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ABSTRACT 

Background: The American Southwest is experiencing a prolonged drought, which 

climate projections indicate will worsen in severity in the upcoming decades. Native 

communities in the region, including the Hopi Tribe, are particularly hard-hit by drought, 

as their cultural practices and traditional food sources are tied to the land. Yet the same 

factors that contribute to disparate impacts on Native communities are also the reason 

why these communities are often more aware of ecological change than those living in 

urban environments. The Hopi practice dry farming of corn, a method that relies 

exclusively on precipitation and runoff rather than irrigation. However, farming and other 

aspects of traditional Hopi life have been endangered by drought.  

 

Purpose: In partnership with the Tribe, this research sought to understand Hopi tribal 

members’ explanations for the causes of drought, to catalog Hopi people’s observations 

of drought, to describe the negative impacts of drought, and to document current and 

proposed adaptation strategies for lessening those impacts. This study is the first to 

explore climate-related public health impacts among an American Indian population in 

the Southwest.  

 

Method: Over nine weeks, I conducted 35 in-depth interviews with Hopi elders, 

government employees, farmers, gardeners, ranchers and others on the topic of drought. 

Interviews were supplemented with site visits, observations of community meetings, and 

collection of relevant documents. An iterative process of analysis identified key themes 

regarding climate observations, impacts, and adaptation strategies.  
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Findings: Participants readily provided their observations of drought conditions, 

including diminishing rainfall and snowfall, drying springs, and a decline in vegetation 

quality. Such conditions have been negatively affecting many aspects of traditional Hopi 

life, most notably farming, gardening, and foraging for edible plants. However, rather 

than being passive in the face of such challenges, many participants were implementing 

individual-level adaptation strategies in order to adjust to adverse conditions. Likewise, 

participants proposed adaptation strategies that could be implemented at the community-, 

organizational-, or governmental-level in order to alleviate drought-related stresses on 

cultural activities. Most participants named both physical and spiritual reasons for current 

drought conditions, conveying an ecological worldview that emphasizes the connection 

between humans and the natural environment. 

 

Doctoral Advisor:  Katherine Clegg Smith, Ph.D. 

Readers:  Peter Winch, M.D., M.P.H. (Chair) 

   Janice Bowie, Ph.D., M.P.H. 

   Benjamin Zaitchik, Ph.D. 

Alternates:  Margaret Ensminger, Ph.D. 

   Jon Vernick, J.D., M.P.H. 
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GLOSSARY OF TERMS 

Aboriginal peoples Indigenous peoples. Often the preferred term in referring to 
Aboriginal Australians, Torres Strait Islanders, and 
Aboriginal peoples of Canada. 
 
 

Adaptation (climate 
change) 

“[C]hanges in processes, practices, and structures to 
moderate potential damages or to benefit from opportunities 
associated with climate change” (Burton et al., 2001, p.879) 
 
 

Alaska Native A broad term encompassing all indigenous peoples of what 
is now Alaska. 
 
 

American Indian Indigenous peoples of the Americas, especially those of 
what is now the United States, excepting Alaska (see 
Alaska Native). The term is synonymous with Native 
American, with the use of both terms a long-standing 
subject of debate. The term American Indian is used in this 
document because of its wide use by people who identify as 
members of this group: In a 1995 Census study, 49.8% of 
American Indian respondents preferred the term American 
Indian, while 37.4% preferred the term Native American 
(Tucker, Kojetin, & Harrison, 1995). The term appears in 
names of national organizations, such as the National 
Congress of American Indians, and news networks, such as 
Indian Country Today, run by and for American Indian 
people. 
 
 

Aquifer An underground water-containing geological formation. 
Aquifers can occur at various depths, and distinct aquifers 
may overlay each other. Shallower aquifers such as the N-
aquifer underlying Hopi are often used as water sources for 
humans. (See also: Groundwater.) 
 
 

Bureau of Indian Affairs 
(BIA) 

An agency of the U.S. government. The four offices of the 
BIA include the Office of Trust Services, which is 
responsible for the administration of millions of acres of 
land held in trust by the U.S. government for American 
Indian tribes, and the Office of Justice Services, which runs 
and/or funds law enforcement activities (such as BIA police 
agencies) and tribal courts. The controversial policies of the 
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BIA, such as boarding schools (described on p. 38) have 
made it a dubious figure in American Indian history and the 
object of many protests in the 20th century. The 
mismanagement of trust lands by the U.S. Department of 
the Interior, in which the BIA is housed, resulted in a class 
action lawsuit, Cobell vs. Salazar, which saw a settlement 
of billions of dollars for the class members in 2009.  
 
 

Cooperative Extension A nationwide program funded by the U.S. Department of 
Agriculture (USDA) agency Cooperative State Research, 
Education, and Extension Service. Cooperative Extension’s 
mission is to provide education and outreach in areas such 
as agriculture and food. Extension services are administered 
through land-grant universities. Arizona’s is based at the 
University of Arizona in Tucson, and offices are located in 
various counties as well as on five Arizona reservations 
including the Hopi Reservation. 
 
 

Country food A Canadian term for traditional food of indigenous peoples. 
 
 

Drought Commonly understood as “a period of abnormally dry 
weather long enough to cause a serious hydrological 
imbalance” (IPCC, 2012). However, due to regional 
variation, what is “abnormally dry” may vary considerably. 
It is helpful to distinguish between different forms of 
drought, including meteorological drought, soil moisture 
(also known as agricultural) drought, hydrological drought, 
and socioeconomic drought. For definitions, see 
http://drought.unl.edu/DroughtBasics/TypesofDrought.aspx 
 
 

Duning An informal term referring to the growth and movement of 
sand dunes. 
 
 

Fossil water A type of groundwater. Also known as paleo water, fossil 
water is a non-renewable groundwater source due to its 
negligible rate of natural recharge. 
 
 

Groundwater Water that is located beneath the ground. Some 
groundwater sources may be recharged by precipitation, but 
others (see fossil water) are not. Groundwater sources may 
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discharge via natural springs or seeps. (See also: Aquifer.) 
 
 

Hopiland Also Hopi Land. A term referring to the land resided on by 
the Hopi people. 
 
 

Indian country Encompassing all American Indian communities 
throughout the U.S. It is both a legal term and one used in 
common parlance. For a definition for legal purposes, see 
http://www.law.cornell.edu/uscode/text/18/1151  
 
 

Indigenous knowledge 
(IK) 

See Traditional knowledge. 
 
 

Intergovernmental  Panel 
on Climate Change 
(IPCC) 

The leading intergovernmental body tasked with assessing 
the scientific basis and impacts of climate change. It was 
established in 1988 by the United Nations, and since that 
time has produced four comprehensive assessment reports 
as well as a number of special reports. The fifth assessment 
report (AR5) will be released in stages beginning in 
September 2013. 
 
 

Maasaw  Also Maasawu, Masau’u. A spirit being, whom the Hopi 
encountered upon their emergence into this world. 
 
 

Mitigation (climate 
change) 

Efforts to lessen the magnitude or slow the rate of climate 
change. 
 
 

N-aquifer  An aquifer located in Arizona north of the Little Colorado 
River, spanning 6,250 square miles (Arizona Department of 
Water Resources, 2009). Estimates of the storage and 
recharge rates of the aquifer vary greatly (see p. 45 and p. 
160). Discharge occurs to natural springs. Deeper than the 
D-aquifer and shallower than the C-aquifer, the N-aquifer is 
the primary source of drinking water for the Hopi Tribe. It 
has historically been of good quality, but now suffers from 
some uranium and heavy metal contamination. 
 
 

Pahaana Also Pahana. A person of European heritage; a non-Native 
person. 
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Slurry (coal) As a noun, a combination of pulverized coal and water, 
created in order to transport coal through a pipeline. Also 
used as a verb, meaning to convert into slurry.  
 
 

Southwest For the purposes of this document, narrowly defined as 
Arizona and New Mexico, based on the U.S. Department of 
Agriculture’s Southwest region. However, different climate 
modeling publications operationalize the Southwest 
differently (including as Arizona, California and New 
Mexico; as Arizona, New Mexico, Colorado and Utah; and 
as Arizona, New Mexico, Colorado, Utah, and parts of 
Texas and Oklahoma) (for a, discussion, see Lenart, 2007). 
Arizona and New Mexico are the only states consistently 
falling in the “Southwest” category. However, a broader 
definition from a hydrologic perspective, including states 
reliant on the Colorado River (hence, California, Nevada, 
Arizona, Utah, New Mexico, and Colorado) is likely also 
appropriate when considering drought concerns. 
 
 

Standard Precipitation 
Index 

A method of measuring drought using precipitation 
measurements only.  
 
 

Surface water Any aboveground water source, such as a river, lake, or 
ocean. 
 
 

Traditional knowledge 
(TK) 

Knowledge, skills, and life lessons in traditional cultures 
passed down from one generation to the next. Related terms 
include indigenous knowledge (IK), which is typically used 
synonymously, and traditional ecological knowledge (also 
sometimes traditional environmental knowledge) (TEK), 
which refers to traditional knowledge related to the local 
environment and sustainability. 
 
 

Wash Also referred to as an arroyo. A dry river bed that may flow 
after rain. Washes may flow seasonally or only 
sporadically. 
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CHAPTER 1 

Climate Change and Indigenous Populations: A Public Health Issue 
 

This drought has really, really taken a toll on us. We used to have a lot of 
farmers doing good harvests every year, way back then. Now it’s just a 
few farmers that are really getting harvests. – “Kenneth;” farmer and 
government employee; 60s 
 
I guess when we’re talking about springs, unfortunately, I haven’t been 
able to do the gardens down below our village here […] for almost 7 
years now. Because the spring that I used to use is dry. – “Pamela;” 
former gardener; age not given 
 
I think that the lack of water, rain, has contributed a lot to our diet as 
compared to the days back, you know, the years. Yeah, it just affects the 
people. Things were natural back then. But now, there’s ingredients in the 
food that we eat today—like sugar in the, a lot of sugar in the canned fruit, 
now. You know? So I think if, you know, if we had moisture and these trees 
would come back, start producing fruits, you know, I think it would help 
with a better diet again. Like I can’t see my belt buckle anymore! [laughs] 
– “Sam;” religious leader; 50s 

 

1.1 Introduction to this chapter 

This chapter has several functions: First, to provide an introduction to the effects of 

climate change, particularly as pertains to drought in the American Southwest. Second, to 

make the case for why indigenous populations are among the most at risk from the 

impacts of climate change (using illustrative concepts such as “cultural keystone species” 

and “cultural food security” for understanding these impacts) and why indigenous 

communities should be partners with governments and non-governmental organizations 

in adaptation planning at the local, national, and international level. Third, to explain 

drought as a public health problem. And finally, to present the contribution of this 

research not just as informative for adaptation planning for the Hopi Tribe, but as 
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conceptually and practically relevant for indigenous communities in similar social and 

ecological circumstances. 

 

1.2 Climate change in the American Southwest: A brief overview 

There is widespread scientific consensus not just that climate change is real, but that its 

effects are being felt now (Anderegg, Prall, Harold, & Schneider 2010). However, the use 

of the popular term “global warming”—coined in a 1975 Science article (Broecker, 

1975)—creates a misleadingly narrow perception of climate change as simply increasing 

global temperatures (Conway, 2008). In fact, while increasing global mean temperature is 

one facet of climate change, the whole picture is far more complex. Climate change is, 

for example, predicted to cause increases in extreme weather, such as increasingly 

frequent and severe heat waves, more intense precipitation events, and greater risk of 

drought in sub-tropical and mid-latitude regions (Meehl et al., 2007).  

 

The American Southwest is one region that can expect—and is indeed already 

experiencing—more frequent and more severe drought. In the Southwest, warmer 

temperatures constitute one of the major impacts of climate change (Lenart, 2007). 

Warmer temperatures can be expected to lead to increased evaporation of surface waters 

and reduced instream flow, which combined are projected to diminish reservoir levels 

(IPCC, 2007). Furthermore, warmer temperatures have been correlated with snowmelt 

occurring earlier than usual in the year (Stewart, Cayan & Dettinger, 2004; Stewart, 

Cayan & Dettinger, 2005), leading to flooding at unexpected times of the year, followed 

by a longer summer dry season.  
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In conjunction with warmer temperatures, the Southwest can also expect an overall 

decrease in precipitation, which is one component of drought (for an extended discussion, 

see Lenart, 2007). Precipitation in the region currently follows a bimodal distribution, 

with half of yearly precipitation occurring during winter months, and half during the late 

summer (with monsoons) (Climate Assessment for the Southwest, 2010). Modeling 

summer precipitation in particular has proven to be a challenge, and current models have 

limited predictive ability for summer months (Ruiz-Barradas & Nigam, 2006). A 

compilation of eighteen global climate models (GCMs) indicates that Arizona—the state 

where the Hopi live—can expect between a 5% and 10% drop in overall precipitation by 

the end of the century (Lenart, 2008).  

 

Already, the Southwest has experienced drought conditions for most of the past decade, 

which led the United States Department of Agriculture (USDA) to designate all but two 

Arizona counties as primary natural disaster areas “due to losses caused by drought” in 

2009 (USDA, 2009). The 2012 water year (October 1, 2011 to September 30, 2012) 

continued this trend, with “warmer-than-average temperatures and below-average 

precipitation across nearly all of Arizona and New Mexico” (Climate Assessment for the 

Southwest, 2012, p. 3). The two major reservoirs in the region—Lake Mead and Lake 

Powell, both fed by the Colorado River—stood at a combined 54% of total capacity in 

September of 2012, down 7% from the previous year (Climate Assessment for the 

Southwest, 2012, p. 3). The most recent data available as of this writing indicate that 
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“severe” to “exceptional” drought conditions1 still prevail over much of the region 

(Climate Assessment for the Southwest, 2013). 

 

Approximately half of the state of Arizona uses groundwater as its primary water supply, 

with the other half relying on surface water, mainly from the Colorado River and its 

tributaries (Guido, 2008). However, increasing groundwater use is no solution to 

warming temperatures and decreasing precipitation. Decreases in the amount of surface 

water are linked to decreases in groundwater because reduced instream flow and 

increased evaporation mean that surface waters aren’t recharging aquifers to the same 

extent that they did in the past. Furthermore, diminishing reservoirs increase the reliance 

on groundwater, causing rapid reductions in aquifer levels, some of which—such as fossil 

aquifers—can’t be recharged using natural processes (Al-Rashed & Sherif, 2000). This 

process is already underway; some aquifers in Arizona have already decreased by as 

much as 60 meters (Leake, Konieczki & Rees, 2000).  

 

Consequently, with warmer temperatures and decreased—and more variable—

precipitation patterns, the Southwest can expect increases in water scarcity and increasing 

unpredictability of water availability. These effects won’t be adequately buffered by 

groundwater resources, which will diminish along with surface water as use increases and 

recharge decreases. Compounding the issue of water scarcity is the fact that the 

Southwest is experiencing dramatic population expansion (Arizona Department of 

1 For an explanation of drought classification, see the University of Nebraska-Lincoln’s Drought Monitor 
discussion (UNL, 2008). 
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Commerce, 2006), and rapid population growth will place significant strain on existing 

water sources and infrastructure. 

 

1.3 Indigenous populations and climate change 

1.3.1 Vulnerability characteristics and their application to indigenous populations 

Climate change affects various regions differently, and likewise impacts particular groups 

of people differently based on their vulnerability. Vulnerability, as defined by the 

Intergovernmental Panel on Climate Change (IPCC) (2007, p. 21), is a “function of the 

character, magnitude and rate of climate change and variation to which a system is 

exposed, its sensitivity, and its adaptive capacity.” Thus, populations exposed to more 

intense or faster climatic changes (exposure), whose activities are negatively impacted by 

these changes (sensitivity) and who have limited resources for lessening those negative 

impacts (adaptive capacity) are considered to be more vulnerable to climate change than 

other populations. Adopting this framework, it can be demonstrated that indigenous 

people worldwide are among those most vulnerable to the effects of climate change.  

 

Indigenous populations may experience greater exposure to climate change because they 

are frequently situated in “isolated, fragile, and harsh environments” (United Nations, 

2009, p. 87) such as drylands. Drylands, which are classified as “dry, dry-sub-humid, 

semi-arid, and arid” areas (United Nations Convention to Combat Desertification 

[UNCCD], 2009, p. 12), cover more than 40% of the world’s land area and are home to 

approximately two billion people (UNCCD, 2009). The poor in these regions constitute 

almost half of the world’s poor, and most practice traditional ways of life that qualify 
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them for consideration as indigenous communities (Macchi et al., 2008). Dryland regions 

are expected to experience an average 10-30% decrease in water availability over the 

next four decades as a result of climate change (IPCC, 2007). On average, dry areas are 

expected to become drier, straining already minimal water resources and decreasing 

overall agricultural productivity (IPCC, 2007). Consequently, exposure to climate 

impacts in these regions is likely to be high. 

 

The second component of vulnerability is sensitivity; sensitivity in the case of indigenous 

communities comprises threats to indigenous ways of life, including livelihoods and 

social customs. As the United Nations Permanent Forum on Indigenous Issues (UNPFII) 

states, “indigenous peoples are the ones most at risk from the consequences of climate 

change because of their dependence on and close relationship with the environment and 

its resources” (United Nations, 2009, p. 96). Indigenous people are more likely than 

others to rely on livelihoods—such as farming, ranching, fishing, and the like—that 

center on ecosystem services (United Nations, 2009). Similarly, indigenous communities 

often practice social traditions “including exchange, reciprocity, barter or local markets” 

(Macchi et al., 2008, p. 17) that are likely to break down if the goods on which they are 

based are no longer acquirable because of ecological strains on production. Furthemore, 

Macchi and coauthors (2008) point out that climate impacts will exacerbate existing 

problems such as poverty, inequality, access to health care, and poor nutrition, which 

already disproportionately affect indigenous populations. An additional component of 

sensitivity includes historical trauma—the UNPFII makes special note of the 
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vulnerability of indigenous communities that have “already [been] affected by other 

stresses (such as the aftermath of resettlement processes)” (United Nations, 2009, p. 96). 

 

However, economic and cultural sensitivity might be less of a concern were it possible 

for indigenous communities to adapt in order to minimize the impacts of climate change. 

Adaptive capacity—the final consideration in assessing vulnerability—is defined by the 

IPCC as “the ability or potential of a system to respond successfully to climate variability 

and change” (Adger et al., 2007, p.727). Three factors place indigenous populations in a 

situation of low adaptive capcity: limited financial resources; political marginalization; 

and unstable access to natural resources such as land and water. Indigenous people are 

poor in disproportionate numbers (United Nations, 2009), and as the IPCC points out 

“poverty is the most serious obstacle to effective adaptation” (Confalonieri et al., 2007, p. 

417). Indigenous people are also often politically disenfranchised (for a discussion, see 

Stephens, Porter, Nettleton, & Willis, 2006). Corpuz (2005) points out that a sample of 

the Millennium Development Goals (MDGs) for 20 countries with indigenous 

populations shows that 68% of MDG progress reports make no significant mention of 

their indigenous constituents. Here in the United States, a 56-page Centers for Disease 

Control and Prevention (CDC) document devoted to public health planning for drought 

makes no specific reference to planning for drought with tribes (CDC, 2010). And, 

finally, struggles over legal recognition of ancestral lands have left many indigenous 

groups facing uncertain land tenure (Macchi et al., 2008). While access to land for tribes 

in the United States is for the most part no longer in dispute, this was of course not 
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always the case; now, disputes over water, an equally critical natural resource, place 

some U.S. tribes in uncertain situations (McCool, 2002). 

 

Many of the generalizations made regarding indigenous populations worldwide are 

applicable to indigenous groups in the United States as well. The vast majority—95%—

of tribal lands in the contiguous 48 states are located west of the Mississippi, with large 

numbers of American Indians in the semi-arid Southwest and South-Central regions of 

the country (National Drought Policy Commission, 2000)—regions that can be classified 

as drylands. Similar to indigenous populations across the globe, many American Indian 

tribes rely heavily on economic or subsistence activities that depend on natural resources 

and predictable ecological patterns, such as rainfall and streamflow. And like indigenous 

populations worldwide, American Indian tribes are likely to face the same barriers—

limited financial resources (Taylor & Kalt, 2005), political marginalization, and unstable 

access to natural resources (in the case of many U.S. tribes, this takes the form of 

unsettled water rights (McCool, 2002))—that impede the implementation of effective 

adaptation strategies. Consequently, though U.S. tribes are located within a developed 

country, they have not escaped the significant risk factors applicable to other indigenous 

populations.  

 

1.3.2 Hearing indigenous voices 

Attention to the issue of climate justice (Adger, Paavola, Huq, & Mace 2006) mandates 

that the international community involve indigenous populations as equal partners in 

adaptation and mitigation planning. These populations, which have contributed least to 
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the drivers of climate change, are facing the most immediate and dire consequences of its 

impacts (IPCC, 2007). However, indigenous populations should be included in climate 

change planning not just because they are severely affected by a phenomenon created 

largely by the industrial world, but also because their unique and important knowledge 

and perspective on climate change should not be discounted. In the Mystic Lake 

Declaration from the Native Peoples Native Homelands Climate Change Workshop II in 

2009 (which was presented at the Copenhagen Climate Conference), the Native 

community “invite[s] humanity to join with us to improve our collective human behavior 

so that we may develop a more sustainable world—a world where the inextricable 

relationship of biological, and environmental diversity, and cultural diversity is affirmed 

and protected” (Native Peoples Native Homelands II, 2009, pp. 1-2) This convention of 

tribal leaders, non-profit groups, academics, and tribal elders and youth emphasized the 

crucial role of an indigenous perspective on the health of the Earth in preventing the 

catastrophic effects of climate change, stating that, “The well-being of the natural 

environment predicts the physical, mental, emotional and spiritual longevity of our 

Peoples” (p. 1).  

 

Slowly, some agencies have begun to recognize that in addition to a holistic view of 

ecological systems—a sense that human health is intertwined with the ecological 

health—indigenous populations also have special insights into on-the-ground indicators 

of changing climate, due to their close relationship with their lands and generational 

knowledge regarding weather, plant life, streamflow, and the like. In essence, Native 

communities might be considered to be on the front lines of climate observation—an 
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assertion that is explored in Chapter 5. As Salick and Byg (2007) point out, “While 

climate models can paint the bigger picture of climate change…they are not very good at 

providing information about changes at the local level” (p. 13). The authors note the 

increasing recognition of the value of this kind of knowledge. For instance, extensive 

participatory research has taken place to document Inuit observations on climate change 

(see the following section for a more detailed description of the work of Christopher 

Furgal and colleagues in this area).  In another example, the Australian government now 

funds a collaboration between Aboriginal and Torres Strait Islander Commission 

(ATSIC), the Bureau of Meteorology, and Monash University’s Centre for Australian 

Indigenous Studies (CAIS) and School of Geography and Environmental Science; called 

the Indigenous Weather Website Project, it is an effort to feature indigenous knowledge 

on climate (Australia Bureau of Meteorology, 2010). The website acknowledges “the 

knowledge of weather and climate developed over countless generations by Australia’s 

Indigenous communities, nicely complementing science and statistically based 

approaches.” Similarly, in the United States, the National Aeronautics and Space 

Administration (NASA) has funded an oral history project, called Where Words Touch 

the Earth, where students from tribal colleges interview elders regarding their 

observations on changing climate (Garner, 2010).  

 

1.3.3 Examples of current climate impacts on indigenous communities 

Indigenous communities with diverse cultural practices, in various geographical regions 

have observed indicators of climate change and found themselves impacted by these 

changes. While there are many examples of communities that find their traditional life 

10 
 



 

threatened by climate change and are acting pro-actively to confront these threats, in 

consideration of space, three are presented here: the Inuit, in Nunavik and Labrador, 

Canada; the Grand Portage Band of Chippewa, Minnesota, USA; and the Swinomish 

Indian Tribal Community, in the Puget Sound area of Washington, USA. Despite being 

located in entirely different landscapes, and possessing very different cultural practices 

and diets, each of these communities has begun to face the challenges associated with 

climate change. 

 

The Inuit of Nunavik and Labrador live on the snow and ice of the Canadian North. 

Traditional food sources include caribou, fish, and marine mammals (Furgal, Martin & 

Gosselin, 2002). However, thinning of both freshwater and sea ice (probably due to 

climate change) have contributed to reported increases in injuries and drownings during 

hunting and traveling (Furgal & Seguin, 2006). Concerns about the stability of ice 

threaten hunting and fishing of these cultural food staples, which not only contributes to 

concerns about the communities’ ability to maintain their cultural diet, but also the 

“erosion of social and cultural values associated with country foods preparation, sharing, 

and consumption” (p. 1966). 

 

In an entirely different setting, the Grand Portage Band of Chippewa run subsistence as 

well as commercial fisheries of lake trout in Lake Superior, and also hunt moose. In 

recent years, the community has seen their local moose population decline considerably, 

to only half of what it was in 1990 (American Public Health Association, 2012). This 

phenomenon is presumed to be due to factors acting in concert to increase parasite loads: 
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first, decreasing average snow depth, and second, a longer growing season due to warmer 

winters. The former has led to higher rates of tick survival after dropping off of their host, 

and the latter has contributed to a population increase in deer, who benefit from more 

forage over a longer period. Deer also serve as hosts for parasites which may pass on to 

moose. Moose are thus experiencing higher tick loads, which cause the moose host to 

suffer from hair loss and hypothermia. Through these complex pathways (in addition to 

other human alterations to the environment, such as fire suppression), it appears that 

climate change has considerably altered the availability of an important species for the 

Grand Portage Band. Corresponding with population decline, the community’s moose 

harvest has declined 54% since 1990 (APHA, 2012). 

 

The coastal Swinomish Indian Tribal Community faces yet different challenges. Sea level 

rise is a prominent concern for this community, as levels may rise up to one meter by the 

end of the century in this particular area (APHA, 2012). Already, the community 

experienced two major seawater surges, in 2006 and 2010, which flooded streets and left 

them cut off from the mainland. Shellfish (clams, crabs, oysters, shrimp, and mussels) are 

a central traditional food, identified as a “cultural keystone species” in the Swinomish 

Climate Change Initiative: Climate Adaptation Action Plan (Swinomish Indian Tribal 

Community, 2010, p. 10). Yet shellfish beds are threatened by potentially permanent 

inundation due to sea level rise, considered to be a “high” risk in the plan (Swinomish 

Indian Tribal Community, 2010). If these predictions come to pass, the community will 

lose an important component of their diet and culture. Like the Inuit and the Grand 
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Portage Band of Chippewa, the Swinomish Indian Tribal Community faces a variety of 

climate-related impacts, including some common to all three. 

 

1.3.3.1 Cultural keystone species 

In spite of different locations and different cultural activities, these communities have 

something very important in common: a threat to species upon which their diet and 

cultural life hinge. For the Inuit, this is caribou, fish, and marine mammals; for the Grand 

Portage Band of Chippewa, this is moose; and for the Swinomish Indian Tribal 

Community, this is shellfish. As the Swinomish Indian Tribal Community points out, 

these can be considered “cultural keystone species” (Swinomish Indian Tribal 

Community, 2010). Based on the longstanding (since the 1960s) ecological concept of a 

keystone species (a species with especially critical importance to ecosystem function 

(Paine, 1995)), the concept of a cultural keystone species—which may be a species of 

animal or plant—was introduced by Garibaldi and Turner (2004) to describe “culturally 

salient species that shape in a major way the cultural identity of a people, as reflected in 

the fundamental roles these species have in diet, materials, medicine, and/or spiritual 

practices” (Cultural Keystone Species section, para. 1). Naming some candidate 

examples, such as the Western red-cedar for the First Peoples of British Columbia 

(sometimes called The People of the Cedar), the authors note that cultural keystone 

species may play a significant role in the spiritual narrative of a people. A threat to 

cultural keystone species may be a threat to the very fabric of traditional life. This 

concept will be revisited in Chapter 4, when considering corn as a cultural keystone 

species for the Hopi people. 
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1.3.3.2 Cultural food security 

Another revealing commonality between the three above examples is the threat to food 

security that climate change has precipitated. In modern times, the loss of a subsistence 

species may be considered to be less severe—it may be reasoned that food insecurity is 

unlikely because of the availability of commercial foods. This argument has considerable 

merit, but discounts two concerns: (1) that due to the physical remoteness of many 

indigenous communities, commercially available foods are both more expensive and less 

fresh, straining financial resources and precipitating a transition to less healthy packaged 

foods (explored in Chapter 7), and (2) that any food does not have the same value as 

traditional food. Here, it is necessary to consider the concept of “cultural food security,” 

recently proposed as a more holistic view of food security for indigenous peoples (Power, 

2008). Noting that “[t]he harvesting of traditional/country food is one of the primary 

aspects of the special relationship aboriginal people have to the land,” Power (2008, p. 

96) explains that traditional food is a cornerstone of a people’s identity and culture. Thus, 

she defines cultural food security as “the ability of aboriginal people to reliably access 

important traditional/country food through traditional harvesting methods” (p. 97). In 

reviewing the three examples of the Inuit, the Grand Portage Band of Chippewa, and the 

Swinomish Indian Tribal Community, it is evident that cultural food security is 

threatened in each instance—by changing ice conditions, diminishing snow pack, and 

rising sea levels. But can drought also threaten cultural food security? And is this of 

public health concern? Much U.S. media attention has focused on the plight of those 

living in Arctic regions (see for instance articles appearing in The New York Times 

(Revkin, 2006), CNN (Reuters, 2005), CBS (Singer, 2009), and National Geographic 
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(Bowermaster, 2007)), but arid and semi-arid regions face considerable climate-related 

concerns as well—challenges that are conceptually similar (in terms of threats to 

keystone species and cultural food security) but practically quite different (in terms of 

adaptation strategies). The following section addresses the distinctive challenges faced by 

indigenous communities in arid and semi-arid climates. 

 

1.4 Drought in tribal communities in the United States: A public health issue 

As described in section 1.2, arid and semi-arid regions may expect more intense and 

longer-lasting periods of drought as a result of climate change. Drought can impact public 

health through a variety of pathways, including diet, food security and cultural food 

security (see upcoming discussion). Other pathways through which drought can affect 

public health, but which are outside the purview of this paper, include access to safe 

drinking water and hygiene behavior (see Appendix 1). 

 

1.4.1 Drought and local food production 

By endangering agriculture, drought may impact the availability of locally-produced 

food. Diminishing agricultural productivity is one of the most recognized impacts of 

drought. In their review of the effects of climate change on agriculture, Rosenzweig, 

Iglesius, Yang, Epstein, and Chivian (2001) state that “Precipitation, the primary source 

of soil moisture, is probably the most important factor determining the productivity of 

crops” (p. 95). The CDC indicate that the effects of climate change—encompassing 
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increased frequency and severity of droughts in some regions of the world—is expected 

to reduce overall crop yields (CDC, 2010). 

 

Agriculture is important to many tribes in the American Southwest. For instance, the 

Navajo Nation currently farms about 70,000 acres (with crops including alfalfa and corn); 

the Gila River Indian Community farms crops such as cotton and wheat on 15,000 acres 

of community farms, and leases an additional 22,000 acres; the San Juan Southern 

Paiutes rely heavily on livestock and subsistence farming; and the Hopi Tribe still 

predominantly practices traditional “dry farming,” producing corn, beans and other crops 

(Inter Tribal Council of Arizona, 2011). All agriculture obviously depends on adequate 

water resources, and Hopi dry farming in particular hinges solely on precipitation and 

runoff, making it especially vulnerable to changing precipitation patterns (see Chapters 3 

and 7 for further detail regarding dry farming).  

 

1.4.2. Local food production, dietary change, and cultural food security 

Diminished agricultural production is of public health concern, as reduced crop yields 

can be expected to correlate with reductions in “dietary diversity and…overall food 

consumption,” according to the Intergovernmental Panel on Climate Change (IPCC) 

(Confalonieri et al., 2007). The production of fresh, local foods is particularly critical on 

reservations, where many communities are confronted with severe food deserts (for a 

discussion, see Curran et al., 2005 and Gittelsohn, Keesay, & Ethelbah, 2002). In light of 

the minimal availability of fresh fruits and vegetables on reservations, it comes as little 

surprise that American Indian populations experience disproportionate obesity and 
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obesity-related illnesses. Obesity and overweight “is higher among American Indian and 

Alaska Native (AI/AN) children than in any other racial or ethnic group” (Robert Wood 

Johnson, 2010). Fostering Native agriculture should be a major component of addressing 

the obesity crisis on American Indian reservations, but the prospect of this is severely 

threatened by drought. 

 

However, locally-produced foods in Native communities mean more than just adequate 

and appropriate nutrition. As this research shows, they may be important to identity, 

cultural practices, and an entire way of life. Diminishing local food production could 

therefore be seen as leading not just to poorer nutrition but also towards cultural food 

insecurity. In cultures such as the Hopi where farming of corn is integral to traditional 

roles, and ceremonies (as discussed further in Chapter 4), the loss of farming—arguably 

the most culturally critical form of local food production—means more than just the loss 

of local corn as an ingredient; it imperils personal identity as well as the community’s 

way of life. 

 

1.4.3 The situation of tribes in the Southwest 

In a time of water shortage, the issue of who claims rightful access to limited water 

sources becomes critical. Consequently, in the American Southwest, any discussion of 

water scarcity is incomplete without the consideration of water rights, which in the 

United States refers to a user’s legal claim to a certain quantity of water (Colby, Thorson, 

& Britton, 2005). Water rights remain a critical barrier to water access for many 

Southwestern tribes. 
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As the West was developed, water rights were largely recognized based on the Prior 

Appropriation Doctrine, the basic premise of which is that the first user to lay claim to a 

water source “has priority over all subsequent users” (McCool, 2002). Yet the Prior 

Appropriation Doctrine favored by states in the West is in direct competition with the 

concept of federal reserved water rights (Colby, Thorson, & Britton, 2005), solidified 

with the landmark 1908 decision of the Supreme Court in Winters v. United States. The 

resulting “Winters Doctrine” asserts that when tribes accepted treaties establishing 

reservations, the ability to sustain life on those reservations was implied, meaning tribes 

must have access to water (Thorson, Britton, & Colby, 2006). However, translating this 

and subsequent rulings into actual water for tribes has proven to be an ongoing struggle 

and one of the major fights between states and tribes. Court decisions in favor of tribes’ 

water rights have often resulted in ‘paper water’—water that belongs to tribes on paper 

alone, because tribes do not have the financial resources or infrastructure to truly claim 

(divert, store, treat, and distribute) the water that the court has deemed to be theirs 

(McCool, 2002). Frustration in the struggle for water delivery has led many tribes to 

pursue negotiated settlements rather than court rulings, a trend in the second half of the 

20th century that McCool (2002) and others refer to as the Second Treaty Era (the First 

Treaty Era involving, of course, land). Settlements almost always involve financial 

resources granted to the tribes, or promises of water projects that will deliver the awarded 

water to reservations—in essence, authorizing ‘wet water’ rather than just ‘paper water’ 

(McCool, 2002). However, many settlements have taken as long or longer to negotiate 

than more traditional court processes, and projects agreed upon often get stalled 

(McCool, 2002).  
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Other legal issues imposed by the non-Native government have constrained adaptation 

options that are available to tribes. Adapting to drought and climate changes is not new 

for American Indian tribes in the Southwest, who, for thousands of years prior to the 

arrival of non-Native people, responded to untenable environmental conditions by 

relocating. For example, in the late 1200s, the Hopi are believed to have abandoned 

villages due to drought (Poleahla & Harned, 2012). The tragedy is that with the creation 

of reservations, as the National Drought Policy Commission (2000) drily points out, 

“such flexibility is no longer possible for the tribes” (p. 15). The situation of U.S. tribes is 

similar to problems faced by tribes around the world (Macchi, 2008). 

 

1.5 Research aims 

Reflecting an emphasis on the importance of collaboration with Native communities in 

both climate monitoring and climate adaptation, this study focuses on four aims related to 

the perceptions of drought, the impacts of drought, and adaptation strategies as 

envisioned by Hopi tribal members: 

(1) Aim 1: Understand Hopi tribal members’ explanations for the causes of drought. 

a. How do tribal members describe the reasons for drought? 

b. Are different reasons for drought considered to be compatible with each 

other? 

c. How do tribal members’ causal explanations for drought relate to a larger 

ecological worldview? 

(2) Aim 2: Describe the perceived impacts of drought on tribal members, with 

specific attention to health. 

19 
 



 

a. What areas of tribal members’ lives are impacted by drought? 

b. How does the salience of drought differ between different constituencies 

within the Tribe? 

c. What are the health implications of drought in this community? 

(3) Document current and proposed adaptation strategies for lessening the negative 

impacts of drought. 

a. What knowledge bases and resources do or would these strategies draw 

upon? 

b. What additional knowledge and resources are necessary for implementing 

proposed strategies? 

(4) Explore the assets and barriers that shape current and future adaptation strategies. 

a. How do these assets and barriers operate and what is the relative 

importance of each? 

 

1.6 Contribution of this research 

Despite research considering the health impacts of climate change in varied areas such as 

the Canadian North and the American Pacific Northwest, there have been no 

investigations into the impacts of climate change on Native communities in the American 

Southwest or into the adaptation strategies available to them. These communities face 

challenges that in practical terms differ from those of their northern counterparts, but are 

possibly quite similar to those faced by other indigenous peoples in arid and semi-arid 

regions around the world.  

 

20 
 



 

Indigenous populations, often situated in harsh environments such as drylands are highly 

sensitive culturally and economically to climate impacts. These factors, combined with 

low adaptive capacity,2 mean that indigenous communities are extremely vulnerable to 

the impacts of climate change. On a broad scale, this research provides a case study of 

how a low-resource, dryland-dwelling agricultural community is affected by drought. 

Studying a tribal community living in a dryland region (as a semi-arid region, the 

Southwest falls in this category) is particularly relevant when considering international 

implications, as “[t]he majority of the most vulnerable people live in drylands…and it is 

in drylands that climate change is expected to increase water shortages and malnutrition” 

(Macchi et al., 2008, p. 47). By documenting perceptions of drought, impacts experienced 

by tribal members, and potential adaptation strategies, this case study has produced 

knowledge that is transferable to the situation of resource-constrained communities 

located in arid and semi-arid environments, and points towards adaptation strategies 

relevant to vulnerable communities worldwide. 

 

Domestically, both federal and tribal organizations have called for more research on the 

topic of tribes, drought, and changing climate. The CDC has identified several areas of 

future research needs with regard to public health and drought; among these are studies 

that “determine community perceptions of drought so that communication planning and 

strategies will be more effective” (CDC, 2010, p. 39). Furthermore, the National 

Congress of American Indians’ (NCAI) Comprehensive Tribally-Driven Research 

2 As previously defined, adaptive capacity in this context refers to capability at the community level of 
implementing successful climate adaptation strategies. Conditions for high adaptive capacity may include 
economic stability, infrastructure for the dissemination of information, and equitable access to resources 
(Sit et al., 2001). (See  p. 31.) 
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Agenda identifies the question, “How is climate change affecting American 

Indian/Alaska Native peoples?” as a research priority for tribes (NCAI, 2006). 

Accordingly, this study is the first to explore perceptions of drought and climate-related 

public health impacts among American Indian populations in the Southwest. Its findings 

include information relevant not just to adaptation planning for the Hopi Tribe, but also 

knowledge that may be transferable to the situation of indigenous populations in other 

areas. In the process, this research contributes to the literature on local knowledge 

regarding climate by documenting tribal members’ insights on changing weather patterns 

and other natural processes. It furthers our understanding of how the public health 

community can provide relevant and actionable information for community adaptation 

planning, addressing another of the CDC’s future research aims: “assess barriers and 

impediments to the flow of information.” Finally and most importantly to the 

participants, this study has been the first step in consolidating information about 

adaptation strategies currently being implemented by individual Hopi people, and 

compiling ideas about adaptation possibilities at the community-, organizational-, and 

governmental-level for the Hopi Tribe. 
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CHAPTER 2 

Adaptation to Climate Change and the New Ecological Paradigm 

 

2.1 Introduction to this chapter 

Previously, Chapter 1 made the case for the relevance of climate adaptation to public 

health. This chapter provides a background to understanding the theory of climate 

adaptation, particularly with regard to agriculture. (The emphasis on agriculture is 

important because of the dietary and cultural importance to the Hopi of dry farming of 

corn.) After a brief review of the scientific literature on adaptation, this chapter presents 

the New Ecological Paradigm (Dunlap & Catton, 1979) as an ecological worldview that 

underpins the acceptance of the necessity of climate adaptation.  

 

2.2 The evolution of adaptation literature 

Adaptation to climate change has been defined in a variety of ways, from “actions taken 

that enhance the resilience of vulnerable systems, thereby reducing damages to human 

and natural systems from climate change and variability” (Scheraga & Grambsch, 1998, 

p. 85) to “changes in processes, practices, and structures to moderate potential damages 

or to benefit from opportunities associated with climate change” (Smit et al., 2001, p. 

879). Simply put, adaptation strategies differ from mitigation strategies in the sense that 

mitigation is the effort to reduce the human contribution to climate change and thus avert 

catastrophic climate change, while adaptation is the effort to reduce the negative impacts 

of climatic changes that will inevitably occur. A more catchy phrasing is “avoid the 

unmanageable and manage the unavoidable”—the former is mitigation, the latter 
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adaptation (Ginzburg, 2007). As models predict an increase in global mean temperature 

by the end of the century even in the event of aggressive mitigation activities (Meehl et 

al., 2007), it is critical to consider adaptation strategies.  

 

Early literature on climate impacts did not account for individually-implemented 

adaptation strategies in calculations of total impacts. In agriculture, this is referred to as 

the “dumb farmer” assumption (Smit, McNabb, & Smithers, 1996). The “dumb 

farmer”—or more accurately, the farmer who is ignored in impacts models—does 

nothing in the face of impending doom. However, the equally problematic overcorrection 

received the cutting nickname the “clairvoyant farmer” for assuming logical actors with 

access to complete information and no barriers to action (Smit, McNabb, & Smithers, 

1996). Of course, neither assumption is likely to be realistic in most cases. Thus, over 

time, more attention was given to the likelihood that people may be expected to adapt in 

achievable ways that may be beneficial to them, but that they may be constrained by 

limited information or other barriers such as lack of financial resources or social capital. 

Moreover, even in the presence of good information and with the necessary resources, 

people may not act in a manner that is rational from a long-term perspective, or may 

simply make decisions based on “an established preference for, or aversion to, certain 

options” (Smit et al., 2001, p. 889). Consequently, the more realistic notions of the 

“typical farmer” and the “smart farmer” were put forward. The typical farmer, as 

concisely described by Füssel and Klein (2006) “adjusts management practices in 

reaction to persistent climate changes only,” while the smart farmer “uses available 

information on expected climate conditions to adjust to them proactively” (p. 307). Thus, 
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while the “dumb farmer” would be expected to implement no adaptations in the face, of, 

for instance, long-term drought, the “typical farmer” would be expected to implement 

some adaptations after experiencing a few successive seasons of drought. A “smart 

farmer” might look for outside information such as seasonal weather forecasts in 

implementing adaptations in anticipation of, rather than in reaction to, drought 

conditions. And finally, a “clairvoyant farmer” would implement any and all desirable 

adaptation strategies because such a farmer would be operating in a scenario with perfect 

planning information and unlimited resources (a scenario which, of course, does not exist 

in the real world).  

 

In addition to ways of characterizing farmers’ level of adaptation activity, researchers 

have also sought to classify different types of agricultural adaptation. Smit and Skinner’s 

(2002) research on agricultural adaptation in Canada identified four broad categories of 

adaptation: “(i) technological developments, (ii) government programs and insurance, 

(iii) farm production practices, and (iv) farm financial management. In addition to these 

‘direct adaptations’, there are options, particularly information provision, that may 

stimulate adaptation initiatives” (p.85). Briefly, technological development includes 

things such as hybrid crop varieties and early warning systems for weather; government 

programs include agricultural subsidies and insurance; farm production practices include 

diversifying crops, changing the location of fields or changing “land topography” (for 

example, creating water diversions or water storage areas), irrigating, or changing the 

timing of certain farming activities; and finally farm financial management includes 

diversifying household income sources or taking advantage of income stabilization 
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programs (Smit & Skinner, 2002).  While the authors’ focus on Canadian farms only 

places some limitations on their findings, it is nevertheless enlightening to consider 

which of these types of strategies are most often implemented, and this is considered in 

Chapter 6.  

 

Researchers began to attend to adaptation policy as well, outlining considerations that 

must be taken into account when designing such policy. Scheraga and Grambsch (1998) 

proposed nine issues relevant to this area, including the differential effects of climate 

change by region and demographic group, an understanding of existing problems that 

climate change might worsen or in some cases alleviate, opportunity costs associated 

with adaptation activities, possibilities for maladaptation, and the important concept that 

adaptation to climate change has co-benefits (Scheraga & Grambsch, 1998), a point that 

has been repeatedly echoed by the public health community.  

 

With interest in both individual-level and group-, institutional-, or state-level adaptation, 

researchers have made attempts to classify adaptation strategies based on these and a 

variety of other characteristics. Arguably the most useful compilation of these efforts was 

created by Smit, Burton, Klein, and Street (1999), whose table, reproduced below (see 

Table 1), summarized characteristics and associated terms used in the literature to 

classify adaptation strategies. For example, “purposefulness” refers primarily to the 

origin of the adaptation—individual  versus group-, institutional-, or state-level, or as 

Adger, Huq, Brown, Conway, and Hulme (2003) put it, individual adaptation versus 

adaptation  “undertaken by government on behalf of society” (p. 186). Consequently, 
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“autonomous,” “spontaneous,” “automatic,” and so on are terms that have been used for 

those adaptations that “would likely occur in the absence of specific policy initiatives to 

promote adaptive behavior;” contrastingly, “planned,” “purposeful,” or “intentional” and 

so on are terms that have been used for those that are “policy options” (Smit et al., 1999). 

Some of these terms have been targets of well-founded criticism; for instance, the term 

“autonomous” adaptation has become preferred over “automatic” (first defined by Carter, 

Parry, Harasawa, & Nishioka, 1994) because the term “automatic” dismisses the 

considerable agency demonstrated by individual actors taking adaptive steps in the 

absence of guiding policy or programming. As Leary (1999) states:  

Human adaptive responses to climate change and variability are subject to 
choice, whether it be by autonomous individual households and firms, or 
by public institutions or governing bodies acting in the collective interests 
of society. The choices will be conditioned by the objectives, preferences, 
and expectations of these various decision makers and the constraints they 
face. There is nothing automatic about any of the responses. (p.308) 

 
Similarly, issue might be taken with the term “passive,” as it can be argued that there is 

nothing passive about individuals or small groups of people taking action to protect their 

health, their property, or their interests. Leary goes on to give a working definition of 

autonomous adaptations as 

responses to climate change and climate variability that households and 
firms would choose when acting autonomously. It excludes responses that 
would require collective action such as expenditures of public funds, 
changes in laws or public institutions, or changes in public programs, 
subsidies or tax policies. (p.309)   
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Table 1. Adaptation terms 

 

(Source: Smit et al., 1999, p. 208) 

 

However, despite taking pains to define and set a terminology for autonomous adaptation, 

Leary (1999) warned that autonomous adaptation should not be relied upon solely. While 

the occurrence of autonomous adaptation activities is more likely than the occurrence of 

autonomous mitigation activities—because there is often a self-interest in adapting in 

order to avoid negative outcomes, whereas the individual benefits of mitigation are more 

difficult to quantify, tend to be longer-term, and may even be costly in the short-term—

autonomous adaptation will not be sufficient to counteract the negative impacts of 

climate change, Leary argues. He notes that autonomous adaptation strategies that target 

public goods may not be forthcoming and thus, we  
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should examine public policy responses to do so. Information about future 
climate, climate variability, and the benefits and costs of adaptation 
options have attributes of a public good. Public policies to invest in 
production and dissemination of better information may therefore be 
appropriate. Also, where current laws, government programs, and 
government policies distort incentives for private agents to make 
appropriate adaptive responses, public policy changes to remove the 
distortions can be a socially beneficial response. (p.309) 
 

Furthermore, in the Intergovernmental Panel on Climate Change’s Third Assessment 

Report, Smit et al. (2001) make the case that even if a variety of autonomous adaptations 

do occur, they will be unable to fully address the vast scope and magnitude of impacts 

that climate change is expected to bring. The authors advocate for proactive adaptation 

strategies at the public agency level.  

 

Not every government, however, is in a position to implement adaptation strategies. The 

ability to design and implement adaptation policy depends on adaptive capacity. Smit et 

al. (2001) note that enhancing adaptive capacity may be in many cases essentially 

equivalent to promoting sustainable development in low-income countries. The authors 

identify some characteristics of societies with high adaptive capacity, including “a stable 

and prosperous economy”, a “high degree of access to technology”, clear “roles and 

responsibilities for implementation”, “systems… in place for the dissemination of climate 

change and information”, and “access to resources [that] is equitably distributed” (pp. 

898-899). The authors also caution against threatening systems that may already have a 

high adaptive capacity, even if they are different from the dominant Western model. For 

example, forcing Western technology and values on indigenous societies may only 

increase reliance on technology to the detriment of local and traditional knowledge 

(p.899). Many societies do not fit this description, however, and in these cases social 
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capital may marginally offset the absence of government intervention. Adger (2001) 

examines the importance of social capital to collective action, and in turn, the role of 

collective action in either working with functioning governments or replacing the role of 

government in the case of a failed state. However, while the examples given of the 

latter—such as local credit systems in Vietnam that offer a sort of disaster insurance—are 

interesting, they seem unlikely to adequately substitute for the role of active public 

agencies. This is not to underplay the role of autonomous adaptation, which is inevitable, 

necessary, and beneficial. Indeed, Adger, Huq, Brown, Conway, and Hulme (2003) 

acknowledge that  

much adaptation in the developing world will rely on past experience of 
dealing with climate-related risks. Thus much adaptation by farmers, 
fishers, coastal dwellers and residents of large cities will be autonomous 
and facilitated by their own social capital and resources. (p. 192) 

 
 

Given the importance of autonomous adaptation, some researchers have devoted time to 

theorizing about its predictors. For instance, Grothmann and Patt (2005) questioned the 

sole focus of adaptation research on “resource constraints as being the most significant 

determinants of adaptation” (p. 199) and developed a socio-cognitive model to predict 

adaptation intention. Called the Model of Private Proactive Adaptation to Climate 

Change (MPPACC) and based on Protection Motivation Theory (PMT) (Rogers, 1975), 

the model centers on risk appraisal (the “threat’s probability and damage potential”) and 

adaptation appraisal (the individual’s perceived “ability to avert being harmed by the 

threat”) (Grothmann & Patt, 2005, p. 202). Making this model more complex than PMT, 

the authors incorporated factors influencing these predictors: cognitive biases might, in 

the case of adaptation, include the optimistic bias (Weinstein, 1980) or the availability 
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heuristic (Tversky & Kahneman, 1973); social discourse may influence perceptions; 

adaptation incentives such as “tax reductions, laws, or social norms” (Grothmann & Patt, 

2005, p. 205) may make certain adaptation activities more palatable; and reliance on 

adaptation at a public level may decrease the likelihood that people will feel the need to 

adapt autonomously. Together, these influence adaptation intention, which may be 

enabled or impeded by what the authors consider to be “objective adaptive capacity.” The 

authors also spend considerable time on the idea of maladaptations such as fatalism or 

denial.  

 

Two case studies presented by the authors illustrate their ideas. The first, a study of 

German residents at risk for flooding, showed that the socio-cognitive model (MPPACC) 

was more predictive of adaptation behavior than a socio-economic model. The second, a 

study of Zimbabwean subsistence farmers, hinted at the cognitive biases that inhibited a 

change in behavior in response to weather forecasts (in this case, the change of behavior 

desired by the authors was switching to a different, more drought-tolerant crop). What the 

authors discounted in this assessment, however, were other possible reasons for the 

farmers’ resistance to change, such as cultural factors, personal taste, and a possible lack 

of trust (perhaps due to past inaccuracies?) in the forecasts. Furthermore, the authors can 

be criticized for selecting case studies where the desirable adaptation options were readily 

accessible, a choice that discounts the importance of resources access in determining 

adaptive capacity. 
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The debate about adaptation strategies is pertinent because adaptation is happening now 

and will need to continue to happen at a faster rate and on a larger scale in order to avert 

widespread negative impacts of climate change. However, to accept that adaptation is 

necessary is to accept that humans live within limitations imposed by our natural 

environment. Adaptation means the acknowledgment that the pattern and practices of 

society do not exist outside the laws of nature. This understanding forms a component of 

an ecological worldview (Brackney & McAndrew, 2001) known as the New Ecological 

Paradigm. 

 

2.3 The New Ecological Paradigm 

The New Ecological Paradigm (NEP) arose in the field of sociology in the 1970s in 

response to traditional sociology’s focus on the explanation of social phenomena solely 

through other social factors. Sociologists Riley Dunlap and William Catton criticized 

what they termed the “traditional sociological insistence that social facts can be explained 

only by other social facts [emphasis theirs]” (Dunlap & Catton, 1979, p. 244). Dunlap 

and Catton acknowledged that the focus on solely social predictors of social conditions 

arose from an effort to make “conceptual progress” in the field by making specific 

distinctions between “cultural and social environments” on the one hand and “physical 

and biological environments” on the other, resulting in the subsequent de-emphasis of the 

latter (Dunlap & Catton, 1979, p. 245).  

 

However, as explained by Dunlap and Catton (1979), work in the 1960s and 1970s began 

to lead sociologists towards an environmental sociology; interests in wildland recreation, 
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social processes within resource management agencies, and later, the study of the 

environmental movement itself, began to change the field. As characterized by Dunlap 

and Catton (1979) “the fundamental characteristic of environmental sociology is the 

importance attached to the environment as a factor that may influence, and in turn be 

influenced by, human behavior” (pp. 251-252). In this way, environmental sociology 

stood apart from previous sociological efforts.  

 

Dunlap and Catton contrasted their New Ecological Paradigm with what they termed the 

Human Exemptionalism Paradigm (HEP), which they contended had previously 

dominated sociology. In calling this shift a paradigm change, they self-consciously 

referred to the fact that they were following Ritz’s understanding of paradigms, which as 

discussed by Morgan (2007) Ritz—following Kuhn’s view—saw as “shared beliefs 

among members of a specialty area.” They also explained their selection of the word 

‘exemptionalism’—which replaced ‘exceptionalism’—because “we hardly wish to deny 

that Homo sapiens is an ‘exceptional’ species. What we do deny is the belief that 

sociologists can still afford to suppose that the exceptional characteristics of our species 

exempt us from ecological principles [emphasis theirs]” (Catton & Dunlap, 1980, p. 25).  

 

Catton and Dunlap (1980) contrasted the NEP with the HEP across four types of 

assumptions: (a) those concerning “the nature of human beings;” (b) those concerning 

“social causation;” (c) those concerning “the context of human society;” and finally (d) 

those concerning “constraints on human society” (Catton & Dunlap, 1980, p. 34). While 

the HEP emphasized the distinctness of human beings and human culture (regarding 
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assumption a), the dominance of social and cultural factors as the “major determinants of 

human affairs” (regarding assumption b), the unimportance of physical and biological 

contexts (regarding assumption c), and the possibility of indefinite progress (regarding 

assumption d), the NEP emphasizes the “interdependence” of humans with other species, 

the influences of the biological and physical environments on social factors, “the 

constraints on human affairs posed by their biophysical context” and the strong assertion 

that indefinite progress is not possible, as human innovation can never “repeal ecological 

principles” (p. 33), making human society subject to ecological constraints such as 

carrying capacity. 

 

The NEP heralded a major shift in sociology. Over time, the NEP evolved from simply a 

way of thinking about the boundaries of sociological research to a way of conceptualizing 

how members of the public viewed the relationship between humans and the 

environment. Many subsequent researchers built on Dunlap and Catton’s work with 

efforts to measure subjects’ endorsement of the NEP (see for instance Cotgrove, 1982; 

Milbrath, 1984; Olsen, Lodwick, & Dunlap, 1992). In 2000, Dunlap, Van Liere, Mertig, 

and Jones published a refined NEP scale, using principal component analysis to suggest 

that the NEP comprises five beliefs: (1) “the reality of limits to growth”; (2) anti-

anthropocentrism; (3) “the fragility of nature’s balance”; (4) “rejection of 

exemptionalism”; and lastly, (5) “the possibility of an ecocrisis” (Dunlap et al., 2000, p. 

432). The concept of the “limits of growth” refers to the idea that, as noted above, 

indefinite progress is not possible because human activities are limited by what the 

environment can sustain. A person who endorses this concept might, for example, agree 
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with the statement “We are approaching the limit of the number of people the Earth can 

sustain” (p. 433). Anthropocentricism refers to the idea that humanity is more important 

than any other species on the planet, and that nature exists to meet our needs. Someone 

who rejects anthropocentrism might, for example, disagree with the statement “Humans 

were meant to rule over the rest of nature” (p. 433). The fragility of nature’s balance is 

the belief that disruptions to ecosystems can result in severe consequences; a person 

endorsing this idea might, for example, agree with the statement “The balance of nature is 

delicate and easily upset” (p. 433). Exemptionalism is “the idea that humans—unlike 

other species—are exempt from the constraints of nature” (p. 432). This component 

arguably overlaps considerably with the idea of limits to growth; however, Dunlap et al.’s 

(2000) principal component analysis places it in its own category, with people endorsing 

this belief likely to agree with a statement such as “Despite our special abilities humans 

are still subject to the laws of nature” (p. 433). Finally, the idea of an ecocrisis—an 

impending but undefined ecological catastrophe (the effects of climate change come to 

mind) is the last component of the NEP scale. Someone endorsing this idea might, for 

instance, agree with the statement “If things continue on their present course, we will 

soon experience a major ecological catastrophe” (p. 433).  

 

The New Ecological Paradigm provides the underlying theoretical framework in which 

my research questions are situated. Accepting that ecological phenomena lead to social 

consequences is the underpinning of climate adaptation. Furthermore, the paradigm may 

be reflected in indigenous views of climate change; the Mystic Lake Declaration, for 

example (discussed previously in Chapter 1) may be said to subscribe to the New 
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Ecological Paradigm, as demonstrated in such statements as “Unless our homelands are 

in a state of good health our Peoples will not be truly healthy.” The relationship between 

my participants’ beliefs and the NEP are discussed in depth in Chapter 7. 
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CHAPTER 3 

The Hopi People 
 

When we came up from the Emergence, we met somebody there, and we 
asked him, “Can we live here with you?” – “Waylon;” farmer, rancher 
and religious leader; elderly 

 

3.1 Introduction to this chapter 

This chapter aims to provide a brief introduction to the Hopi people in order to situate 

this study and its results in the modern reality of what it means to be Hopi. Accordingly, 

this chapter provides a short account of Hopi history starting before recorded history; a 

description of the Tribe’s modern governance structure; an overview of the landscape and 

the sources of water in Hopiland; and an attempt at conveying some important aspects of 

Hopi culture, in particular dry farming of corn, in order to provide context for later 

chapters. 

 

3.2 Brief history of the Hopi people 

The Hopi tell history starting with the present and moving back into the past. But for the 

sake of clarity for non-Hopi readers, this brief account of Hopi history is told starting in 

the past and moving towards more recent events.  

 

The Hopi have been present in what is now the southwestern United States since before 

recorded history. Hopi stories tell of migrations throughout this region, and indeed 

ancient Hopi petroglyphs—pictograms representing Hopi clans, left there to mean that 
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they had passed through an area—can be found in places such as Chaco Canyon in New 

Mexico (Wilson, 1998) and the Grand Canyon in Arizona (CyArk, 2013).3 Around the 

end of the first millennium AD the Hopi began to establish permanent settlements, 

indicating a shift from nomadic to a more settled, agricultural lifestyle. Hopi villages 

continued to grow and new villages were originated; these included Oraibi village, which, 

as it was settled around 1100 or 1150 AD and has remained active ever since, is one of 

the oldest continuously inhabited settlements in the United States (Koyiyumptewa & 

Davis, 2009). During this time the Hopi refined their agricultural and ceremonial 

practices. Hopi territory was dotted with flourishing villages that traded with surrounding 

tribes (Poleahla & Harned, 2012).  

 

However, the course of Hopi history was irrevocably changed with the arrival of the first 

Europeans in the area. The Hopi’s first contact with these outsiders—or Pahaana, as they 

are called in Hopi—occurred in 1540 with the arrival of Spanish troops sent by Francisco 

Vásquez de Coronado (Brew, 1979). There were subsequent visits by Spanish explorers 

over the years, though for some time the Hopi were spared the Spanish military presence 

that oppressed other tribes in the region, likely because the Hopi did not live near major 

water sources (Brew, 1979). However, Franciscan missionaries arriving in the early 

1600s set up a church mission at the village of Awatovi; despite making headway there, 

they faced considerable resistance from the other villages (Brew, 1979). These Spanish 

missionaries forced Hopi people into manual labor and brutally persecuted Hopi people 

for continuing their traditional religious practices.  

3 Photographs and three-dimensional representations of the petroglyphs at Ongtuvqa, or the Grand Canyon, 
can be seen at CyArk’s website: http://archive.cyark.org/hopi-petroglyph-sites-intro  
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The horrific oppression perpetrated upon the Hopi and other pueblo tribes by the Spanish 

led to the Pueblo Revolt of 1680. A massive, coordinated uprising of pueblo tribes in the 

region, the revolt began on August 10, 1680, a date that is still remembered and 

celebrated today4 (Clemmer, 1995). It is a testament to the cruelty with which the 

Spanish treated the Native people that the Hopi—who value peace and harmony—

participated in the revolt. Poleahla and Harned’s (2012) account quotes one Hopi man as 

saying,  

“[I]t is difficult to talk about this from a Hopi point of view, because the 
Hopi way of life is not about killing. They put life at the forefront. 
However, they had to do that to the Spanish. They [the Spanish] wanted to 
do away with Hopi life and it almost happened. … Hopi people had to 
hide just to practice their religion. When the priests found out, they would 
whip them. It is through this kind of treatment that our people survived” 
(p.89).  
 

After a second, failed attempt to convert Awatovi (the village was destroyed by men from 

the other Hopi villages), the Spanish never returned to Hopi. The Hopi remained the only 

pueblo people not to come under the control of the Spanish (Brew, 1979) and one of the 

few tribes in the region to successfully resist conversion to Catholicism. The cultural and 

religious independence maintained by the Hopi people during this time is reflected today 

in their still-vibrant ceremonies and traditional cultural life. However, the Hopi were 

open to new items introduced by the Spanish, including peach trees and sheep. The Hopi 

became famous for their flourishing peach orchards and were also accomplished 

shepherds (Poleahla & Harned, 2012).  

 

New challenges faced the Hopi when the 1848 Treaty of Guadalupe Hidalgo placed Hopi 

territory—along with land that would become some of or all of ten new states—in the 

4 I was able to attend commemorative celebrations in August of 2012. 
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United States, whose government, unlike Mexico’s, did not view indigenous people as 

citizens.5 Indeed, the earlier Civilization Fund Act of 1819 was a clear representation of 

the U.S. government’s official policy of assimilation for American Indian tribes. The Act 

allocated funding towards programs, such as boarding schools, that sought to “civilize” 

Native communities by divorcing them from traditional culture (Nakano, 2013). Such a 

school on Hopi was the subject of internal disputes; when it opened in Keams Canyon in 

1887, many parents refused to send their children the long distance (for some it was 35 

miles) to a school that forced children to take Pahaana names, cut their traditionally long 

hair, speak English only, and receive lessons about Christianity (Koyiyumptewa & Davis, 

2009). Federal troops arrived in Hopiland to force Hopi children into the school 

(Whiteley, 1988) and arrested fathers who refused to send their children; 19 Hopi men 

were arrested at gunpoint and imprisoned in Alcatraz for seven months (Koyiyumptewa 

& Davis, 2009). Some children recalled not being allowed to return to see their parents 

for years (Koyiyumptewa & Davis, 2009). Slowly, beginning in the 1930s, day schools 

were built within villages to allow better access, and a transition began towards teaching, 

rather than repudiating, Hopi culture through education (Koyiyumptewa & Davis, 2009) 

 

It was not only the federal government that represented a threat to American Indian 

sovereignty. Academic institutions, in the name of scholarship, removed thousands of 

indigenous artifacts from Native communities. The Hopi recall the excavation of the 

ruins of the village of Awatovi by Harvard’s Peabody Museum. The four-year 

excavation, which began in 1935, was opposed by Hopi chiefs, but Bureau of Indian 

5 It was not until 1924, with the American Indian Citizenship Act, that American Indians were granted full 
citizenship. 
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Affairs (BIA) police guarded the area from protests as over 18,000 items, including 

buried human remains, were removed from the site (Poleahla & Harned, 2012). It wasn’t 

until 1990 that the Native American Graves Protection and Repatriation Act forced 

federally-funded entities to return “cultural items” to their rightful owners and allowed 

the Hopi and other tribes to retrieve and repatriate stolen sacred items and remains with 

federal grant assistance (National Native American Graves Protection and Repatriation 

Act, 1990). 

 

Despite poor treatment from the U.S. government, the Hopi, like many other tribes in the 

United States, enlisted in disproportionate numbers to defend the United States in World 

War II (and subsequent wars).6 Ten Hopi Code Talkers, in the United States Army and 

Air Force, served in the Pacific theater (Quebec, 2012). At the Inaugural Hopi Code 

Talkers Recognition Day on April 23, 2012,7 dignitaries paid tribute to the bravery of 

these men and emphasized the importance and value of the Hopi language. Sadly, these 

men returned to a state where they were not yet able to register to vote. Despite American 

Indians being recognized as U.S. citizens in 1924, it was not until 1948 that an Arizona 

Supreme Court decision awarded American Indians the right to vote in Arizona. This 

right had previously been denied on the basis that tribal members were considered to be 

under federal guardianship and therefore prevented from voting by the state constitution 

(Deloria & Lytle, 1983). 

 

6 American Indians/Alaska Natives represent the highest number per capita of any racial group serving in 
the United States Armed Forces. More than one in ten American Indians (one-third of all able-bodied 
Native men between 18 and 50 years old) served in World War II (Williams, 1998).  
7 I was also lucky enough to attend this moving event. 
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By the 1950s, participation by the Hopi in the cash economy began to increase, with 

wage labor becoming more common (Poleahla & Harned, 2012). Hopiland was home to 

trading posts that displayed Hopi pottery and katsina dolls, locally-run stores, and gas 

stations (Koyiyuptewa & Davis, 2009). A formerly gravel road was paved and became 

Arizona State Route 264 in 1961; it runs roughly east-west through the reservation. The 

activism of the 1960s and 1970s brought important political changes, one of the most far-

reaching of which was the Indian Self-Determination and Education Act of 1975, which 

allowed the federal government to contract with tribes in order that tribes may direct 

funds (termed “638 funds”) to services that they themselves run, such as schools and 

other programs. The Act constituted an important manifestation of sovereignty, allowing 

tribes, rather than the federal government, control over the operation of their own 

services. 

 

Although this period represented great gains for the Tribe as well as all other American 

Indian tribes, it was also characterized by controversy when, in 1966, the Hopi Tribal 

Council agreed to a lease that allowed the Peabody Western Coal Company, a subsidiary 

of U.S.-based Peabody Energy, to mine coal in the Joint Use Area8 and use aquifer water 

for coal slurrying (Poleahla & Harned, 2012). Water was drawn from the N-aquifer (see 

section 3.5) in order to slurry coal through the 273-mile long Black Mesa Pipeline to the 

Mohave Generating Station (MOGS) in Laughlin, Nevada. Mining began in 1970, with 

the Hopi receiving far less than the market price in return for the use of these natural 

8 A result of land conflicts, the Joint Use area was an area of land formerly belonging to the Hopi Tribe that 
was designated by the Bureau of Indian Affairs to be shared by the Hopi Tribe and Navajo Nation. Though 
joint use was meant to apply to grazing purposes only, in reality it meant that by the 1950s, much of the 
former Hopi Reservation was home to Navajo communities (Poleahla & Harned, 2012). It was later divided 
into Hopi Partitioned Lands and Navajo Partitioned Lands.  
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resources (Wilkinson, 1996).9 The MOGS emitted up to 40,000 tons of sulfur dioxide 

annually, making it the highest-emitting coal plant in the Western United States in its 

final years of operation (Environmental Protection Agency, 1999). It was shut down in 

2005 following a Clean Air Act lawsuit and the decision by both the Hopi Tribe and the 

Navajo Nation to refuse the use of aquifer water for coal slurrying (Lesle, 2006). The 

controversial use of this aquifer water for approximately 35 years and its possible effect 

on springs in Hopiland are discussed further in Chapter 7. 

 

3.3 Political history and modern governance 

Traditional Hopi governance was decentralized, with villages having autonomy over 

decision-making (Koyiyumptewa & Davis, 2009). In fact, each Hopi village has 

remained so distinct from others that different (but mutually intelligible) dialects can be 

found in different areas of Hopiland (Wilson, 2006). Each village was led by a traditional 

village chief called a kikmongwi. This role is hereditary and carries with it both civil and 

spiritual responsibilities (Hopi Const., arts. II, III, IV, and VIII). It can be argued that this 

highly localized form of governance allowed for greater flexibility, and therefore 

adaptability to challenges such as natural events. 

 

However, in 1936, prompted by the Indian Reorganization Act of 1934, the Hopi created 

a constitution and founded the Hopi Tribal Council (Kabotie, 2008). Centralizing 

governance in this way was highly controversial because of the historical decentralized 

9 In a scandal that confirmed many people’s suspicions, it was discovered years later that John Sterling 
Boyden, the attorney for the Hopi who negotiated the terms of the lease, had also been concurrently 
working for Peabody Coal (Wilkinson, 1996).  
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nature of decision-making, characterized by autonomous villages (Wilkinson, 1996). The 

Tribal Council currently consists of 14 representatives from the Hopi villages, selected 

either by village election or by appointment by the kikmongwi (The Hopi Tribe, 2013a). 

However, some villages abstain from sending representatives, and therefore not all of the 

12 Hopi villages are represented on the Council (The University of Arizona Cooperative 

Extension, 2008a). The Council is headed by the Chairman and Vice Chairman, but these 

positions do not equate to those of a president or vice president as they have very limited 

executive powers. Consequently, the government could be characterized as unicameral 

(The Hopi Tribe, 2013a). The villages retain considerable autonomy, including the power 

of assigning farm lands. The powers of the Tribal Council include making laws that 

affect the entire Tribe, representing the Tribe in dealings with outsiders, setting up courts, 

and managing the Tribe’s economic interests, among other things (Constitution and 

Bylaws of the Hopi Tribe, art. VI and VII). 

 

The government also administers a number of departments, including the Department of 

Education, the Department of Social and Behavioral Services, the Department of 

Community Health Services, and most relevant to future chapters, the Department of 

Natural Resources. The Department of Natural Resources comprises many offices, such 

as the Water Resources Program, the Office of Range Management, the Hopi 

Environmental Protection Office, and Wildlife/Ecosystems Management. The Cultural 

Preservation Office, which manages the protection of culturally important sites, the 

repatriation of artifacts and burials, and the approval process for proposed research, is 

also housed within this department. 
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Revenues for the government’s operating budget largely come from natural resources 

such as coal, as described in the previous section. Revenues are also generated through 

tourism (for instance the Tribe operates the Hopi Cultural Center) and other economic 

endeavors through the Hopi Tribe Economic Development Corporation (Hopi Tribe 

Economic Development Corporation, 2013). The Hopi is one of six (out of 21 total) 

federally recognized tribes in the state of Arizona that do not operate casinos. As recently 

as 2004, a popular vote by Hopi tribal members rejected a proposed gaming compact 

with the state of Arizona (Associated Press, 2004). 

 

3.4. Community demographics 

The area is sparsely populated, with villages typically home to less than 1,000 people. 

There are twelve Hopi villages spread across Hopiland, some on top of mesas and some 

at the base. With the Anglicized spelling followed by a more traditional spelling in 

parentheses, the twelve villages are Walpi (Waalpi), Hano or Tewa (Hanoki), and 

Sichomovi (Sitsom’ovi) on First Mesa; Mishongnovi (Musungnuvi), Shipaulovi 

(Supawlavi), and Shungopavi (Songoopavi) on Second Mesa; Kykotsmovi (Kiqötsmovi, 

the location of the Tribal government), Oraibi (Orayvi), Hotevilla (Hotvela), and Bacavi 

(Paaqavi) on or near Third Mesa; and Lower Moencopi (Atkya Munqapi) and Upper 

Moencopi (Ooveq Munqapi) near Tuba City. In addition to these villages, there are the 

communities of Keams Canyon and Spider Mound (Yuh Weh Loo Pah Ki) on the east 

end of the reservation, and Polacca near First Mesa.  
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According to the 2010 Census, 7,185 Hopi tribal members reported living within tribal 

lands. The Census found 2,081 households on the reservation. The median household 

income in 2010 was $31,016, considerably less than the median income for the general 

Arizona population ($51,310), and the poverty rate was 35%—far higher than the state 

rate of 15%. Of adults 25 years or older, 81% have a high school diploma or higher, and 

9.9% have a bachelor’s degree or higher (Arizona Rural Policy Institute, n.d.). 

 

3.5 Land and water resources 

The Hopi Reservation was created in 1882 around existing Hopi land, although it did not 

encompass all of Hopi ancestral lands (Hopi Tribal Council Land Team, 2000). In its 

original form, the reservation comprised 2.5 million acres; however, land disputes with 

the neighboring Navajo Nation have lessened its size over time, to approximately 1.5 

million acres (The University of Arizona Cooperative Extension, 2008a).  

 

The Hopi Reservation is located in northeastern Arizona, with its government 

headquarters in Kykotsmovi Village approximately a 95-mile drive from Flagstaff, 

Arizona. The reservation is completed surrounded by the Navajo Nation. The landscape 

is characterized by wide expanses of space punctuated by mesas, with an elevation 

ranging from around 5,000 feet at the base of the mesas to 7,000 feet on the top of some 

mesas (The University of Arizona Cooperative Extension, 2008a). Consequently, this 

area is classified as a “high desert,” with “ecological communities includ[ing] wash 

riparian communities, high desert grasslands, pinyon-juniper woodlands, and ponderosa 

pine forests” (The University of Arizona Cooperative Extension, 2008a, p. 3). The 
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reservation receives on average less than 10 inches of rainfall a year (Arizona 

Department of Water Resources, 2009) approximately half of which occurs during winter 

months, and half during the late summer monsoons (Climate Assessment for the 

Southwest, 2010).  

 

As there are no natural lakes or running rivers on Hopi, the only large bodies of surface 

water are the Pasture Canyon and Keams Canyon Reservoirs, on opposite ends of the 

reservation. Pasture Canyon Reservoir is used to irrigate farmers’ fields in Moenkopi—

this is the only area on Hopi where irrigation is widely used. Several major washes run 

through the reservation but none have a baseflow, and they are frequently dry. The 

primary source of drinking water for residents is aquifer water (Roberts, 2010). Four 

aquifers underlie the reservation; in order of increasing depth, these are the T-, D-, N-, 

and C-aquifers. The shallowest aquifer, the T-aquifer, contains hard water that in some 

places has arsenic concentrations higher than drinking water standards (Roberts, 2010). 

The next-deepest, the D-aquifer, is not suitable for domestic use due to high levels of 

dissolved solids, although it is nevertheless used for this purpose by some residents 

drawing from shallow municipal wells (Arizona Department of Water Resources, 2009; 

Roberts, 2010). The N-aquifer was formed in the Jurassic period and is estimated to 

contain between 166 and 526 million acre-feet (maf). This aquifer is the main source of 

drinking water for the Hopi Tribe. Once pristine fossil water, it is now the site of 

spreading uranium contamination and other issues (Arizona Department of Water 

Resources, 2009). Finally, the C-aquifer is for the most part too deep to make extraction 

of water economical (Arizona Department of Water Resources, 2009). The N- and T-
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aquifers are believed to be the sources of dozens of springs in the area (Roberts, 2010), 

some of which are only known to a few people. Springs are typically found on the sides 

of mesas, and are used for drinking water, ceremonial purposes, and for watering gardens 

(see section 3.7 and Chapter 6).  

 

3.6 Worldview, culture, and the importance of corn 

As with many other Native communities, messages about Hopi beliefs are often delivered 

through stories. This method of conveying an underlying truth often creates frustration or 

confusion on the part of outsiders who hold the belief that for something to be ‘true’ it 

must have literally happened exactly as it was told. Native stories may instead place 

emphasis on the truth of the message. In his discussion of the origin accounts of different 

American Indian tribes, Wilson (1998) describes the idea of “an experience gain[ing] its 

significance not from when it happens [emphasis his] but from what it means. … The 

function of history is not to provide a linear record, but a blueprint for living to particular 

people in a particular place” (p. 8). He goes on to quote the Lakota holy man Black Elk, 

who describes this way of thinking: “This they tell, and whether it happened so or not, I 

do not know; but if you think about it, you can see that it is true” (p.9). 

 

The Hopi Cultural Preservation Office describes this view of knowledge thus:  

Most of us know at least one children’s fairy tale that has a moral lesson in 
it. Although the story is meant to be entertaining, it is also supposed to be 
educational. Hopi traditional knowledge is encoded in this way and 
contains messages on many different levels. In this way, listeners learn 
new and important lessons as their own understanding deepens. The 
strength of traditional knowledge lies in its ability to convey a deeper 
truth. Seen in this light, traditional knowledge is more than just the 
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retelling of events, names, and dates. In this way, traditional knowledge 
differs from written historical accounts in style and purpose (Hopi Cultural 
Preservation Office, 2009a).  
 

The Hopi people tell of their Emergence into this world, the Fourth World. Upon their 

emergence, the Hopi people were met by Maasaw, the Earth Guardian. They asked him if 

they could live on this land with him. As written by Wall and Masayesva (2004),  

Masaw recognized that the clan people’s former life, which they knew was 
not bringing them happiness, had been given over to ambition, greed, and 
social competition. He looked into their hearts and saw that these qualities 
remained, and so he had his doubts that the people could follow his way. 
“Whether you can stay here is up to you,” he told them. 
 
Masaw warned the clan people that the life he had to offer them was very 
different from what they had before. To show them that life, Masaw gave 
the people a planting stick, a bag of seeds, and a gourd of water. He 
handed them a small ear of blue corn and told them, “Here is my life and 
my spirit. This is what I have to give to you” (p.436). 

 
The people agreed to uphold this way of life, and this acceptance of a simple, hard-

working way of life in a difficult land—the arid Southwest—represents the covenant 

between the Hopi people and Maasaw. The covenant is so central and so important to 

Hopi identity that it is in a place of prominence on the Hopi Tribe’s official website, 

whose home page reads: “Since time immemorial the Hopi people have lived in 

Hopituskwa and have maintained our sacred covenant with Maasaw, the ancient caretaker 

of the earth, to live as peaceful and humble farmers respectful of the land and its 

resources” (The Hopi Tribe, 2013b). Thus, traditional Hopi identity centers on hard work, 

sacrifice, reciprocity, and harmony. “To be Hopi,” Wall and Masayesva (2004) explain, 

“is to embrace peace and cooperation, to care for the Earth and all of its inhabitants, to 

live within the sacred balance” (p.436).  
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Dry farming of corn is therefore an essential aspect of upholding the covenant. Dry 

farming is a labor-intensive method of farming that involves no inputs of water, and it is 

described in depth in Chapter 7. This method trusts in faith that nature will provide in the 

form of rain. As Wall & Masayesva state, “Dry farming in the high desert of northern 

Arizona, relying only on precipitation and runoff water, requires an almost miraculous 

level of faith and is sustained by hard work, prayer, and an attitude of deep humility” (p. 

436). 

 

The Hopi plant several varieties of Hopi corn (also described in Chapter 7), which have 

over hundreds of years adapted to the harsh, dry conditions of northeastern Arizona. Yet 

it is not only the activity of farming that forms traditional Hopi identity, but also the corn 

itself. Corn is used in a variety of foods: for piki (an extremely thin, delicate bread), 

hominy, somiviki (cornmeal wrapped in husks), pudding, and steamed or roasted off the 

cob (Wall & Masayesva, 2004). In addition to its ubiquity in the Hopi diet, it is also an 

absolutely vital component in many spiritual ceremonies, for example in kiva rituals and 

during katsina dances (Wall & Masayesva, 2004). It is likewise central to ceremonies that 

celebration milestones in a person’s lifetime: for baby-naming ceremonies, initiation for 

both genders, weddings, and even after burial “so a life that has been linked to corn on 

every level from the very moment of birth now follows a trail of cornmeal to the final 

spiritual resting place” (p. 452) (for an eloquent and detailed description, see Wall & 

Masayesva (2004)). Ultimately, “corn enters into nearly every aspect of traditional Hopi 

life, contributing to values development, the sharing and passing on of tradition, and the 

celebration and connection with the Great Mystery” (Wall & Masayesva, 2004, p. 435). 
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Corn can thus be considered a cultural keystone species (Garibaldi & Turner, 2004) for 

the Hopi Tribe because of its significance not just in diet but in traditional values and 

cultural life.  

 

Traditional Hopi gender roles leave certain roles in farming to men and women. As Hopi 

is a matrilineal society, corn fields and the corn itself traditionally belong to women. 

Women are responsible for storing seeds from a harvest and selecting those that will be 

planted the following year; this duty requires careful attention to selection of viable 

seeds, cleaning corn periodically during its time in storage, and knowledge of which 

types of corn will be most needed in the upcoming year (Wall & Masayesva, 2004). The 

woman decides which types of corn and what quantity of them will be planted. 

Consequently, Hopi women are absolutely pivotal in stewarding the seed stock over 

generations: “The contribution of Hopi women to the longevity of these hardy varieties of 

corn cannot be overstated; through their understanding and keen eyes and careful genetic 

selectivity, Hopi women have kept the corn extant for centuries” (Wall & Masayesva, 

2004, p. 443).  

 

While it’s growing, however, the welfare of the corn is the man’s domain, although 

female relatives now often help with planting (Wall & Masayesva, 2004). Traditionally, 

planting was carried out using a planting stick (Koyiyumptewa & Davis, 2009) like the 

one presented by Maasaw, although Hopi farmers today may use modified implements. 

The man traditionally plants on behalf of his wife and her family, and may also distribute 

some of his harvest to other female relatives. To facilitate the healthy growth of the 
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plants, traditional Hopi farmers used windbreaks constructed from natural vegetation or 

(more recently) from modern materials like old cans (Koyiyumptewa & Davis, 2009). 

Dirt edgings were created to help trap runoff (Koyiyumptewa & Davis, 2009), and 

farmers were sometimes able to divert washes to provide a natural form of irrigation. As 

a testament to the deep spiritual connection between the farmer and his corn, farmers 

would sing to their corn. As Victor Masayesva, Sr. describes in Wall & Masayesva 

(2004), “You sing to them, because they’re just like humans, they have their own lives, 

and they like to hear you singing to them” (p. 437).  

 

Hopi fields are often determined by clan membership. There are 34 surviving Hopi clans 

(Hopi Cultural Preservation Office, 2009b), whose ancestry is traced matrilineally. Clan 

membership determines certain ceremonial roles and the stewardship of certain 

ceremonial objects. Clan identities also form the basis for relationships, as, according to 

the Hopi Cultural Preservation Office, “The entire clan is considered family” (Hopi 

Cultural Preservation Office, 2009b). Clans mentioned in interviews in this study include 

the Fire Clan, Sand Clan, Water Clan, Badger Clan, Bear Clan, Deer Clan, Greasewood 

Clan, Snake Clan, Spider Clan, and Corn Clan. However, there are other Hopi clans 

extant, as well as some historical clans that are now extinct (CyArk, 2013). While it is 

important to understand that clans exist and clan relationships dictate a complex social 

structure, knowledge about specifics of clan history and clan duties is a privilege, and a 

Hopi person is only taught the story of their own clan (Hopi Cultural Preservation Office, 

2009a).  
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3.7 Hopi gardening 

Just as the Hopi people have a long history of farming in the arid Southwest, so too have 

they been gardening here for hundreds of years. In fact, the Hopi are famous for their 

terrace gardens situated along the mesa walls, some of which date back to at least 1200 

A.D. (Hopi Cultural Preservation Office, 2009c). Whereas traditional Hopi farming does 

not involve irrigation, gardening does; these gardens are irrigated by springs. Tepary 

beans, which are native to the Southwest, were grown by Native people in the region, 

including the Hopi, since the pre-Columbian era (Koyiyumptewa & Davis, 2009). Later, 

with their arrival in the 1500s, the Spanish introduced new produce, such as watermelons 

(Poleahla & Harned, 2012) and peach trees (Koyiyumptewa & Davis, 2009); these were 

readily adopted by the Hopi and assimilated into the already established gardening 

culture (Poleahla & Harned, 2012).  

 

By the last century, Hopi gardens were producing a startling array of fruits and 

vegetables. Researchers in the early 20th century described seeing Hopi gardens planted 

with beans (Page, 1940), amaranth (used for dyes), beets, cabbage, cantaloupe, carrots, 

chilis, cilantro, gourds, grapes, green beans, lettuce, mint, musk melon, onions, peas, 

radishes, safflower, squash, sweet corn, sunflowers, tomatoes and watermelons (Jones, 

1935 as cited in Soleri, 1989). Additionally, trees included almond, apple, apricot, cherry, 

peach, and pear (Page, 1940). Later in the 20th century, Soleri (1989) observed a similar 

array of produce, including asparagus, carrots, chilis (of different varieties, such as 

yellow wax and jalapeño), cilantro, cucumbers, onions, pole beans, radishes, 

strawberries, squash, sweet corn, tomatoes, and zucchini, as well as several varieties of 
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Hopi corn and peach and apricot trees. Plants, she noted, were “grown from purchased 

transplants or seeds, seeds saved from purchased fruit [a practice I also noted], or seeds 

passed down from older gardening relatives” (Soleri, 1989, Hotevilla Gardens section, 

para. 9). At their height, Hopi fruit orchards are said to have encompassed 2000-3000 

acres (Moon & Livingston, 2003), with the valley below the village of Sipaulovi “full of 

peach orchards” (Poleahla & Harned, 2012). The Hopi had ingenious methods for food 

preservation: Peaches were dried for consumption during the winter and apples were 

“buried layer by layer in pits filled with clean sand where they were preserved throughout 

the winter” (Koyiyumptewa & Davis, 2009, p. 56). 

 

A 2003 survey of Hopi farmers (comprising a non-random sample of 77 people) showed 

that gardens were still relatively common: Over half (56%) had gardens and a 

considerable minority of those who did not (20.5%) expressed their wish to have a garden 

(Moon & Livingston, 2003). More than half planted beans (60%) and pumpkins (63%), 

with nearly half growing chili (47%) and squash (44%).  Additionally, fruit trees were 

grown by more than half of respondents (57%), with the most (33 people) reporting that 

they grew peach trees, followed by (in descending order), apricot trees, apple trees, pear 

trees, and plum trees.  

 

To understand the importance of Hopi gardening, it is important to note that the fruits and 

vegetables produced in Hopi gardens are not sold; they are consumed by the growers’ 

families (Moon & Livingston, 2003). In fact, Moon and Livingston (2003) relate the 

strong disapproval directed towards a non-Hopi member of the community who sold 
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surplus apples and peaches. Consequently, gardening saves money by providing a source 

of produce in an area whose remoteness means that buying such items at the store is 

costly. As noted by Soleri (1989), “All of the gardeners I spoke with said their gardens 

saved them money, supplying fruits and vegetables both during the growing season and 

into the winter months, especially in the form of dried chiles” (Discussion section, para. 

4). 

 

However, gardening is and was much more than a cost-saving measure. Gardening has 

primarily been an avocation for Hopi women, though this seems to be changing, as 

several male participants discussed their gardening successes and failures with me. Soleri 

(1989) reported that all of her interviews with Hotevilla gardeners were with women, 

although she reported that there was one man who gardened in the village, and men took 

responsibility for cleaning the springs that irrigated the gardens. Not only were gardens 

practical, yielding a variety of produce for consumption at home, but they were a source 

of pride and enjoyment for Hopi women. Soleri (1989) wrote,  

All gardeners I spoke with said they enjoyed their gardens and garden 
work. The women gardeners at Hotevilla often meet in the late afternoon 
and early evening in their gardens and socialize with each other while 
working in their plots. Non-quantifiable positive attributes such as the 
pleasure these gardeners said they derived from their gardens make 
standard economic analysis irrelevant (Discussion section, para. 4). 

 
These “positive attributes”—reinforcing a sense of community pride—made gardening 

not just an important practical activity, but also an important cultural one.
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CHAPTER 4 

Methods 
 

4.1 Rationale for qualitative methods 

This study primarily employed qualitative methods. While quantitative data such as 

precipitation monitoring data have been referenced in the study, their use is to gain a 

fuller picture of the long-term variation in weather in the Four Corners region, rather than 

to verify or refute the perspectives of the study’s participants. A qualitative approach is 

critical to the value of this study. With such an approach, I was able to tackle questions 

that quantitative approaches can’t address: how do members of our most vulnerable 

populations perceive climate change and drought?; what impacts—particularly health 

impacts—are salient to them?; how are they employing traditional and other knowledge 

to cope with water scarcity?; and what resources can the academic community employ to 

enable well-informed adaptation to occur in Indian country in order to ensure positive 

health and economic outcomes? There are certainly limitations to qualitative methods 

such as interviews; as Green and Thorogood (2009) point out, interviews and other 

qualitative methods can “only provide access to what people say, not what they do” 

[emphasis theirs] (p. 102). However, what people say about drought is precisely what this 

study has aimed to determine, as what people say provides insight into how people 

conceptualize the causes, consequences, and potential actions to be taken with respect to 

the issues that affect them.  
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I have approached this research as a case study, which is characterized by “empirical 

inquiry that investigates a contemporary phenomenon in depth and within its real-life 

context, especially when the boundaries between the phenomenon and the context are not 

clearly evident” (Yin, 2009, p. 18).  In investigating the real-life context of drought and 

adaptation planning, this research fits well with the “critical features” of a case study 

proposed by Yin (2009). In keeping with other typical features of case studies (Yin, 

2009), I have built a theoretical background in which to situate my investigation, and 

employed multiple methods of data collection, including in-depth interviews, 

observations, and document analysis. It is worth noting that the characteristics of the 

Hopi Tribe mean that, with regard to drought, it can be considered an extreme case in the 

United States; however, as compared with indigenous peoples internationally, it may be 

considered more of a typical case, for the reasons described in Chapter 1. 

 

4.2 Responsible research 

However, positioning research within a theoretical framework is only one step in 

preparing to conduct a study. In research with communities, it is important to be educated 

about the community itself (see Chapter 3 for this), and in the case of Native 

communities, this step should include reflection on the traumatic history of research in 

Native communities and how to ensure that the proposed study does not perpetuate the 

problematic practices of the past.  

 

Medical abuses against American Indians in the 20th century included the widespread 

practice of tarsectomies—an extreme and otherwise uncommon treatment involving the 
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removal of a portion of the eyelid—to treat trachoma (Hodge, 2012) and even more 

disturbing, sterilizations of American Indian women and girls without adequate consent 

and frequently with explicit or implicit coercion (Hodge, 2012). Research abuses 

perpetrated against Native communities also occurred, beginning as early as the 1600s 

and 1700s when military doctors interested in phrenology stole remains from battlefields 

and hospitals (Hodge, 2012). More recent research has harmed Native communities by 

publishing stigmatizing results and linking them to specific communities—for instance, a 

1970s study of alcohol use among Inupiat participants in Barrow, Alaska resulted in 

negative news coverage that further marginalized participants and caused the city’s bond 

rating to decline (Noe et al., 2006).  

 

This idea of harms at the community level can be difficult for mainstream researchers to 

appreciate, as evidenced by continued lack of attention to the possibility of this kind of 

harm, such as in a 1990s study that recruited participants from the Havasupai Tribe in 

Arizona. This case is particularly relevant to my current research as it has continued to 

shape relationships between tribes and the academic community in the Southwest, and 

thus a brief description is warranted. Havasupai participants consented to providing blood 

samples to Arizona State University (ASU) researchers for a study on diabetes, which 

began in 1990. In 2003, the Tribe learned by chance that their blood samples had been 

used for a variety of research purposes for which participants had not given permission—

including research on schizophrenia,10 research that reported inbreeding, and research 

that concluded that the Tribe’s ancestors may have crossed into North America from the 

10 This research also involved the illicit searching of the Indian Health Service’s medical records 
(Bommersbach, 2008). 
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Bering Strait, a finding in direct conflict with the Tribe’s origin story (Harmon, 2010). 

Tribal members felt betrayed and devastated; news articles described former participants 

crying as they discovered how their own blood had been misappropriated (Bommersbach, 

2008). Reports suggested a decline in people seeking necessary medical care after the 

revelations, so battered was their trust in the medical and research establishment 

(Bommersbach, 2008). After an independent investigation and multiple lawsuits, ASU 

settled with the Havasupai Tribe for $700,000, but not before the Tribe issued a 

“banishment order” prohibiting ASU faculty and staff from the reservation (Harmon, 

2010). Thus, aside from the blatant ethical issues related to consent, this case of research 

misconduct resulted in damage to the image of the community (by the publication of 

studies suggesting inbreeding in the Tribe) damage to cultural beliefs (by contradicting 

the Tribe’s origin story), and a decline in medical care-seeking. 

 

The above stories illustrate the necessity of special considerations when designing and 

conducting research with Native communities. One such consideration is the protection 

of the community as well as the individual—an issue that is often not at the forefront of 

Western scientists’ minds. The Belmont Report, a landmark attempt to outline basic 

principles for ethical research, focuses primarily on the protection of the individual 

(Sahota, n.d.). Yet, “[a]nother issue concerning the protection of research informants is 

whether researchers should feel any obligation to avoid causing harm to the reputation, 

social standing, or social prestige of their informants’ professions, occupations, 

communities, or groups as collectives [emphasis author’s]” (Johnson, 2001, p. 115).   
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Now, templates for evaluating research encourage tribes to consider whether the “Tribe 

may be psychologically harmed externally (e.g. stigmatization and discrimination by 

other groups),” whether the “Tribe may experience dignitary harms (e.g. insult 

community’s respect and control),” and whether the “Tribe may lose tangible ‘status’ 

(e.g. loss of political, social, or economic status in larger society)” (Northern Plains 

Tribal Epidemiology Center, 2005, p. 7). Thus, it is important for researchers to not just 

consider whether a study is good science, and ethical at an individual level, but to 

contemplate its potential consequences for a group of people who already have to fight 

for political and social recognition.  

 

Researchers must also be aware that because they are sovereign nations, tribes “have the 

right to exclude outsiders from their lands and to regulate what happens on those lands, 

including research projects” (Sahota, n.d., p. 6). Tribes may ban research or even ban 

certain individuals (as seen above with the Havasupai banishment order). Similarly, “[i]t 

is the Tribes’ legal right to stop any and all research and to control how information will 

be used” (The University of Arizona Cooperative Extension, 2008b). Research 

regulations are an important expression of sovereignty—and important to maintaining 

sovereignty (Hodge, 2012). Consequently, tribes can and should assert their involvement 

at every stage of the research process, from approval, to oversight during data collection, 

and finally in approving publications.  

 

Different tribal communities use different regulatory bodies to review and evaluate 

proposed research on tribal lands; these may include using a regional Indian Health 
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Service IRB or tribal college IRB, creating their own IRB or collaborating with other 

tribes to create a multi-tribe IRB, using a community advisory board, or using an existing 

community group, department, or committee (a more resource-efficient option for smaller 

tribes or tribes that receive fewer research proposals) (Sahota, n.d.). The Hopi Tribe, for 

instance, uses its existing Cultural Preservation Office (CPO) to approve or deny 

research. Approval may be contingent upon certain oversight processes (Sahota, n.d.). 

Finally, any data generated by the project is owned by the tribe, regardless of who 

collected it, and tribes have the authority to review findings and approve publication 

(Sahota, n.d.).  

 

Throughout this research, I was mindful of my particular responsibilities as a researcher 

working with an American Indian community as well as of respecting tribal sovereignty 

at all times; this mindset was naturally linked with the goal of conducting research with 

the genuine hope of it being beneficial for the community, not just beneficial to the 

advancement of “science” in general. Accordingly, I learned as much as I could about the 

Hopi people before beginning my project (while remaining skeptical of non-Hopi 

sources, as there is a considerable amount of erroneous information even in formal 

literature). Limited financial resources did not allow me to implement a true community-

based participatory research (CBPR) plan, which would preferably have allowed the 

community to take the lead in identifying a research question (Minkler, 2004); however I 

did considerable reading when developing my proposal and spoke to the agricultural 

extension agent on Hopi, as well as a staff member in the Department of Natural 

Resources Water Program to receive feedback on my developing research question and 
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methods (this process is described in the next section). When developing my research 

questions and interview guide, I was mindful of potentially sensitive or inappropriate 

topics (such as religious practices). I submitted a proposal to the Tribe anticipating 

revisions, and worked with the Hopi Cultural Preservation Office (CPO) to make the 

requested revisions to my research plan. Throughout data collection, I kept the CPO 

apprised of my progress, and at the end of each round of data collection, I met with the 

Director of the CPO and the Director of the Hopi Department of Natural Resources to 

review my progress and discuss the next steps of my research. Finally, upon completing a 

draft of this document, I submitted it to the Director of the Hopi Department of Natural 

Resources and the Director of the Hopi Cultural Preservation Office for review, and 

traveled to Hopiland to discuss the draft in person. 

 

4.3 Beginning a relationship with the Tribe 

In designing this research, I first reached out to Cooperative Extension agent Matt 

Livingston, who has been working on the Hopi reservation for over 20 years. During our 

phone conversation in April of 2011, we discussed his work as well as the relevance of 

drought in the area. Matt also reinforced some important considerations when working 

with tribes, such as being clear about how the data will be used. This call was followed 

up with another phone meeting with a staff member in the Water Resources Program 

(housed in the Hopi Department of Natural Resources). This conversation gave me more 

background on the water sources in the area, and some of the impacts of drought. 

Subsequent phone conversations with staff at the CPO clarified the requirements for 

making a proposal to the Tribe. Next, I reached out to the University of Arizona Climate 
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Assessment for the Southwest (CLIMAS) faculty and staff—specifically Dr. Mike 

Crimmins and Dan Ferguson, CLIMAS Program Director—who were already working 

with the Hopi Tribe on revisions of the Tribe’s drought plan. I traveled with Mike 

Crimmins and Dan Ferguson to Hopiland in December 2011 to give a completed 

proposal to the CPO. The proposal was accepted with minor revisions; these revisions 

were approved by the Johns Hopkins Bloomberg School of Public Health Institutional 

Review Board as an amendment to the original research plan in February 2012.  

 

I subsequently traveled to Hopiland in March 2012. Even though the project had been 

approved by the CPO, it still remained to be seen whether community members would be 

interested in being interviewed. It was important that cultural leaders in the community 

understood the project; in this regard, it was serendipitous that the day after I arrived was 

the meeting of the Hopi Cultural Resources Advisory Task Team (CRATT), a group of 

Hopi elders who meet monthly. At the meeting, I was introduced by the director of the 

CPO, who organizes CRATT, and I made a short presentation about the goals of the 

project and how it would be carried out. The presentation prompted questions, which I 

addressed, followed by a lengthy discussion of drought concerns. Following the meeting, 

several members of CRATT signed up to be interviewed.  

 

4.4 Data collection 

Data collection took place in two rounds. The first round of data collection lasted for 7 

weeks between March and May 2012. The second round of data collection lasted for 2 

weeks between July and August 2012. During both stays, I lived on the Hopi 
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Reservation. As described earlier in section 4.2, each round of data collection was 

followed by a full report of my progress to the Director of the Department of Natural 

Resources and the Director of the Cultural Preservation Office. 

 

4.4.1 Interviews 

4.4.1.1 Sampling and recruitment 

Due to the very problematic history of research in Native communities (see previous 

section 4.2), tribes often place restrictions on how tribal members may be recruited into 

research studies. Active recruitment of research participants on Hopi is neither permitted 

nor practical, as will be discussed further shortly. Consequently, recruitment for my 

project was overseen by the CPO, per the request of the CPO and per the IRB- and CPO-

approved research plan. Under this plan the “local supervisor,” a CPO staff member, 

identified community members who met the eligibility criteria and might have interesting 

perspectives on drought based on their activities (such as farming, ranching, or 

gardening); their job (many of my participants worked for the Hopi Department of 

Natural Resources, which was one area from which I hoped to recruit); or their standing 

in the community (such as being an elder). Potential participants were contacted either by 

the local supervisor, or by me. With email rarely the most effective method of 

communication, participants were usually reached by phone. See Table 2, below, for a 

description of participants.  
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4.4.1.2 Setting  

If an identified individual was interested in participating, a mutually convenient time and 

place was arranged for the interview. Many interviews took place at the Hopi Department 

of Natural Resources, but some took place at community centers or at people’s homes in 

the interest of convenience for participants. In some instances, the participant would 

suggest driving to see places relevant to topics being discussed (for example, their corn 

fields or a nearby spring), and we would drive to these locations to continue the 

interview.  

 

4.4.1.3 Consent process 

Although the interviews did not include collection of individual identifiers such as 

addresses or Social Security Numbers, and although the content of the interviews was not 

anticipated to include personal and/or sensitive information, written consent forms were 

used. The consent form was reviewed verbally by me and the participant was given the 

opportunity to ask questions. The consent form addressed issues such as the fact that the 

Hopi Tribe would be identified as the tribe participating in the study and that the results 

would eventually be available for outsiders to read. It also contained the important 

reminder that the participant could end the interview at any time for any reason, or could 

choose not to answer certain questions. 

 

Participants also marked on the consent form whether they consented to be audio-

recorded. Thirty-two of 35 total interviewees consented to be audio-recorded; it is   
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Table 2. Participants (in random order)  

Pseudonym  Gender Occupation(s) Age Category 
“Scott” Male farmer, rancher, government employee 50s 
“Ellie” Female government employee 50s 
“Phillipa” Female farmer, government employee 50s 
“Elliot” Male farmer 70s 
“Kenneth” Male farmer, government employee 60s 
“Will” Male farmer, rancher, government employee 30s 
“Damon” Male elder, farmer, former government employee 70s 
“Karen” Female self-employed 40s 
“Ike” Male farmer, government employee middle-aged 
“Kate” Female government employee 60s 
“Jeffrey” Male farmer, rancher, government employee 60s 
“Pamela” Female former gardener, self-employed not given 
“Bernard” Male farmer, rancher, government employee 50s 
“James” Male government employee 50s 
“Rose” Female former gardener, self-employed not given 
“Waylon” Male farmer, rancher, religious leader elderly 
“Joe” Male farmer, rancher 40s 
“Deborah” Female government employee 50s 

“Lou” Male farmer, rancher, religious leader, 
government employee 50s 

“Wright” Male farmer, government employee 50s 
“Martin” Male farmer, rancher, government employee 50s 
“John” Male farmer, government employee middle-aged 
“Sam” Male religious leader 50s 
“Julian” Male farmer, rancher, religious leader 70s 
“Grant” Male farmer, rancher 60s 
“Bill” Male farmer, rancher, government employee 60s 
“Myles” Male farmer, religious leader  40s 
“Mike” Male government employee 50s 
“Gavin” Male farmer, government employee 30s 
“Fred” Male farmer 50s 
“Ramsay” Male farmer, government employee 60s 
“Dave” Male farmer, government employee middle-aged 
“Drew” Male government employee 30s 
“Allan” Male farmer, government employee 40s 
“Coral”  Female government employee 60s 
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probably relevant that all three of those who were not comfortable being recorded were 

participants who had been contacted directly by me (at the suggestion of or with the 

approval of my local supervisor) rather than by the local supervisor himself. This 

possibly speaks to the importance of trust in the research process, and the key role that 

the buy-in of the CPO played in my ability to complete the research. It also suggests that 

attempts to recruit door-to-door, for instance, would not have been fruitful. 

 

4.4.1.4 Content and duration 

Interviews ranged from 45 minutes to over two-and-a-half hours, with the average being 

a little over one hour. One 40-minute follow-up interview took place; all other 

participants were interviewed once. 

 

In-depth interviews were based on an interview guide that was structured to allow for 

flexibility in adapting the interview content to the occupation, social role, and 

experiences of the participant. It is common to have an interview schedule that allows for 

such flexibility in how the interview unfolds—in other words, the researcher may “set the 

agenda…but the interviewee’s responses determine the kinds of information produced 

about these topics and the relative importance of each of them” (Green & Thorogood, 

2009). Not every question may be asked of every interviewee, and the amount of time 

spent on different questions will likely vary with each interview. In addition, the 

interviewee may deviate into topics that appear unrelated to the original research agenda. 

It can be important to embrace these tangents, as “digressions or diversions are likely to 
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be very productive” (Johnson, 2001). Consequently, it is important to allow for the 

interviewee to answer the question in the way he or she sees fit, such as by telling a story. 

 

My interview guide contained six domains: (1) General; (2) Water Sources/Uses; (3) 

Water Quality; (4) Water Scarcity; (5) Water Information and Collaborations; and (6) 

Water Future (see Appendix 2). The guide was tailored to account for the different role or 

roles that the participant might have by including questions specific to tribal government 

employees, farmers, or ranchers. Many participants had multiple roles—for example, a 

government employee could also be a farmer and/or rancher, and many were. The goal of 

the interviews was to allow participants to discuss drought and water quality in their own 

terms; thus, questions were open-ended so as to allow the participant the opportunity to 

elaborate as much (or as little) as they wanted on the topic. Questions encouraged 

participants to identify what they believed to be the causes of the drought, to explain how 

drought impacts them and the community, and to describe adaptation strategies that 

might lessen the negative impacts of drought. Although the interview guide provided a 

framework for the topics covered and the sorts of questions that could be asked, an 

important component of the interviews was their adaptability, which allowed for follow-

up questions as well as questions that addressed each participant’s cultural and 

professional roles.  

 

Just as each interview was unique and a product of a given participant’s experiences and 

expertise, each was also the result of the unfolding interaction between interviewee and 

participant. As Johnson, (2001) points out, “it is not the case that there is just ‘one truth’ 
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that the observer or interviewer either does or does not ‘see’ or ‘hear.’” Instead, “the 

interaction between the researcher and the researched produces the data” (Charmaz, 

1995); put similarly by Lesch and Kruger (2005), who base their concept of the interview 

largely on Charmaz’s stance, “the interviewers are viewed as co-constructors of the 

respondents’ responses” (p. 1074). If the researcher acknowledges that interview data are 

co-constructed between the interviewer and interviewee, it follows that there are many 

aspects of the interview that influence the resulting data. Central to these considerations 

are the experience of the interviewer and the role of the interviewer relative to the 

interviewee. For example, it might be assumed that an experienced interviewer is 

preferable. This may often be the case, though Johnson (2001) points out some benefits to 

a “novice” interviewer—someone who is new to the community s/he is researching—

noting that “[n]ovices are less inclined to possess hardened assumptions about what they 

are studying” (p. 103) particularly as compared to an interviewer with a long history of 

research in the community. However, researchers new to the community may “often have 

more difficulty seeing the nuances or layered meanings of participating members” 

(Johnson, 2001, p. 103).  

 

Equally important are the social roles of the interviewer and the interviewee. According 

to Green and Thorogood (2009), “social, cultural and personal characteristics will 

inevitably shape the kind of relationship established [between the interviewer and 

interviewee], and how those involved frame the interaction” (p. 105). Interviewee 

perceptions of the interviewer may arise from the interviewer’s affiliation with and status 

within certain institutions (for example, as a researcher at an academic institution, or as a 
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government employee); from the interviewer’s personal characteristics such as race, age, 

or gender; and from the interviewer’s stated intentions regarding the aim of the research. 

However, it may not always be best to “match” interviewers and interviewees on 

demographic characteristics that are thought to be relevant or to use interviewers that are 

part of the community—in some cases, such as in interviews about sensitive and highly 

confidential topics, interviewees may actually feel “more comfortable talking to 

‘strangers’” (Lesch & Kruger, 2005, p. 1074). 

 

With these considerations in mind, I regard my identity in relation to the Hopi 

community as both a challenge and a benefit to the project. As a novice in this field and 

someone new to the community, I was less likely to make the assumptions that a more 

seasoned researcher might make, and consequently ask questions that challenge these 

assumptions. However, I may also have also been less likely to pick up on nuances, 

meaning that the iterative process of analysis that I undertook (see section 4.5) was 

particularly important, as reflecting daily on the data that I gathered and using those 

reflections to inform the next day’s data collection helped to address this concern. Being 

from outside the community meant that people tended to be very patient in explaining 

details to me—such as specifics of farming practices—that, because of the assumption of 

shared knowledge, most likely would not be explained to a fellow member of the 

community. Also, it is possible that participants might have felt more comfortable talking 

to me (a relative stranger) about issues in the community. However, being an outsider can 

make it difficult to establish trust. I tried to make people at ease by learning as much as I 

could ahead of time about the community, being transparent about the purpose of my 
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research and how data would be used, and conveying my genuine hope that my research 

would be useful to the tribe. In addition, the oversight of the CPO was intended to convey 

to potential participants that the project had undergone the appropriate review and 

approval process and had the blessing of other people in the community. In this sense, it 

conveyed a sense of secondhand trust regarding the project in general and me as an 

individual. 

 

4.4.2 Observations 

Observations were a secondary but important component of data collection. Observations 

served two important purposes. First, they allowed me to gain more background 

knowledge on topics such as Hopi farming and gardening practices, water settlement 

issues, and Hopi history, in order inform my interviews. And second, they allowed me to 

be more visible in the community. For instance, attending community events with a 

member of the community may have helped legitimate my presence. 

 

My observations comprised three community meetings, one large community event, one 

symposium, and one community lecture. In addition, I accompanied a CPO staff member 

and two interns who were visiting areas of the reservation damaged by a recent 

windstorm (Table 3). All of these observations were suggested either by the Director of 

the Hopi Department of Natural Resources or by the Director of the Hopi Cultural 

Preservation Office. (In other words, I did not attend meetings or events unless invited.) 
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I seemed to stand out considerably at these events, and this served an important 

purpose—namely, alerting people that an outsider was observing the event. I considered 

this important in terms of protecting the interests of the community. Depending on the 

event, some or occasionally even most of the discussion might be in Hopi, and event 

attendees could transition into speaking Hopi simply because they preferred it or as a way 

of keeping the discussion private. Where allowed, I took hand-written notes to document 

meetings. These notes were then typed up in order to have an electronic copy.  

 

Table 3. Observations 

Observation  Title My Role Purpose 

1 CRATT Meeting 

Presented my 
research; after 
that, passive 
observer 

Learn about elders’ views on drought and 
ecological issues in general; present on 
my study and receive feedback, guidance 

2 
Moenkopi 
Community 
Meeting 

Passive observer  Meet potential participants 

3 
Community 
Water Rights 
Meeting 

Passive observer  
Learn more about community attitudes 
towards Hopi-Navajo Water Settlement 
Agreement 

4 Hopi DNR Earth 
Day 

Assisted with 
CPO booth 

Learn more about ecological 
issues/considerations in the region 

5 
Hopi Agriculture 
and Food 
Symposium 

Passive observer  
Learn more about the farming and food 
issues being discussed within the 
community 

6 Tour of Storm 
Damage 

Observe and 
document 

Document damage from recent weather 
event 

7 Elderly Heritage 
Day Passive observer  Learn more about Hopi history from a 

CPO presenter 

 

 

72 
 



 

When this was not appropriate, I outlined my account of the observation as soon as 

possible in an audio diary entry; later, I took notes on the audio diary entry, which formed 

my final record of that observation.  

 

I was lucky enough to also help with planting corn and beans (during my first stay) and to 

be invited to people’s homes, to community events, official events (like the Inaugural 

Hopi Code Talkers Recognition Day), archeological sites, and ceremonial dances. These 

wonderful experiences did not constitute official observations, but they did help me to 

gain a broader understanding of the richness of Hopi life and traditions. I was warmly 

welcomed, and I was sad to leave. 

 

4.4.3 Documents 

In addition to interviews and observations, I also collected a number of documents that 

had bearing on the issues that had arisen in interviews and observations. These 

documents included a 2010 water quality monitoring report prepared by the Hopi 

Department of Natural Resources Water Resources Program, maps of range quality 

reservation-wide since 2004, and a report on a Hopi community food project. These 

documents were not treated as data points subject to analysis in and of themselves, but 

instead functioned to augment my knowledge of relevant issues. References to some of 

these may appear in this paper as reference points for situating either background 

information or for providing additional context to findings.  
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4.5 Transcription and data analysis 

I transcribed all of the interviews. After the audio recording of the interview was 

transcribed once at approximately 50% speed, the recording was replayed at 100% speed 

to review accuracy and correct any errors. Participants’ names were replaced with 

gender-appropriate pseudonyms produced by an online random name generator so that 

pseudonyms would bear no systematic resemblance to participants’ real names. While the 

development of the codebook began during transcription, analysis began even earlier. 

Analysis was comprised of three stages of coding and analytic development: (1) During 

data collection; (2) During transcription; and (3) Coding; followed by (4) Later Analysis. 

 

4.5.1 Stage 1 – During data collection 

The first stages of analysis invariably begin during data collection itself, as “it is 

impossible not to start thinking about what is being heard and seen” (Pope, Ziebland, & 

Mays, 2000, p. 114). In keeping with a theoretical sampling technique, which involves an 

iterative approach of engaging with the data while data collection is happening, I made a 

conscious effort to reflect on interviews and observations while in the field. Specifically, 

while transcription of the interviews in the field wasn’t feasible due to time constraints, I 

reviewed notes taken during interviews to consider what questions had been successful, 

how people answered, and whether topics brought up in the interview pointed to other 

people I should speak to or new questions that I might ask subsequent participants in 

order to engage more with the topic. Additionally, during long drives between 

destinations, I took advantage of the time in the car to record “audio diaries” in which I 

reflected on the day’s interviews and observations. This time-efficient journaling of sorts 
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allowed me to mull over emerging codes, contradictions, and areas worthy of more 

consideration by encouraging free-flowing thought. 

 

4.5.2 Stage 2 – During transcription 

Transcription provided me with the opportunity to continue engaging with the data; even 

though I had conducted all the interviews, the time spent transcribing them further 

contributed to my familiarity with the content. I moreover used this time to memo on 

emerging codes and ideas for organizing chapters. I began developing the skeleton of the 

codebook during this time. The codebook began with a few “a priori” codes inherent to 

the research questions themselves, as well as some “emergent” codes that arose from the 

data (Ritchie & Spencer, 1994). A priori codes, which I felt were crucial to addressing the 

research questions, were “Causes of Drought,” “Impacts of Drought,” and “Adaptation 

Strategies.” 

 

4.5.3 Stage 3 – Coding 

The more concentrated development of the codebook continued after transcription was 

completed. As Miles and Huberman (1994) indicate, “Coding is analysis. To review a set 

of field notes, transcribed or synthesized, and to dissect them meaningfully, while 

keeping the relations between the parts intact, is the stuff of analysis” (p. 56). Based on 

memos and reflections on the previous two stages of analysis, I fleshed out the codebook 

(see Appendix 3: Codebook), adding “emergent” codes, streamlining codes and sub-

codes (which I termed topics) and arranging them hierarchically in order to provide 
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“conceptual structure,” differentiating between codes that were “‘larger’ (more 

conceptually inclusive) and ‘smaller’ (more differentiated instances)” (Miles & 

Huberman, 1994, p. 62). In addition, I created “clear operational definitions” (Miles & 

Huberman, 1994, p. 63)—that is, detailed descriptions of each code as well as inclusion 

and exclusion criteria to clarify when to apply and when not to apply the code. Based on 

the meticulous consideration of the codes in this step—known as “constant comparison” 

(Pope, Ziebland, & Mays, 2000), several new codes arose. I then imported this 

preliminary codebook into the qualitative analysis software package NVivo 9, which I 

selected based on the ease of hierarchically structuring codes (nodes) within the program. 

The preliminary codebook was tested on one interview; this inspired more revisions, and 

the codebook was then tested on an additional four interviews, with new codes added 

along the way as I identified important areas that the codebook had not yet captured. 

After testing the codebook on these first five interviews, I took a step back to reflect on 

the larger picture arising from my data, and whether the codes were comprehensive as 

well as relevant. Confident that they were, I continued coding the rest of the interviews. 

A few additional codes were added during the continuing coding, and these were noted so 

that when I finished, I returned to earlier interviews to review them for later-developed 

codes. The continual evolution of a codebook even during wider coding is described by 

Miles and Huberman (1994), who explain that “[S]ome codes do not work; others decay. 

… Other codes flourish, sometimes too much” (p. 61).  
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4.5.4 Stage 4 – Later analysis 

After coding was complete, I continued analysis with a careful consideration of the 

content within each code. Working through each code, I created conceptual maps 

summarizing the major points made by each participant within this code, and used these 

maps to identify further ways to group participants’ responses, particularly within large, 

complex codes, a process known as partitioning variables (Miles & Huberman, 1994). 

These maps also illustrated any contrasting opinions (sometimes termed “deviant cases” 

(Green & Thorogood, 2009)) that challenged the emerging picture of the data, and I 

contemplated (a) how a divergent opinion might inform my evolving understanding of 

the data; and (b) why the given participant expressed an opinion different from the others. 

In certain cases, such as how drought impacts Hopi farming, I created an event flow 

network (Miles & Huberman, 1994) to visualize the progression of drought impacts on 

farming. Additionally, I considered whether—and if so, how—participant responses 

within codes differed based on relevant characteristics, which depending on the code 

might include age, gender, or occupation. Moving into a more abstract level of analysis, I 

considered the data with respect to the theoretical approaches to my research outlined in 

Chapter 2. Miles and Huberman (1994) term this stage “making conceptual/theoretical 

coherence” (p. 261); it is the critical step of situating findings within existing theory and 

concepts. I especially reflected on those related to climate adaptation and ecological 

worldviews. This literature had, in the previous stage of analysis, informed my 

development of codes, for example, explanations of environmental change.  
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The methods of analysis employed in this research are most firmly based in thematic 

analysis (Green & Thorogood). However, I also drew from aspects of Grounded Theory 

in my use of an iterative process of data collection and analysis, in memo writing, and in 

consideration of deviant cases. Throughout the analysis process, I noted my thoughts and 

ideas in memos, which included everything from my thought process related to emergent 

codes, to notes on external sources that gave context to participants’ statements, and ideas 

about quotes to use for the manuscript.  

 

After composing a draft of the manuscript, I returned in person to Hopiland in July of 

2013 to discuss the findings and receive feedback from participants. Known as member 

checking, member validation, or respondent validation (Green & Thorogood, 2009), this 

process is excellent for checking for corrections and providing participants the 

opportunity to ensure that publication of the findings will not be damaging to individuals 

or the community (Green & Thorogood, 2009). Indeed, as discussed earlier in this 

chapter, tribes have the authority to veto the publication of findings, and member 

checking in the case of research with tribes is a vital aspect of maintaining good faith. 

However, member checking can run into difficulties if participants’ interpretations of the 

data differ from those of the researchers (Green & Thorogood, 2009). During my return 

visit, I reviewed a draft of this paper (which I had sent in advance) with the Director of 

the Department of Natural Resources and the Director of the Cultural Preservation 

Office, who requested no major changes. In addition, I gave an informal presentation 

about my findings to DNR staff and interested former participants. Audience members 

talked over the project’s findings and brainstormed additional adaptation strategies. The 
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approximately two-hour discussion reflected a strong engagement with the results; 

audience members indicated that they were pleased to have information compiled in this 

way, and that the content of the presentation resonated with their own experiences. A 

more detailed description of my return visit is provided in the Postscript.
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CHAPTER 5 

“I guess we’re the Dust Bowl now”  
Hopi Observations of Precipitation, Water Sources, Vegetation, and Temperature 

5.1 Introduction to this chapter 

Before delving into the perceived impacts of drought on the Hopi Tribe (presented in 

Chapter 6), it is important to understand participants’ specific observations of the effects 

of drought on the landscape. While people in cities can be somewhat sheltered from the 

impacts of environmental change—not necessarily noticing where their food comes from, 

and not scheduling activities based on the seasons—people whose subsistence, income, 

and religion all relate to the weather are far more likely to notice environmental change. 

These people can be seen as the front lines of climate observation. It is not a surprise 

then, that participants had much to say about how drought was shaping their physical 

environment. These observations included: (a) changing precipitation patterns; (b) 

declining spring levels; (c) alterations in vegetation quality and quantity, and (d) 

inconsistent seasonal patterns and increases in extreme heat. To provide context, a brief 

description of the climate of the past on Hopiland as participants remember it is provided. 

 

5.2 Recollections of past climate 

The high elevation of the Hopi reservation means that its high desert conditions are 

different from what many likely imagine when they think of a desert. Temperatures in 

Hopiland are more moderate than in major Arizona cities like Phoenix and Tucson, and 

snow is expected during the winter. Participants’ descriptions of past climate, often 

drawn from memories of their childhoods, illuminate what were considered normal 
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weather conditions. According to participants’ recollections, weather patterns typically 

followed a predictable cycle with which the agricultural calendar corresponded:  

“Ramsay”: I’m 69 years old, and I’ve seen tremendous change in the 
weather pattern. Back when I was a young man, probably maybe up to my 
teenage years, you used to see a lot of moisture coming in the area.  
Eliz.: Right. 
“Ramsay”: And pretty well we’d anticipate rains and snow in the winter 
months. And then prior to planting season, around March, April, you 
would see moisture coming in from the rains. And then there would be a 
little stoppage and about July, the rains would start again, which would 
then go until August. And then they’d dry up so that you could do your 
harvesting. So there was always a constant weather pattern.  –“Ramsay;” 
farmer and government employee; 60s 

 
Another participant recalled that the community could “count on” monsoons arriving 

around the week of July 4th. She continued, describing how, 

Water would just flow and it would— within different areas of the 
community, it would puddle large enough that the kids would go and we 
would play in that water. – “Kate;” government employee; 60s 

 
Many other participants reminisced about mud holes, with one noting: 

At the village where I grew up in Bacavi, when it rained, we’d have mud 
water holes or mud ponds. And the mud ponds would stay there for, oh, a 
month. – “Bill;” farmer, rancher and government employee; 60s 

 
Contrary to the image of a dry, tumbleweed-filled desert, a few people described how 

they used to hear frogs croaking after it rained.  

 

One participant acknowledged his own concern that perhaps his recollection of his 

childhood was idealized, but refuted that possibility with what he now saw: 

“Kenneth”: I think just when I was young, it seems to be that I guess 
when we weren’t in the drought, like this, that yeah, we would always be 
in a good times when we had plenty of snow, we had good spring rains 
and then when the monsoons came, they came. And then that gave us a lot 
of water. ‘Cause there would be times these washes would just be flowing 
and flowing, and you know, that’s a lot of water. …But I kind of think, 
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‘Well maybe when I was young, it’s just because I was young and that’s 
why it was more.’ But then I see what’s not happening, like I mentioned, 
the washes would be flowing, flowing. 
Eliz.: Yeah. 
“Kenneth”: So I don’t see that no more! – “Kenneth;” farmer and 
government employee; 60s 
 

 

Participants also recalled vegetation such as springtime flowers.  

The other thing that I remember that I don’t see very often now is when 
we would travel from here to Moenkopi, we used to see on the road all 
these different wildflowers—purple ones, yellow, some red, especially I 
remember my mother used to call this one red flower Indian paintbrush. 
And we used to see them on the side of the roads, growing in the early 
spring into, you know, into June, around that time. And it would just be, 
you know, just miles and miles of this. And then we’d see, you know 
some sunflower here and there. – “Kate;” government employee; 60s 

 
Similarly, other participants described there being more vegetation such as wild grasses 

and other native plants. 

  

5.3 Precipitation 

There was a notable consensus among participants that three major changes were being 

experienced with regard to the rain: first, that less rain overall was falling on Hopiland; 

second, that the timing of rainfall had shifted; and third, that the pattern of rainfall was 

different from what it had used to be, with patchy and unpredictable precipitation. 

Similarly, some participants reported two changes in snowfall: first, as with the rain, 

there was simply less snow falling (one woman summarized this succinctly: “We don’t 

get as much rain and snow as we used to;” and second, that the snow often had a different 

quality than it used to—it was powdery rather than wet snow. Participants’ descriptions 

of these changes are outlined below. 
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5.3.1 Less rain and less snow 

Numerous participants felt that overall rainfall had declined in recent memory. One man 

provided the following assessment:  

As far as precipitation, it’s been very dry winters and also dry monsoon 
seasons. It doesn’t rain. It’ll rain, but not as much as in the past. – “Joe;” 
farmer and rancher; 40s 
 

This observation was echoed throughout the interviews: 

I would probably say we’ve been in a drought for well over 10 years, and 
even though we do get some rain and moisture and things like that, it’s not 
adequate enough to maintain a level of farming where you can adequately 
have a good harvest. – “Bill;” farmer, rancher and government employee; 
60s 
 
And up to today, the amount of rain that we used to get, we don’t get 
anymore. And our winters have—We haven’t gotten the snow. – “Coral;” 
government employee; 60s 
 
[B]asically during the winter really very little snow and also during the 
monsoons and July and August, very little rain. – “Dave;” farmer and 
government employee; middle-aged 
 

Rainfall is critical to the production of healthy corn crops and the maintenance of 

adequate natural vegetation to support livestock. Snowmelt too is important for ensuring 

that the ground is moist enough for corn planting, as will be discussed in Chapter 6.  

 

According to a Range Management employee, the lack of precipitation has also 

contributed to the drying of certain springs and shallower wells: 

Over the past years, our amount of rainfall and snowfall has decreased so 
much that we’re not getting any recharge back into our springs and some 
of our wells that are under 800 ft [deep]. – “Ellie;” government employee; 
50s 
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5.3.2 Shift in timing of rainfall 

In addition to the quantity of precipitation, participants explained that the timing of rains 

had changed; this was noticeable particularly in relation to the planting calendar and the 

ceremonial cycle. The rains, they noted, generally arrived later in the summer than 

typically expected. One man said, for example, that rains are “a little later than what 

[they] used to be,” continuing with:  

I mean, we used to judge it with the scheduling of dances. You could 
always say that if the dances end in June, and the home dances start in 
July, then usually they’re—That’s usually the time that it somehow 
coincides with the home dances, the monsoon type thing. But, I think now, 
the home dances start and the monsoons are just not rolling in, or getting 
started. It’s kind of now delayed. It’s not as on a regular schedule like it 
used to be. – “Kenneth;” farmer and government employee; 60s 
 

Others noted the same delay in expected summer monsoons:  

In July, we used to get it the first week of July, for like two weeks. We’d 
get a good monsoon, but now, you know, it’s not, it’s not happening.  
– “Bernard;” farmer, rancher, and government employee; 50s 
 
This year, it seemed like it moved from July into August too, the rains.  
– “Elliot;” farmer; 70s 

 

5.3.3 Change in pattern of rainfall  

Even more frustrating than the delay in rainfall was that formerly reliable rains, which 

used to cover the whole reservation, were now unpredictable and patchy. One person 

called this ‘strip raining’ “because it doesn’t come as a big storm; it comes in little 

strips.” Consequently, rain falling only a few miles away might never reach a nearby 

farmer’s field. While the weather was very dry during my first visit to Hopiland in the 

spring, I observed this phenomenon frequently during my second visit in late July and 

early August. Although heavy storms would occur, they were brief and hit only small 
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portions of the reservation. It was possible to see a rainstorm in the distance, drive 

through it, and emerge from it within just a few minutes, with the storm not reaching my 

ultimate destination. Farmers in particular described the disappointment and frustration of 

watching rain clouds move towards their area, only to see them dissipate or circumvent 

their fields.  Lamented one: 

Sometimes the thunderstorms come and they just go right by, almost half a 
mile area misses your field, you know. So it’s—That’s part of the stress 
sometimes when you see those things happen. – “Kenneth;” farmer and 
government employee; 60s 
 

 Another farmer described it as “hit-and-miss” and added that, 

Before, when it used to rain, it used to rain kind of reservation-wide. But 
now it’s just so isolated in certain pockets that you can’t really count on it 
too much anymore. – “Gavin;” farmer and government employee, 30s 
 

The same sentiment was repeated by another farmer who described watching promising 

clouds bypass his fields:  

When the clouds come in, you’ll see the great, big thunderous clouds, 
good moisturous clouds come in. They’ll come so far then they’ll just 
break up and go both ways on that side, and they’ll go around this side. 
Never on Hopi. – “Grant;” farmer and rancher; 60’s 

 
 

5.3.4 Snow quality 

In addition to diminishing snowfall, as described above, a few participants noted that the 

type of snow that was falling was also inadequate. This snow was described as “fluffy 

and dry” by one person, and “powdery” by another. The quality of the snow is 

particularly relevant to farmers because the moisture that remains in the ground from 

winter snow is critical for the success of spring planting: Since in dry farming, no water 

is added during or after planting, this residual moisture, if it exists, helps to sprout the 
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seeds (see Chapter 6 for a more thorough explanation). However, powdery snow does 

not, in some participants’ estimation, leave behind adequate moisture: 

The last storm that came through out in [my area], we had about four 
inches but it was real fluffy and dry. I mean, it melted and soaked in some, 
but it didn’t go very deep. – “Mike;” government employee; 50s 
 

Reinforcing this observation, another farmer noted: 

We used to get a lot of snow when I was younger—a  lot more than we do 
now—in the winter. And it used to be—I guess the difference of that snow 
was more wet, I would say—or, like, the heavier snow. Lately, what 
we’ve been getting is this real powdery stuff that doesn’t really stick or it 
just blows around. It’s not the same kind of snow, I guess. – “Gavin;” 
farmer and government employee, 30s 
 

I happened to observe a heavy snowfall in mid-April during which certain areas of the 

reservation were thoroughly blanketed. Yet, within a day, the snow had all disappeared 

and the ground seemed as dusty and dry as ever.  

 

5.4 Springs 

The decline in spring discharge was a consistent theme throughout the interviews, 

discussed in the context of ceremonial as well as household use, gardening, and 

childhood play. Different springs are significant for different reasons, with some 

important for drinking water, some for ceremonies, some for gardens, and some for the 

participant’s recollections of having played near the spring as a child. Several participants 

offered to show me springs near their homes. As we viewed a spring in the side of a 

mesa, one man said: 

See, how dry it is down there? There’s no water going down. It’s coming 
out a little bit here. It used to be that all this [the holding basin] was full of 
water here. – “Grant;” farmer and rancher; 60s 
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Another participant and I looked out over a large wash running through the Moenkopi 

valley. As he spoke, he pointed to the locations where springs used to be: 

There used to be a little spring there. It’s not there anymore; that one never 
came back. Right around this corner in the cliffs there, there used to be a 
nice spring there, too, but it’s gone. And above, there used to be some 
springs there too…  – “Waylon;” farmer, rancher and religious leader; 
elderly 
 

In response to my asking that he describe the current water situation—a general question 

designed to allow the participant to answer according to what aspects of water they 

considered important—one participant said amiably but bluntly, “Actually, we don’t have 

any water.” He added: 

It’s just been dry. I remember I used to go around and, you know, even 
here in the village, the wells are dry, the springs are dry. We just don’t 
have any water at all. – “Sam;” religious leader; 50s 

  

 
For some, the springs themselves were an important observation that indicated to them 

that drought was occurring. As one man stated: 

[T]he springs are getting dry throughout the villages. That’s what the 
Hopis depend on, is those springs. So we know that, you know, we are in a 
drought. – “Dave;” farmer and government employee; middle-aged 

 
The potential causes behind drying springs are complex—possibly including but not 

limited to drought—and they are described in Chapter 7. 

 

5.5 Vegetation 

Participants also brought up their observation that drought had deteriorated the quantity 

and quality of vegetation on Hopi. The decline in native plants, the increasing pressures 
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of non-native species, and overall poor range quality, were all generally attributed to a 

combination of dryness and overgrazing.  

 

5.5.1 Native species more scarce 

 
As described in Chapter 3, Hopiland is a high desert, characterized by ecological 

communities that include grasslands. However, participants outlined changes in native 

vegetation—in particular a decline in native grasses and wildflowers as a result of 

extremely dry conditions. (Participants’ descriptions of wildflowers were presented in 

section 5.2.) When asked about their observations about the effects of drought, these 

participants responded with a statement about how the entire landscape had changed:  

“Pamela”: Well, I know that, because I grew up on the ranch, too, with 
my uncles and them, that it was what they call [Hopi word: suck-tah-lah]: 
greenness. You hardly ever see that. 
Eliz.: What is— 
“Rose”: Like if you were to look out. 
“Pamela”: An abundance of grass that’s green all over.  
“Rose”: It wasn’t always just this brown 
“Pamela”: Yeah 
“Rose”: You know 
“Pamela”: And like the— 
“Rose”: And flowers were all over, but now it’s a little bit—the scenery’s 
changed because of the drought. – “Pamela” and “Rose;” former 
gardeners; ages not given 

 
Another female participant talked about the change in the scenery as well: 

But, you don’t see [wildflowers] hardly ever; maybe if we do get maybe 
some good snow during the wintertime and by the springtime you may see 
just patches here and there. But they used to be along the roadside, you 
know, to Tuba City. And they were so beautiful. – “Kate;” government 
employee; 60s 

 
It is worth noting that I visited during springtime and noticed no wildflowers at all during 

my long drives to various parts of the reservation.  
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The overall decline in vegetation was also in part attributed to range management issues 

and wind. Additionally, participants felt that native species were being crowded out by 

invasive species: 

And native grass is being overtaken in certain areas by the Russian olive, 
Russian thistle. You’re seeing more abundance of other plants that never 
were here, but I’m sure was brought in by the wind or whatever.  
–“Ramsay;” farmer and government employee; 60s 
 

Such non-native species form the substance of the next section. 

 

5.5.2 Rise in non-native species 

Changes in the landscape are due not only to the disappearance of native species but also 

the spread of non-native, invasive species, which some participants referred to as 

“noxious weeds.” Frustration with the spread of non-native species was expressed by 

farmers, ranchers, and Department of Natural Resources employees. These include the 

commonly-mentioned Russian olive, tamarisk (salt cedar), and camelthorn. Possible 

explanations for the increase in non-native species, put forward by participants, included 

the government’s (misguided, in hindsight) introduction of shade trees for livestock, and 

the spread of non-native seeds from low-quality hay used to feed livestock, tractor 

wheels, and annual weed cutting on the sides of highways by the Arizona Department of 

Transportation. Increasing winds were hypothesized to have aided by blowing seeds to 

new areas.  

 

Regardless of the source, however, invasive species now have an established presence on 

Hopi. When asked to explain what he meant by “bad” vegetation, this participant 

responded,  
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Fewer native plants, and there’s invasive noxious weeds coming in, taking 
over. Because they use less water. And they’re the only things that are 
green out there. You think it’s good vegetation and you go up to it and it’s 
not; it’s something that is foreign to, foreign out here. – “Bernard;” 
farmer, rancher, and government employee; 50s 
 

People described difficulties in permanently eliminating these species: “There’s a lot of 

growth of… the tamarisk—the salt cedar—or either Russian olive, which, you know, we 

try to get rid of it, but it just keeps coming back.”  

 

Water sources such as washes, springs, and pipelines have been affected by the 

introduction of non-native plants. Invasive species are clogging up washes and pipelines 

as well as soaking up water, thereby reducing its availability for other species. Said a 

staff member in Range Management: 

A lot of the invasive weeds, it also dries up the springs. And also along the 
main, the main, I guess, you know, drainages, the arteries that go into 
those main drainages, it’s just, it seems like it’s just constant all the way 
through. … And that changes the path of the washes, you know. We have 
a program, but we don’t, we don’t really have the funding to go out there 
and spray or do pesticides or remove it. – “Scott;” farmer, rancher and 
government employee; 50s 
 

The plants themselves collect debris, further blocking the waterway. Similarly, according 

to the same participant, “Our pipelines have really clogged up where we—There’s a lot 

of pipelines that we do, they’re clogged up by the invasive weeds, or the roots.” 

Resources to address the problem are urgently needed. Early in my visit, a participant 

took me to see one wash, pointing out with frustration the trees that grew in the middle of 

it, surrounded by the debris of dead plants. “Look how much it’s collecting—all these 

tumbleweeds,” he observed.  
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While some invasive species were characterized by participants as the only plants that 

could survive in increasingly dry conditions, others, like the trees, were seen as sucking 

up too much water from their surroundings. “They’ve tried bringing the spring back,” one 

woman, who had had to abandon her spring-irrigated garden, recalled. “You know, but I 

think that it’s the trees down there and the tamarisks too, that have sucked it up.” In some 

areas the trees appeared to be dying because it was so dry. A participant observed: 

Even those trees out there, those Russian olive, they’re dead around here, 
now. Which is okay—which is good. Because they’re just— They absorb 
a lot of water, especially those, that cedar—salt cedar. They use a lot of 
water. – “Grant;” farmer and rancher; 60s 

 

Overall, the change in vegetation patterns was a point of concern among many 

participants (especially ranchers). The following participant, a staff member in Range 

Management, gave this excellent overview of the change in range quality over time:  

What we’ve seen over the past years is, because we’re not getting the 
moisture, we’re getting plants that are more hardier, that can do with less 
amount of water. And unfortunately, most of these are what they refer to 
as invasive plants. And we’re starting to see a lot of these plants come in. 
Whereas, I’d say maybe ten years ago, we had a lot more grasses out there 
that were edible, that the livestock and the wildlife could eat. But, you’re 
not seeing that anymore; you’re going more towards your mustards, 
you’re going more towards your spiny type of plants that have just a short 
growth period and then they dry out. So, I don’t know—if our weather 
patterns don’t change and we don’t get the moisture that we need, I think 
the vegetation that we have sitting on our land base, which is dependent 
upon our water sources, is really going to change. And we’re starting to 
see the effect of it now. You know, it’s been gradually coming on but 
within the past, I’d say, two years, we’ve really seen the destruction of the 
land base with an increased number of sand dunes appearing within our 
range units, decreases in edible vegetation with an increase in invasive 
weeds coming in. – “Ellie;” government employee; 50s 
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With regard to overgrazing, people reported that dryness had led to a reduction in 

available forage, as discussed in earlier sections of this chapter, and that some ranchers 

had not taken the necessary steps to lessen stress on the land by reducing herd size.  

 

Equally problematic seem to be the increasingly frequent and strong winds. With very 

dry earth and little vegetation cover, wind is moving sand around, creating significant 

duning which stifles plant life by burying new growth. As we looked out over the land, 

one person noted, “See, because of overgrazing and no moisture, you see that the sand 

dunes are just kind of building up all over here.” Another person exclaimed:  

“Jeffrey”: The hellacious—I call it hellacious—windstorm we had 
yesterday—did you see it?  
Eliz.: Oh yes, I was in it. 
“Jeffrey”: It’s because there’s no grass! When will people realize that? 
I’m beginning to see sand dunes where I’ve never seen sand dunes. You 
go from here past the health care [center] just a little ways, look to your 
left: There’s sand dunes there that I didn’t see there two years ago…And 
it’s beginning to cover somebody’s corn field. – “Jeffrey;” farmer, 
rancher and government employee; 60s 
 

Similarly, this participant explained how the two factors of overgrazing and wind 

combine in a vicious cycle: 

They just don’t have any control over overgrazing. That’s the reason why, 
when wind blows, there’s a lot of sand going through. There’s not enough 
vegetation to hold anything down. – “Ike;” farmer and government 
employee; middle-aged 
 

Said another participant: 

I guess we’re the dust bowl now. – “John;” farmer and government 
employee; middle-aged 
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For some, the noticeable changes in vegetation were a direct indication of drought: “And 

then of course,” reflected one man, “if the grass isn’t growing, you see stuff like piñon 

junipers start dying back, you know you’re in a drought.” 

 

5.6 Temperature 

The increasing unpredictability of temperature extremes was remarked upon by some 

participants, who reflected on unusually early warm spells followed again by cold spells 

that imperiled peach blossoms and threw off the corn planting calendar. In addition to 

increased variation, some people noted that cold temperatures sometimes arrived too 

early in the fall, and in the spring, intermittent cold snaps confused plants and animals 

alike. Additionally, participants reported that summer temperatures were hotter than they 

used to be, creating an inhospitable environment.  

 

5.6.1 Unpredictability in weather 

Interspersed hot and cold spells, particularly in the spring, created problems for 

agricultural activities. Peach blossoms, for example, budded early during hot spells, only 

to freeze in ensuing cold spells. One participant noted the perplexing difficulty in 

predicting the seasons, and their effects on the peach trees especially:  

You know, and right now, we thought we had spring; we had a dry, warm 
winter. And right now, my peach orchard is in full bloom, probably at 
least almost a month ahead of schedule. And that’s because it’s reacting to 
the warm weather right now, and suddenly yesterday another cold spell 
hit. – “Dave;” farmer and government employee; middle-aged 
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Other participants explained that because seasons were no longer aligned with the 

traditional planting calendar, it had become difficult to decide when to plant:  

Let’s say, because of our ceremonial calendar year, we kind of knew 
when we would plant. And we would— it would generally fall on a 
certain time of the calendar year. But now that’s kind of moving 
backwards because it’s been staying colder longer and that’s the weird 
thing though, too: We would have these real hot spells sometimes when 
it’s— and then it would get really cold again. And that’s the thing that’s 
been kind of detrimental too is that— especially to our fruit trees that we 
have out here. Because they already start to flower and whatnot, and then 
during one of the, if we hit one of these warm periods, and then another 
cold spurt would come right along after that and it would just freeze all 
the flowers, and so you won’t get any fruit that summer. So it’s been one 
of those kind of weird things that’s been going on too, associated with all 
this stuff. So it kind of makes it harder to plant, now. It’s like, you’re 
kind of trying to figure out when the last freeze is going to be.  
– “Gavin;” farmer and government employee, 30s 
 
 

5.6.2 Longer winters 

In keeping with unusually late freezes, participants mentioned long winters, both in that 

the cold hit earlier in the fall, and that it lasted later in the spring. As one man put it: 

 
Today’s confusing. We seem to have almost eight months of cold weather. 
Where before, you know, it was— when you plant in May, you know, it’s 
already warm enough and the climate is settled. And we could— But 
today it’s really confusing. And the trees are blossoming today, the peach 
trees, pretty, all that. But it’s cold—and windy. – “Jeffrey;” farmer, 
rancher and government employee; 60s 

 
However, in keeping with the theme of variation some people mentioned that some 

winters were long, others short; general unpredictability became an important theme in 

discussions of temperature. 
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5.6.3 Extremes 

Finally, some participants noted that summer temperatures had become more extreme, 

contributing to a general lack of livability. High heat made usual activities especially 

difficult and ceremonies unpleasant: 

One thing that I could really say about the climate is that it seems as 
though I’ve seen it come from a nice, livable climate to one now that I’m 
in my 60s, to me that is sometimes real unbearable. You know. Even to 
when especially around July when we’re either at ceremonies, or, you 
know, we’re doing something in our garden. We either have to do it early 
in the morning when it’s still cool, or we have to wait late in the evening 
when it cools down before we can get out there and really do what it is 
that we need to do out there. … [N]owadays, you know, you hear of 
people going to the fields and they say they’re drinking a lot of water, but 
the air that— the breeze that comes through is a hot breeze. And so, you 
know, you find that men are saying, “It’s too hot to stay out there. We 
can’t stay out there.” So we have to really be careful in trying to keep 
ourselves hydrated even just to do our traditional and cultural things, 
which is so different than what it was when I was a young girl. – “Kate;” 
government employee; 60s 
 

This participant also noted the effects of the heat on corn plants, which, despite 

being adapted to the warm, dry climate, were not able to withstand extreme 

summer temperatures: 

[I]n my years of growing up, I don’t ever remember here on Hopi ever 
getting the temperature to be about 105, but that did exist in the 2000s. We 
did get up to about 105. And that was so un— you know, un-normal, that I 
remember that my husband, when he planted, he would come back home 
and he would say, “Our plants are dying. It’s just too hot.” – “Kate;” 
government employee; 60s 
 

 

5.7 Estimates of duration of drought and unusual years 

A total of 25 participants made some statement regarding the timing or duration of 

drought or other weather indicators (for example wind, drying springs, etc.). 

Interestingly, there was very little consensus on good years—that is, years when 
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precipitation had been sufficient. Only 10 participants were able to recall specifically a 

good or bad year and sometimes these conflicted, even between farmers planting in the 

same general area of the reservation. In fact, the only agreement in participants’ 

memories of good years was between two participants who both identified 1998 as a year 

when they got good harvests.  

 

There was considerably more agreement surrounding bad years, with 5 of the 10 

participants noting that 1996 was an especially bad year. A Department of Natural 

Resources employee provided an explanation for naming that year in particular: 

That’s when we, I think, first really experienced, or I did— ‘cause we 
were doing an inventory that time and we had a lot of plant mortality and I 
think we had a lot of cattle death around that time too. – “Martin;” 
farmer, rancher and government employee; 50s 

 

This participant’s explanation, discussed further in the following section, suggests a 

reason why the year 1996 was prominent in several people’s minds.  

 

About two-thirds of participants—22 in total—gave an opinion on how long the drought 

or “weird weather” had lasted. While one person estimated that conditions had been 

declining for 40-50 years and two estimated that this had been the case for about 30 

years, the majority (17) gave a number between 10 and 20 years. A couple people 

estimated slightly less than that, or eight years. Some participants noted wind patterns 

that paralleled the drought: Two stated that the drought had lasted as long as the unusual 

wind patterns had. The topic of the duration of unusual winds arose in in five interviews, 
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with participants giving a range of 4 to 15 years’ duration, continuing, as with the 

drought, into the present day. 

 

5.8 Discussion 

While it is not the intent of this paper to compare participant’s observations to other data 

to see whether the former are “right,”11 it is nevertheless worth noting that there is 

considerable concordance between participants’ reports and what existing quantitative 

monitoring data indicate. Participants reported reduced rainfall and snowfall, and indeed, 

long-term monitoring data likewise point to increasingly drier years on Hopi beginning 

around 1990 as indicated by lower and lower 12-month average Standard Precipitation 

Indices (SPI), with fewer years during this period having an average SPI than in previous 

decades (Crimmins, 2013a). Along these lines, winter precipitation was below average in 

the region for 11 of the 15 years prior to 2011 (Ferguson, 2011). Correspondingly, there 

were more frequent occurrences of summer drought on Hopi starting around 1990 

(Crimmins, 2013b). 

 

The decline in spring levels discussed by participants is also in line with reports coming 

from Hopiland as early as 1993 (Wilkinson, 1996). More recently, a report from the 

National Resources Defense Council (NRDC) asserted that monitoring data from the U.S. 

Geological Survey indicated that three of four monitored springs had declining discharge 

11 Where discrepancies exist between qualitative and quantitative data, it should not necessarily follow that 
the qualitative data are “wrong.” Participants’ perceptions are real to them—those perceptions are their 
truth (Rubin & Rubin, 1995). Furthermore, where weather monitoring data is concerned, faulty equipment 
and/or human error can create systematic bias. Gaps in monitoring data exist particularly in remote areas 
such as the Four Corners region and there are problems with data sharing between federal and tribal entities 
(Ferguson et al., 2011). Consequently, quantitative data, especially in this area, are not necessarily the last 
word on ‘what’s really happening.’ 
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of between 24% and 85% depending on the spring and the length of time considered 

(historical records yielded overall greater estimates of declines) (National Resources 

Defense Council [NRDC], 2006). (Interestingly, this report criticized the use of simulated 

models to assert that no damage had been done to springs, when actual monitoring data 

demonstrated otherwise.) As previously mentioned, the possible reasons for declining 

discharge from springs are complex—the NRDC report, for example, focused on 

groundwater pumping by Peabody Coal. These issues will be discussed in Chapter 7. 

 

Additionally, participants’ reports of changes to vegetation quality and quantity have 

been echoed elsewhere. “Shifting plant ranges” have been previously been acknowledged 

in the area (Ferguson, 2011), and the Tribe’s own maps of range quality, beginning in 

2004 and continuing to the present day (graciously provided by the Hopi Department of 

Natural Resources; see Chapter 4) show increasing areas of overuse. 

 

Participants’ discussion of the contribution of wind to the problem of duning and 

resulting poor range quality have also been the subject of academic investigation, with a 

CLIMAS report recognizing that, 

wind events during times of drought result in a whole host of impacts, 
including sand dune migration (and the threats to roads and settlements 
these can bring), range and archeological sites becoming heavily impacted 
by blowing dust, highway closures from poor visibility, and public health 
threats from poor air quality (Ferguson, 2011, p. 7). 
  

The subject of sand dune migration has received attention from the U.S. Geological 

Survey, which has used GPS to map the migration of sand dunes on the Navajo Nation 

over time, concluding that the movement of sand dunes in that area was at about 115 
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feet/year, “presently endangering housing and transportation, potentially jeopardizing 

native plants and grazing lands, increasing health hazards to humans and animals, and 

affecting regional air quality” (Redsteer, Bogle & Vogel, 2011, p. 2). 

 

Finally, participants described increases in temperatures. This observation is also 

supported by monitoring data that indicates increasingly frequent seasonal temperature 

anomalies trending towards higher temperatures on Hopi in winter, spring and summer 

(Crimmins, 2013c). 

 

While participants’ memories may not have been flawless, particularly when thinking 

back to years when conditions were normal—good years—they had ready opinions on 

the long-term trends in the region as well as on years that were bad anomalies. The value 

of comparing the observations of participants is in demonstrating that people whose daily 

lives and traditional activities are in tune with the natural environment should be 

respected sources of on-the-ground knowledge of climate issues, as these people can 

identify the major trends in climate that have been affecting the region and place these 

trends in a historical context that includes their recollections from childhood, and the 

stories of their parents, grandparents and ancestors. 

 

The difficulty participants had in recalling specific good and bad years may relate to the 

fact that because farming is for cultural rather than financial reasons, no records are kept 

regarding harvests. Hence, it is not difficult to see how years might run together in a 

person’s memory. The notable lack of consensus among participants who did identify 
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specific good years may reflect variable microclimates that differentially affect farmers 

planting even within a short distance of each other. For instance, a farmer planting in the 

floodplain of a wash may have an excellent harvest in the same year that another farmer 

whose field is only yards away may not.  

 

However, the identification of 1996 as a particularly bad year by half of those who 

recalled specific good or bad years is notable and merits further investigation. “Scott,” 

quoted in the previous section, recalled what he observed during Department of Natural 

Resources inventories during that year. Another participant mentioned that 1996 was the 

year of a BIA inventory that led to imposed livestock reductions—by about 50%—for 

ranchers; it is quite possible that this event lodged in people’s minds, particularly as all of 

the participants who mentioned this year are either employees of the Department of 

Natural Resources or ranchers. Yet, regardless of what factor(s) helped people to 

remember this specific year, it was actually the case that 1996 was a very bad drought 

year for the Southwest—in fact, it was the fifth driest November (1995) through March 

(1996) on record, and the 13th driest spring (Brown & Heim, 1997). Conditions were 

“aggravated by above-normal temperatures, very low humidity, and frequently windy 

conditions” (Halpert & Bell, 1996, sec. 4-b-2). Thus, while BIA and Department of 

Natural Resources activities may or may not have anchored this year in some people’s 

minds, it was in fact a very unusually dry year for the region, and it is possibly simply 

those conditions on which participants have based their assessment.
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CHAPTER 6 

“This drought has really, really taken a toll on us”  
Farming, Gardening, and Wild Edible Plants 

6.1 Introduction to this chapter 

After setting the stage by reviewing participants’ observations of the physical 

environment in the previous chapter, this chapter takes the next step by presenting 

findings regarding how these changes in the physical environment have affected Hopi 

life. This chapter covers impacts to three major areas of traditional Hopi life—farming, 

gardening, and foraging for wild edible plants—and addresses the complexity added by 

several factors (termed ‘complicating issues’) that magnify drought’s impacts and/or 

hinder adaptation strategies. Next, the health implications of these impacts are unpacked. 

And finally, the chapter provides an overview of autonomous and planned adaptation 

strategies (see Chapter 2 for an introduction to these terms) mentioned in interviews. 

 

6.2 Impacts of drought 

6.2.1 Farming 

The centrality of corn—and therefore the farming of corn—in Hopi cultural life makes 

farming a good starting point for a discussion of the impacts of drought. Drought’s 

effects on crop yield and even on people’s decision to plant in the first place spiral out 

into other areas of community life. As one man stated, when drought causes people to 

become too discouraged to plant, that “affects our cultural, traditional ways of life, 

because we depend on corn.” The reality of drought conditions exerts itself on each stage 

of the farming process, from planting, to caring for the growing corn, to harvest time. 

101 
 



 

 

6.2.1.1 Planting – Unpredictability and risk  

As soon as winter begins to recede, traditional Hopi farmers are faced with a decision: 

Should I plant this year? And if so, when? Timing planting correctly is especially 

important in dry farming, when instead of irrigating the plants, farmers are relying on 

residual soil moisture to help sprout the seeds. Thus, factors that determine planting time 

include the amount of residual moisture in the ground left over from winter snow and 

whether corn can be expected to survive until summer monsoons arrive. Since corn is 

selected for planting from a seed stock that has been carefully maintained throughout 

generations, planting can be a risk—losing a crop means losing precious seeds. Although 

few participants themselves indicated electing not to plant in recent years, many said that 

increasing numbers of Hopi farmers were deciding not to plant in response to this risk. 

One man explained: “[A] lot of people are just not wanting to waste their seeds anymore, 

and just not wanting to plant, because they know it’s not going [to grow].” Similarly, 

other participants described being uncertain about whether they would plant. Discussing 

the effects of the previous, and very mild, 2011-2012 winter, one participant said: 

[W]e had very minimal snow. We had two storms: One in early December 
and one about a week ago. In between, nothing. About a month ago, I 
went out and plowed the fields and that was drying up pretty quick. So I 
was now trying to decide that, whether or not I would even plant.  
– “Dave;” farmer and government employee; middle-aged 
 

 

Uncertainty about the decision to plant is compounded by the fact that increasingly 

variable and unpredictable weather has made it more difficult to base planting time off of 

the traditional ceremonial calendar. In the past, the planting schedule was timed in 
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accordance with the ceremonial cycle so that farmers would be sure to have the necessary 

corn for ceremonies. Typically, according to participants, early planting of sweet corn 

took place in April or early May in order to be ready for use in the home dances in July, 

while the main planting typically took place in late May or early June. However, reported 

increases in weather variability—such as mild winters and unforeseeable late freezes—

have prompted some people to diverge from the traditional timeline. Those who do are 

faced with something of a dilemma: Plant early while the ground is still moist from 

minimal snowfall, because the moisture might dry up soon—and risk a late freeze or 

delayed monsoons? Or plant later to avoid a freeze and minimize the interval before 

monsoons provide much-needed water—and risk finding the soil too dry? The gamble 

inherent in this decision was described by this farmer: 

But now because of the wind taking a lot of moisture out of the ground, 
the lack of precipitation, and then the cold air that seems to be more 
persistent later into the year—I mean earlier into the year—, we have to 
boost our planting up maybe even as much as a month. I know that some 
people plant as early as April 15th. And that’s early. That is early. Late 
frost will kill everything, or when the winds come, it’ll also kill 
everything, so it’s just a chance that we have to take. – “Bill;” farmer, 
rancher and government employee; 60s 

 
One farmer explained that timing, as well as the location of the field, is critical:  

As a farmer, the last couple years, some people have done good. Some 
people haven’t. And I think it’s just the timing, when you put the seeds in 
the ground. And what condition the ground is [in] where your particular 
field is, or your particular site is. … [I]t’s really just going to depend on, 
like I said, when you put the seeds in and how much moisture you have in 
the ground at that point. – “Will;” farmer, rancher and government 
employee; 30s 

 
An unlucky decision could cost the farmer that summer’s crop. Consequently, 

climate change has not only increased the level of uncertainty in the timing of 
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planting but also the risk that farmers take when deciding that they will plant. 

However, this is only the beginning of the challenges. 

 

6.2.1.2 Growing season 

The repercussions of drought continue throughout the summer as the corn grows. During 

this time, the central predictor of a successful harvest is how much rain the corn field 

receives. With the observed reduction in precipitation and the ‘strip raining’ phenomenon 

discussed in Chapter 5, farmers reported that it is less and less likely that this condition 

for a good crop is met. Some parts of Hopiland may receive adequate rain, while other 

farmers watch with frustration as promising rain clouds pass by, knowing that the 

sustained lack of rain may mean the failure of the crops they’ve worked so hard to 

nurture.  One farmer described the anxious anticipation of watching clouds approach only 

to see them circumvent his field: 

[G]osh, you just wish, when the clouds come about—real thick, heavy 
clouds looming on the horizon—and they’re coming and then you’re 
wishing and hoping, ‘Oh boy, here comes the nice clouds. It’s going to 
rain. It’s going to rain.’ Nothing happens. – “John;” farmer and 
government employee; middle-aged 

 
The luck of the draw—whether your field happens to receive rain during the summer—

was identified as a deciding factor in the success of a crop: 

Eliz.: So you think that rains have changed? 
“Kenneth”: It has. This drought has really, really taken a toll on 
us. We used to have a lot of farmers doing good harvests every 
year, way back then. Now it’s just a few farmers that are really 
getting harvests. And but it’s all up, like I said, when the scattered 
rains hit your field, you know you’re going to get a harvest. If not, 
then you’re probably not going to get a harvest, type thing. It’s all 
based on the amount of rain you get on your field. – “Kenneth;” 
farmer and government employee; 60s 
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And if the corn plants survive the lack of water, then there are the pests: crows, rodents, 

coyotes, deer, elk, and insects. In a terrain where native vegetation and surface water 

sources have depleted (see Chapter 5 for a description), participants hypothesized that 

animals may turn to corn fields as a source of nutrition and moisture. One woman 

described the association as follows: 

[T]he ground is so dry ... And so, when we plant, we sometimes have to go 
further than we used to and then it doesn’t rain so our crops don’t grow. ... 
And so, sometimes we don’t get anything to harvest, and then we have to 
fight with the crows, and other—worms, and other, like animals, like the 
deer, the rabbits, the coyotes, because there’s no water for them to drink. 
They come and start eating and feeding on our crops, because that’s where 
they get their moisture … so we end up losing out quite a bit and so our 
harvest maybe get none or maybe just a little bit. So, you know, it has a lot 
to do with the drought. – “Coral;” government employee; 60s 
 

The perceived link between drought and increased pest activity in the fields was 

reiterated by this farmer: 

I believe—it’s just an opinion that I have, from a biological standpoint—is 
that they’re [the elk] after the moisture content in the crops, you know, 
because when they’re out in the wild, what they normally feed on—
grasses and forbs and leaves—they just don’t have the moisture content. 
And so when they find a source, like let’s say somebody’s nice little green 
two acres of sweet corn, you know, that’s gold mine to an animal that 
depends on that kind of resource. – “Will;” farmer, rancher and 
government employee; 30s 

 

The upsurge in pest activity makes farming even more time-consuming because of the 

need to constantly attend the crops in order to deter pests. Since farming isn’t an 

economic activity for Hopi people, most farmers (unless they are elderly) must have 

another occupation that provides a source of income. Those who work 8 to 5 simply can’t 

be in their field constantly to protect it from pests: 

We are now, we have now have deer visiting the farms, elk. They’re 
destroying the fields. And crows and ravens especially, are— if you don’t 
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visit your field on a daily basis, they’ll basically wipe out your entire field. 
… [W]ith today’s Hopi farmer, unless they don’t—unless they don’t have 
a 8 to 5 position as their income, there’s no way they can be out there 
every single day unless they have a family member who’s willing to stay 
out there, you know, 8 hours a day while the person is at work. And even 
at night is when the elk and the deer, porcupine, and the rabbits, coyotes 
will come, at night to partake of the corn. They do that because there’s 
hardly any moisture out there. So, they visit— So if you want to have a 
harvest, you also have to spend the night out there and wake up, you 
know, maybe every hour or so, use a spotlight to see if there’s any 
creatures in your field. – “Allan;” farmer and government employee; 40s 

 
 

This farmer described the disheartening—and devastating—effect of these waves of 

different pests during different stages of the growth cycle of the corn, as part of a larger 

discussion of the work that goes into maintaining a field: 

“Kenneth”: You’re always working out there. Or, I’m always working out 
there, on the weekend, trying to address certain things. Then we’ve got 
prairie dogs, then we’ve got rodents, then we’ve got other things, rabbits, 
that we’ve got to deal with once things start growing. 
Eliz.: Are the crows—? 
“Kenneth”: And then when the corn matures, then the crows all come 
from somewhere. You know, like— Sometimes it’s just a few and 
sometimes it’s like a whole flock of 50 crows all [swooshing noise] flying 
all at once. [laughs] And that, you sometimes— With this one last year, 
that’s what I was battling. First, it was trying to get a field, finally got a 
little field going, then the rabbits came and took what they—nipped on 
whatever they could, and it finally grew out of that. Then as the corn 
matured, the next thing I saw, was yeah, crows coming. So I was putting 
up scarecrows, every little thing to kind of say, “Okay. Leave my corn 
field alone.” [laughs] 
Eliz.: Did that work? 
“Kenneth”: And that didn’t help. I think they got braver and braver as the 
weeks went by, you know. I even had my old pickup truck parked there 
for a few weeks. So they kind of ignored that for a little while. Then I 
think they were just getting desperate like I was and saying, “Okay, we 
want the corn.” So, you know, they were right there by the truck. [laughs] 
So, it’s— Sometimes, it doesn’t work at all. So, when I’m on, you know, 
business travel or doing things, and I’m not there, that’s when they 
usually— They seem to know that nobody’s watching. So they’re all kind 
of, “Okay, open invitation. Let’s go have a party at the field.” 
 – “Kenneth;” farmer and government employee; 60s 
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In addition to larger animals, some farmers noticed an increase in insects that get into the 

plants themselves. This was considered to be associated with the drought, perhaps 

because insects weren’t finding hosts in their usual vegetation. The first person to bring 

up the insect issue in interviews described it as follows: 

“Joe”: The other thing we saw with drought conditions is the insects.  
Eliz.: Oh! 
“Joe”: They’ll make houses in the corn plants. 
Eliz.: Really? 
“Joe”: Yeah, so we have to spray the plants now. ‘Cause sometimes 
they’ll make houses in the plants and it’ll eat the tassel before they come 
out.  
Eliz.: Huh. What kind of insects? 
“Joe”: Just all different kinds. 
Eliz.: Okay. And that didn’t used to happen before? 
“Joe”: Hm mm. No. ‘Cause we noticed that, ‘cause they’ll eat on the 
plant and make holes in it. … 
Eliz. So you brought this up as a thing that’s related to the drought. So 
how do you see the insects as related to the drought? 
“Joe”: They can’t feed off the natural vegetation, so they’re coming to the 
crops that are…moist, I guess you would say. – “Joe;” farmer and 
rancher; 40s 

 
A discussion of the tactics used to cope with pest encroachment on crops follows in 

section 6.5.1.1. 

 

6.2.1.3 Harvest time 

When it comes to harvest time, the consequences of drought, acting throughout the 

farming cycle, may result in several different outcomes indicated by participants: no crop 

yield, reduced crop yield, stunted plants, and plants that have prematurely hardened and 

lost their moisture. Of these, finding oneself empty-handed at the end of the growing 

season is arguably worst of all. This woman talked gently about the heartache of seeing 

her sons come back with only one basket of corn: 
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It’s very difficult. So we do try to remain positive, but sometimes it’s just 
hard. A couple of summers ago, my boys, oh poor thing, they really 
worked hard on the corn fields. They were out there every day. And as 
hard as they tried, as often as they went, nothing changed. And when we 
harvested, we harvested one basket of corn. And they came in and you 
could tell they were really dejected and sad and came in and said, “Mom, 
we tried. We tried to make it right.” And I said, “Yeah, I understand.” I 
said, “It’s okay.” But I know it is really hard for them.  
– “Deborah;” government employee; 50s 

 
Another woman recalled past days when she and her husband would fill the backs of 

trucks with the corn they had harvested, comparing these memories to a recent summer 

when they were left with nothing: 

But one thing that I can say that has been so discouraging to me is that 
when I first married my husband, when he would plant, we would bring at 
least four truckloads of corn. And we used to grow white, blue, and we 
would probably bring at least three truckloads of white, maybe about four 
truckloads of blue home and we would, you know, have to harvest that 
and dry it and save it. And like I said, in 2010, was very depressing 
because we didn’t have anything to harvest. Now last year, we did. We 
had maybe about one truckload. And that was all. Compared to what it’s, 
you know, had been in the past. There’s just, you know, you can just tell 
the difference in where we live now. That everything is just so dry.  
– “Kate;” government employee; 60s 

 
And then of course people, individuals, who do farming out here, they 
start wondering and questioning, ‘Gosh I can already feel that I guess 
we’re not going to have much of a crop at the end of this summer.’ 
Because that’s essentially what happened last year. People who farmed— 
In certain areas, certain people did get a good crop, but others like myself, 
just barely got three or four ears of corn. And because you had to fight 
with the crows, too, and the ravens and all those other vectors, animals out 
there. So if you had the time to get out there and do your thing in the 
fields—protect it—you could. But, gosh, you’re just up against the odds, I 
guess, in that respect. – “John;” farmer and government employee; 
middle-aged 

 

The effects on the physical nature of the corn plants themselves were also noted by 

participants. In particular, stunting and premature hardening/drying out were described; 

naturally, participants related these issues to dry conditions.  
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I see where one time, you were to go out in the fields, you would see tall 
corn. Now, you’re seeing more and more, less height of corn. It’s not as 
tall and the plentifulness of the crop is not as abundant as it used to be.  
–“Ramsay”; farmer and government employee; 60s 
 
It used to be that, you know, they’d be tall. I think our corn stalks were 
probably about maybe, oh what’s that, about five or six feet high. [sigh] 
For the past five years, when we go out and look at the corn out there, it’s 
probably about, I’d say about three feet or less. And the corn that’s 
coming out, it’s hardy if you pick it when it’s real young. But if you let it 
mature a little bit, it hardens. So it’s not as edible as when... It used to be 
maybe about eight years ago if you picked it at the same time, it would 
still be soft; it would have milk in it. Now if you take a corn at the same 
time, maybe five ears ahead of time, when you go like this, the milk is 
already drying up. It has to do probably with the moisture. There’s just— 
Those plants are really pulling everything they can out of that soil to just 
keep themselves alive when you plant. – “Ellie;” government employee; 
50s 

 
 

Farmers find themselves facing hours upon hours of labor in their field—on top of 

economic employment—without necessarily a reasonable expectation of a crop. “I’m 

going to be planting soon,” remarked one farmer. “Am I going to have a crop? Am I 

going to harvest something? Am I going to eat something from my field? Those are 

questions.” Under such conditions, many Hopi farmers demonstrate remarkable tenacity 

in continuing to plant, especially as many farmers recalled their last good crop to be over 

a decade ago: 

Eliz.: When was the last time— Or, yeah, that you think, you feel your 
crop was really good? 
“Gavin”: I think, oh, probably about maybe 12 years ago, I would say. 
It’s been a long time.  
Eliz.: That is kind of a long time. 
“Gavin”: Yeah. And it makes a diff— A big difference what part of the 
reservation you’re on. Because we’re on the backside of [Village Name]. 
And I know a lot of people, like, haul water now for their crops. But we’re 
still trying to do it the old way, and we haven’t gone to that yet.  
– “Gavin;” farmer and government employee, 30s 
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Eliz.: So, you, you’d said some years—like what have been the worst 
years recently that you can remember? 
“Dave”: I remember my last big harvest was ‘98. 
Eliz.: That’s a while. 
“Dave”: I just, I just had truckloads of corn. I think I harvested probably 
the largest yield, perhaps— oy, we had a lot of corn. Probably maybe 
about six or seven truckloads of corn that we harvested. And then after 
that then I remember now dealing with the first time where we were 
getting less rain. It seemed like it just suddenly happened. So within the 
next four, five years, you know we just—we were just struggling to have 
crops. I remember one time, I just was able to harvest just a tub full of 
corn. You know, pretty much I took a chance and we had a little bit of 
snow, probably, so we took a chance and planted our fields. But that dried 
up, the winter moisture dried up pretty fast and then the corn of course 
dried up. So, overall, we had a little part of the field surviving where a 
flash flood had hit the year before. So, there was a little part of the corn 
field that was surviving, and then the crow came in. The crow and other 
vandals—even the coyotes came in. And then there was, you know, that 
kind of damage. No matter what we did to protect our corn fields, the crow 
were just equally hungry. It didn’t matter, and they came and just 
devastated what little we had left. – “Dave;” farmer and government 
employee; middle-aged 

 

Together, the challenges faced over the course of the spring and summer may result in 

having very little corn in the fall.  

 

6.2.2. Gardening 

Farming isn’t the only traditional, non-ceremonial activity affected by drought 

conditions. The Hopi people are famous for their beautiful terrace gardens (described in 

Chapter 3), in which they plant a variety of produce such as chili peppers, squash, and 

tomatoes. Irrigated using spring water, the gardens date back centuries. Fruit trees, 

introduced by the Spanish, also dot the landscape. In interviews, participants mentioned a 

wide variety of plants that they still grow or used to grow, including amaranth, beans, 

cantaloupe, chilis, cucumbers, grapes, melons, onions, pumpkins, squash, strawberries, 
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string beans, sweet corn, tomatoes, and zucchini, as well as apple, apricot, peach, pear, 

and plum trees. 

 

None of the produce grown on Hopi is sold outside the reservation; it is all consumed by 

the community, and participants reminisced about eating a variety of fresh fruits and 

vegetables grown by parents, grandparents or other family members in the past. 

However, drought has caused changes in the practices that used to provide so many Hopi 

people with fresh, locally-sourced produce.  

 

The phenomenon of drying springs described in the previous chapter has proved 

disastrous for traditional terrace gardening. With the only alternative to spring-irrigated 

gardens being hauling water, many once-flourishing terrace gardens have been largely 

abandoned. Two participants, a mother and daughter, used to tend a portion of the terrace 

garden below their village. They reported growing squash, zucchini, strawberries, 

tomatoes, green chilis, and onions. The mother brought up the issue of terrace gardening 

no longer being viable for her: 

“Pamela” (Mother): Yeah. And for me, I guess when we’re talking about 
springs, unfortunately, I haven’t been able to do the gardens down below 
our village here. 
“Rose” (Daughter): Terrace gardens. 
“Pamela”: Terrace gardens. For almost seven years now. Because the 
spring that I used to use is dry. But I could still plant but that would mean 
extra work to get water from—either to take it down in jugs from here, 
from home, or from another spring—the top spring. They— There was 
this one guy that tried to put a hose through there, and I guess I can’t suck 
hard enough on it to make the water flow. 
Eliz.: Oh. 
“Pamela”: So I’ve tried and tried, but I couldn’t. So I don’t no longer 
plant down there. And that’s sad. But, you know, I can’t. They’ve tried 
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bringing the spring back. – “Pamela” and “Rose;” former gardeners; 
ages not given 

 
Describing the same area, a man from the same village said:  

The springs below our village—there’s five of them, springs. Up through 
four, five years ago, we had still had about a dozen families gardening 
down there but pretty much they’ve all quit because the lower four—one, 
two, three, four, yeah—have all dried up, and the top two are, are 
producing, but not enough I don’t think. – “Dave;” farmer and 
government employee; middle-aged 

 
It is important to note that a variety of possible causes—including, but not limited to, 

drought—were proposed for the drying of the springs, and these causes are reviewed at 

length in Chapter 7. 

 

An overall lack of moisture was also considered to be responsible for fruit orchard 

decline. Of all of the fruit trees, the loss of the peach trees seemed to be most deeply felt, 

although apple trees were also mentioned, and to a lesser extent, apricot and pear trees. In 

the following quote, a man directly ascribed the death of the fruit trees to insufficient 

water: 

You know, when we were kids, there was a lot of peach trees around, 
apple trees, all this. They’re all dried up. You could probably still keep 
them going, you know, if you had taken buckets of water down there and 
watered them that way. They’d probably still be around, but it’s just too 
dry. – “Myles;” farmer and religious leader; 40s 

 
Another man fondly recalled the peach trees his grandmother tended: 
 

“Sam”: We used to have water throughout the summer. We don’t get that 
much rain anymore. We haven’t in the past, gosh, maybe 20 years. I 
remember when we used to get snow, big-time. I think when we start to 
get moisture again that these peach trees will come alive. And we used to 
get these peach— [animated] My grandmother’s peach trees up here on 
top. They used to get like softball-sized peaches! 
Eliz.: Really? 
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“Sam”: Yeah! I mean, they were huge! And apples, pears, we used to get 
here. [sad] They’re all dry now. We just don’t have any moisture at all.  
– “Sam;” religious leader; 50s 
 

 

However, not just the lack of moisture is contributing to the damaging effects on the 

trees. Participants also described the unexpected late freezes—so destructive to newly-

planted corn fields—that froze the buds on the peach trees: 

And that’s the thing that’s been kind of detrimental too is that— especially 
to our fruit trees that we have out here. Because they already start to 
flower and whatnot, and then during one of the, if we hit one of these 
warm periods, and then another cold spurt would come right along after 
that and it would just freeze all the flowers, and so you won’t get any fruit 
that summer. So it’s been one of those kind of weird things that’s been 
going on too, associated with all this stuff. – “Gavin;” farmer and 
government employee, 30s 
 

In response to the changes in water availability and weather patterns that have affected 

gardening, some Hopi people are now gardening using modified methods, which will be 

described in section 6.5. 

 

6.3 Complicating issues 

There are a number of issues facing modern-day Hopiland that—while not caused by 

drought—act to magnify its effects and/or hinder certain adaptation strategies. These 

issues range from modern social dynamics, to the availability of new machinery, to 

environmental factors; many are interrelated. A brief discussion of these issues is 

necessary in order to appreciate the full array of barriers faced by Hopi farmers and why 

they may choose to implement certain adaptation strategies to deal with drought rather 

than others.  
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6.3.1 Family units and communal activities 

As described earlier in this chapter, farming is a very time- and labor-intensive activity, 

particularly during planting and harvesting and most particularly if hand-planting is 

employed. A farmer’s whole family, along with other community members, might help 

out at these times, making it possible for a field to be planted by hand in only one day. 

Participants recalled being out in the fields as children and young adults, helping other 

community members with various tasks: 

We used to go harvest and like sometimes the villages, or the people in the 
village would say, “Okay I’m going to go harvest.” And we’d tell my 
mom, “I’m not going to go to school.” Even during the week sometimes: 
“I’m not going to go to school. I’m sick,” you know. So we, you know, 
that was our excuse for not going to school, ‘cause we’re sick. But we’d 
end up going harvesting. – “Sam;” religious leader; 50s 
 
And then in the old days, someone would come out in the village and 
make an announcement by doing a vocal announcement, you know, 
saying, “I need somebody to come help me hoe!” And as kids, we’d go 
run and get our hoes, just go with him. Never thought of getting paid. You 
just went out and helped. The community helped. We don’t have that 
anymore. Because the first question out of the young person is, “How 
much are you going to pay me?” That is changing our culture.  
–“Ramsay”; farmer and government employee; 60s 
 

Having help was described as essential to making the practice of planting by hand a 

practical one, and yet changes in family and social structure have meant that such help is 

less forthcoming now. Adult children may live off-reservation and may or may not be 

able to travel home for big events in the farming calendar. And as described by the 

previous quote, community help is less likely these days, probably owing to the fact that 

people’s time is stretched between other forms of employment and their own farms. 

These factors together mean that many people lack help in their fields. In Moon and 

Livingston’s (2003) survey of 77 Hopi farmers, only six indicated that they had help with 
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planting from the younger generation, only two had help during the growing season from 

the younger generation, and only five had help harvesting from the younger generation. 

In referencing this survey, Livingston said: 

One of the questions we asked in the farm survey back in 2003 was, you 
know, “Who helps you farm?” And the number— Quite a number of 
people said, “Nobody really helps me.”  

 
Without such assistance in the fields, it might take a farmer days to complete hand 

planting. Simply to make the task manageable, a modern Hopi farmer might turn to labor-

saving machinery. 

 

6.3.2 Machinery – the influence of tractors 

It is not difficult to imagine that farmers who have little or no assistance in their fields 

may turn to less labor-intensive methods of farming, such as the use of tractors.12 There 

are varying degrees of tractor usage: farmers may choose to clear their fields by tractor 

(saving manual labor) and subsequently plant by hand, or they may use the tractor to 

plant as well. An early interview clarified this distinction: 

Eliz.: Can you use a tractor to turn the soil and then plant by hand? Do 
some people do that? 
“Elliot”: Yeah. Yeah, ‘cause that’s what I did up there. I had this guy 
come in and— He’s another musician and he needed that box that I have 
for amplification: amplifier—for his voice, because the one he had didn’t 
work right. And so he was using it for I don’t know how long and finally I 
told him, I says, “If you really want that,” I said, “I know you have a 
tractor I need to have mine turned over.” And so he did. He did that for 
me. 
Eliz.: Okay. I see. 

12 A relatively recent study suggests that this is very much the case: According to Moon and Livingston 
(2003), of a (non-random) cross-section of 77 Hopi farmers, “68% use[d] a tractor to plant, 9% need[ed] a 
tractor but do not have access, and only 28% plant[ed] mostly by hand” (p. 2). 
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“Elliot”: And that was just, just turned, you know. And then I planted and 
that’s when it didn’t do that well. – “Elliot;” farmer; 70s 

 
Similarly, another participant guessed that many people “clear the land with a 

tractor, but they’ll plant by hand.” However, participants also discussed planting 

by tractor as well, using a modified planting apparatus. For example, the 

following participant readily identified himself as a “modern farmer” before 

detailing the difficulties he confronted during the 2011 planting season; he had to 

plant four times before he had viable plants: 

And I’m, I’m one of the, I guess I call myself a modern farmer, because I 
now plant with a tractor, whereas before everything was all hand and 
using the soil, we just use our planting stick. But with the tractor, you can 
plant in no time, you know, how many—what size of field you want. So, 
last year, I think I planted about four times before actually something 
grew. – “Kenneth;” farmer and government employee; 60s 

 
When asked what was causing each successive effort at planting to be unsuccessful, he 

responded: 

It was mainly the wind, because by the time it comes up, the wind hits it 
and sandblasts the whole thing, and knocks everything out. So I look at it 
and say, “Aw. This is already ruined.” So I go back and try to replant 
once. First, you know, I’ve got to kind of take care of the ground first. 
Because when I go back out it’s all in ripples; the sand has moved 
everything which way, and there’s still corn stalks under, out there, it’s 
going to have sand piled on top of those corn stalks. 

 
Participants presented some theories that might explain the difficulties faced by farmers 

who use tractors. Some felt that by turning up a lot of ground, tractors make the soil 

loose, and by churning up the deeper, moist soil, also make the fields drier. With looser, 

drier soil, the field is more vulnerable to the effects of the wind: 

They say some are using tractors and that’s, that’s contradictory to Hopi 
way. And ‘cause somebody brought up that their field just blows away, 
and they say maybe you’re doing that too much, and making it all loose 
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and that’s why it just blows away when the winds come. – “Elliot;” 
farmer; 70s 
 
These tractors too that they use on these fields, I think that’s made a big 
difference. Because the tractor actually kind of just turns up all the earth’s 
surface. They’re nice to have, but if you look at the way it used to be 
done—by hand, you’re not disturbing as much ground as with a tractor. 
And with the way these winds are coming in, if you go through and you 
get hit by a windstorm after you’ve just gone through and ploughed, 
you’ve lost all your topsoil. Yeah, you might as well not plant. – “Ellie;” 
government employee; 50s 

 
Another assessment is that tractor planting specifically limits the depth at which seeds 

can be planted. Hopi corn seeds, when planted by hand, may be planted anywhere from 

six to 18 inches deep depending on where moisture is found. In contrast, one participant 

guessed that the modified tractor planter only reached six inches—fine if the moisture is 

shallower in the soil, but not resulting in deeply-rooted plants that are more resistant to 

wind. 

“Dave”: [D]epending on how their implement is made, you know, some 
of them just go maybe 6 inches down at the most. 
Eliz.: Okay. 
“Dave”: They’re buried and then it’s covered. So, when the corn— I 
noticed ‘cause a lot of the farmers right next to me, they pretty much all 
plant by tractor. When it comes up, it’s not rooted strong enough, so when 
the winds come, it just blows them over. – “Dave;” farmer and 
government employee; middle-aged 
 

Instead of using expensive machinery, it might seem logical to simply downsize one’s 

field to make it more manageable for one farmer working alone. However, other 

factors—described next—make that an unlikely option. 

 

6.3.3 Expectations for exchanges 

As described in Chapter 3, the corn that Hopi farmers produce is crucial to Hopi cultural 

life. Not only is corn used in ceremonial dances, but it is also exchanged at events like 
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weddings. Over time, participants reported, the amount of corn exchanged at these 

ceremonies has increased, along with the introduction of non-traditional items such as 

pastries or store-bought food, or, in the case of wedding ceremonies, bags of purchased 

Blue Bird flour. The quantity of corn now exchanged—both purchased corn flour as well 

as processed Hopi corn—can be overwhelming for some families. This description 

provided by one participant gives a sense of the magnitude of the corn exchange at a 

typical modern Hopi wedding:  

“Allan”: The bride will usually bring truck-loads of Blue Bird flour to be 
distributed among the groom’s family members and aunties. So, the brides 
will usually bring maybe close probably now 300, 400 bags of Blue Bird. 
Eliz.: And this is the store-bought Blue Bird. 
“Allan”: Mm hmm. 
Eliz.: Okay. 
“Allan”: In addition to the processed [Hopi] corn and blue corn in the 
trashcan-full, gallon trash cans. And it’s packed down, too. So there’s 
literally a parade of cars bringing all these goods to the groom’s house 
where the bride has been for the past three days grinding corn. So the 
family members bring that. And on the fourth day, after she’s been 
grinding for three straight days, that’s when the marriage actually takes 
place … But then, they bring all the bakery goods and the Blue Bird sacks 
of flour and the processed Hopi blue corn and the groom’s mother will 
have a list of all her relatives and all the aunties that are really close to the 
groom, and the bride’s family is in charge of distributing their flour to the 
groom’s relatives. – “Allan;” farmer and government employee; 40s 

 
It is important to note that while these exchanges constitute gifts, part of the nature of a 

reciprocal society is the expectation that such gifts will someday be honored with a return 

gift of a similar magnitude, for example when the original giver’s own child gets married. 

Consequently, these ceremonies become a cycle of worry about whether the family will 

have enough corn to keep up appearances: 

I think families are observers, you know, they observe how one particular 
family held their wedding, and they’re really observant of how much is 
exchanged. So they try to meet that standard even though they probably 
can’t. So, you know, they see them with abundance, then it’s being traded 
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back and forth and I think to them, it’s almost overwhelming and that they 
are often worried about how to meet that need or that demand, you know. 
That’s why I was saying, you know, I wish someone would just have the 
guts to hold a wedding how it was traditionally performed. – “Allan;” 
farmer and government employee; 40s 

 
In this sense, it seems that this fundamentally reciprocal society has been influenced by 

mainstream society’s emphasis on conspicuous consumption, creating reciprocity at a 

magnitude that cannot be comfortably maintained by most community members. 

Expectations for gift exchanges are perhaps one factor—in addition to the use of tractors, 

described above—that has led to the expansion of Hopi fields. 

 

6.3.4 Larger field size 

The need to produce a larger yield (more demanding expectations for ceremonies) 

combined with the means to do so (using a tractor) may have contributed to the trend 

towards increasing field size, according to participants. While still extremely modest 

compared to the amount of land cultivated by commercial operations in the United States, 

the current average Hopi field size13 is actually larger than Hopi fields used to be. One 

participant, who has made an academic study of the change in Hopi wedding practices 

over time, attributed increasing field sizes to increasing demand for corn as well as the 

advent of the tractor, which made larger field sizes possible: 

The reason I wanted to include farming and farming practices [in my 
study] is because I’ve seen a lot of historical photographs—and even as 
late as the 1980s—where farms were not as enormous as they are today. 
They usually consisted of small plots, a lot of windbreaks. But now, it’s 
my belief that, due to the high demand in corn, when it matures and 
eventually when it gets harvested to bring back to the homes it’s simply 
not enough to sustain all the uses of corn that is for sustainability or for 
… So to me there’s not enough corn around to meet the demand and 

13 Hopi corn fields usually are between one and three acres (Moon & Livingston, 2003). 
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that’s the reason why farmers are now tilling more land to plant more. 
And it’s easy to do that now, because of the tractor. Hopi families are 
now purchasing tractors to expand their fields and to even plant with 
them. – “Allan;” farmer and government employee; 40s 

 
 

Perhaps the ability of Hopi farmers to use a tractor to expand fields in order to meet 

rising demands for corn would be a success story if it weren’t for some of the problems 

that result from this method. The problems posed by tractor use in an arid environment 

were discussed previously in section 6.3.2; in addition to these issues, there is the fact 

that a larger field makes it far more difficult to implement traditional strategies such as 

windbreaks. Many participants mentioned this specifically, such as a farmer who was 

considering using straw bales as windbreaks (discussed in more depth in section 6.5.1.2), 

but noted, “when you have a pretty huge area, it’s maybe not practical to do something 

like that.” Another participant explained: 

They used to just leave strips of natural vegetation between the other plots. 
But I guess with everything, with modern machinery and stuff like that, 
we tended to get our fields a lot bigger and that doesn’t really work as 
well, because you have bigger stretches of land in between. So when we 
had smaller plots, that was a lot more beneficial and useful. But once you 
get to getting over, like, an acre or so, it gets— it doesn’t really help 
much. – “Gavin;” farmer and government employee, 30s 
 

Windbreaks are a potentially important strategy, because with increasingly dry 

conditions, winds are causing dust storms and the movement of sand dunes. 

 

6.3.5 Wind 

Compounding the issues described above is another environmental factor that wasn’t 

anticipated at the beginning of the study: wind. The Four Corners region has always 

experienced a certain amount of wind, but participants reported both longer-lasting and 
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stronger winds than they had typically been used to. In the following quote, a participant 

compared today’s winds to what they were like 60 years ago, and went on to explain how 

they have thrown off the planting calendar (as well as been detrimental to other activities 

on Hopiland, such as ranching):  

The wind right now appears to be hotter, longer, and stronger. I remember 
back then—when I say back then, around the ‘50s—the wind used to 
blow. It would blow maybe for two or three days and that would be it. But 
today it would blow like for a week at a time. And you get so tired of it, 
you’re almost like, “When is this going to stop? When is it ever going to 
stop?” The biggest concern is our fruit trees, and of course the drying up 
of the land. Usually around this time of the year, late March, early April, it 
will start blowing, even into May, where we’re getting ready to plant. And 
our planting cycles have already also changed because of the moisture—I 
mean the lack of moisture, and the presence of wind, the strength of the 
wind. So the wind has a huge effect, not only on the farming areas but the 
ranching part. – “Bill;” farmer, rancher and government employee; 60s 

 
Another participant described the relentless winds, painting a vivid picture of how it 

affected his fields: 

And last year, I think we had more wind than any time before, that I can 
remember. And that’s all part of this drought. It just seemed like every 
week there was some kind of windstorm, week after week. It’s like, 
“Golly.” And I’m one of those that’s kind of in a sandy area where my 
field is, so it’s like a direct hit when the wind blows. And so it’s like 
everything I tried to do to help put in some kind of barriers to stop the 
winds, it just took them out and blew it away. [laughs] – “Kenneth;” 
farmer and government employee; 60s 

 
Not coincidentally, this was the same participant who had to plant four times during the 

2011 season before it took hold.  

 

However, it is not only through farming that the wind’s impacts are observable. 

Participants mentioned a fascinating variety of other metrics that, together, told a 
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convincing story about the changing climate of the area. One participant, for example, 

noted sand dunes along the highways and erosion around structures such as fences: 

I think over the last, gosh, you could even say ten years, maybe not quite, 
but it seems to be that long, because, gosh, around this time of the year 
now these kind of things are so— [the wind is] a frequent thing. And, you 
know, you almost expect it. Whereas years ago, I don’t recall seeing this 
kind of thing. I don’t recall those sand dunes building up right along the 
highways. I don’t recall that ever being there until within the last few 
years. And you see the land, you see things like certain objects, structures 
sitting on the land and around it, you know, the ground has been eroded. 
It’s windswept. So whatever that object is is sitting up on top. Or 
something that’s supposed to be in a foot and a half deep, you see the 
structure, the concrete reinforcement of a fence post, especially where the 
wind’s hitting it. – “John;” farmer and government employee; middle-
aged 

 
In addition to duning on the side of highways, high winds have caused closures of the 

interstate highway (I-40) that runs south of Hopiland and is a major east-way 

thoroughfare in Arizona: 

I see a lot more wind occurring. In the, as I will say, the old days, the 
winds weren’t this bad. And so an example is that in our day, we never 
saw I-40 ever shut down by wind. And it’s been within the last maybe four 
or five years that all of a sudden, it gets so heavy that they shut down the 
interstate. And that’s been unknown to happen. –“Ramsay”; farmer and 
government employee; 60s 

 
In another interesting example, a participant who has overseen construction in the area 

brought up the fact that he now has to put hurricane ties on buildings: 

“Ike”: Another thing that I have noticed: See, I do a lot of private 
construction work. And when I first started it back about 10 years ago, 15 
years ago, we were building homes, we never used to put hurricane ties on 
them, on the roofs here on the reservation. But now, we have winds that 
blow up to 55, 60 miles an hour! 
Eliz.: Yeah. 
“Ike”: That blew off some roofs. So now when we build a home, we have 
to put those hurricane ties on them. … So with less vegetation out there 
and then with the wind strong, it really is something that I don’t know who 
would have control over, over that. The winds is really strong now. It 
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never used to be that strong. – “Ike;” farmer and government employee; 
middle-aged 

 
This participant noted that the hurricane ties are at his own discretion, as the Tribe does 

not have building codes.  

 

Wind affects farming activities in a variety of ways. While farmers have always had to 

deal with some wind—evident in the fact that creating windbreaks is a traditional Hopi 

farming strategy—participants indicated that the increased severity of wind has had 

multiple impacts, such as drying up the land; blowing away topsoil; and drying out, 

sandblasting, uprooting, and/or burying corn plants. For instance, this participant 

discussed the way the wind dries out the land, leaving farmers with a dilemma: leave 

some weeds in the field to anchor the soil—but also suck away moisture from the corn 

plants, or remove the weeds and increase the risk of having the topsoil blow away: 

When we were kids, when I was a kid, it seemed like it [the wind] never 
used to blow like that. Like, they say March winds and whatnot, time of 
the year. Knock on wood it’s not going to blow anymore. I mean, for that 
sake, because it does dry up the land very fast. It dries up and it’ll blow 
away your top soil, what you have. And at times, you don’t want to— Just 
knowing, knowing when it’s going to blow, you don’t want to cultivate. 
But you need to cultivate, but as long as whatever weeds you have on 
there is holding the sand down, but at the same time, the weeds are taking 
the moisture out of the ground, what needs to be for your plants. And so 
it’s, I guess, about 50/50 gamble or I don’t know. Something you have to 
assess within yourself, what you want to do. – “Wright;” farmer and 
government employee; 50s 
 

Another farmer expressed this same problem of the winds drying out the ground, adding 

that the extremely dry earth and lack of vegetation increase the severity of flooding when 

rains do come: 

And now, we’re really faced with a hard time because the winds have 
come more repeatedly, which is drying out the ground, the surface. So 
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now when we go plant, you know, we as Hopi, we’re traditional farmers, 
so we still take the chance of planting our fields, regardless of if the 
ground is wet or not, and in turn, you know, we make our prayers for the 
rains to come back. … Now with the winds coming, you know, and drying 
out the land. And then when the rains do come, and then there’s no 
vegetation to hold onto to slow the rains down so then we get a, like a big 
flood in the area, which damages a lot of things. I could go— I could go 
on and on! – “Myles;” farmer and religious leader; 40s 

 
Wind is similarly impactful on the plants themselves. These participants describe the 

various impacts of the wind:  

We’re kind of on the other side of a mesa, and it’s kind of like a wind 
corridor, basically. So— Like, right now, it’s been calm and everything. 
The plants will start to germinate and whatnot. And then the winds will 
come on, just basically dry them out. It’s just been one of those things 
that—it’s kind of been pointless the last couple years to really plant, so 
we’ve been reducing how much we plant. – “Gavin;” farmer and 
government employee, 30s 
 
Well, it seems like the last three years or so, we’ve just had these huge 
winds. Last year, the winds started in, I think about April and then didn’t 
end ‘till July, first week of July. Yeah. It just dried out everything. 
Covered up a lot of our plants. And, so I didn’t harvest anything. I 
harvested a little bit of beans, but my corn was gone. – “Martin;” farmer, 
rancher and government employee; 50s 

 
The wind was a topic of much discussion in interviews, and efforts to deal with it are 

discussed in section 6.5. 

 

6.3.6 Physical geography 

One final factor that is crucial to understanding why certain traditional farming strategies 

have fallen into disuse is the apparent change in the physical structure of washes in the 

area. While Hopiland has no natural year-round surface water bodies, there are several 

major washes that run through it. According to participants, the washes used to be 

relatively shallow, with gentle banks that allowed some farmers to divert water from the 

124 
 



 

washes into their fields. With erosion over time, wash banks have become steeper, 

precluding this natural form of surface irrigation. Some farmers do take the risk of 

planting directly in the wash bed, which can bring a great payoff if there is a gentle 

trickle down the wash but obviously can destroy the plants if the wash happens to run 

strongly.  

 

6.4 Health implications 

6.4.1 Dietary transition and weight 

One of the more readily apparent implications of drought is its contribution to changes in 

the diet of many Hopi people.  Due to the impacts on traditional farming and gardening 

as described in the previous two sections, there has been what could be considered a 

forced transition away from locally-grown fresh foods to canned and packaged foods 

purchased at the store. Unfortunately, substituting produce that used to be homegrown 

with purchased produce is an unattractive option in this area. There are a few independent 

convenience/grocery stores on Hopi, but due to the remoteness of the location, fresh 

produce is expensive and of generally poor quality. From most parts of the reservation, 

reaching a supermarket takes an hour to an hour and a half—one way. Reaching the 

health-food stores in Flagstaff where options are even better takes approximately two 

hours—again, one way. Rising fuel prices and high winds on the interstate can be 

impediments to making these trips. One woman explained these barriers to seeking out 

fresh produce in the area: 

“Coral”: Food prices are rising and families are not able to buy the 
amount of food that they used to. And they’re also not able to buy the 
more nutritious foods, because it’s, they’re a little bit more expensive. But 
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what is available is those that are not very nutritious and they’re cheaper 
and bought in bulk, or, you know the sale prices are— You know, 
basically with the non— Those foods that are not very nutritious. And 
then even the gas prices today, you know. We can’t afford to just run in, 
you know, like we used to. The expense of gas has really cut down on our 
trips, you know, to Flagstaff. We don’t have a grocery store—I mean, 
what you could call a real full-blown grocery store here; we just have 
these little village stores and the prices are very, very high, you know.  
Eliz.: Yeah. 
“Coral”: Yeah, so that really in itself is a big hardship, to us living here. 
And we have to pay, you know, high prices as well! Much more, and we 
don’t get the nutritious food—we don’t get the, like, the vegetables and 
things like that. They’re not fresh. They’ve been there for weeks. [laughs] 
– “Coral;” government employee; 60s 

 
Thus, the importance of growing fresh produce on Hopi cannot be overstated. Yet 

drought has hampered these activities. One man described the relatively recent change in 

diet as follows: 

Eliz.: What do you think— How about people’s diet? Do you think that’s 
changed over time? [..] 
“Allan”: Oh, yes. You know as early as the late 1990s, my grandfather 
was still producing for his family, in terms of providing corn, melon. He 
even grew tomatoes and peaches and beans, so he was a really productive 
farmer and that’s— As a kid, that’s what, as a family, that’s what you ate, 
you know. But nowadays, we rely on commercial, processed foods. We 
have a grocery store down here and that brings in vegetables. So our diet 
has changed. We’re relying so much on the deli food that they cook down 
here in the Kykotsmovi store, and all the other canned stuff and packaged 
stuff. So definitely our diet has changed, and it’s been changing for a 
while. But it’s more prevalent today, I think. More out there. – “Allan;” 
farmer and government employee; 40s 

 
The time frame suggested by this participant is interesting particularly because it is so 

recent, and the period referenced—the late 1990s—coincides with the time when many 

participants recalled the serious drought beginning. Other participants repeated this 

observation of a change in diet due to the lack of availability of fresh foods: 

“Sam”: See we used to, or my grandmother used to dry them [peaches, 
apples, and pears] out and save them for the winter. Because during the 
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winter months, like February, March, April, those months, we would have 
our ceremonies and we’d be fasting. So that was our fasting meals.  
Eliz.: Oh, really? 
“Sam”: Yeah. Yeah. But now, you know, we have to buy the canned 
peaches, now, canned fruit, whatever. 
Eliz.: Okay, so that’s what you do instead. 
“Sam”: Yeah. Substitute. – “Sam;” religious leader; 50s 
 

 

In addition to adding constraints on access to fresh produce, impacts to farming and 

gardening also mean less opportunity to eat traditionally-prepared dishes, a topic 

mentioned by some of the female participants. The women discussed worry that a bad 

corn crop would mean they would not have the essential ingredients for culturally-

important dishes, or just expressed sadness that it was difficult to find certain ingredients 

anymore. For instance, this woman discussed the impact of running low on white corn: 

So I cook a lot of traditional meals, so the corn husk is important to me 
too, as well as the blue and, blue cornmeal and the white. I know for a 
while, too, we didn’t have any white corn. So that was like, ‘Oh my gosh! 
What are we going to do without corn? We can’t have the hominy stew. 
You know, what are we going to do?’ So… It was things like that I think 
that I was really, really grateful to my sons and some of my nephews who 
bring, quite often, some of their crops, the beans and the corn and I’m 
eternally grateful to them. – “Deborah;” government employee; 50s 

 

It is particularly important to highlight the fact that participants themselves drew the link 

between weather conditions, diet, and health outcomes such as obesity and associated 

diseases. For example, when prompted to discuss whether there was a change in Hopi 

people’s diet over time, “Sam” continued by connecting dietary changes to changes in 

health status: 

Eliz.: So do you think that what people are— So you said now you try and 
buy, like, canned stuff. Do you think that what people are eating has 
changed a lot over time? 
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“Sam”: I think it— I think that the lack of water, rain, has contributed a 
lot to our diet as compared to the days back, you know, the years. Yeah, it 
just affects the people. Things were natural back then. But now, there’s 
ingredients in the food that we eat today—like sugar in the, a lot of sugar 
in the canned fruit, now.  
Eliz.: Yeah. 
“Sam”: You know. So I think if, you know, if we had moisture and these 
trees would come back, start producing fruits, you know, I think it would 
help with a better diet again. Like I can’t see my belt buckle anymore! 
[laughs] – “Sam;” religious leader; 50s 
 

This man was one of several participants who directly connected diet with weight issues. 

This participant, for instance, referred to an old photo, comparing the lean and fit 

appearance of the people in it with how people look today: 

“Jeffrey”: And you see the dancers up there. [in a photograph on his wall]  
Eliz.: Oh, yes. 
“Jeffrey”:: You know, that’s way back. If you look at that real carefully, 
nobody’s obese. 
Eliz.: [thoughtfully] No. 
“Jeffrey”: It’s just lately with the new foods, the canned, you know, these 
are what I’m referring to, is how we related to the use of the lands. And 
eating from the land. And we never had anything that would destroy. And 
we always left enough back. 
… 
Eliz.: Do you think now that people are doing less gardening or less 
farming that they supplement by buying fresh foods from the store, or do 
you think people are just eating less fresh? 
“Jeffrey”: It’s easier to go to the store, buy a can of meat, whatever. And 
our eating habits are bad. Diabetes has really rampaged. And just like I 
referred to the picture, you don’t see any obese person on there.  
Eliz.: Yeah.   
“Jeffrey”: It’s basically our eating. And also lessening eating what we 
grow. That’s why I’m trying to get back to— At my age, I’m really seeing 
the realities. I got stricken by cancer. And my wife is diabetic. It’s through 
her family. But, we’re trying to change. – “Jeffrey;” farmer, rancher and 
government employee; 60s 
 

This participant reflected on what he considered to be the younger generation’s weight 

issues, pointing out that a diet based in natural foods helped people to be fit: 
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Eliz.: When you say people used to use the native plants to make different 
dishes and stuff and that doesn’t happen as much anymore, do you think 
that affects people’s health? 
“James”: Yeah, it has a big effect on them, ‘cause they used to be healthy, 
you know. They weren’t as big as people are now, but they were healthy. 
They could work and they could run and they could do whatever they 
needed to do. Nowadays kids are big but they’re not as healthy and they’re 
not—they might be physically strong, but endurance and all that, they 
don’t have endurance like the old folk, people used to have. Because they 
ate the natural stuff, and everything they produced, that’s what they ate. 
And now it’s so easy to get a hamburger, you know. Get a hamburger and 
it’s fattening, and we have excess fat on our bodies. It’s heavier. Your 
bigger and bulkier, but... Yeah, so it has an effect on— A lot of that stuff 
was dried, you know the stuff was preserved in dried form. And all they 
did was boil it too, to get it— So there was really no grease added in there. 
Eliz.:  Oh! 
“James”: It was all natural. So they didn’t have, like, fat on their bodies. 
It was like a flat— What they call six-pack abs! [laughs] – “James;” 
government employee; 50s 

 
 

As noted earlier, participants expressed concern not just because fresh produce was 

difficult to come by, but because of the decline of wild edible plants that were commonly 

used in traditional dishes. The scarcity of such plants, one participant pointed out, could 

undermine culturally-relevant efforts to promote healthy eating through the preparation of 

traditional foods. Talking about the salty spinach, a wild edible plant, he stated: 

“Drew”: The more moisture we had, the more succulent the plant was. It 
was good eating, but now with this whatever moisture we get, they come 
out and it seems like they just, they die and they shrivel up a lot faster. So, 
you know, we’re losing that time for them to, you know, to bloom and re-
seed and the following year there will be more. We’re just losing out on 
that. 
Eliz.: Do you think it’s changed, like, your diet? What you’re eating or 
what other people are eating because of that? 
“Drew”: I would say so. I— Growing up back then, a lot of people, they 
used to go out there and pick it. … But now a lot of people, we don’t 
practice that; we don’t go out there and collect them. It’s because 
sometimes we don’t find it or, you know, they grow and then it’s already 
too late. … And I know one of the Tribal programs, I think it was the 
diabetes program, they’re really pushing that. But it’s hard to educate and 
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encourage people to go out there and pick those traditional, edible foods if 
they’re not going to be there. [laughs] – “Drew;” government employee; 
30s 
 

This participant’s comments refer to a well-received cookbook of traditional Hopi recipes 

with a health emphasis, published in a collaborative effort between the Hopi Reservation 

Extension Office, the Hopi Community Health Representatives, and the Hopi Special 

Diabetes Program. The cookbook is provided to Hopi tribal members for free upon 

attendance at workshops that review the spiritual and health aspects of food as well as 

practical advice on collecting wild greens. However, as “Drew” pointed out, without 

access to unique ingredients, even the best-tailored educational programs will not be 

effective. 

 

6.4.2 Outdoor physical activity 

In addition to diet, physical activity is also an important factor in overweight and obesity 

prevention (Hu, 2008). Participants pointed to two avenues through which drought 

influences physical activity levels: first, through farming activities, and second, through 

outdoor activities associated with snow and surface water. Traditional farming is, of 

course, intensely physical work, involving the use of a planting implement to dig holes 

between half a foot to a foot and a half deep, and then getting up and down to place seeds 

in each hole. Hoeing weeds, building windbreaks or berms, and harvesting are also very 

labor intensive. In fact one farmer reported that he gained about 20 pounds during the 

past winter when he wasn’t out working in the fields. Not surprisingly, many farmers 

described farming as “hard work”—something that is deeply valued in Hopi society. For 

instance, an elderly farmer said, “It’s fun, planting, and... It’s hard work, you know, 
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‘cause you’re up and down.” If drought discourages people from planting, people are 

deprived not just of an important cultural activity but also of a culturally-relevant way for 

adults—as well as children—to get physical activity.  

 

Children used to help out in the fields, which participants felt not only instilled a sense of 

cultural heritage but also of industriousness and responsibility. One participant, a mother, 

lamented the change in the way modern Hopi children spend their time, noting that less 

physical activity is involved partly because children are less likely to be out in the fields 

helping their families with the corn: 

And like I said, traditionally, hard work was the activity that a lot of 
people did, so we didn’t find a lot of people that had diabetes and things 
like this, because everything was more physically, you know, physical 
work that we were doing. And nowadays, that’s not what happens. You 
know, our kids come home, then they’re on the computer and then they’re 
on the games, you know, and things like this and we’ve had to tell our 
granddaughters, “Turn that TV off and go outside and play! Do something 
outside! Because you’ll cherish that when you get older and say, 
‘Remember when we did this? We went outside and did all this stuff, you 
know.’” – “Kate;” government employee; 60s 

 
 

In fact, an unexpected theme that arose from interviews, from men and women alike, was 

a sadness regarding the change in childhood activities from their generation to the next. 

Older adults noted that children were spending less time outdoors and more time 

watching television, on the computer, or playing video games. Much of this transition 

may be attributed to the influence of mainstream culture in Native communities; children 

are drawn in by technology that didn’t exist in their parents’ day, and requests that young 

people go play outside or help with farming were met with resistance. A few people also 

noted that the common community practice of bringing children to help with corn 
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planting and harvesting might now be considered (unfairly, some felt) to be “child 

abuse,” and that they were no longer at liberty to compel children to participate in these 

defining cultural activities. In this case, too, the sense of infringement of mainstream 

society is evident. 

 

However, apart from the influence of outside culture, participants also reflected on how 

the pastimes of their childhoods—such as playing in water holes, springs, and washes—

weren’t available to their own children today because of changing environmental 

conditions. I asked one woman whether she remembered times when there was more 

water, and this was her response: 

Eliz.: So, do you remember times, like when you were a kid or something, 
when there was more water? 
“Coral”: [animated] Oh yes! Yes! 
Eliz.: [laughs] 
“Coral”: I remember, like I tell my children that, you know, when you 
saw the clouds, you knew it was going to rain. And so you prepared, you 
know, took things in that needed to go in. And I said, “You know, we used 
to”—’cause I come from [Village Name]—we used to wait for, there’s, 
when it rained, from the highway on into the village, there was this little 
channel, a little—what do you call that?—a dike, like, I mean, like, 
waterway, path. And I said we used to try to race the big water flow that 
used to come through there. And sometimes, you know, you beat it. 
Sometimes you didn’t. I mean, it was— It rained a lot. And it didn’t just 
sprinkle. You know, like, today it’ll sprinkle a little and then the winds 
will come and they’ll just blow the clouds away. I mean, we got rain. And 
we had a little dam— There’s a little dam-like thing there. And it was 
always filled with water. Today it’s all dried up and it’s been like that for 
many years now. – “Coral;” government employee; 60s 
 
 

Participants expressed sadness that these natural places for play had since largely dried 

up. The diminishment of these natural water sources had therefore rendered some old 

childhood pastimes unavailable to today’s children:  
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I used to tell my kids the things we used to do. On the west side of the 
village here, there’s water holes. And summertime, there used to be water 
still in there. And we used to go swimming over there after school! Yeah! 
And we used to have— We used to go over there and claim, you know, 
whoever gets there first, we’ll claim the water hole. And we used to sit 
there and look up there and it’s like sitting in a tub, you know? Yeah! Out 
there in the water holes! But now, you know there’s no water, so— I 
mean, we used to have water year-round. There’s a spring half-way 
between here and the village— Or, not a spring, but a water hole. We used 
to go swimming over there. There was water everywhere. We never took 
water when we went out. The only thing we took was some matches and 
potatoes. – “Sam;” religious leader; 50s 

 
The above participant mentioned never having to carry water when outside, echoing 

several others who noted that when springs were still producing plentifully, it was simple 

to rely on those for water, rather than carrying one’s own: 

When there was more water, well, we— The kids, we all used to play in 
the puddles. That was a lot of fun. And our parents didn’t get mad at us. 
They were glad that we had rain and we had puddles to play in. It was just 
a part of what we did and if we went hiking as kids, there was always 
plenty of supply out of the spring water that we could drink. And now, 
even the springs are dry that— you can’t depend on it to be there. [pause] 
So we kind of have to, I guess, decide, or make sure at least that the kids 
are well-prepared when they do go out that they have adequate water. 
Because it’s not the same anymore. You just always have to be cautious.  
– “Deborah;” government employee; 50s 

 
Consequently, people with children expressed sadness that the activities they had enjoyed 

when they were young were not part of their own children’s experience: 

I think the other thing that has changed so much in, you know, in our 
lifetimes too, or, what I see, in how this drought has impacted—, is the 
children used to play all the time, outside. Like I mentioned to you, we 
would run down to the spring; we’d play in the water. Or else, we would, 
in one of the canals that was deep enough, we’d put boards up in order that 
we could hold the water back, and so it was deep enough where we could 
just play and swim a little, you know, for the afternoon. And we were 
always out doing things. And having fun and just playing. And but the 
difference I see in our children nowadays is that that kind of physical 
activities—or just hiking or playing—that doesn’t happen anymore. And I 
see that the influences of the modern society has impacted them so much. 
… And now this younger generation that are growing up, you know, it’s, 
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they don’t get out and play as much and they don’t get out and help, you 
know, with some of the gardening and things like that. Because a lot of 
what we hear: “It’s too hot. We don’t want to go out.” Or, “It’s boring,” or 
things like that. But, I think that, well, part of it is how they’re brought up, 
too. You have to instill in them a work ethic. But I can see because of the 
changes, you know, from what we had then—rain and everything where 
they could play in it—that isn’t so in these modern times. So the kids, 
they’re not— they haven’t been exposed to all these things that we were 
when we were young. And I think that, to me, they’re going to have 
memories, but they’re not going to have memories of things that we did as 
young children. – “Kate;” government employee; 60s 

 
Children with weight problems are more likely than others to have weight problems as 

adults (Freedman, 2005), and this reported change in what occupies children’s time can 

be argued to not only affect rates of childhood overweight and obesity, but also set 

patterns that increase the likelihood of poor health later in life.  

 

6.4.3 Mental well-being 

While the impacts on diet and physical activity may be more easily visible in 

communities, the impacts of environmental conditions on people’s mental and emotional 

well-being are no less important. When environmental conditions obstruct activities that 

are central to identity and cultural heritage, it is only logical that the impacts include 

feelings of failure, sadness, frustration, and worry. All of these emotions were expressed 

in interviews, by participants who were courageous enough to explain their own anxieties 

and fears.  
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The emotional impacts of drought were related to an individual’s role in the community. 

For instance, clan responsibilities14 weighed heavily on some, who felt a measure of 

responsibility for water scarcity and crop failures. One participant said: 

I’m from the Corn and Water Clan, and because the two are the main 
portions of Hopi and because we’re lacking just so much of both, you 
know, sometimes I feel, I feel real bad that as clan members we’re not, 
kind of like, stepping up to our task, is what we’re supposed to be doing, 
providing food and water for the people. So, it is very, you know, a 
concern and an emotional issue for me. – “Sam;” religious leader; 50s 

 
When asked how the drought affected her or her family, another participant responded: 

I think that, well, for us, partly because of our clan and our responsibilities 
as clan members, I know we all feel bad when it doesn’t rain, because we 
try very hard to be sincere about our prayers and the ceremonies that we’re 
responsible for. And it’s really disheartening as much as we pray and try 
to do the proper things, it just, there isn’t adequate rainfall. – “Deborah;” 
government employee; 50s 

 
 

Outside of clan responsibilities, farmers expressed feelings of frustration and sadness. 

Being a farmer is considered to be an important part of a Hopi man’s identity, so 

experiencing times of minimal or no harvest caused some men to question their own 

abilities. This participant described this as “depressing:” 

And it becomes, I guess, it at some point—and I’m sure a lot of Hopi men 
won’t admit to this—but it can become depressing, you know. And it 
makes you, I guess, doubt your own capabilities as a farmer. I know I’ve 
been there. And my father and my grandfather used to always stress that, 
you know, “Don’t get upset about it. Try again. Don’t give it up. That’s 
who we are, as people. That’s just the way the Creator has it laid out for 
us.” – “Will;” farmer, rancher and government employee; 30s 

 
Another man explained how consistently poor crop yields undermine the Hopi farmer’s 

identity and affect the whole family: 

14 The roles and responsibilities of each clan are not information typically shared with outsiders, and 
participants only alluded to their relevance here. 
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When we’re so dependent on, on, on the farming aspect of our lives, you 
know, it’s particularly as far as the genders go—male and female—it 
affects you personally. Because, you know, it’s a very important part of 
our culture to, you know, submit to the farming culture, the corn culture. 
And that’s really what now is expected of you as a male person, as a boy 
growing up that you are expected to help out on the farms. But as you 
grow older, you learn that it really is, is a ceremonial or cultural duty to 
submit to the corn culture. It’s part of what shapes us as Hopi people. So if 
we don’t produce, you know, food crops, then it affects the male psyche 
for me personally because that’s, you know, I’ve grown up into that family 
lifeway with all my life so it’s something that you, I think, enjoy as a 
family, ‘cause the culture is one of reciprocity where the male is generally 
the provider and the female is generally the caretaker of all the foods that 
you eventually harvest, so when the drought is so significant, then it 
affects you personally, you know. And it affects the family personally.  
– “Dave;” farmer and government employee; middle-aged 

 
 

The fact that Hopi women usually aren’t farmers doesn’t, however, insulate them from 

the emotional impacts of drought, particularly as Hopi women are responsible for 

maintaining stores of corn. Thus, seeing depleting corn stores was described as 

worrisome, such as by this participant: 

“Coral”: I think that as a woman, you know, of course we women depend 
on our men, you know, to do the planting and the growing, and taking care 
of the plants. But as a result of that, then once they harvest, then it’s a 
woman’s responsibility, you know, to take care of it, dry it, and store it.  
Eliz.: Right. 
“Coral”:  And so I think even, you know, for me, I get pretty worried 
about the weather, if it’s not raining. If it’s not, you know, if it doesn’t rain 
and our fields aren’t wet, I get pretty worried, because for me, then it 
means that I’m not going to add another year’s worth of corn to my 
storage. And the way that we view corn is in the sense that it’s really our 
bank account. – “Coral;” government employee; 60s 
 

Other women expressed that they felt badly for the men that they knew, who worked so 

hard with little to show for it: 

Well, I’m— I told my mom, I said, “I feel real bad for our men because 
they’re out there toiling away at the field for, you know, almost nothing 
sometimes.” And I really feel for the men, and because of that, I’m real 
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mindful of how I use my corn and beans and trying to be more careful 
with how I use it, when I use it, and how much, so that there’s no wasting 
of that. – “Deborah;” government employee; 50s 

 
These responses from participants indicate that a person’s role contributed to the way that 

drought weighed on his or her mind.  

 

6.5 Adaptation strategies 

6.5.1 Strategies at the individual level (autonomous strategies) 

Adaptation strategies at the individual level were many and varied. These strategies 

tended to be already in practice (in fact, only one strategy described in this section had 

not yet been tried by the participant), which was not the case with group-level or 

institutional-level strategies. Individual-level strategies fell into two broad categories: 

first, improvisational, or non-traditional strategies; and second, strategies based on 

traditional farming practices.  

 

6.5.1.1 Non-traditional strategies 

Non-traditional strategies included (a) adjusting planting time earlier or later; (b) 

compensating for lack of moisture in the ground at planting; (c) compensating for lack of 

rain during the growing season; and (d) deterring pests using new methods. While many 

farmers stated that they were altering their usual planting time, there was almost an even 

split between those that reported planting earlier and those that reported planting later. 

Whether a farmer planted earlier or later than the traditional calendar dictated seemed to 

depend on whether his greater concern was planting while moisture was still in the 
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ground or avoiding late freezes and/or minimizing the amount of time plants would have 

to wait for monsoons. Of the farmers planting earlier, participants noted that they chose 

to plant earlier because the ground was losing its moisture more quickly than usual and 

they needed to take advantage of that moisture before it dried up. For instance: 

But now because of the wind taking a lot of moisture out of the ground, 
the lack of precipitation, and then the cold air that seems to be more 
persistent later into the year—I mean earlier into the year—, we have to 
boost our planting up maybe even as much as a month. – “Bill;” farmer, 
rancher and government employee; 60s 

 
Of those planting later, farmers noted concerns that the lack of summer rain meant their 

plants had waited too long for water, so they hoped that planting later would help the 

plants survive until some rain was had. Others noted concerns about late freezes.  

 

While traditional dry farming does not include water inputs, the situation was bad enough 

that some farmers took measures to compensate for the lack of moisture in the ground at 

planting time. These farmers indicated circumventing the problem of low soil moisture 

by adding a small amount of water at planting time to the holes dug for seeds: 

And that the one year that I think that was that same year [a particularly 
dry year], what we had to do is even when we were planting, and my 
husband goes out there usually just before he plants, and he’ll dig to see 
how far down the moisture is. And he came back and he said that it— he 
said there was no moisture even down, 6 inches down. So he was telling 
us that well, we’re going to have to dig even a little further and he said 
we’re going to have to put water in there. … We had all our children go 
with us and our grandchildren, so he would dig the hole and we would 
pour the water in and then we’d put the seeds in and then we’d try to put 
in the moist soil first and then put in the drier one on top of it. So, I 
remember us doing that. I’m pretty sure it was that same year where it was 
just, it was so dry. – “Kate;” government employee; 60s  

 
Others did similar things with other crops, such as beans (soaking the beans before 

planting) or with melons and squash (growing them inside and then transplanting them). 
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During member checking, tribal members indicated that while not a traditional strategy 

per se, this strategy may have been used on occasion throughout Hopi history, simply as a 

pragmatic response to adverse ecological conditions. 

 

Lack of precipitation compelled some to add water during the growing season as well. In 

most cases, this would mean hauling water to the corn field. This represents a significant 

departure from traditional methods, and one that is not taken lightly, not just for cultural 

reasons but also for practical ones:  

And I know a lot of people, like, haul water now for their crops. But we’re 
still trying to do it the old way, and we haven’t gone to that yet. But it’s 
starting to become more and more of an option that we’re looking at, 
though, too. The only thing about with that is it’s hard to find a source to 
haul it from. You know, and because all the windmills going out and 
everybody’s over-utilizing those things now for their livestock as well as 
their drinking water ‘cause some of those—even though they’re not really 
for potable water uses, a lot of people use them. And then we actually 
have Navajo residents coming onto the reservation too, and emptying our 
tanks out, too, so it’s been, it’s getting scarce out there. – “Gavin;” farmer 
and government employee, 30s 
 

While some people viewed this action as a necessity, others asserted that it exemplified a 

loss of faith that nature will provide. It seemed that this was not a typical practice, but a 

decision made when conditions were so extreme that the choice was between deviating 

from usual practice and losing an entire crop. Said one woman: 

So, you know the moisture that we counted on during the rainstorms, or 
during winter when it snowed, I know last year, the year before that was 
so bad that there was not enough moisture to keep our crops growing. So 
we literally—[my husband] and I—would take water out and we would 
have to, you know, give drinks to our plants in order that they would 
grow. – “Kate;” government employee; 60s 

 
Others also described a less labor-intensive strategy that is becoming more widely used in 

gardening: drip lines. One participant similarly brought up the idea of sprinkler irrigation, 
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but this was not in practice—the only individual-level strategy to be mentioned that was 

not already implemented by some participants. 

 

However, one participant rejected the idea of drip lines as a solution for drought not on 

cultural grounds, but because thirsty animals gnawed on them for water. This issue is one 

example of the various problems farmers have in dealing with larger pests such as crows, 

rodents, coyotes, deer, and elk. Some of these issues are beyond the purview of this 

document, including hunting restrictions on certain species. Even propane cannons for 

controlling crows weren’t having the desired effect, as this farmer described: 

“Dave”: You know, one of the things that we’ve voiced big time is really 
the problem of crow damage. It is huge and last year was no different. I 
mean, last year seemingly they weren’t afraid of anything! All the 
scarecrows, the propane guns. They went in and just wiped out farmers. 
Eliz.: Propane guns? 
“Dave”: Yeah, they’re these— It’s manufactured out of North Carolina, I 
think, a company. You have a propane tank there, a five-gallon tank. And 
then it has an igniter; it’s literally a cannon. So you time, put a timer on, 
like every half an hour then it would ignite and “boom!” 
Eliz.: Oh my gosh. 
“Dave”: It didn’t matter. 
Eliz.: They don’t care. 
“Dave”: It didn’t matter. But they [crows] just came in. So the crow 
problem is another issue. – “Dave;” farmer and government employee; 
middle-aged 

 
One farmer did convey his solution to this problem by pairing the sound of the cannon 

with a very real danger: 

They come in and they know exactly when to come in and they’ll take the 
corn and peck the melons, what have you. So you have to be around all the 
time. But I found, since I can’t be at my field all the time, because I have 
to take care of my cattle, back and forth, so what I’ve found is a boomer. 
And you place it out in the field and it makes that large booming noise. 
And it worked for a while. You have to learn how to use it too, because it 
worked for a while. Those damn ravens are smart. You know, they’ll 
come in and it’ll boom right by them but they’ll go and get the corn. You 
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have to, you have to know how to use it and by that I mean you go in and 
you fire your rifles at the crows, hoping to shoot a crow or something. 
When you shoot a crow, a raven, you hang it out in your field, say, “Hey, 
this is what this thing does.” – “Grant;” farmer and rancher; 60s 

 
As this farmer noted, the pests prove to be an especially difficult foe for modern farmers 

who have other obligations and can’t spend the majority of their weekdays in their field. 

And the strategy described, while possible for someone who holds another job, still 

represents a considerable time commitment. 

 

6.5.1.2 Traditional strategies 

Traditional strategies included (a) reducing field size; (b) constructing windbreaks; and 

(c) farmer selection of seeds. As described in section 6.3.4, the size of corn fields has 

reportedly grown over the decades, making it more difficult to implement traditional 

strategies such as windbreaks, since such strategies require considerable labor that is 

magnified as space increases. However, one person noted that he and his family had 

made an effort towards maintaining a smaller field, such as was more common in the 

past. He felt downsizing not only made things more “manageable” but also gave the 

ground a chance to rest and reduced the risk associated with planting (since failed crops 

in a smaller field mean fewer seeds lost): 

The bad thing about it is that we use a lot of our corn just to re-seed for the 
next year. And if that don’t grow, then you’re kind of out of all that that 
you used too, so it’s quite a bit when you’re—especially with the, how big 
our fields are too, some of them. That’s why we’ve kind of been 
downsizing too. Just to make it more manageable and give them a chance 
to grow, too. Just, so you’re not trying to over-harvest your area, basically. 
So, we’ve been trying to manage it that way. Actually, we’ve been trying 
to— We’ve been building more windbreaks and whatnot to help out, too. 
– “Gavin;” farmer and government employee, 30s 
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Downsizing fields makes other traditional strategies, such as windbreaks, more feasible. 

Although unfortunately the use of traditional windbreaks has become less and less 

common, some people did describe returning to this method, either using existing 

vegetation, or improvising with cans, fence material, or other items. For instance, one 

farmer described the traditional method of creating lines of natural vegetation by letting 

weeds grow in controlled areas, and fortifying this area using poles: 

“Gavin”: We’ve been building more windbreaks and whatnot to help out, 
too. But that only goes so far, you know. 
Eliz.: What do you mean? 
“Gavin”: Because, especially due to the sand and stuff like that, they get 
over the top quick, so it just fills over and it just makes a, basically make 
another dune for you to deal with. 
Eliz.:  What are you building them out of? 
“Gavin”: Just using natural stuff right now. Not really trying to use— We 
don’t put trees in down there because they just basically sap up the water 
that we need for the corn.  
Eliz.:  Right. 
“Gavin”: So we just basically use other weeds and stuff like that and we 
don’t cut them and then we let them build up, like in furrow rows. And so, 
then the sand gets onto them and then it kind of makes them a little higher, 
then it divots on the other side. 
Eliz.:  Huh. So you let the weeds grow in a certain, like, controlled area to 
block the wind. 
“Gavin”: Yeah. Then in conjunction with that, we’ll get some poles and 
stick them up there too, so it can— With all the wind and everything the 
only good thing that comes out of it is the tumbleweeds stack up and you 
get a big kind of break on its own until they break through again. But then 
you have to deal with having to hoe all the seeds from that thing out of the 
way, too. So it’s kind of a big cycle out here. [laughs] 
Eliz.:  Yeah. [laughs] Where did you get the idea to let the weeds grow—
Is that something that—? 
“Gavin”: That’s just something they used to do a long time ago too. They 
used to just leave strips of natural vegetation between the other plots. But I 
guess with everything, with modern machinery and stuff like that, we 
tended to get our fields a lot bigger and that doesn’t really work as well, 
because you have bigger stretches of land in between. – “Gavin;” farmer 
and government employee, 30s 
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However, as illustrated by this quote, simply reducing field size isn’t enough—the 

excessive amount of sand being blown around means that unless they are constantly 

cleared, these windbreaks simply become another dune.  

 

As mentioned earlier, vegetation wasn’t the only material used for windbreaks; another 

successful effort at building a windbreak came from a Hopi woman who farmed, who 

used fencing material covered in mesh to allow for some airflow. One farmer was 

considering using straw bales. A common method is putting old cans around the young 

plants as described by this farmer: 

“Dave”: Watermelon plants, we put windbreaks around them, made of 
brush. Then sometimes I use these gallon cans that I open up on both sides 
and put them on there. 
Eliz.:  Oh, like around. 
“Dave”: You just put it right on the corn plant. They’re small like this 
way. To protect them from the storm, from the wind particularly. But with 
the big fields, there’s no way, there’s never enough cans. And it’s just so 
labor-intensive to do it one by one, one by one. You’d need a thousand 
cans, you know, to protect them. – “Dave;” farmer and government 
employee; middle-aged 

 
Once again, as this quote illustrates, a larger field presents a barrier to implementing 

windbreak strategies.  

 

Other farmers talked about purposely selecting seeds that had survived especially bad 

years, and setting those aside, recognizing that they may be the key to the overall survival 

of the unique varieties of Hopi corn. One farmer detailed an especially dry summer when 

the crows were very active. At the end of the summer, only a tub of corn was left:  

And I, I— But, I told my son that the corn that we harvested, that little 
tub-full of corn, I said, we need to store separately. Because that survived 
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in probably one of the driest summers ever. – “Dave;” farmer and 
government employee; middle-aged 
 

This farmer selection of seeds15 has likely been one reason why Hopi varieties of corn are 

today so drought-tolerant, and continuing farmer selection is one strategy for maintaining 

the hardiest possible seed stock.  

 

6.5.2 Strategies at the group- and institutional-level (planned strategies) 

Despite the numerous strategies outlined above, which help farmers to mitigate the 

impacts of drought on their crops, many people—as delineated throughout this chapter— 

are still struggling and wondering if it is worth the risk to continue planting. 

Consequently, strategies at a broader level are called for. Various potential adaptation 

strategies were identified by participants throughout the course of interviews; these 

strategies fall under the following categories: (a) education; (b) resources; and (c) a 

community seed bank. In contrast to the individual strategies, which were 

overwhelmingly in use, the vast majority of these strategies were either just being 

proposed or in their early stages. 

 

Many participants called for comprehensive education on traditional Hopi farming. Many 

(but not all) of the traditional farmers who were interviewed were in their 40s or older, 

and there was a pervasive sense that the knowledge and practice of the Hopi way of 

farming is being lost in the younger generation. Some excellent efforts are underway to 

help educate young people about Hopi farming, for instance the development of a visual 

15 While it is traditionally the women who maintain the seed stock, as noted in Chapter 3, changing family 
structure often means male farmers are doing this job themselves. 
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Hopi Agricultural Calendar by the Natwani Coalition16 in concert with community 

members, as part of the Hopi Natwani for Youth Project farming curriculum, which is 

soon to be piloted at an elementary school. Many older participants felt that instituting a 

community-based, comprehensive farming curriculum or program would be an important 

way of preserving Hopi agriculture and perhaps teaching young people traditional Hopi 

strategies for coping in especially dry times: 

I would like to see community programs, particularly curriculum in Hopi 
agriculture and farming. That’s a big, big topic and I think the Hopi people 
can learn a lot about that gender reciprocity and the fact that the Hopi 
people are a corn culture. – “Dave;” farmer and government employee; 
middle-aged 
 
“Grant”: And as far as farmers are concerned, I think there needs to be an 
education, maybe starting from the high school, an education process as 
far as getting back into farming, Native farming. I don’t know whether this 
needs to go back to the high school, or— It needs to be brainstormed. … 
Back, years ago— I showed you where those broom snakewood, that was 
used for wind barriers, wind breaks. They used that to— And they didn’t 
have those big large fields. The fields were small, as I showed you. And 
the different, the grids of the ground there, where moisture accumulated, 
where the water diversion [is]. And so— where the dike diverted the 
water. My dad, my grandfather used those kind of wind barriers so that the 
top soil wouldn’t blow off. See. That kind of a thing. 
Eliz.: Yeah, but people don’t do that anymore. 
“Grant”: And so, people don’t know how to do that anymore. You saw 
that—good evidence. Cultivate, plough the whole thing up, and then the 
wind comes, takes the— And we have plenty of wind for everybody.  
– “Grant;” farmer and rancher; 60s 

 
 

While an educational curriculum would be beneficial in nurturing the next generation of 

Hopi farmers, current farmers need assistance as well. Interestingly, participants reported 

that because of the historical interests of the Bureau of Indian Affairs (BIA) in supporting 

ranching in the region, there is notable institutional support for ranching. However, for 

16 The Natwani Coalition is a program of the Hopi Foundation (www.hopifoundation.org). The Coalition is 
dedicated to honoring and safeguarding traditional Hopi farming. 
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farming, which has always been considered a cultural rather than economic activity, there 

is little to no financial investment by the Tribal government or federal government 

agencies. Consequently, while the Hopi Department of Natural Resources (DNR) is 

currently responsible for maintenance of windmills and range fences (which benefit 

ranchers), farmers receive no material or financial assistance from the DNR. Some called 

for this inconsistency to be remedied: 

“Dave”: Unfortunately, and this is something important to know, the Hopi 
Tribe per se, and the Department [of Natural Resources] has never paid 
attention to agriculture.  
Eliz.: Oh! 
“Dave”: There’s absolutely no money that the Tribe or the Bureau of 
Indian Affairs have ever invested in Hopi agriculture. It’s always, it’s 
dominated by range and ranching.  
Eliz.: Why is that? 
“Dave”: It’s just the way things happened. The BIA early on was helping 
with the windmill development, with putting up berms for water drinkers 
for ranches. It was investing heavily into access road development to 
ranches. You know, so on the periphery maybe the farmers benefit with 
the roads and everything else, but the Department has never invested one 
cent into agriculture, into helping the Hopi farmer. And so whatever, for 
example, with these big windstorms coming in, my farming area gets 
duned over pretty significantly, but I have to pay with the Tribe, pay a 
Tribal program to come in and take off about a foot of the silt, the sand 
which is no good; it’s just blow-sand. And the good soil is another foot 
down and it’s bermed over and sand-duned over. But I have to pay for 
that. The ranchers don’t have to pay for the maintenance of their windmill. 
Nothing! The Hopi Tribe invested in the range fences. They construct 
them, and they maintain them, but not one cent goes to the farmer. And 
that’s been my complaint on behalf of the farmers. 
Eliz.: So that’s something that you would like to see changed. 
“Dave”: I would like to see some attention to it. – “Dave;” farmer and 
government employee; middle-aged 

 
Thus, more staff members and funding allocated to helping farmers might assist farmers 

in clearing sand dunes from their fields or creating water diversions or windbreaks. 

However, this would require expanded resources in an already overstretched department.  
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Another proposed strategy—possibly involving the DNR or an interested community 

organization—was the set-up and maintenance of a community seed bank. Since depleted 

seed stock is one of the many drought-related problems facing many farmers, a seed bank 

could help minimize the impacts of drought by providing a sort of insurance against lost 

crops, spreading the risk to the community rather than individual level. Informal seed 

exchange already commonly occurs between neighbors and relatives: If someone needs 

corn, they may ask a family member or friend for some. However, in this reciprocal 

society, such a favor requires repayment sometime in the future. In an environment where 

farming is becoming less and less productive, the burden of having to reimburse someone 

for their generosity may weigh heavily, as described by this participant: 

And, well, I’m not going to say the majority of the time, I’m going to say 
all of the time that you’re without corn, you can ask probably one of your 
relatives, whether it be a direct relative—brother, sister, uncle, whatever—
or your clan relatives. Someway, somehow, somebody will help you out. 
But in return, if you’re like me, you’re going to tell yourself, ‘Well, God, 
how am I going to repay this person?’ So at some point, you’re going to 
have to find that resource, which is corn, to help. That person may need 
help some time too, you know, and you want to return the favor. You 
know, there’s just really no way out of it. [laughs] Per se. – “Will;” 
farmer, rancher and government employee; 30s 

 

A seed bank would help mitigate the sense of impending obligation to another 

community member while at the same time lessening the individual risk incurred by 

planting. Another long-term benefit of a Hopi community seed bank would be 

encouraging the continued use of only Hopi seeds, thereby maintaining the unique seed 

stock that the Hopi have nurtured over centuries.  
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While adaptation strategies based at the Tribal level may be preferable, reducing reliance 

on outside funding sources which may be time-limited or have strings attached, there are 

possible outside resources that might be beneficial to Hopi farmers as well. One potential 

resource mentioned by a participant was Farm Service Agency (FSA) loans from the 

United States Department of Agriculture. The participant mentioned that few Native 

farmers avail themselves of USDA loans, although this is not surprising: interviews 

seemed to indicate that what would most benefit Hopi farmers is assistance (and time) 

rather than money, and since Hopi farmers do not profit from their farms, they would not 

be in a position to pay back loans. However, the unsuitability of the FSA loan program 

does not mean that all outside sources should be discounted, and there is the possibility of 

applying for grant money through other agencies and/or non-profit organizations.  

 

6.6 Discussion 

6.6.1 The Hopi experience: Comparisons and contrasts with other subsistence and/or 

smallholder farm communities 

In order to give context to the results described in this chapter, it is useful to consider 

how other similarly situated communities have been experiencing and handling drought 

conditions. For this comparison, similarly situated communities are defined as 

subsistence and/or smallholder agricultural communities. Subsistence agriculture can be 

understood as “farming and associated activities which together form a livelihood 

strategy where the main output is consumed directly, where there are few if any 

purchased inputs, and where only a minor proportion of output is marketed” (Barnett, 

1997 as cited in in Morton, 2007, p. 19680). Smallholder agriculture is, in contrast, 
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characterized by the farm being the main source of income for an individual or household 

(Morton, 2007). Most literature does not attempt an absolute definition of scale for 

smallholder farming, as those defined as smallholders in higher-income countries may 

have far larger farms and greater profits than those in lower-income countries (Morton, 

2007). Many entities such as the Intergovernmental Panel on Climate Change (IPCC) 

(Parry et al., 2007) group subsistence and smallholder farmers together, presumably 

because they share agricultural challenges distinct from those faced by agribusiness. 

Indeed, these categories are often somewhat artificial, as subsistence farmers may make 

some profit, and smallholders may consume some of their crops (Morton, 2007). 

However, as this chapter will discuss, the resulting impacts and consequently the relevant 

adaptation strategies for each of these two groups—particularly the extreme ends of the 

continuum of each—may be quite different, and conflating the two may result in 

overlooking important impacts and adaptation strategies. For convenience, the Hopi can 

be considered to be subsistence farmers even though their situation differs considerably 

from other subsistence farmers globally, for two reasons. First, Hopi communities have 

access to sources of food outside their farms and gardens, such as from small 

grocery/convenience stores on Hopiland and supermarkets within one to two hours’ 

drive. And second, the significance of the primary Hopi crop—corn—goes beyond its 

importance in the Hopi diet, encompassing cultural importance as well. 

 

6.6.1.1 Direct impacts of drought 

The most serious direct impact of drought on Hopi farming is crop loss, as discussed in 

section 6.2. All of the other farming issues outlined earlier in this chapter—uncertainty 
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about the timing of planting, and pests, for example—are pertinent solely in their 

relationship to crop yields. In keeping with these findings, crop loss is at the center of 

most of the climate impacts and adaptation literature concerning smallholder and 

subsistence agriculture (see for instance Cunguara, Langyintuo, & Darnhofer, 2011; 

Eakin, 2000; Eakin, 2005; Egeru, 2012; Swinton, 1988). Interestingly, much of this 

literature focuses on the attending financial impacts of crop loss. It is not unusual for 

these studies to conflate smallholder and subsistence agriculture (for example, in 

Cunguara, Langyintuo, & Darnhofer, 2011, who use the terms interchangeably) despite 

the fact that they derive different uses from the crops that they grow. However, treating 

these groups of farmers as interchangeable may obscure the different impacts 

experienced by each, and as a result, the unique adaptation strategies that may or may not 

be appropriate for each. Financial impacts related to crop loss apply to a certain extent to 

both groups—smallholder farmers because they do lose income from lost crops, and 

subsistence farmers because crop failure means that they will require money to purchase 

food that they would have otherwise grown. Yet there are some important nuances in 

adaptation strategies that should be considered; for example, farm loans and crop-share 

leases are not relevant to subsistence farmers, and planting alternative crops may be 

resisted by subsistence farmers whose diet is based on the species that they grow.  

 

6.6.1.2 Adaptation and coping strategies 

For farmers like the Hopi who do not gain income from their crops, and for whom the 

activity of farming itself and the specific product—corn—are culturally important, many 

adaptation strategies, such as those focused on recouping lost income, may not be 
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applicable. This section reviews adaptation strategies by dividing them into three 

categories: first, those that the Hopi are already employing, and how they relate to 

strategies used by other subsistence and smallholder farmers; second, strategies that the 

Hopi are not employing and why they are likely not relevant to the Hopi situation; and 

third, strategies that the Hopi are not employing but that might be potential adaptation 

options for them.  

 

Interviews demonstrated that Hopi participants are already using a variety of strategies at 

the farmer level to adjust to drought conditions. These strategies—many of which are 

informed by traditional knowledge—include windbreaks to protect plants from blow sand 

and reduce soil erosion, changing planting times, and farmer selection (explained below). 

Indigenous knowledge systems (IKS) have given rise to similar strategies around the 

world (Derbile, 2013). Grass strips and stone terracing—similar to Hopi terraced gardens 

and windbreaks in corn fields—are strategies used by grain farmers in Ghana to reduce 

their vulnerability to drought (Derbile, 2013). In Mexico, smallholder sorghum farmers 

changed planting times in response to drought conditions experienced in the 1990s 

(Wehbe et al., 2006). And Zoque (an indigenous people of Mexico) corn farmers recently 

reported dramatic changes to their agricultural calendar, pushing planting back by one 

month “to ensure that the seedlings receive rain and do not die prematurely due to a lack 

of water and heat” (Sánchez-Cortés & Chavero, 2011, p. 381)—the same concern and 

response that some Hopi farmers voiced.  
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Farmers have also long practiced the selection of seeds to be planted the following year, 

based on a variety of factors. This practice, which Mercer, Perales and Wainwright 

(2012) term ‘farmer breeding’ “spur[s] adaptation of existing local varieties,” as farmers 

may select on qualities such as the healthy appearance of seeds, size, and in some cases, 

“plant performance in stressful years” (p. 498). While Mercer, Perales, and Wainwright’s 

description is of smallholder maize farming in Mexico, it is strongly reminiscent of the 

Hopi practice of seed selection. One participant, “Dave,” quoted earlier in this chapter, 

specifically described setting aside seeds that had survived a particularly bad drought 

year precisely because he suspected that they might be “genetically … more drought-

resistant.” Another strategy—a reactive than proactive strategy—was simply replanting if 

a crop failed. For instance, smallholder and subsistence maize farmers in Mexico stated 

that they replanted their fields if resources allowed (Eakin, 2005). Similarly, Hopi 

farmers recounted instances where they had replanted their fields. However, this is time-

intensive and risks the loss of even more seeds.  

 

It is interesting to note that a common (though not universal) thread throughout the 

adaptation strategies being employed both by the Hopi and by other communities 

globally was their basis in indigenous knowledge (IK). This underlines the role of IK in 

illuminating pathways for climate adaptation. Indigenous knowledge, rather than being 

obsolete in a changing world, is “dynamic and respond[s] to challenges through local 

adaptations, experimentation, and innovation under diverse and heterogeneous 

conditions. These successful adaptations are preserved and passed on from one 

generation to another through oral and/or experimental means” (Derbile, 2013, pp. 75-
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76). Indigenous knowledge, which is formed from a longstanding relationship with a 

certain area of land, its distinctive characteristic, and its patterns, may hold keys not just 

for identifying changes in climate patterns but also employing low-input and low-impact 

strategies to mitigate risk.  

 

The second category of adaptations discussed here comprises strategies around the world, 

either proposed or already in practice, which are different from those being implemented 

by Hopi farmers. Some such strategies may not be appropriate for Hopi farmers for a 

variety of reasons, and it is worthwhile to review why they do not merit application on 

Hopi. A large number of strategies involve recouping lost income from crop failure. 

Among these are what Cunguara, Langyiunto, and Darnhofer (2011) categorize as 

“nonfarm income-generating activities” in their study of drought-affected farmers in 

Mozambique. Such activities may include working on other people’s farms or as a 

domestic worker, collecting and selling “flora and fauna products” like firewood or fish, 

or self-employment in areas such as crafts or carpentry (Cunguara, Langyiunto, and 

Darnhofer, 2011). Other coping strategies include selling off belongings such as livestock 

(Swinton, 1988; Eakin, 2005) or farm equipment (Eakin, 2005), or relying on food aid or 

loans (Swinton, 1988). Correspondingly, strategies such as purchasing crop insurance 

(Swinton, 1988) focus on preventing lost income. These financially-oriented strategies 

are applicable to smallholder farmers, who primarily sell, rather than consume, their 

crops, as well as to some subsistence farmers who may require income in order to 

purchase food that they would have otherwise grown.  
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Other commonly advocated strategies include switching to faster-growing or more 

drought-tolerant crops. For example, Mexican maize farmers might sometimes select 

faster-growing crops (beans, wheat, or barley) if the rains are late or if an earlier planting 

of maize was destroyed by frost (Eakin, 2000). Or, farmers may choose to intercrop with 

other drought-tolerant crops to increase the likelihood that at least one crop will survive 

(Eakin, 2000).  

 

However, financial alternatives and substituting new crops are clearly not relevant for 

Hopi farmers, as the production of Hopi corn is not part of the cash economy. 

Furthermore, Hopi corn is not replaceable as a cultural keystone species, and Hopi 

farming—as the traditional means of procuring corn—is an important component of 

cultural food security. Losses from Hopi farming, rather than financial, are mainly dietary 

and cultural. Alternative employment, selling personal goods, or receiving outside 

financial assistance cannot replace the activity of farming, which itself is an important 

part of Hopi identity, or compensate for the loss of Hopi corn. Likewise, switching crops 

would have no purpose, as there is no appropriate cultural substitute for corn. 

 

Finally, a strategy that falls in Smit and Skinner’s (2002) “technological developments” 

category of farming adaptation is termed “transgenic adaptation.” Referring to the use of 

genetically modified crops—in this case corn—the transgenic adaptation strategy 

proposes the use of ‘improved’ genetically modified crops that are hypothetically able to 

withstand increased climate variability and more severe extremes (Mercer, Perales, and 

Wainwright, 2012). Yet there have been important criticisms of the transgenic adaptation 
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strategy, the most important being that the unique varieties of corn planted by indigenous 

peoples are a reservoir of biodiversity. These local varieties of corn, planted generation 

after generation in the same area, are termed “landraces.” While there are many specific 

definitions of the term (for an overview, see Zeven, 1998), a landrace can be understood 

for the purposes of this paper as a domesticated species that has, over time and partly 

through the activities of humans, adapted to its local environment. According to Mercer, 

Perales, and Wainwright (2012), “[t]he maize landraces conserved in situ by Mexican 

farmers are the product of long-standing patterns of natural and farmer-mediated 

selection. These landraces experience evolutionary forces—gene flow, selection, 

mutation, and drift—under diverse conditions in farmers’ fields” (p. 496). There is 

evidence that landraces are genetically distinct, even between the seed stocks of different 

farmers (Busso et al., 2000). Thus, landraces represent a huge store of biodiversity; 

Mercer, Perales, and Wainwright (2012) call smallholder farmers the “custodians of crop 

diversity” (p. 495) noting that  

“[g]enetic variation within populations and/or the free flow of genes 
between populations through cross-pollination or mixing of seeds may 
allow landraces to evolve in response to climatic change. In fact, studies of 
pearl millet in Niger have shown that reduced precipitation in the Sahel 
over the past three decades has selected on landrace populations such that 
they flower earlier, are shorter, and produce a shorter spike” (p. 500).  

 

Consequently, the genetic modification of landraces may have several drawbacks, as 

outlined by Mercer, Perales, and Wainwright (2012), including the number of landraces 

that would require modification; the uncertainty about whether genetically ‘improved’ 

landraces would, in fact, perform better; and low levels of social acceptance. The latter 

two issues are the most concerning. It is unclear whether transgenic corn would improve 
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crop yields. According to Eakin (2000), introduction of hybrid varieties by the Mexican 

government in the 1970s was unsuccessful in rainfed (as opposed to irrigated) farms. 

New varieties did no better in low-rainfall years than local varieties and required 

expenditures on fertilizers and pesticides (Appendini & Livernman, 1994). This fact, in 

addition to the concern that introducing transgenes into one landrace could cause the 

spread of transgenes to other landraces, has likely contributed to a very low level of 

social acceptance of landraces (Mercer, Perales, Wainwright, 2012). Concerns among 

Mexican farmers about genetically modified crops were mirrored by Hopi farmers and 

community members at an agricultural symposium that I attended in July of 2012. It is 

not difficult to see these concerns as valid; after all, the Hopi have nurtured a unique seed 

stock for generations and generations, and in its current state it is remarkably drought-

tolerant and requires no added inputs.  

 

Despite the myriad strategies that do not apply to the Hopi situation, there are some 

adaptation and coping strategies in use in other parts of the world that might be 

considered for use in Hopi farming as well. For instance, indigenous farmers worldwide 

practice water harvesting: farmers in Jharkhand, India create man-made structures called 

Dobas, which are lined with polyethylene sheets and, once full, covered with thatch to 

reduce evaporation (Dey & Sarkar, 2011); Sudanese farmers build earth bunds called trus 

in order to harvest surface runoff (Osman-Elasha et al., 2006); and some farmers in 

González, Mexico are building earthen dams for rainwater capture (although it is worth 

noting that some are skeptical about whether there will be enough rain to fill the dams) 

(Wehbe et al., 2006). Finally, community seed banks are a proposed strategy that is 
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relevant to the Hopi—and was even proposed by one participant. Community seed banks 

have been propsed by Derbile and Kasei (2012) for Ghanaian farmers. Similarly, Mercer, 

Perales, and Wainwright (2012) recommend government-backed programs to help 

Mexican maize farmers expand their seed networks.  

 

6.6.2 Relating to cultural keystone species and cultural food security 

The concepts of cultural keystone species and cultural food security were introduced in 

Chapter 1. Briefly, cultural keystone species are “culturally salient species that shape in a 

major way the cultural identity of a people, as reflected in the fundamental roles these 

species have in diet, materials, medicine, and/or spiritual practices” (Garibaldi & Turner, 

2004, Cultural Keystone Species section, para. 1), while cultural food security refers to 

indigenous people’s access to “traditional … food through traditional harvesting 

methods” (Power, 2008, p. 97). In Chapter 3, Hopi corn was described as a cultural 

keystone species for the Hopi people; its absolute centrality in the Hopi worldview, 

spiritual beliefs, diet, ceremonies, and life events makes it culturally more important than 

any other plant or animal species. Furthermore, because of the ubiquity of corn in the 

Hopi diet, the ability to procure Hopi varieties of corn (Hopi landraces) through 

traditional methods—that is, farming—is a cornerstone of cultural food security for the 

Hopi people.  

 

The results presented in this chapter provide a glimpse of the far-reaching effects on a 

community when a cultural keystone species is jeopardized. Similarly, not being able to 

procure traditional foods through traditional activities (cultural food security) can create a 
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domino chain of impacts on a community. In the case of Hopi corn, these impacts 

include, as demonstrated in this chapter, detrimental changes to health in the form of a 

dietary transition, less physical activity, and impacts to mental and emotional well-being. 

The impacts outlined in this chapter likely only skim the surface of what it means for a 

community when a cultural keystone species and/or cultural food security is threatened, 

as this chapter has not delved deeply into cultural impacts such as impacts on ceremonial 

activities.  

 

6.6.3 Relating to adaptation theory 

Attention to the commonalities and differences of the adaptation strategies described in 

section 6.5 is revealing. All of the autonomous strategies being implemented both by 

Hopi and by other smallholder and/or subsistence farmers around the world fell under 

Smit and Skinner’s (2002) category of “farm production practices”—these include 

changing land use practices, land topography, and timing of farm operations. (Smit and 

Skinner’s (2002) classification system was described more fully in Chapter 2.) Similarly, 

strategies that aren’t currently in use by the Hopi but might be worthwhile for 

consideration also fall into this category, with the exception of community seed banks, 

which is a community-level strategy that does not fit neatly into any category. Strategies 

considered inappropriate for Hopi farming all fell into the other three categories of the 

classification system: “technological developments,” “government programs and 

insurance,” and “farm financial management.” 

 

158 
 



 

The simplest explanation for such clustering of adaptations is that the other three 

categories aren’t relevant to the Hopi (in the case of farm financial management), aren’t 

culturally acceptable (in the case of technological developments) or are out of the hands 

of communities (in the case of government programs). Farm financial management 

strategies are not relevant to the Hopi because they presume that income is associated 

with farming or that extra income will be required if farming is unsuccessful, and neither 

of these assumptions applies to Hopi farming of corn. Technological developments (such 

as transgenic corn, described in the previous section) are culturally unacceptable because 

they threaten Hopi landraces and because they defy longstanding traditional farming 

practices by requiring other inputs. Finally, government programs are planned adaptation 

strategies that are not under control of the farmers themselves; additionally, many 

government programs assume that farming practices are situated in the cash economy, 

which Hopi farming is not. Furthermore, many farmers might feel uncomfortable 

accepting government support given the difficult relationship between American Indian 

communities and the United States federal government.  

 

However, there is a deeper explanation for why certain adaptation strategies may occur 

more frequently than others. In Chapter 2, I describe a typology of adaptation strategies, 

including strategies implemented on the individual level on behalf of oneself 

(autonomous adaptations) as compared to strategies implemented at a public agency level 

on behalf of others (planned adaptations). The results of this study suggest that 

autonomous adaptations are more likely than planned adaptations, and it is not difficult to 
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speculate as to why: they require no additional funding, no new policies or consensus 

from others, and no extra infrastructure.  

 

The ubiquity of autonomous adaptations throughout the world justifies the widespread 

criticism of the problematic “dumb farmer” assumption (described in Chapter 2), which 

ignores the existence of adaptation strategies at the individual level. Clearly, autonomous 

adaptations—the result of people making their own observations of climatic change and 

using available resources to make adjustments where possible—are happening and are an 

important component of climate adaptation. Yet these strategies also support the rejection 

of the “clairvoyant farmer” assumption, which is the unrealistic presumption that people 

on the ground will make fully rational choices about adaptation and be capable of 

accessing and employing all necessary resources in order to implement those choices. 

The literature suggests that farmers are doing what they can where possible, but are 

acting under constraints such as lack of financial resources (for example, the earthen 

dams in Mexican maize farming were only being created by farmers in possession of 

“sufficient capital” (Wehbe et al., 2006, p. 16)) or lack of information about projected 

long-term trends (Tschakert, 2007). Consequently, these results support the “typical 

farmer” or “smart farmer” assumptions; a “‘typical farmer’ … adjusts management 

practices in reaction to persistent climate changes only” whereas a “‘smart farmer’ [….] 

uses available information on expected climate conditions to adjust to them proactively” 

(Füssel & Klein, 2006, p. 307).   
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6.6.4 Implications 

Among the goals of this research, outlined in Chapter 1, was the production and synthesis 

information relevant to adaptation planning. The results presented in this chapter 

elucidate several key points relevant to climate adaptation strategies for subsistence 

and/or smallholder farmers. First, it is apparent that despite some location-specificity in 

adaptation strategies (Morton, 2007), there are in fact strategies—such as windbreaks, 

rainwater and runoff collection, and seed banks—that may be relevant across contexts. 

The implementation or proposed implementation of these strategies in a variety of 

settings, from northern Arizona to Ghana, from India to Mexico, highlights the possibility 

that there are commonalities between existing and potential strategies. It also brings 

attention to the importance of communities sharing knowledge across contexts. 

Communities facing similar challenges would be well-served not just by the exchange of 

knowledge, but also by forming alliances for advocacy to increase adaptive capacity. 

 

Second, it is important to present some considerations that should be taken into account 

when assessing the relevance of adaptation strategies for a specific community. For 

instance, are financial considerations relevant? Much of the literature on adaptation 

strategies focuses on recouping or protecting from financial losses from farming, and this 

emphasis is appropriate in many settings. However, it is not appropriate in all settings—

Hopi being one example. Exclusive attention to financial considerations may exclude the 

most vulnerable by ignoring the impacts that they face and adaptation strategies that are 

relevant to them. Furthermore, promoting cost-effectiveness as a benchmark for 

adaptation assistance excludes from such assistance those who do not participate, or who 
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participate marginally, in the cash economy or who experience climate impacts that 

cannot be quantified monetarily. As Paavola and Adger (2007) note, “It is … 

questionable whether even a cost-effectiveness criterion could be justified as a guideline 

in adaptation decisions—allocating assistance where a dollar makes most good would not 

necessarily help those who are most vulnerable” (p. 605).  

 

Third and finally, impacts to farming, impacts to cultural keystone species, and impacts 

to cultural food security all have health implications. Farming adaptation literature, as 

previously discussed, focuses primarily on financial implications rather than health 

implications. However, mitigating the health implications of climate impacts on farming, 

in relevant contexts, should be a target of interventions. As the current research on the 

link between cultural keystone species, cultural food security, and health is very scant, 

future studies should continue to assess the relationship between these concepts and 

health outcomes. Likewise, adaptation strategies in the context of indigenous 

communities should focus on protecting cultural keystone species and ensuring ongoing 

cultural food security. 
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CHAPTER 7 

“The environment is alive and it’s looking at all of us”  
Causes of Environmental Change 

7.1 Introduction to this chapter 

Research Aim 1 centered on exploring participants’ perceptions of the causes of drought. 

Understanding how people view the causes of ecological phenomena is crucial to 

defining appropriate adaptation and mitigation strategies that make sense for a specific 

community. In the case of drought in particular, the field for causal explanations is wide 

open. In the instance of current drought in the American Southwest, climatologists can 

make the argument that drought events such as this one are one of the forecasted impacts 

of climate change, but it is impossible to prove that any single drought event is directly 

caused by climate change. A number of other factors such as infrastructure, resource 

distribution, and land management may also play a role in socioeconomic drought. 

Appropriate to the complex phenomenon that is drought, participants identified a range of 

possible contributing causes. None are mutually exclusive, and although for clarity this 

chapter has been organized to differentiate between physical causal explanations and 

spiritual causal explanations, many people provided examples of both. Consequently, the 

purpose of the final section of the chapter (section 7.5) is to use theory to suggest that 

these two types of explanations—physical and spiritual—are not as divergent as they 

might seem. Both, as eloquently expressed by participants, illustrate the fundamental 

concept that the fate of human beings and the fate of our natural world are unalterably 

intertwined. 
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7.2 Physical explanations for water scarcity 

Physical explanations of water scarcity, provided by participants, included climate 

change, the activities of Peabody Western Coal Company in coal slurrying in the region, 

and other factors. Each of these explanations is accorded its own sub-section.  

 

7.2.1 Climate change 

Climate change, or global warming,17 was a factor frequently cited by participants as a 

cause or the cause of drought conditions. In all, 16 participants mentioned climate change 

as an explanation for recent weather conditions. For some people, popular news reports 

about climate change complemented traditional Hopi belief systems about the future of 

the world. For instance, one participant said: 

It’s all over the media, the global change that’s happening right now... It’s 
prophesied that we would have a difficult time, you know, the longer we 
went on with drought, there would be times—they call gloves [Hopi 
word]. And they used to say that there would come a time when the 
weather’s going to be so crazy that we’re going to have to plant with 
gloves on and that’s essentially where we’re at now. And it’s pretty sad; 
it’s pretty sad to acknowledge that this prophecy is coming true and 
there’s nothing that we can do about it. – “Deborah;” government 
employee; 50s 
 

 

While some people, such as “Deborah,” referenced media coverage of climate change, 

others gave their own observations as their reason for believing that climate change was 

occurring and was evident in the region. Many cited a long-term divergence from usual 

weather patterns. For instance, one participant noted that Hopi beliefs recognize cyclical 

17 The number of participants who used the term “climate change” was equal to the number who used the 
term “global warming” (six for each), so I use the term “climate change” here, as it has come to be the 
favored term in the scientific community. Aside from those who used these two common terms, four other 
participants used terms that alluded to climate change, namely: the “Earth warming up,” “changes in the 
climate,” “global change,” and the “greenhouse effect.” 
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weather patterns, with times of drought alternating with times of plenty. But now, periods 

of drought are longer than they should be: 

“Kenneth”: That was their customary belief, that yeah, we’re going to 
have drought but it’s going to probably only be there for five years. Then 
we’ll get back into our regular rainy seasons for another five years, and 
then we’ll be back to a milder, then back to drought. I mean, that’s the 
calendar that my dad kind of said was the way it was going to be going. 
But now we’re more like doubling that drought period, so it’s— that’s not 
really, you know, to our predictions or our Hopis beliefs that that’s how 
long it should be. So that’s why I’m saying that something else is causing 
this thing to continue. And so I’m saying okay— And it’s just all the bad 
stuff that’s in the environment. But that’s just me. Just looking at all the 
events that’s happening, where people are getting all the severe tornadoes 
and all this other stuff, and people are getting snow when it shouldn’t be 
snowing, people are getting heat where they should not be getting the heat. 
Eliz.: Yeah. 
“Kenneth”: Yeah. That’s not the regular way it used to be. And they talk 
about the Earth warming up, so I guess it is. You know, so. So those 
things to me are all part of our change in environment. – “Kenneth;” 
farmer and government employee; 60s 

 
Similarly, for another participant, the prolonged regional drought in concert with his 

observations of changing weather patterns such as strong winds and decreased 

precipitation had convinced him that climate change is impacting the Four Corners 

region. Unprompted by any question about climate change, he said: 

“Joe”: I believe in climate change. It has really affected us because the 
storms are stronger now and mostly you see the winds are really strong. 
You’ll see strong winds and hardly any precipitation out of different 
weather patterns that come through. … 
Eliz.: What has convinced you that it is, in fact, climate change instead of, 
I don’t know, something else? 
“Joe”: Mm. I think, ‘cause, since ‘96 we’re almost—what— 16 years 
now of drought. So, I’m pretty well convinced, ‘cause all over this 
Southwest region of the United States, it’s affected the weather patterns 
here. – “Joe;” farmer and rancher; 40s 
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Another participant noted that a change in the overall climate pattern had yielded 

unpredictable seasons, and this had convinced him that “changes in the climate” were 

possibly to blame. 

 

As was common for all factors, climate change was often not mentioned as the sole 

causal factor for drought, but as one among others. One man discussed, for instance, the 

pumping of groundwater for coal slurrying (introduced in Chapter 3 and discussed later 

in section 7.2.2). When asked if there were factors aside from groundwater pumping that 

he would say are contributing to drought conditions, he replied without hesitation: 

Global warming. Global warming. Probably—all the emissions from our 
vehicles, airplanes, nuclear facilities. The way I kind of look at it, is this is 
our mother. You know, she feeds everybody; we get everything [from 
her]. She nurtures us. In turn, what do we do? We allow for dams to be 
built up—which, our waterways, I look at as blood veins, you know, 
through the Earth. And we’re damming them up. And now we’re seeing 
all kinds of stuff, not just— ‘Cause we’re hurting her. It’s like a parasite.  
– “Myles;” farmer and religious leader; 40s 
 

 

In addition to articulating the reasons for being convinced that climate is changing, 

participants also described what they considered to be the causes of climate change itself. 

These factors included vehicle and airplane emissions, coal and nuclear power plants, the 

activities of big oil companies, and deforestation. Particularly sobering was participants’ 

concern about their own community’s contribution, however small, to the causes of 

climate change. In discussing the changing distribution patterns of local flora, “Pamela” 

and “Rose” noted: 

“Rose”: Well they said it’s connected to that, though: The global warming 
and all of the other stuff that’s connected. So it’s changing the system. 
Eliz.: So you think that’s part of what’s causing—? 
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“Rose”: Part of what it’s, yeah. 
“Pamela”: Mm hmm. 
Eliz.: Global warming. 
“Pamela”: And it’s that because we’re not living a simple life anymore. 
Especially even Hopis, you know, that claim to be Hopi or that are trying 
to be Hopi. We’re not living that life that we should be. We’re adding to 
that global warming.  
Eliz.: I think probably the rest of us are also really. I— Probably, you’re 
not adding as much, but yeah. 
“Rose”: Yeah, I mean we’re including ourselves, but we’re not excluding 
everybody else in the world. – “Pamela” and “Rose;” former gardeners; 
ages not given 
 

A similar sentiment was echoed by the following participant who works in the Hopi 

Department of Natural Resources. While acknowledging the Hopi value of simple living, 

she worried about the implications of coal use and of modern transportation, both 

activities in which Hopi people participate as a necessity of modern-day life: 

“Kate”: Sometimes I wonder, too, you know, we talk about global 
warming—And out here on Hopi, you know, we live a simple life. We 
don’t have— You notice that we don’t have a lot of large markets out 
here.  
Eliz.: Yeah. 
“Kate”: We don’t have a lot of large markets. And you know Hopis 
always want to try to live as close to our culture, traditions as, you know, 
our ancestors have. But we, too, have become those that impact. That 
impact our atmosphere, you know, with vehicles that we utilize. Because 
coal up at Peabody is free to the Hopi and Navajo people, this is 
something that we utilize in our home for home heating. And you know, I 
too worry about, you know, our heavy use of coal. …  And, you know, 
that’s really bothersome to me, because we, too, are impacting our own 
area out here. But the biggest impacts, too, come from the generating 
stations that are around us. – “Kate;” government employee; 60s 
 

This participant continued with an insightful discussion of the impacts of innovation on 

the world: 

[W]e have major freeways that are on the boundaries of our lands and 
they’re not just a few cars that go by; I mean, there’s millions of cars that 
go through there each year. … And it’s, I think it’s good that people who 
invented these modern-day conveniences like airlines and railways and 
buses and cars and everything else, it was good intentions for it, but I think 
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our world that we live in has just become— we haven’t learned how to 
control it. And that’s what’s hurting us now. Not only here on Hopi but 
throughout the world.  

 
 

Some people were unsure about whether the current water situation could be attributed to 

climate change, but indicated that the possibility had crossed their minds. It is important 

to note here that participants were not responding to questions specifically about climate 

change; only open-ended questions such as “What do you think is causing the drought?” 

were asked. Any mention of climate change was initiated by the participant—for example 

this government employee, who stated: 

I mean, we hear about the warming of the planet and it’s you know, how is 
that coming about, and then what kind of impact does, is that having and 
actually is that what’s partly driving this drought? – “John;” farmer and 
government employee; middle-aged 
 

These big questions were echoed by another participant. When asked what he felt was 

causing the drought conditions that he had described, one man began his answer by 

noting social and political discord that is felt in the environment (to be discussed more 

thoroughly in section 7.3.2) and then went on to say: 

“Dave”: And then, I think with everything we now hear about globally, 
you wonder about that. Is this really climate change? Locally, you had one 
of the most polluting coal firing stations that the Hopi Tribe were selling 
their coal to, which was Mohave Generating Plant in Laughlin.18 And of 
course over a number of lawsuits, they finally closed down. But it was one 
of the worst pollutants ever. 
Eliz.: Yeah. 
“Dave”: And today we have Shiprock where you have coal power 
generation, generating plant. And then up in Page, and from the Page, 
which is up maybe from here as the crow flies, maybe about 80 miles, 
on— Like if you went out, maybe today we could see that haze— 
Eliz.: Really? 

18 It is worth noting that this is not an exaggeration. See Chapter 3 for the history of Mohave Generating 
Station and the Clean Air Act lawsuit that led to its closure in 2005. At the time it shut down, it was the 
highest-emitting coal plant in the Western United States.  
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“Dave”: —all the way over the Grand Canyon towards the San Francisco 
Peaks. It’s brown haze. So, obviously, you know, you hear about it and 
you...now know that our industrial age is finally catching up with us.  
– “Dave;” farmer and government employee; middle-aged 

 
 

A total of 16 participants mentioned climate change, global warming, or another term that 

indicated climate change in interviews. Based on participants whose ages were given, the 

average age of this group was slightly younger than the average age of all participants. 

Government employees comprised a large proportion of people who mentioned climate 

change; 12 out of 16 of those who gave climate change as a reason for drought or water 

scarcity were government employees (though many were also farmers, ranchers, and/or 

elders). However, as noted previously, many people mentioned multiple potential causes 

for current conditions—seven people also mentioned the problem of using aquifer water 

for coal slurrying.   

 

7.2.2 Coal slurrying 

Another explanation for water scarcity, which was mentioned by as many participants as 

mentioned climate change (16), was the pumping of aquifer water by Peabody Western 

Coal Company between the early 1970s and 2005. As delineated briefly in Chapter 3, 

Peabody Western Coal Company (commonly referred to as “Peabody Coal” or simply 

“Peabody” in interviews; “Peabody Coal” is used here) drew water from the N-aquifer 

for the purposes of slurrying coal in order to transport it to the now-defunct Mohave 

Generating Station. Sources indicate that Peabody Coal was pumping 4,400 acre-feet per 
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year from the N-aquifer (U.S. Department of the Interior, 2010),19 the only reliable 

source of drinking water for the Hopi Tribe. According to a few participants, the 

company also dammed up some washes in the area to create holding ponds. While 

outsiders such as Peabody Coal might consider the coal resources of the Four Corners 

region to be its most valuable natural resource, some Hopi participants expressed their 

conviction that in fact the N-aquifer was their real gold: 

Hopi people—are always saying we have, we live [on top of] a valuable 
resource. And at first, you know, people, well people still think it’s maybe 
it’s, you know, oil or coal that the Tribe owns. Make money off coal, oil, 
other kind of natural resources that have monetary value. But, I recently, 
you know, found out or kind of guessed that it’s not these valuable 
resources that the Hopi say they’re living on top of—it’s the water, the 
pristine water. So, we’ve, as a Hopi Tribe, we have kind of misused or 
allowed other people to misuse our water. I mean, it’s no longer a safety 
net. And it’s continued to be fought over, how this water should be used. 
And what I’m talking about is the Peabody Coal Mine, who for 20-some 
years, maybe even more, have used this pristine water, precious water 
from the Navajo aquifer to slurry coal to Mohave Generating Station—
some 200-plus miles to the Mohave Generating Station in Laughlin 
[Nevada] and areas on the border. So that has kind of shaped our history. 
And as a Tribe, we were getting pennies for the amount of water that they 
were using—it wasn’t even enough, you know. – “Allan;” farmer and 
government employee; 40s 

 
Too late, people began to realize the possible implications of the agreement that had been 

made with Peabody Coal. One of those implications, many participants believed, was a 

decline in the discharge of springs fed by the N-aquifer, which could be partly or wholly 

caused by the quantity of water pumped from the N-aquifer by Peabody Coal:  

“Waylon”: I don’t remember when the drought started. But it was a real 
bad one that we had. And then at the same time, Peabody started 

19 Depending on the region, a U.S. family might use between 0.25 and 1 acre-foot of water annually. (One 
acre-foot is considered to be typical for a suburban family; however, Hopi residents on average use far less 
water than the average U.S. citizen, according to the Hopi Department of Natural Resources.) Scientists are 
uncertain about the recharge rate of the N-aquifer, which has been estimated to be between 2,600 acre-feet 
annually (afa) and 20,246 afa (Arizona Department of Water Resources, 2009)—meaning that the 4,400 afa 
that Peabody was pumping was conceivably nearly twice the annual recharge rate of the aquifer, less than a 
fifth of it, or somewhere in between. 
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drilling— I mean, pumping. N-aquifer. I didn’t know it was from there. 
We never knew what was happening. But all the springs up along this 
valley dried out. There used to be springs— Like this here, in that corner 
where the cottonwood [is]? There used to be a good spring there. A man 
that used to use that field would collect water there, two places, and he 
would use that to irrigate his corn with. And all along there, it’s always 
moist like that. See there’s a little bit, just a little bit coming back now. 
But all along here, there used to be little springs here and there. But a lot 
of it went away then never come back again. … 
Eliz.: So, do you think they started drying up before or after Peabody 
started pumping water? 
“Waylon”: To me, it started doing that right after Peabody—a few years 
later then things started drying up real good. And then the drought hit, and 
that made it worse. – “Waylon;” farmer, rancher and religious leader; 
elderly 

 
Participants who were concerned about this problem expressed regret about how much 

water had been lost, and some noted their conviction that it would not recharge for some 

time: 

“Will”: But as far as, with this, with the drought that we’re experiencing, 
you know, we’re still a far ways out from having, being recovered. In my 
mind, I don’t think we’re going to ever, ever get back to the way it used to 
be, you know, with having free-standing water here and there for 
everybody to use, all the creatures to use. And I think there’s a lot of 
research that has been done with what, how much the Peabody Coal has 
impacted the water source, you know. 
Eliz.: Yes. 
“Will”: How much water has been depleted from the water table and 
whatnot. And it’s, I think in my mind, it’s a fact, you know, that there was 
water that was taken out of there that’s not going to ever replenish itself in 
our lifetime. And it’s just a shame that we allowed it to happen. [chuckles] 
You know. And I don’t think the people before us that were in those 
positions to say yes or no ever realized how much, what the impact was 
going to be later on, in 2012, versus 1955, you know. – “Will;” farmer, 
rancher and government employee; 30s 

 
It is interesting to note that both this above participant and the previous one noted this 

man-made problem co-occurring with natural drought. Another participant similarly 

commented that drought conditions would further slow the recharge rate of the aquifer. 
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As noted above, 16 participants mentioned Peabody Coal as a reason for water scarcity 

(and among those, as previously indicated, seven had also mentioned climate change). 

Based on participants whose ages were given, the average age of this group was slightly 

older than the average age of all participants. Famers comprised a large proportion of 

people who mentioned Peabody Coal; 13 out of 16 of those who gave the pumping of 

aquifer water as a reason for drought or water scarcity were farmers (though once again, 

many held other roles).  

 

Overall, 25 people provided physical explanations for the causes of drought and/or water 

scarcity. The average age of these participants was roughly the same as the average age 

for all participants, and no specific group was particularly overrepresented. Of these 25 

participants, more than half also mentioned spiritual explanations for drought (see section 

7.3); just 10 mentioned only physical explanations. The group who mentioned only 

physical explanations was slightly older than average (owing to some older participants 

who mentioned Peabody Coal). Those who mentioned only climate change and no other 

explanation were slightly younger than average than participants in general, and those 

who used the term “climate change,” were on average younger than those who used terms 

such as “global warming” or “greenhouse effect.” 

 

7.2.3 Other physical factors 

A few participants mentioned other physical causes for drought, which do not fit into the 

categories above. For instance, two participants mentioned air pollution generally without 

an overt discussion of climate change. Another person alluded to too much infrastructure 
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suffocating the natural processes of the Earth, and yet another person discussed changes 

to the Earth’s atmosphere caused by modern industrial activities. Overuse of water was 

an issue raised by two participants, who mentioned their observation that residents in the 

area were using more water daily than they had in the past. A few participants gave the 

recent change in the tilt of the Earth’s axis (as a result of earthquakes) as a possible 

reason for observed changes in weather. 

 

7.3 Spiritual explanations for water scarcity 

Physical causes were only one way of explaining the reasons behind drought; participants 

also discussed nonphysical causes, which are grouped here under the term “spiritual 

causes.” These causes included insincerity in ceremonial practices or in daily life, 

disunity, and leading an unbalanced or disrespectful life.  

 

7.3.1 Insincerity 

Hopi ceremonies focus on bringing rain in order to produce abundant corn crops. Many 

require extensive time and preparation. But in addition to that, participants explained that 

ceremonies require sincerity—a commitment from the heart. In this time of drought, 

some members of the community reflected on whether ceremonies are being performed 

properly. Most commonly, participants worried that community members were not 

performing ceremonies from the heart, whether out of ignorance of the true purpose of 

the ceremony or a focus on something other than the ceremony’s intended goal. For 

instance, participants felt that some people are performing ceremonies without being truly 

aware of their intent, or performing them without the necessary mental mindset:  
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People are participating just to participate without realizing what the intent 
is or the purpose of the ceremony is for. Like this, for moisture, rain, 
prosperity, life, longevity. – “Wright;” farmer and government employee; 
50s 
 
[W]e dance for rain, we smoke for rain and all that. That’s the other thing 
is the way that we’re doing it, our leaders, I guess, aren’t doing it from the 
heart, or whatever, you know. That’s why it’s not getting to the Creator. 
Our messages aren’t getting there. – “Bernard;” farmer, rancher, and 
government employee; 50s 
 
“Waylon”: We’re not really sincere in what we’re doing. Hopi says that if 
you’re going to put on a dance, you have to clear yourself up clean. Then 
put on the dance. Then you might see rain. But that don’t happen anymore. 
And our religion is going down. … And that’s what got me kind of upset 
because, you know, we were talking about getting serious about dancing. 
We are not going to be serious anymore. We’ve bypassed that; we just 
don’t know what we’re doing. That’s what I call koyaanisqatsi: 
Eliz.: Mm hmm. 
“Waylon”: It’s a crazy world we’re doing now. – “Waylon;” farmer, 
rancher and religious leader; elderly 

 
On a similar vein, some people expressed frustration with their observation that others 

were performing ceremonies more for entertainment purposes than for the original 

purpose of bringing rain:  

And it seems like that our ceremonies are not for the purpose of bringing 
rain anymore. It’s for show, I guess. For entertainment. So some families 
will host a dance—they say, “Oh, he’s putting a dance on for So-And-So.” 
It’s not— It’s for a person; it’s not to bring rain. So, “Oh this person, 
family hosts these kachinas for So-And-So.” It’s not about rain; it’s about 
entertaining themselves. I mean that whole mindset of bringing in rain to, 
as part of the ceremony is long gone. … It’s not about rain, bringing rain, 
anymore. It’s not about unifying prayers. It’s not about being humble.  
– “Allan;” farmer and government employee; 40s 

 
The above participant notes the importance of unifying prayers. This concept of unity—

or, as participants saw it, disunity—is the main theme of the following section. 
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7.3.2 Disunity 

Participants described ceremonies as a communal activity, and an important component 

of a ceremony is bringing the participants’ hearts and minds together towards one goal. In 

this quote, a participant talks about the importance of unifying prayers: 

You want everybody to think the same thoughts, send the same prayers to 
the cloud people, so that they can come and bring us rain. And they say 
that one drop of rain is a lot. Because it actually poured. Having shade 
from the clouds is a lot. And you accomplish that by unifying your prayer. 
– “Allan;” farmer and government employee; 40s 

 
However, with people participating in ceremonies for different reasons, or not being 

aware of their intended goal, participants feared that during ceremonies, people’s prayers 

weren’t united: 

People aren’t, you know, together, and everybody’s hearts aren’t together in our 
prayers and whatnot. Everybody’s being disrespectful to each other, not being... 
We’re just not living the way we should be as we as Hopis are taught. – “Drew;” 
government employee; 30s 
 
So we’ve become, I guess, Americanized, too, where we just want to do 
what we want. We don’t want to listen to what the teachings and the 
philosophy of Hopi. And thus, our prayers aren’t unified. – “Allan;” 
farmer and government employee; 40s 
 

 
However, the concept of disunity goes beyond simply not being able to unify prayers, 

into broader social and political discord. Participants talked about political discord 

following a political crisis in Hopi Tribal government within the past few years; for 

instance, one participant referred to the situation obliquely, adding that political tensions 

had made their way into the kiva: 

And the way that things have been going for Hopi for the past four, five 
years, it’s just big political fight and we’re trying at the same time [to] 
function right in our kivas, you know, during the ceremonies. But there’s 
just this— I think there’s this tension there. Yeah. First Mesa, a long time 
ago they said, “Keep politics out of the kiva.” But somewhere I think 
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there’s still some of that political issue that comes to the kiva. And it 
shouldn’t. Maybe that’s where our message is not being received by the 
spirits that we pray to. – “Sam;” religious leader; 50s 

 
Similarly, another participant felt that moving away from the harmony that is so 

important to Hopi life has caused the diminishing rains: 

We’re not the people that we used to be, with, about being one. And so 
with, you know, everything that happens in our political world, and in 
our—all the social problems, and you know, conflicts and stuff, that really 
plays a big part in why we’re not able to spiritually get the rain. That’s 
how we’re taught, that, you know that if we were with one heart—good 
heart—that’s when the spiritual rain will visit us. But because we’re not 
that people—there’s conflicts, there’s political conflicts, there’s conflicts 
between, you know, families and all of these social problems: drug use 
and everything. You know, our spiritualness is just not present there 
anymore. And so the rains are not coming to visit us. – “Coral;” 
government employee; 60s 

 
The above participant mentioned concerns about drugs, which affect tribal communities, 

just as they do many other communities. The following participant also raised the 

concern of drugs as an instigator of social discord: 

And then society I guess that’s part of it, I mean nowadays it seems like 
and you’ve got all these, all these whatever’s going on—your drugs, 
whatever, your abuse, all this other stuff. To me, that has an effect on it. 
And the people up there are looking at us, up there, and they’re saying, 
“Why do they deserve this kind of life? Why should we bring the rain 
today if they’re not going to respect us kachinas?” – “Wright;” farmer 
and government employee; 50s 
 

Disunity in a community whose hallmark and pride is reciprocity was one aspect of what 

participants considered to be a broader change—for the worse—in the way people live. 

 

7.3.3 Wrong way of life 

Encompassing a feeling of disunity—but more profound than that—was the sense of a 

community that was losing traditional Hopi values. As these participants said, 
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We’re not adhering to our values. We’re deviating from our belief system, 
and we’re not carrying out the traditional practices, and so on and so on. 
And then that’s accounting for what we’re seeing; that’s accounting for 
what we’re experiencing. And so we all need to step back and get in touch 
with our traditional thinking and beliefs and lives and what have you. 
Some people truly believe that, the older people especially. And of course 
you hear, pretty much everybody will say maybe there is truth to that, 
because look at who we are and how we are today. – “John;” farmer and 
government employee; middle-aged 
 
And I don’t know if anybody’s ever said this, but I’ll say this to you, so 
that you’re aware of what I think. And this is what our elders would have 
said over and over again and that is what I remember. When the Hopis 
aren’t living right, things will occur to keep things away from us. And 
personally I believe very strongly that that’s what’s happening to our 
people. We’ve gone away from the way of respect, treating each other 
with dignity, being kind to one another, truly believing in performing what 
we have to perform. –“Ramsay”; farmer and government employee; 60s 

 
One person summed it up very simply; when I asked him What do you think is causing 

the drought? he responded: 

Not enough sincerity. Not enough respect for the way a Hopi should be.  
– “Wright;” farmer and government employee; 50s 
 

 

More specifically, some participants indicated that some villages had cut back on the 

ceremonial calendar, so that not all ceremonies were being performed any longer. This 

corresponded with an overall decline in scrupulous adherence to traditional ways of life; 

participants described the divide between everyday life and times of ceremonies, for 

example saying: 

[A] lot of our people, even though they are very traditional in their 
thoughts and in their practices of the ceremonies and all of that, it’s not a 
constant thing. They’ll do it during the dance-time, four days before, four 
days after, or whatever days are required. And after that, it’s kind of lost.  
– “Bill;” farmer, rancher and government employee; 60s 
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The Hopi have a word that means “life out of balance”: koyaanisqatsi.20 This term was 

used by two different participants to describe the state of Hopi society specifically, and 

the world today more generally, though neither participant directly connected this with 

being a cause of drought, simply stating it as a broad concern about the direction of 

modern society. However, one participant, in discussing observations of tornadoes in the 

area, said: 

“James”: You know, it’s hard to say because it could be, you know we 
were talking earlier just the balance of nature. It could be a spiritual thing 
that, like we were saying earlier that it’s just come to that point where 
things are so out of balance. The Hopis call that koyaanisqatsi. You’ve 
heard that before, that term.  
Eliz.: Yeah. 
“James”: That means ‘life out of balance.’ – “James;” government 
employee; 50s 

 
Continuing the theme that drought was associated with a divergence from a traditional 

way of life, one participant identified drought itself as an indication that things were 

going awry: 

Well, drought is always a bad sign, because our religious practices pray 
for rain. And when drought comes and when there is a sustained drought, 
the Creator is telling us that we’re not living the right way. It’s our form— 
It’s the Creator’s form of telling us, “You better get on track, because 
without water, you’re not going to survive.” – “Bill;” farmer, rancher and 
government employee; 60s 

 
Drought, therefore, may be seen as evidence that society has gotten off track. It follows 

then that with a re-dedication to traditional life, past ecological conditions may be 

restored. This belief was voiced by the following participants: 

“Rose”: And so if we started getting more positive spiritually again, I 
mean, we went through a spiritual drought, I would say, within the last 
maybe five years, where it’s really—you see the real difference in people 
active in the kivas as well as the fields and all of that. So, for me, like 

20 This term was introduced into popular parlance with the 1982 film “Koyaanisqatsi: Life Out of Balance,” 
which became a cult classic. 
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we’re saying, that if we come back  to the aspect of prayer, faith, belief, 
then that others are going to all follow. You know, and I think that— 
“Pamela”: And we’ll get blessed again. That’s what needs to happen.  
– “Pamela” and “Rose;” former gardeners; ages not given 
 
If we could really recognize that the way the weather is, you know, and 
how much we have, we aren’t getting the crops, and the rains aren’t 
coming, I’m hoping—my hope would be that people could really, really 
recognize that—you know, as a part of our teaching—that this is coming, 
that we’re bringing this to come to pass. And we don’t need to. … And 
that, you know, that there is a consequence to how we’re living today, and 
not sticking to our traditional values and teachings. That if we could 
recognize that and change it, that maybe the rains will see, you know that 
we’re carrying out, for future generations. – “Coral;” government 
employee; 60s 
 

As will be discussed in the following section, the identification of these spiritual causes 

represents a profound contemplation of the way that human actions speak to the life that 

surrounds us. As one participant said, “we say that, Take care of the Earth and it will take 

care of you.” Drought, he said, 

challenges you to go to that level of spiritual dedication in your faith as 
Hopi people. And … it causes for self-reflection too.  
Eliz.: Yeah. 
“Dave”: And perhaps we’re the cause of it. That the environment indeed 
is alive and it’s looking at all of us. – “Dave;” farmer and government 
employee; middle-aged 
 

 

7.3.4 Participant characteristics 

A total of 18 participants mentioned spiritual explanations for drought and/or water 

scarcity. The average age of these participants was roughly the same as the average age 

for all participants, and, as with physical explanations, no specific group was 

overrepresented. Of these 18 participants, 15 also mentioned one or more physical causes 

(climate change and/or Peabody); thus, only three mentioned spiritual causes alone. 
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Overall, the average age of the small group who mentioned only spiritual explanations 

was more than a decade older than the average age of all participants.  

 

7.4 Ecological worldview 

An ecological worldview may be understood as a set of deeply-held beliefs about the 

environment, which “serve as mediators between the fundamental values one forms early 

in life and the more specific beliefs one holds about environmental issues at any time”  

(Brackney & McAndrew, 2001, p. 18). The spiritual explanations of water scarcity 

described above sit in a larger context of participants’ views about nature and 

humankind’s role in relation to it. In interviews, discussions about drought often led to a 

broader exploration of an ecological worldview that participants seemed to share, 

characterized by five themes that emerged from further partitioning of the theme of 

spiritual causes of drought: (a) a deep connection and interdependence between humans 

and nature; (b) a belief that the Earth is alive and can speak to us, just as our actions 

speak to it; (c) a moral mandate to care for the Earth; (d) the conviction that there is a 

limit to the amount of interference that nature can sustain; and (e) the teaching that 

having faith in nature and living a moral life brings its own rewards. Each theme, or 

component, of the worldview will be briefly reviewed. 

 

The first component, a connection between humans and nature, signifies an important 

synergism between humans and nature that goes beyond simply the use of nature for 

survival and economic growth. As participants described it, humans are not separate 
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from, but instead part of, the natural world and the cycle of life. One person related this 

concept specifically to water and the water cycle: 

“Damon”: So we’re all connected to the plants through water. That’s why 
when you die, just like a corn plant dies, you know, it’s— we put it into 
the ground, just like we put our bodies into the ground. But then the 
moisture, water in our body, evaporates. … Then comes back as rain. We 
travel through rivers back to the ocean … and then we come back as 
clouds. Western science doesn’t think of it that way; they do believe in the 
hydrologic cycle, but mankind doesn’t play a part in it. It’s separate. 
Eliz.: Right. 
“Damon”: That’s how we’re so different in our worldviews. – “Damon;” 
elder, famer and former government employee; 70s 

 
Similarly, another participant described the importance of concern for the well-being of 

elements, plants, and animals because all these are part of the greater circle of life:  

Because we pray for all things—sand, grass, birds, you know. All these— 
Because we’re a cycle. We all depend on one another. And if we live 
apart, out of this cycle, we’re not going to be going through our full cycle. 
We’re going to be missing something. – “Sam;” religious leader; 50s 

 
Yet, more than being one element of an ecosystem, this sense of connection also related 

to the idea that nature has its own sort of consciousness and that our actions and even 

thoughts speak to that consciousness; this forms the second component of the worldview, 

discussed next. 

 

The second component is the idea that nature is aware of our actions, that our thoughts 

and actions speak to it, and that natural events can be messages to us. “Dave” voiced this 

concept in one of the earlier quotes presented in section 7.3.3: “that the environment 

indeed is alive and it’s looking at all of us.” In fact, this theme underlies the entirety of 

the spiritual explanations for drought with the idea that nature responds to human 

activities in ways that Western science cannot predict or comprehend. Variations on this 
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profound theme were evident throughout the interviews, in descriptions of ceremonies, 

plants, and animals. For example, a man described how nature answers sincere prayers 

with rain:  

I was born into the Hopi religion where I have no doubt that a lot of our 
prayers are answered with rain. And there are certain times when we have 
performed some ceremonies—well, not ceremonies, but gone on 
ceremonial treks over to San Francisco Peaks, or other places, where there 
would not be a cloud in the sky. And all of a sudden, there would be this 
one little cloud, or one cloud, that would come above us and sprinkle us 
with water. And that’s nature talking to us. – “Bill;” farmer, rancher and 
government employee; 60s 

 
People noted that plants responded to who had planted them and who was caring for 

them, and that this could determine whether they thrived:  

Our corn is grown without any kind of— You know, we don’t add 
anything to protect it from the worms, and the insects. It’s purely based 
on, you know, again, you as an individual and how well and how often, 
and how much you’re going to take care of your plant—through prayer, by 
being there constantly protecting your crops. Again, it’s you know, being 
there, and knowing that, you know, your plants, like plants, they have their 
own life. They’re alive. And they know, you know, you’re there 
constantly with them. – “Coral;” government employee; 60s 
 
 

The understanding that the plants “have their own life” and their own consciousness gives 

additional meaning to descriptions of farmers feeling close to their crops, and treating 

them as if they were their children, tending to them and suffering with them on hot days. 

However, this theme was relevant not just in traditional activities but also in modern ones 

such as the operations of the Department of Natural Resources. When discussing work 

procedures, one employee said: 

When we’re out doing our surveys, you know, we always tell my staff that 
you know each of us were taught different things from our uncles or 
grandparents or fathers, in dealing with wildlife. Just take that, what you 
were taught and apply it. Be respectful out there. These animals, and 
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nature knows. They look at you in different ways. – “Drew;” government 
employee; 30s 
 

 

If nature has its own sort of consciousness, then it follows that living simply, according 

to the Hopi way and having faith that nature will provide leads to balance, peace, and 

abundance. Participants described the harm caused by the activities of outsiders who 

ignore the link between an environmentally moral way of life and outcomes in nature. 

This mother talked about how she viewed artificial snowmaking on the sacred San 

Francisco peaks as damaging to her family’s faith: 

Maybe there’s more of us that don’t have that faith anymore. And how do 
we instill that when we have a man making snow up on the peaks, so it’s 
not our prayers that are making the difference, but it’s because it’s man-
made. It’s very damaging to young people who you’re trying to teach to 
have and instill that faith in them. It’s very difficult to make your point 
when there’s a guy over there making snow and it’s no big deal. We don’t 
have to pray; we don’t have to be pure; we don’t have to do our best, 
because it’s going to be addressed somehow. Somebody’s going to figure 
out a way. So it’s okay; we don’t have to go on living like this. It’s not 
dependent on that anymore. It takes away your sense of moral values. And 
your respect for the beings that live there, the wildlife, everything. It’s like 
you’re being stripped of everything you ever believed in. And it’s really 
sad. ‘Cause I was raised with those kind of things and my grandparents 
were very firm about their beliefs. Everything that they taught us growing 
up was so heartfelt all the time, so you could close your eyes and you 
could just see what they see. And I feel sometimes like I can’t, I don’t 
have the ability to create that kind of belief anymore because of what’s 
happening around us. And I would like to be able to do that, but I can’t.  
– “Deborah;” government employee; 50s 

 
This participant has described the consequences of a Western mindset that severs the 

relationship between one’s actions and the response of the natural world—it means that 

people don’t have to live simply, be hardworking, be sacrificing because no matter what 

damage is done, human ingenuity will fix it. Faith in nature is replaced by blind faith in 
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human ingenuity—in human exemptionalism—and we get the unsustainable world we 

live in today.  

 
 

The third component of the proposed worldview is a moral mandate to care for the Earth. 

The mandate finds its origins in the covenant between the Hopi people and Maasaw. As 

described in Chapter 3, when the Hopi people emerged into this world, they met Maasaw 

and asked him if they could live on this land. He held out seeds, a planting stick and a 

water gourd and told them that these were all his possessions, and that they could live 

there if they embraced his simple way of life. In the words of one of the participants, the 

people responded, 

“Okay we’ll live here with you. Living here we’ll take care of your land. 
Take care of your natural resources, the water and all that.” And here, we 
Hopis all know that, that, you know, we have obligations to fulfill.  
– “Waylon;” farmer, rancher and religious leader; elderly 

 
Thus, the covenant instructs a simple, hard-working way of life—farming—and 

dedication to stewardship. As another participant stated: 

We’re visitors here; we’re stewards here. And a part of that responsibility 
is caring for the land and making sure that it’s healthy. And the same way 
with the water and not to be wasteful about our use of that as well. ‘Cause 
it doesn’t belong to us; it’s not ours to give away. – “Deborah;” 
government employee; 50s 

 
 

The fourth component of this ecological worldview is exemplified by participants’ 

conviction that there is a limit to the amount of interference that nature can sustain and 

correspondingly a limit to natural resources. For instance, participants mentioned 

concerns about population growth, both worldwide and regionally, and doubts about how 
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humanity can be expected to sustain such growth given finite water resources. This 

participant stated this problem in an amusing yet incisive way: 

“Damon”: We Americans don’t believe we’re ever going to run out of 
water, because we’re what I call fix-it-again-Tony society. 
Eliz.: A what? 
“Damon”: Fiat. Fix it again, Tony. 
Eliz.: Oh. [laughs]. 
“Damon”: You know if some— If the car breaks down, you just open the 
hood and fix it. And Arizona is a good example of a fix-it-again-Tony 
society. I mean here we are, building big old cities in the middle of the 
desert, thinking we’re never ever going to get out of water. “Our scientists 
will figure out a way to keep bringing water. And we have the money to 
do it.” But that’s just an illusion. You can’t keep stretching a rubber band 
or blowing into a balloon without, at some point, it, the band, rubber band 
breaks. The balloon bursts. We’re getting to that point. Which is why there 
is such a struggle over water, we’re right in the middle of it now—this 
Little Colorado River litigation. – “Damon;” elder, famer and former 
government employee; 70s 

 
 

The fifth and final component of the worldview is the teaching that living a simple, 

traditional way of life brings its own joys and rewards. People talked about watching 

their grandparents dancing or singing in their fields, and remembered playing in the fields 

themselves as children. They talked about watching their uncles sit together in the 

evenings and discuss big issues like water and farming. They told stories about dancing 

all day for rain and then seeing clouds form overhead and knowing that the Earth had 

listened to their requests. And they recalled playing in the water from those rains when 

they were young:  

At the village where I grew up, when it rained, we’d have mud water holes 
or mud ponds. And the mud ponds would stay there for, oh, a month. And 
we’d all go play in there. That was a good thing. And all the kids would 
have a good time playing around water. And then when it would rain, 
because the mesas are all rock and everything, all the water, just runs off 
and runs down the canyon, we used to what we’d call ‘chase the water’—
we’d chase the waterfalls way down below and build a dam and create our 
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own pond. So, to me that was a lot of water. That was a lot of fun. And 
that was a lot of consideration that I had back then, you know, this is the 
good life. – “Bill;” farmer, rancher and government employee; 60s 

 
 

Together, these components form a powerful ecological worldview focused on the 

interconnection, interdependence and communication between humans and nature; the 

responsibility of stewardship; and the warning that nature cannot tolerate exploitation. 

The ways in which this worldview compare to a Western environmentalist worldview 

known as the New Ecological Paradigm are explored in the following section. 

 

7.5 Considering the New Ecological Paradigm 

In considering the ecological worldview proposed above, The New Ecological Paradigm 

(NEP) (introduced in Chapter 2 as an ecological worldview that has dominated 

mainstream environmentalist thought since the 1970s) immediately presents itself as an 

interesting foil through which to explore the commonalities and differences between the 

worldview maintained by participants and the one represented by the NEP. As described 

in Chapter 2, the NEP scale encompasses five major facets or beliefs: (1) “the reality of 

limits to growth”; (2) anti-anthropocentrism; (3) “the fragility of nature’s balance”; (4) 

“rejection of exemptionalism”—exemptionalism being the idea that humankind’s special 

abilities make us exempt from the laws of nature; and finally (5) “the possibility of an 

ecocrisis” (Dunlap et al., 2000, p. 432). The similarities between the two worldviews are 

evident in the shared recognition that there must be limits to expansion and innovation 

(component (1) in the NEP scale and (d) in the worldview described in the previous 

section); that nature does not exist solely in order to be under humankind’s dominion, but 
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rather that there is an important symbiotic relationship between humanity and the natural 

world we live in (component (2) in the NEP scale and (a) in the worldview described 

here); and that we are not exempt from natural laws (component (4) in the NEP scale and 

(a), (b), and (d) in the worldview described here). In fact, the criticism of our “fix-it-

again-Tony” society by one of the participants is a direct condemnation of the hubris of 

human exemptionalism.  

 

However, there are some divergences between the two as well. Areas of the two 

worldviews that do not overlap so clearly include “the fragility of nature’s balance,” 

which is the third tenet of the NEP scale and refers to species interdependence and chain 

reactions that occur when the delicate balance of natural systems is upset (Kempton, 

Boster, & Hartley, 1995). This was not a theme that was evident in interviews 

specifically, although as discussed in section 7.3, the idea of balance, and more 

alarmingly, being out of balance (koyaanisqatsi) was prominent in some interviews. 

However, the idea of balance was not in reference to the sort of specific interspecies 

relationships or climate drivers that form the idea of nature’s balance in the NEP scale; 

rather, participants’ mentions of balance referred to balance between humans and nature, 

as well as within human society.  

 

Another important different between the NEP and the worldview that is presented here is 

the moral commitment (components (c) and (e)) that was evident in participants’ 

worldview. The moral mandate to act as stewards of the Earth and live a simple, hard-

working life (the covenant (component (c)), and the idea that honoring this mandate 
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brings its own rewards (component (e)) is distinct from the more pragmatic warning that 

abusing natural resources will ultimately be detrimental to humans. Some amount of 

morality might be implied in the NEP, particularly in the anti-anthropocentric stance, 

from which might follow that humans do not have the right to exploit the Earth because it 

is not for our use alone. However, not endorsing the concept of humanity’s dominion 

over nature is not the same as feeling a moral obligation to act as stewards of the natural 

world. Similarly, there is a fundamental difference between believing that we should not 

abuse the Earth because it will ultimately be detrimental to humanity’s interest 

(pragmatic reasoning) and believing that we should not abuse the Earth because it is 

wrong (moral reasoning). While such moral reasoning is not an explicit component of the 

NEP (though could still be endorsed by people who endorse the NEP), it appeared to be a 

central component of participants’ convictions.  

 

Despite these important differences, there is an essential level of agreement between the 

two worldviews that is difficult to ignore. Although often, but not always,21 expressed 

differently—supported by climate models or quantitative measurements by one group, 

and by spiritual mandates and elders’ teachings by another—both mainstream 

environmentalists and the participants in this research express the fundamental idea that 

humans are not above the laws of nature. We do not exist outside of the natural cycle; we 

are part of it, and influence it. Ultimately, whether the belief is spiritual or from a 

physical sciences perspective, the consequences, and the message, are the same. 

 

21 Clearly, hard sciences research is conducted in and by Native communities, and there are spiritual and 
moral arguments coming from White environmentalists (see for example, Charlesworth & Okereke, 2010). 
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However, it is irresponsible and misleading to lump the Hopi together with mainstream 

Western environmentalists, for reasons beyond the issue of morality versus pragmatism 

described above. First, Hopi people have held environmentally-conscious viewpoints for 

a long time—since time immemorial. Many participants referenced old teachings and 

prophecies. To equate the longstanding beliefs of this community with a paradigm that 

arose in mainstream environmentalism as late as the 1970s would be a disservice to 

people whose culture and teachings make them, along with other Native communities, 

truly the first environmentalists. Identifying and delineating the NEP was a very 

important step in the field of environmental sociology, signaling a divergence from then-

dominant Western beliefs, rooted in Christian theology, about man’s “dominion” over 

nature.22 However, the emergence of the NEP is no more a discovery than was 

Columbus’ “discovery” of the Americas.  

 

Second, there are crucial epistemological questions that arise when comparing these 

worldviews. Spiritual elements exist in the worldview described by participants which do 

not exist or are not legitimated in the mainstream environmental movement. In 

mainstream environmental arguments, hard sciences evidence dominates: statistical 

models and quantitative data are presented as reasons for believing in certain phenomena 

(such as climate change, for instance). In this conversation, “science,” and only science, 

can tell us what we know about the Earth and therefore how we ought to behave in 

response to that knowledge. This epistemological stance is in conflict with the belief, 

22 Exemplified in the text “Be fruitful and multiply, and fill the earth and subdue it; and have dominion over 
the fish of the sea and over the birds of the air and over every living thing that moves upon the earth” 
(Gen.1:28). 
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conveyed by participants, that our hearts, our feelings, and the teachings of ancestors can 

tell us how nature works and how we should treat it. 

 

Third, and finally, constraints imposed by a cash economy and legal system—both 

created by outsiders, but in which Native communities must participate in order to 

survive—can force these communities to compromise their beliefs in return for financial 

resources or as part of legal negotiations to try to regain certain resources at the expense 

of others. Often, Native communities’ best chances at generating revenues are by selling 

or leasing natural resources found on their land (Lewis, 1995). Communities sometimes 

face difficult choices in legal negotiations, such as water rights agreements, in 

relinquishing rights to certain water resources in return for infrastructure development 

(McCool, 2002). These issues have often put mainstream environmentalists at odds with 

Native communities. Other factors, such as a historical lack of respect among 

environmental groups for Native self-determination and Native traditions such as the 

hunting or ceremonial use of certain species, have also driven a wedge between two 

groups who might otherwise seem to be natural allies (Lewis, 1995).  

 

These differences highlight the fact that beliefs held by the Hopi people should not be 

subsumed under the umbrella of the NEP, as there are important areas of divergence; 

these areas highlight aspects of spiritual environmentalism that the rest of society might 

do well to learn from. Despite these differences, however, a common thread appears: the 

recognition that we are a part of the natural world, and that our fate and the fate of the 

Earth is one and the same. 
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CHAPTER 8 

Conclusion 
 

8.1 Brief summary of findings 

Each of the three preceding chapters provided distinct, though interrelated, findings 

regarding participants’ observations of drought, impacts of drought, adaptation strategies 

related to drought, and perceptions of the causes of drought. Chapter 5 outlined 

participants’ observations of precipitation, water sources, vegetation, and temperature. 

Because many Hopi people have daily lives that are linked with the physical 

environment, participants were readily able to identify long-term trends in weather 

patterns, and some were also able to identify years that represented bad anomalies. Years 

that were good or normal were, however, more difficult to recall. In describing weather 

conditions over the past few decades, participants noted reduced precipitation (including 

both rainfall and snowfall), declines in spring discharge, poor vegetation quality, and 

higher temperature extremes. Most felt that the area had been in a drought for between 10 

and 20 years, with some identifying 1996 as the year the drought became noticeable. 

 

Chapter 6 reviewed the impacts of drought on traditional activities, the health 

implications of these impacts, and related adaptation strategies either proposed by 

participants or in practice. Drought and more variable weather patterns in the past 10 to 

20 years were having adverse effects on traditional Hopi activities, namely farming, 

gardening, and foraging for wild edible plants. These adverse effects were compounded 

by other factors, including changing family structures, the mechanization of farming, 

reciprocal obligations, expanding field sizes, and wind. In concert with these other 
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factors, the effects of drought on farming, gardening, and foraging had health 

implications related to diet, physical activity and emotional well-being. Yet rather than 

being passive observers in the face of ecological change, farmers were implementing 

various traditional and non-traditional autonomous adaptation strategies for dealing with 

drought. However, group-level (i.e. planned) adaptation strategies proposed by 

participants were largely not in practice. It is therefore clear that, contrary to the early 

assumptions of adaptation research, autonomous adaptations to climate change are 

occurring. However, it is also clear that they are not enough, as Hopi farming is still 

suffering considerably.  

 

In Chapter 7, participants provided both physical and spiritual explanations for the causes 

of drought; most expounded on both types of causes. Physical explanations for the causes 

of drought were most commonly climate change and the pumping of aquifer water by 

Peabody Coal. Spiritual explanations included concerns about sincerity during 

ceremonies, unity in the community, and living according to the Hopi way. Both types of 

explanations pointed to an ecological worldview that encompasses five components: (a) a 

deep connection and interdependence between humans and nature; (b) a belief that the 

Earth is alive and can speak to us, just as our actions speak to it; (c) a moral mandate to 

care for the Earth; (d) the conviction that there is a limit to the amount of interference that 

nature can sustain; and (e) the teaching that having faith in nature and living a moral life 

brings its own rewards. This worldview has similarities with the New Ecological 

Paradigm, but is distinct in its consideration of morality and the balance of life. 
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8.2 Strengths and limitations 

8.2.1 Limitations 

As with any study, this research has limitations as well as strengths. Some limitations 

were anticipated in the design of the study; some arose during data collection.   

 

There are limitations inherent in the qualitative methods used in this research; interviews, 

for instance, can only tell the researcher what people say, not what happens outside the 

research setting. However, in this case, observations and the collection of relevant 

documents provided additional context to interview data—although it is important to note 

that observations and documents were not used for triangulating in order to ‘validate’ or 

‘confirm’ what was stated in interviews. Rather, they were intended to further the 

understanding of the complexity in the data and give a broader view of the processes at 

play (Green & Thorogood, 2009). 

 

Additionally, it is important to consider what can and cannot be gleaned from this case 

study. While Chapter 6 discusses the plausibility of adaptations being applicable across 

contexts, it must be recognized that the Hopi Tribe is unique in many ways. Its shared 

history, storytelling, cultural traditions, specific geography, and sociopolitical setting are 

not automatically applicable elsewhere. Consequently, careful case-by-case consideration 

is necessary before drawing conclusions regarding which aspects of the results are 

transferable to other indigenous communities or smallholder/subsistence farmers. 

However, much of the value of this work, as in other qualitative research, is in pointing to 

areas of theoretical generalizability—in this case, for example, linkages between cultural 

193 
 



 

keystone species, cultural food security, and health, which are very likely applicable in 

similar settings.  

 

Both of the retrospective limitations addressed here concern the composition of the study 

sample. First, the average age of the sample was (based on participants who gave their 

ages) 53.7 years. The youngest participants were 37 years old. Participants represented 

those selected by the Hopi Department of Natural Resources for their knowledge in 

relevant areas such as farming. But not interviewing younger participants left out young 

people’s perspectives on farming’s place in modern Hopi life, and precluded the 

inclusion of their perspectives on the most viable adaptation strategies (especially ones 

targeted specifically to their age category, such as the proposed farming curriculum). 

However, there were advantages interviewing slightly older participants. Participants 

were able to reflect on changes in climate, as well as in farming, gardening, and foraging 

over time, and to give considered opinions on the factors that led to these changes. They 

were also able to provide a perspective on the impacts of drought on traditional Hopi life 

that would likely not have been readily available to younger people. 

 

In addition to a slightly older age composition, the sample was also characterized by a 

more than 3:1 ratio of men to women (there were 27 male and 8 female participants), 

which might lead to concerns about excluding women’s perspectives in the findings. Yet, 

the sampling reflects the prevalence of men in Hopi public life, for example in the Hopi 

Department of Natural Resources, where many of the participants held positions. 

Furthermore, there did not appear to be any notable differences between male and female 
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participants’ observations of drought, assessments of the impacts of drought, or opinions 

about the causes of drought. Where slight differences did occur, such as in the specific 

emotional impacts of drought, these were noted. 

 

8.2.2 Strengths 

Although the above limitations are important, this study also has some notable strengths. 

The methods of the study, while carrying the limitations discussed above (as any methods 

do), are also an important strength of the study. A qualitative approach is critical to the 

research questions, which aimed to understand perceptions—how do tribal members 

understand the causes of, impacts of, and possible solutions for drought? A nuanced 

understanding of perceptions is critical to promoting effective change; without attention 

to people’s beliefs and daily experiences, adaptation strategies fail. Consequently, this 

methodology was vital to understanding the problems faced by the community, how 

those problems are perceived, and how adaptation planning can best move forward for 

this and similarly situated populations. 

 

The focus on participants’ perceptions, opinions, and statements of their experiences 

represents an emphasis on traditional and indigenous knowledge (IK) in approaching 

both climate observations and adaptation strategies. Only recently has the global 

community begun to recognize the importance of indigenous input in adaptation to 

climate change, and this study will contribute to the literature by providing a voice to 

indigenous perspectives on the causes of, impacts of, and possibilities for adapting to 

climate change. From a climate justice perspective, it is critical that the international 
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community incorporate indigenous viewpoints and needs when attempting adaptation 

planning. 

 

In keeping with the focus on the value of insights from indigenous communities, this 

study benefitted from vetting and oversight from the Hopi Cultural Preservation Office. 

Carefully adhering to accepted standards for conducting research with Native 

communities—beginning with but by no means limited to feedback on project 

development and the approval of the research by the Tribe—ensured that the research 

question was of interest to the community, that recruitment of participants and data 

collection were culturally appropriate, and that results were member checked by the 

community. These steps were integral to both research quality and the eventual utility of 

the research for the Tribe.  

 

This study also benefitted from my being able to live in Hopiland while conducting the 

research. Living there conferred a level of quality and thoroughness that could not have 

been achieved otherwise, by allowing for several activities that improved the research in 

different ways. It allowed me, at the outset of the study, to meet with the Cultural 

Resources Advisory Task Team (CRATT), as described in Chapter 4. Several members 

of CRATT signed up to be interviewed following the meeting, and I consider this buy-in 

to have been important to the overall success and legitimacy of the research project. 

Living in Hopiland also allowed me the time to be involved in the community through 

attending community events, official events, archeological sites, and ceremonial dances. 

Aside from being memorable life experiences, these activities gave me a broader view of 
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the community through more informal interactions and observations. Along these lines, I 

similarly had the time and opportunity to view the places that were discussed in 

interviews; I consider being able to see a place in person to be invaluable in 

understanding a place and the experiences of the people there.   

 

Finally, member checking enhanced the validity of this data. I returned to Hopiland to 

review a draft of this manuscript with the people who supervised me. This step was part 

of my formalized agreement of the Tribe—a manifestation of the Tribe’s right to review 

findings and approve publication, as discussed in Chapter 4. This stage acts as a 

safeguard to make certain that a resulting publication will not be harmful to participants 

or to the community. However, it is also a worthwhile step towards ensuring that the 

findings as they are presented are as accurate a representation of participants’ opinions as 

possible. (See the Postscript for a description of the member checking process.) 

 

8.3 Contribution of this research 

This study is the first to examine perceptions of climate change, impacts of climate 

change, and adaptation strategies to address climate change in a tribe in the American 

Southwest, and therefore presents an important case study with relevance to other 

indigenous populations. It points both to pragmatic adaptation strategies and to the 

theoretical generalizability of concepts like cultural keystone species and cultural food 

security in relation to health. This research highlights opportunities for further 

investigating adaptation strategies, as well as the linkages between cultural keystone 
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species, cultural food security and health in other populations, though future research is 

likely to have maximum benefit to communities if it is designed as action research.  

 

Participants’ observations of climate change highlight the importance of investigating on-

the-ground observations of the indicators of climate change, particularly from indigenous 

communities. These communities often participate in cultural and/or subsistence 

activities that mean that they have a close and profound interaction with the physical 

environment; many indigenous communities likewise have cyclical agricultural and/or 

ceremonial calendars that highlight deviations from expected weather at certain times of 

the year. Consequently, indigenous communities can be remarkable sources of climate 

information, which can be considered along with quantitative data in order to provide a 

broad picture of climate trends in a specific region.  

 

This research also demonstrates that it is crucial to consider the unique characteristics of 

a community—such as cultural norms, perceptions of ecological change, adaptation 

practices currently in place, and institutional assets and barriers—before proposing 

climate adaptation strategies for that community. For example, an interventionist 

uninformed about the Hopi Tribe might suggest drip farming as a strategy for addressing 

drought’s impacts on farming, but that strategy would be considerably undermined by (a) 

cultural attitudes about water inputs in traditional Hopi dry farming of corn; and (b) 

concerns about additional use of aquifer water to supply drip lines. Adaptation does not 

occur in a vacuum—it requires community support, technical expertise, adequate 
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personnel, monitoring, and so on. Only with the input and involvement of the community 

can adaptation strategies hope to succeed.  

 

However, despite the unique qualities of each community, this research also points to 

some autonomous adaptation strategies that may be applicable across contexts. For 

instance, farming strategies used in arid climates include windbreaks, staggered planting, 

and rainwater/runoff harvesting. As previously noted, the commonalities in some 

strategies point to the benefit of knowledge-sharing across communities in order to 

implement successful autonomous adaptation strategies. 

 

One of the goals of this research was to document climate adaptation strategies that might 

be candidates for implementation either by individual Hopi farmers or by the Hopi 

community at a group level. The findings presented in Chapter 6 point to a variety of 

strategies that are already in use, and that might benefit from more discussion between 

farmers in order to refine methods. Gardening, where water inputs are more acceptable, 

may be a good candidate for newer strategies such as drip lines, which some who have 

gardens are already using. While some farmers seem open to deviating from usual 

practices by adding water, others hoping to continue along more traditional lines will 

likely benefit more from assistance that mitigates the problems created by loss of help 

from the family (for example, help with clearing fields) as well as strategies that lessen 

the risk associated with planting, such as seed banks.  
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Finally, this research points to an ecological worldview held by participants that contrasts 

with the paradigm of human exemptionalism, which espouses the idea that humans are 

the most important species on the planet and are exempt from the laws of nature. 

Participants’ worldview is similar to but also distinct from the New Ecological Paradigm 

in its emphasis on balance, rather than progress, and morality, rather than pragmatism. 

The difference between participants’ worldview and an exemptionalist worldview 

highlights the ramifications of the worldview embraced by mainstream Western society, 

which does not consider that there may be limits to progress or that it has a moral 

mandate to act as stewards of the Earth. It is this attitude that has precipitated the level of 

environmental change that the Earth is now witnessing. The environment, and human 

society (which participants would say are not distinct but intertwined), would benefit 

from a re-evaluation of the exemptionalism paradigm, and attention to alternate 

worldviews, such as the one voiced by participants—a worldview that is, in the words of 

the Mystic Lake Declaration, “premised upon the understanding that all life forms are 

relatives—not resources.” 
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POSTSCRIPT 

In July of 2013, I traveled back to Hopiland to review a draft of this document with the 

Director of the Hopi Department of Natural Resources (DNR) and the Director of the 

Cultural Preservation Office (CPO), who oversaw this project. Despite it being nearly a 

year since I had last seen the beautiful mesas, it seemed like I’d hardly been away—likely 

because this place had been on my mind every day during the intervening time, as I 

transcribed and analyzed the interviews and wrote these chapters. 

 

In addition to meeting with the directors of the DNR and CPO (who requested no major 

changes to the draft of this paper), I gave an informal presentation on my findings. 

Attended by both aforementioned directors, a director of a DNR program, and a few 

former participants, the presentation was oriented towards prompting discussion; 

audience members interjected comments, providing examples of findings that I 

mentioned or expanding on them. As one audience member noted, these findings go to 

the core of Hopi society and who Hopi people believe themselves to be, so it was not 

surprising that the discussion was extensive and very thoughtful. 

 

Topics of discussion included nuances related to some of the project’s findings. For 

instance, audience members reinforced the idea that not all snow is the same, and that 

weather conditions before, during, and after snowfall determine its future utility. (For 

example, if snow falls on frozen ground, audience members explained, it will not sink in.) 

Audience members also named additional wild edible plants that had not been mentioned 

in interviews, including wild turnips, wild onions, and wild potatoes, all of which, they 
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stated, are now more difficult to find, although availability tends to vary year by year. 

Building on participants’ statements that wild edible plants appeared to be drying out 

before they could be harvested, one audience member hypothesized that hotter 

temperatures were causing plants to mature more quickly. Consequently, plants also 

didn’t grow to their usual size, an observation confirmed by other audience members. 

 

A considerable portion of the discussion also focused on possible adaptation strategies, 

prompted by those outlined in the findings of this research. Audience members 

brainstormed potential ways to support farmers, particularly at the Tribal level; ideas 

included formal assistance with crow control, aid with creating wash catchments and 

diversions, and a rental pool for farming equipment such as tractors. High fences built 

around fields were also suggested as a potential means for keeping out large pests such as 

deer and elk, though audience members were not sure whether such a strategy would be 

feasible. While each of these strategies would likely require some additional funding, the 

discussion also pointed to relatively simple steps that the Hopi Department of Natural 

Resources could take in order to benefit farmers, including clarifying Tribal law 

regarding the circumstances under which it is legal to shoot a deer or elk in a farmer’s 

field. Audience members strongly felt that a farming curriculum for young people should 

be targeted to families and should be localized at the village level. Finally, audience 

members expressed their opinion that the project findings pointed to the need for a 

Department of Natural Resources program dedicated to Hopi agriculture. 
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The above topics are only a snapshot of some of the discussion, which lasted for 

approximately two hours. Audience members stated that they were pleased to see the 

project’s findings compiled in this way and confirmed that they were accurate and 

appropriately organized. The profound engagement with the findings—which, after all, 

represent the audience members’ lived experiences—reinforced my belief that 

communities are best situated to identify the adaptation strategies most appropriate for 

them, and that researchers should focus on answering questions relevant to the 

community and providing assistance that helps communities meet their own stated goals. 

The discussion also highlighted the fact that even with a far-reaching, complex, and 

seemingly insurmountable problem such as drought, there are always actions that can be 

taken to improve people’s lives and strengthen the community. 
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APPENDIX 1: ADDITIONAL LINKS BETWEEN DROUGHT AND PUBLIC 

HEALTH 

 

Although outside the purview of this research, safe drinking water and hygiene behavior 

constitute yet more links between drought and public health: 

 

Safe Drinking Water 

The effects of drought on drinking water supplies can be severe. Aside from the fact that 

drought reduces the quantity of available drinking water, it is also notable that drought 

can reduce the quality of available drinking water. Declines in streamflow result in 

increases in pollutant concentration (CDC, 2010), and quality may also be negatively 

affected by wildfires, which are highly associated with drought. Runoff from 

precipitation following wildfires can lead to contamination of water supplies with “extra 

sediment, ash, charcoal, and woody debris” (CDC, 2010), which can clog conventional 

filters at water treatment plants, overwhelming existing treatment systems. Studies in the 

Southwest indicate that the frequency and severity of wildfires are likely to increase with 

drought, earlier springs, and warmer summers (CIRMOUNT, 2006; Westerling, Hidalgo, 

Cayan, & Sweetnam, 2006). The IPCC spends some time in its Fourth Assessment Report 

discussing the impacts of water scarcity, noting that the predictor of scarcity alone 

correlates with many public health areas of concern: “Water scarcity itself is associated 

with multiple adverse health outcomes, including diseases associated with water 

contaminated with faecal and other hazardous substances…vector-borne diseases 

associated with water-storage systems, and malnutrition” (Confalonieri et al., 2007). 
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Hygiene 

The association of water scarcity with increased infectious disease burden, as discussed 

in Confalonieri et al. (2007), may be partly attributable to changes in behavior when 

people are confronted with noticeable scarcity. The CDC (2010) notes that when faced 

with limited water resources, “people may feel the need to conserve water in ways that 

can increase health risks, such as reducing or eliminating hand washing.” Other important 

habits, such as washing fresh fruits and vegetables before consumption, may also be a 

casualty of felt water scarcity (CDC, 2010). It is important to note that where water 

supply is strained, educational programs have shown to be inadequate in attempting to 

promote hand-washing behavior (Gilman et al, 1993), suggesting that scarcity itself, and 

not knowledge or attitudes, may be driving behavioral issues in water-scarce areas.  
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APPENDIX 2: INTERVIEW GUIDE 
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PERCEPTIONS OF DROUGHT AMONG HOPI TRIBAL MEMBERS 
 
 

Approved: February 23, 2012  IRB No.: 3785 
 

Interview Domains and Questions 
 
The document provides an overview of the categories of questions that will be 
addressed in in-depth interviews. Given the qualitative nature of this data collection, 
modification of this interview guide will occur as appropriate: the domains will remain 
fixed, though specific questions within each domain may be modified based on the 
emerging conversation between interviewer and interviewee. The interviewee may 
choose not to answer any questions that he or she wishes not to answer. Interviews will 
be conducted in a spirit of respect for the Tribe and it long and resilient history on this 
land. 
 
 
 
Domain 1 – General 
 
1. Describe the current water situation for the Tribe. 
 

Is there more or less water than you need? Is there more or less water than 
there used to be? 

 
2. How is water important to the Hopi way of life? 
 
 
 
Domain 2 – Water Sources/Uses 
 
3. Tell me about water in your life. How do you use water? 
 

[As relevant/needed:] 
 

What does a typical day involve for you? When and how do you use water 
throughout your day? 

 
Where do you get the water that you use in your home? How far away are 

these sources? How do you choose which sources you get water 
from? 

 
Do these sources change throughout the year? 

 
Have they changed recently? 

 
4. How do you transport the water? How long does it take?  
 
5. About how much water is required each day/week/month for your home?  
 

What is the water used for? (e.g. Cooking? Washing dishes? Bathing? Home 
garden? Pets?) 
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PERCEPTIONS OF DROUGHT AMONG HOPI TRIBAL MEMBERS 
 
6. Does the amount of water that you need change at different times of the year? 
 
For people who are also tribal government employees: 
 
7. What sources do the Tribe’s water come from? 
 

How sustainable do you think each of these sources is? 
 
8. What different sectors are water being used for? What percentage goes to each 
sector? 
 
For people who are also farmers: 
 
9. What precipitation do you depend on for your corn?  
 
10. Do you grow any crops other than corn? What water do these crops need?  
 
For people who are also ranchers: 
 
11. Does the amount of water that you need for your livestock change at different 

times of the year? 
 
 
Domain 3 – Water Quality 
 
12. Are you ever worried about getting sick from your water? 
 

[If yes:] What things in the water are you concerned 

about? 13. Has bad water quality ever affected you or your 

family? 
 
For people who are also tribal government employees: 
 
14. What water quality concerns face the Tribe? 
 

What are the primary contaminants of concern? Are they in all water 

sources? What is the source of these contaminants? (e.g. Mining?) 

 
Domain 4 – Water Scarcity 
 
15. Do you remember previous times in your life when there was less water than in other 
times? Were things different then? 
 

In your memory, what years or seasons were particularly bad? How did you 
deal with not having enough water? 

 
16. Do you remember times when there was more water than other times? Were 
things different then? 
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PERCEPTIONS OF DROUGHT AMONG HOPI TRIBAL MEMBERS 
 
 
17. Do you think there is less water now than before, or that rain comes at different 
times than it used to?  
 
18. Are there times when villages are without water?  
 

[If so:] How does the community deal with this? Who is affected the most? 
 
19. Does not having enough water affect your life now? 
 

[If yes] In what ways does it affect you? (i.e. Spending more time hauling 
water? Hauling water for longer distances? Reducing amount of water used 
for household activities? Which ones? Reducing amount of land cultivated? 
Reducing herd size?) 

 
If the corn crop is bad, does that affect the food you make, or your ceremonies? 

 
Have you or people you know been affected by dust? 

 
[If yes:] What do you think causes this? 

 
Have you or your community been affected by flooding? 

 
[If yes:] What do you think causes this? 

 
20. Have you discussed water problems with other people in your family or community?  
 
21. What kinds of changes or decisions would help you and the Tribe do better with less 

water?  
 
22. What kinds of changes or decisions would help you and the Tribe get more water?  
 
23. What do you think has caused water to be scarce? Do you feel it’s human activities, 
politics, changing weather [etc.]?  
 
For people who are also farmers: 
 
24. Have you seen changes in water availability (such as how much of it there is, or 
when it rains or snows) that have affected your corn [and, if relevant, based on 
question #10, other crops]? 
 

[If yes:] How has it affected you? How do you handle this? How does this impact 
you? 

 
25. Do you think anyone has left the community because of difficulty farming? 
 
For people who are also ranchers: 
 
26. Have you seen changes in water availability (such as how much of it there is, or 
when it rains or snows) that have affected your livestock? 
 

[If yes:] How has it affected you? How do you handle this? How does this impact 
you? 
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27. Do you think anyone has left the community because of difficulty keeping livestock? 
 
28. Are there other effects of water scarcity that we haven’t discussed yet? 
 
 
 
Domain 5 – Water Information and Collaborations 
 
[Skip if interviewee is not government employee, farmer, or rancher.] 
 
For people who are also tribal government employees: 
 
29. What organizations (academic, government, non-profit, business, 
professional organizations) does the Tribe collaborate with on water issues or 
use as resources for information or technical support? 
 

How did these collaborations develop? 
 

What have been some successes in these collaborations? What 
made them successes? 

 
Frustrations or failures? What made them that way? 

 
30. What information/data have you received from outside organizations that you 
have found helpful in the past? Why was it helpful or not?  
 
31. What kind of information, data, or tools would you find useful for the Tribe’s future 

planning?  
 
For people who are also farmers: 
 
32. How do you decide when to plant and harvest? Where do you get information to 
help you make these decisions? 
 
For people who are also ranchers: 
 
33. How do you make livestock decisions? Where do you get information to help you 
make these decisions? 
 
 
Domain 6 – Water Future 
 
34. Tell me about how you see the future water situation. 
 

Do you think there will be more, less, or the same amount of water? Why? 
 
35. What is your vision for an ideal future scenario for water access and water quality 
for the Tribe?  
 
36. What are some barriers to this vision?  
 
37. What would need to be done to secure this future?  
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APPENDIX 3: CODEBOOK 

The original codebook has been abbreviated in order to present only codes that became central to the analyses referenced in this paper. 

Theme Topic Detailed Description 

CAUSES   
The reasons given to explain the current drought and/or 
changing weather patterns, whether just considered or strongly 
believed by participant 

  Physical  pollution 
Inc: Pollution, contamination, or similar concept 
Exc: Mentions of pollution solely as contributing to global 
warming (code instead for climate change) 

 climate change 
Inc: Climate change, global warming, or allusion thereto 
Exc: Mention of pollution without reference to warming or 
climate (code instead for pollution) 

 peabody pumping 

Inc: Pumping of water by Peabody Coal, seen as negatively 
impacted water resources 
Exc: Pumping of water by Navajo (code instead for Physical: 
other) 

 other Inc: Physical cause that does not fall within other specified 
categories 

  Spiritual  insincere ceremonies 
Inc: Hopi conducting ceremonies without the right feeling in 
their hearts or for the wrong reasons 
 

 social discord 
Inc: Specific references to episodes/trends of social discord or 
disintegration 
 

 unsure/not specified 

Inc: Oblique references to things being wrong in Hopi society, 
or questions asked such as “what are we doing wrong” that 
imply spiritual connection but do not specify 
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IMPACTS   

Ways in which drought and/or changing weather patterns have a 
bearing on life, whether directly on participant, on the family, 
village, Hopi community in general, or world 
*Should be cross-coded for SITUATION: Present as relevant 

  Health diet 

Inc: Negative or positive impacts on food consumption 
Exc: Specific negative or positive impacts on crop production or 
garden without mention of consumption (code instead for 
Cultural: farming or gardening as well as SITUATION: Present: 
farms or gardens) 

 physical activity 
Inc: Changes to levels of physical activity of adults or children 
or implied changes based on indication of differences in weight 
between seasons 

 mental health 

Inc: Worry, guilt, depression, feeling low, expressions of deep 
sadness related specifically to activities and/or responsibilities 
impacted by drought and/or climate or generally related to 
cultural changes 
Exc: Mental health issues not related to activities impacted by 
drought and/or climate or to cultural changes (do not code) 

  Cultural farming 

Inc: Impacts related to farming of corn 
Exc: Changes to farming practices that are a result of changing 
norms such as expectations for quantity of corn exchanged at 
ceremonies (code instead for COMPLICATING ISSUES: 
Farming: ceremony expectations) 

 gardening 
Inc: Impacts to gardens or orchards 
Exc: Other aspects of garden or orchard management not related 
to drought and/or changing climate (do not code) 

 ceremonies 

Inc: Impacts to ceremonial use of corn or water 
Exc: Changes in expectations for ceremonial practices (code 
instead for COMPLICATING ISSUES: Farming: ceremony 
expectations) 

 childhood play Inc: Impacts to playtime activities of children, such as playing in 
puddles and washes 
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Exc: Other changes in children’s playtime activities not due to 
drought and/or changing climate, such as more time devoted to 
video games (code instead as SITUATION: Present: play) 

   

ADAPTATION STRATEGIES  

Activities done, considered, or proposed that would directly or 
indirectly lessen the impacts of drought and/or changing 
weather, regardless of whether participant explicitly presented 
them in this way 

  Untried  
Inc: Strategies that have not yet been tried; may also be coded as 
REQUESTS 
 

  Tried and Successful  
Inc: Strategies that one or more persons have tried and 
succeeded in their hoped-for goal 
 

  Largely Abandoned  
Inc: Strategies that were once commonly in practice, but which 
have since largely—though not necessarily completely—fallen 
out of practice 

  Tried and Unsuccessful  

Inc: Strategies that were tried but did not achieve their hoped-for 
goal  
Exc: Strategies from the past that are no longer widely utilized 
(code instead for Largely Abandoned) 

   

INFORMATION  
Sources of information about drought, climate and immediate 
weather that are not related to prophecy; statements about what 
sort of information others should listen to 

   

COMPLICATING ISSUES  
Ongoing situations or issues that magnify the impacts of drought 
and/or changing weather, and/or hinder adaptation strategies 
*Always consider cross-coding for SITUATION: Present 

  Farming ceremony expectations 

Inc: Changes in expectations for practices at ceremonies, as they 
relate to crop yields 
Exc: Other changes in expectations for ceremonies that do not 
relate to crop yields (code instead for SITUATION: Present: 
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ceremonies) 

 larger field size 
Inc: Farmers clearing larger quantities of land for corn fields 
Exc: Reasons behind larger field sizes (for example, code instead 
for Farming: ceremony expectations or family composition) 

  family composition 

Inc: Single-parent families, nuclear or extended family members 
leaving the reservation, or other changes to traditional family 
structure 
Exc: Changes to disciplinary practices or traditional gender roles 
within the family (do not code) 

 tractors Inc: Use of tractors in corn fields 

 pests Inc: Crows, rodents, deer, elk, etc. eating all or portions of corn 
plant 

  Wind  

Inc: Impacts of wind on farming, ranching, infrastructure, etc.  
Exc: Simple descriptions of changes in wind patterns (code 
instead as SITUATION: Present: wind), impacts of rain or non-
wind aspects of strong thunderstorms (code instead for 
SITUATION: Present: storms/flooding 

   

DESCRIPTION  
 
Any description of usual/standard practices 
 

  Farming  

Inc: Usual farming practices, such as farming calendar, methods 
of plant care 
Exc: Deviations from usual (code instead for ADAPTATION 
STRATEGIES:[As Relevant]:farming) 

  Gardening  
Inc: Usual gardening practices 
Exc: Deviations from usual (code instead for ADAPTATION 
STRATEGIES:[As Relevant]: gardening) 

  Precipitation  
Inc: Types of rain or properties of snow; the utility thereof 
Exc: Deviations from expected precipitation patterns (code 
instead for SITUATION: Present: water) 
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SITUATION 
 

 Any description of a situation in the present, past, or future 

  Present  Inc: An ongoing situation 
 

  Past  Inc: A past situation 
 

  Future  Inc: Hypothesized situation occurring some time in the future 
 

 water Inc: Water resources such as precipitation, springs, washes 
 

 policy (Tribal) Inc: Tribal government policy, such as range ordinances 
Exc: Outside policy, such as state or federal policies  

 wind Inc: Wind and windstorms 
 

 storms/flooding Inc: Storms/flooding 

 vegetation 

Inc: Wildly occurring vegetation, whether it be native or 
invasive species 
Exc: Cultivated plants (code instead farms or gardens as 
relevant) 

 play 

Inc: Childhood play activities regardless of whether they’re 
related to drought or climate 
Exc: Adult physical activity (code instead for IMPACTS: 
Health: physical activity) 

 food 
Inc: Participants’ diet 
Exc: Farms or gardens without mention of diet specifically (code 
instead for farms or gardens as relevant) 

 farms Inc: Hopi farms 
 

 gardens Inc: Gardens (modern plots or terrace gardens) or orchards 
 

 ceremonies Inc: Traditional ceremonial practices 
Exc: Non-traditional events or activities 
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 wildlife Inc: The activities, distribution, etc. of wild animals on Hopi 
 

   

CULTURAL CHANGE  
General description of changes in culture, society, or values; 
comments on the need to educate or influence children to stay in 
the traditional culture 

   

WATER  Descriptions of water that do not fall under other existing 
categories 

  Water Sources  
Inc: Where participants get water for home or ceremonial uses, 
for other uses such as ranching, gardening, or irrigating crops; 
descriptions of aquifers 

  Value of Water  

Inc: General statements about the importance of water for 
survival, conservation activities or values or lack thereof 
Exc: Descriptions of water situation (code instead for 
SITUATION: Present: water) or impacts (code for IMPACTS as 
relevant) 

   

VALUE OF CORN  Statements about the cultural importance of corn 
 

   

REQUESTS  Direct requests by participants for activities or actions that 
would be helpful to them or their community 

   

WORLDVIEW  Any description of life, lessons, and/or religion that relate to 
how Hopi people uniquely view the world 

  Prophecy  

Inc: Prophecies from any source 
Exc: Specific discussion of the covenant with Maasaw with no 
reference to prophecy (code instead for WORLDVIEW: 
Covenant) 

  Covenant  
Inc: Description of the covenant with Maasaw or its direct 
ramifications for life 
Exc: Discussion of stewardship with no specific reference to 
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covenant (code instead for Stewardship) 

  Wisdom of Elders  

Inc: Life lessons, either spoken or modeled, from elders—either 
direct relatives or elders of the past; may also code for Prophecy 
Exc: Prophecies with no discussion of elders (code instead for 
Prophecy only) 

  Communal Activities  Inc: Description of communal activities past or present, or the 
value of communal activities; reciprocity 

  Sources of Happiness  
Inc: Activities, lifestyles, states of being that are described as 
good, wholesome, healthy, or sources of contentment or 
happiness 

  Stewardship  
Inc: Taking care of the land, the sky, the animals, the plants 
Exc: Abstract, non-physical connections between humans and 
the Earth (code instead for Human-Nature Connection) 

  Sacrifice  
Inc: Simplicity, sacrifice, intentional self-deprivation, statements 
about a hard life; may also code for Covenant 
Exc: Unintentional deprivation 

  Human-Nature Connection  

Inc: The connection between human existence, thoughts, and/or 
prayer and outcomes in nature outside of the implications of 
specific physical activities 
Exc: Explicit discussion of caring for the Earth (code instead for 
Stewardship) 

  Sacred Spaces  Inc: Areas that are considered sacred or of high religious 
importance, for example the San Francisco Peaks 

  History  
Inc: Descriptions of Hopi history 
Exc: Descriptions of the covenant with Maasaw (code instead 
for Covenant) 

  Relationships  
Inc: Descriptions of matrilineal society, clan relationships, roles 
of different immediate or extended family members 
Exc: Personal stories about relationships (do not code) 

  Nature is Conscious  

Inc: Statements about the Earth, the animals, the environment 
watching human activities or responding to human activities in a 
conscious way; likely also code for Human-Nature Connection 
Exc: General statements about the connection between human 
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existence, thoughts, and/or prayer and outcomes in nature 
without implication of consciousness (code instead for Human-
Nature Connection) 

  Carrying Capacity  Inc: Statements about limits to natural resources 

  Identity  Inc: Statements about what it means to be Hopi, or specifically 
what it means to be a Hopi man or woman 
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