their decisions were negatively affected
by inadequate irrigation infrastructure.

The irrigation district water managers are often re-
sponsible for maintenance of well and canal infrastructure.
Our interviews with water managers did confirm that the
increased water demand in response to higher commodity
prices had put considerable stress on existing infrastructure
capacity, leading to conditions of scarcity for some
farmers.

The implication of water regulation on farm decisions
was less clear. Water regulation focuses largely on total
water use, restricting farmers to the consumption associ-
ated with their allocated water rights. Yet, while farmers
reported experiencing water scarcity, there was little indi-
cation that scarcity was triggered directly by water
regulations. Farmers are able to accrue credits for water
rights they do not consume in any given year and then use
those credits to augment their demand in future years; yet,
only 25.8 % reported having used these credits in the prior
decade and only 6.5 % had engaged in purchasing credits
from other farmers.

Adaptive management

The final component incorporated two statements reflecting
stewardship and close monitoring of the resource base.
Despite the uncertainty about their skills and capacities to
address future water scarcity (see above), the respondents
characterized themselves as concerned and committed, and
responsive to signals of change. A large majority of re-
spondents agreed with both associated statements: “I like
to think of myself as responsible for the future productivity
of my land” (96.1 %) and “I continually monitor the
condition of my land so that I can recognize important
changes” (88.4 %).

Occupational and place attachment

We ran a separate factor analysis on the seven items rep-
resenting aspects of occupation and place attachment in
order to evaluate the extent to which these attributes were
associated with adaptive capacity indicators. The analysis
resulted in three distinct components, which we interpreted
as: value of agriculture, individual-community interde-
pendence, and community commitment (Table 3).

The characterization of farming as a vocation, rather
than an occupation, business or profession, is a feature of
farming around the world. It is no different in our sample.
The vast majority—84.7 %—considered farming as a
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Table 3 Place and occupational attachment

Component Statement Mean Std Mode Range Factor
dev. weight
Value of agriculture Being a farmer is a lifestyle, it is not just my job 4.15  1.092 0.725
Agriculture in Arizona provides benefits to the community beyond 4.60  0.664 5 3 0.639
just the value of farm products
Agriculture [no longer] has a central role to play in Arizona’s future 3.79  1.177 4 4 0.689
(REVERSED)
Individual-community My success in farming depends on farmers in my community also  3.77  0.899 4 4 0.680
interdependence being successful
I have many [few] options available to me other than being a farmer 2.62  1.087 2 4 0.832
(REVERSED)
Community commitment I plan to do all I can to continue farming in this region 417 0834 4 3 0.643
Helping other farmers in my community is important, even when it 4.08  0.555 4 0.767
means making small sacrifices
Source: Authors’ survey 2012
lifestyle choice; 94.2 % agreed that there are benefits of  and adaptive management dimensions of capacity

agriculture beyond the value of farm products. Two-thirds
disagree with the statement that agriculture no longer has a
central role to play in the state’s future. These three
statements together represent a belief in agriculture as a
valuable, multidimensional vocation.

While farmers can be characterized as independent and
self-reliant in the West, the second identified component
conveyed interdependence with community: 69.3 % of
respondents agreed that their success was dependent on the
success of others in the community. This statement was
associated with relative uncertainty about alternatives to
agriculture as a livelihood strategy: while 50 % expressed
some confidence that they have options aside from farming
as occupations, 32.7 % were unsure.

Finally, the last component of attachment was indicative
of a commitment to place and community: 88.4 % con-
curred that helping others in the community was important
“even when it means making small sacrifices” and 80.8 %
agreed that they “plan to do all I can to continue farming in
this region.”

Elsewhere in the survey, when asked “what would be
your most likely strategy” in the face of decreased water
availability for farming, only 13.5 % indicated they would
consider moving from the region; and only 2 farmers—
3.8 %—indicated they would consider changing occupa-
tions. While 39 % reported that they had sold land in the
previous 10 years, almost as many (29 %) reported having
purchased land. The majority of these transactions took
place within the Pinal and Phoenix Active Management
Areas.

Of the dimensions of occupation and place attachment,
only community commitment was associated with the
identified capacity attributes. This attribute was positively
associated with both the learning and knowledge seeking
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(Table 4), suggesting that both social ties and attachment
are potentially motivating factors for farmers as they seek
to maintain their viability as farmers through additional
knowledge and close management of the resource base.

Discussion and conclusion

Our initial hypothesis was that producers in this region
would be relatively immune to climatic shocks and water
stress given the historical availability and reliability of ir-
rigation in the AMAs, and the suitability of arid climate
conditions for cotton production. We were less certain,
however, about what attributes of capacity (as defined in
previous studies) would be present in this population. Other
research in the state has shown, for example, that there is
some disparity among farmers and ranchers in terms of
access to resources and information, and participation in
social networks that are instrumental in managing risk
(Coles and Scott 2009; Eakin and Conley 2002; Vasquez-
Leon et al. 2003). And while irrigation buffers farmers
from dealing with climatic and hydrological variability, its
availability may also contribute to a sense of security that
undermines the more cognitive dimensions of capacity,
such as astute risk perception, self-efficacy, experimenta-
tion and learning (Brugger and Crimmins 2013).

In contrast to the farm populations featured in the re-
search summarized above, the respondents in our study
were also farmers with considerable objective capacity:
they have considerable material assets; they generally have
choices in terms of income sources and land use. These are
educated farmers who have chosen to forego the economic
opportunity the housing bubble afforded. They weathered
the variability in commodity prices, land prices and water
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Table 4 Association of Capacity Indicators with Place and Vocational Attachment

Factor scores for
learning and knowledge

Correlations

Factor scores for risk-taking
and experimentation

Factor scores for
adaptive management

Factor scores for
decision constraints

Factor scores for value of —0.102 0.057
agriculture

Factor scores for individual— 0.157 —0.017
community interdependence

Factor scores for community 0.334%* 0.109

commitment

0.129 0.125
0.03 0.231
0.047 0.424%%*

* Correlation is significant at the 0.05 level (2-tailed)
** Correlation is significant at the 0.01 level (2-tailed)

availability over the last decade. Many are farming on
different combinations of leased and owned land—and,
opportunistically, leasing additional land as land and
commodity prices permit. So far, they have proven them-
selves to be adaptive to dynamic political and economic
circumstances. It is thus hard to describe the farmers we
surveyed as vulnerable.

Nevertheless, in terms of risk perception, we found that
farmers in our sample were already exposed to and con-
cerned about water scarcity and uncertainty, despite being
“buffered” from risk by irrigation infrastructure and in-
stitutions. While climate change research in the region
tends to describe water scarcity as threat that will increase
in the future (Gober et al. 2010; Morrison Institute 2011),
farmers are already experiencing and anticipating dete-
riorating conditions for farming—most importantly, from a
host of other policy and demographic changes, and in-
frastructural limitations. A majority of respondents be-
lieved that the past was no longer a good predictor of the
future, and articulated a belief that conditions would only
become more difficult over time. Uncertainty and volatility
in economic and social factors, such as commodity, water,
land and energy prices, were significant contributors to
perceived risk. The state of the irrigation infrastructure it-
self—without which farming would be impossible in the
desert—was contributing to perceptions of water resource
scarcity and decision inflexibility, as demand for water
exceeded the water delivery capacity in the irrigation
districts.

While there was little evidence that farmers were ac-
cessing the full range of climatic and hydrological infor-
mation or technical knowledge available to them, they
showed a strong interest in knowledge and learning, gen-
erally expressed caution and responsibility toward the re-
source base, and considered themselves to be risk-takers
and experimenters in the face of changing opportunities.

Their capacity for making incremental adjustments to
recent political and economic changes may be at least
partially explained by their strong place, occupational and
community attachment. Two of the indicators of capacity

(adaptive management and learning/knowledge-seeking)
are associated with farmers’ perceptions of and commit-
ment to the farm community: growers seek information
from each other and also are motivated to monitor their
resources to maintain their viability in part because of their
commitment to community. This association is consistent
with the findings of Marshall et al. (2012), who determined
place and occupation attachment to be potentially sup-
portive of capacities for more incremental forms of adap-
tation. Central Arizona growers are committed to their
community and place, and consider themselves responsible
and careful resource managers. Nevertheless, some also
express limits to which aspects of their resource base—
finance, water availability, water quality, soil quality—they
can confidently control. The respondents are thus primed
for incremental adaptation to increased water risk and
scarcity, although it is still unclear what real options they
will have to adapt to more substantive future change.
There is little evidence in our data, for example, that
farmers are actively experimenting with alternative irriga-
tion technologies or cropping systems. Irrigation efficiency
improved significantly in the years leading to and follow-
ing the implementation of the Groundwater Management
Act: canals were lined and fields leveled. In part, the lack
of further effort in water conservation may be a result of
lack of sufficient information about pending hydrological
change to motivate farmers to alter their strategies. Perhaps
more important, however, are the very real institutional
constraints and incentive structures farmers face: water,
until recently, has been relatively inexpensive, the high
frequency of leased land likely dampens motivation to in-
vest in new irrigation technology, and there are issues of
water quality and salinity as well as markets that affect
technological decisions. Farmers we interviewed expressed
considerable doubt that the urban public and the state’s
policy makers understood the role of agriculture in the
region or valued its contribution to the economy (Bausch
et al. 2015), a perspective confirmed in other analyses of
rural outlooks in relation to climate risk (Brugger and
Crimmins 2013). In short, many respondents perceive their

@ Springer



812

H. Eakin et al.

future to be determined more by policy than by their own
decision-making. This perception provides little incentive
to alter their strategies and make long-term investments in
water conservation.

In this context, it is difficult to know whether the ca-
pacities of the farmers observed in the survey results will
be sufficient to allow them to face more significant envi-
ronmental and policy changes in the future. Here, our re-
search may be demonstrating the limits to a “living with
climate” approach to adaption, in which farmers make
incremental adjustments to evolving circumstances (Brug-
ger and Crimmins 2013). Despite their education and ex-
perience, growers express doubts about their own self-
efficacy. They are unsure whether their knowledge and
prior experience will be sufficient for the future, and many
feel their command of information is insufficient. Thus,
when competition over resources becomes more acute,
rather than innovation in technologies or farm strategies,
the growers may be more likely to choose place over oc-
cupation and retire locally into their existing complemen-
tary non-farm economic activities.

In the Australian cases, a significant change in liveli-
hood or a retirement from agriculture might be defined as
transformative: a strategy that requires substantive shifts in
a farmer’s livelihood orientation, location and ultimately
identity as producers (Park et al., 2012). In other words,
transformation entails significant economic, social and
personal costs. However, moving locations and changing
livelihoods (via retirement from farming) may not repre-
sent a transformative change for central Arizona farmers in
the same way it does for Australian producers. Farmers
around Phoenix have faced the idea of their eventual ob-
solescence for several decades—ever since the 1980
Groundwater Management Act institutionalized the notion
that water would eventually be transferred from agriculture
to urban use, irrespective of climatic or hydrological
changes (Bausch et al. 2015). During the most recent
bubble in housing prices (2002-2006), many landowners
sold out to developers, and land in agriculture within the
city of Phoenix declined by 45 % (Kane et al. 2014). None
of our evidence to date suggests that the farmers who re-
mained in production during and following the housing
boom were disadvantaged or less capable of selling their
land. Indeed, some farmers did sell their land but remained
in the area as growers on land leased back from developers.
All of our research suggests that those who remained in
farming had options: they consciously chose to remain in
farming despite the opportunity to sell out.

Transformation in the central Arizona case may be more
about the significant changes in strategy that will be nec-
essary to enable persistence, rather than about capacities
associated with adapting to forced farm abandonment. In
light of the more severe hydro-climatic scenarios for the

@ Springer

regions, in the coming decades, growers may need to make
significant innovations in their water management and use,
land use and commercial market orientation. This will re-
quire new sources of information and knowledge, and new
models of business management. Close monitoring of local
conditions and incremental adjustments in response to
changes as they occur may simply not be enough. As one
farmer puts it, if his children are going to be successful
farmers in the region in the future, “they are going to need
to think outside the box”: business as usual will not suffice.

Thinking outside the box will also require enhancing
farmers’ linking capacities—their ability to collectively
shape the evolution of the water and land institutions that
currently influence their cognitive and objective capacities.
They will need to reach out to state and city authorities and
urban residents to negotiate the inevitable increase in
competition over the allocation of water resources in the
coming decades. Urban interests are only likely to become
more dominant in policy processes. Growers will likely
need to better articulate the value and relevance of farm
livelihoods and production to local urban policy makers
and water resource managers foday in order to ensure they
have continued access to the vital components of produc-
tion in the future. Essentially, if farmers are going to be
active in shaping regional development policy and not just
reacting to it, they will need to expand their community ties
to incorporate municipal and city actors, and even repre-
sentatives of environmental interests.

In short, in the complex institutional contexts in which
adaptation decisions are made, it is the linking capacities
that may matter most in understanding transformative po-
tential in central Arizona agriculture. As individuals,
farmers may have the cognitive attributes that have enabled
them to make incremental adjustments to changing con-
ditions, and they have the strong attachments to place and
community to motivate these actions. Their fate, however,
is not only a matter of their own cognition and choice: it is
also a function of critical choices regarding public expen-
ditures, water resource allocation and infrastructure im-
provements, in which urban interests are dominant.
Farmers will thus need capacities that not only enhance
their ability to perceive change and make and implement
resource management decisions, but also to shape the
choices they have today and in the future via political
mobilization, inter-sectoral collaboration and collective
action, and ultimately institutional reform.
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