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Foreword
Thomas H. McGovern

It is a genuine pleasure to provide this foreword to what will certainly become a
key volume for the integration of the long-term perspective (longue durée) with
present and future efforts to cope with hazards to the environment and human
welfare. As Payson Sheets and Jago Cooper emphasize in their introduction
and overview chapter, this group of contributors draws upon an impressive
range of disciplines and well-developed case studies from around the globe.
They are united in a growing movement among archaeologists, environmental
historians, and paleoecologists to make a well-understood past serve to create a more genuinely sustainable future and increase human resilience in the
face of both gradual and sudden change (Constanza, Graumlich, and Steffen
2007; Crumley 1994; Dugmore et al. 2007; Fisher, Hill, and Feinman 2009;
Hornberg, McNeill, and Martinez-Alier 2007; Kirch 1997, 2007; Kohler and
van der Leeuw 2007; Marks 2007; McGovern et al 2007; Norberg et al. 2008;
Redman et al. 2004; Rick and Erlandson 2008; Sabloff 1998).
The Eagle Hill Meeting, October 2009

The editors and contributors are also connected by their participation in the
three-day Global Longterm Human Ecodynamics Conference hosted by
the Humboldt Field Research Institute at its excellent facility in Eagle Hill,
vii
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Maine, on October 16–19, 2009 (http://www.eaglehill.us/). The conference
was generously funded by a grant from the US National Science Foundation
(NSF), Office of Polar Programs (OPP), Arctic Social Sciences Program, as
part of President Barack Obama’s American Recovery and Reinvestment Act.
Our OPP grants officer, Dr. Anna Kerttula de Echave, played an invaluable and
inspirational role before, during, and after what proved to be an incredibly energized and successful meeting. The Eagle Hill meeting grew out of discussions
with the NSF about the desirability of harvesting fresh data and perspectives
acquired by some of the large-scale projects funded under new cross-disciplinary initiatives, including the NSF Biocomplexity competition, the Human and
Social Dimensions of Global Change program, and the International Polar
Year (2007–2009), as well as various European interdisciplinary programs
(BOREAS, Leverhulme Trust projects), to promote more effective interregional (especially north-south) communication and integration of teams, cases,
and new ideas. In spring 2009 a team drawn from the North Atlantic Biocultural
Organization (NABO) research and education cooperative (Andy Dugmore of
the University of Edinburgh, Sophia Perdikaris and Tom McGovern of CUNY,
and Astrid Ogilvie of the University of Colorado) was tasked with organizing
a working conference that would connect teams and scholars active in diverse
areas of human ecodynamics research and involve students participating in
Sophia’s Islands of Change Research Experience for Undergraduates (REU)
program. The October Eagle Hill meeting eventually had seventy-one faculty
and student active participants, representing a dozen disciplines and nations
worldwide. Prior to the meeting, participants interacted through the NABO
website maintained by Dr. Anthony Newton (University of Edinburgh), and
this on-line collaboration and preparation proved critical to the success of the
meeting (for a full report on the Eagle Hill meeting and a list of faculty participants, see http://www.nabohome.org/meetings/glthec2009.html).
As part of the pre-meeting preparation we grouped participants into
working groups, each with at least two chairs charged with organizing their
groups, leading discussions before and during the meeting, and preparing presentations by each working group for discussion by the entire group. The teams
and chairs were:
• Methods, Data, and Tools (chairs Doug Price and Tina Thurston):
New analytic tools allow transformation in our abilities to trace migration, reconstruct diet, and reconstruct settlement. Some specialties
and approaches are very recent in origin (stable isotopes, aDNA), and
others have recently been able to significantly upgrade their general utility through expanded data resources (archaeobotany, zooarchaeology,
geoarchaeology).
• Who Cares Wins (Shari Gearheard and Christian Keller): Education,
community involvement, policy connections, and interdisciplinary
viii
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engagement. Moving beyond outreach to mobilize traditional environmental knowledge (TEK) and local knowledge and expertise for global
science. Engaging underrepresented sources of innovation and expanding human resources. Connecting science to the public and providing
diversity to policy makers.
• Hazards and Impacts (Payson Sheets and Jago Cooper): Recurring hazards, differential impacts, long-term lessons for vulnerability and resilience, successful and unsuccessful models of response and adaptation.
• Climate Change (Socorro Lozano and Lisa Kennedy): Climate change
impacts, threshold crossings, adaptation versus resilience, past lessons
for future impacts.
• Models and Visualization (Shripad Tuljapurkar and Tiffany Vance):
Digital resources for education, data integration and dissemination,
integrative modeling, and exploration of complex causality and complex
self-organizing adaptive systems.
• Coping and Scale (Tate Paulette and Jeff Quilter): Societies of different
scales have produced cases of both failure and long-term sustainability
in balancing demands of specialization, short-term efficiency, and longterm flexibility in the face of discontinuous but often rapid changes in
natural and social environments.
• Ecodynamics of Modernity (Steve Mozorowski and Jim Woollett): Past
“world system” impacts since CE 1250, commoditization, repeated pandemic impacts, climate change, Columbian exchange, mass migration,
cross-scale integration and linkage, maximum potential for integration
of history, ethnography, archaeology, and multi-indicator environmental science.

All of these team presentations provoked intense and productive discussions (some of which lasted far into the night), but the Hazards and Impacts
team led by Payson and Jago was a clear “star” session among many very strong
contenders. In part, this reflected the dynamic of the conference, where all participants were deeply committed to using their expertise to make concrete and
practical contributions to improving the lives of present and future residents
in their research areas. As discussed fully in Jago and Payson’s introductory
chapter, hazards research provides a well-structured venue for the long-term
perspective to have immediate and positive benefits, and this has attracted
contributors from other Eagle Hill teams to what had been the Hazards and
Impacts team project.
The Global Human Ecodynamics Alliance (GHEA)

The Eagle Hill meeting resulted in a strong consensus to continue and broaden
discussions begun in Maine, drawing in more teams, disciplines, and world
areas to achieve a genuinely global perspective that could take on projects such
ix
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as this excellent volume, as well as sponsor field and laboratory collaborations,
student training, public education, and engagement with global change science.
This consensus led to a proposal to organize and launch a new Global Human
Ecodynamics Alliance (GHEA). Ben Fitzhugh (University of Washington)
generously agreed to take on the work of launching the group and a series
of meetings in Arizona (hosted by Peggy Nelson and her team), Edinburgh
(hosted by Andy Dugmore jointly with the Scottish Alliance for Geoscience,
Environment, and Science [SAGES]), and St. Louis (organized by Ben at the
Society for American Archaeology meetings). GHEA is now up and running
with its new official website created by Anthony (www.gheahome.org).
GHEA is intended to be an open, loosely structured, and very flexible
group (down low in the “r” area of the classic resilience metaphor loop) that
will seek to build community and aid scholars, students, and members of the
wider public in connecting across national and disciplinary boundaries. All are
invited to participate and join through the website. GHEA is rapidly evolving in response to member interests, but some bullet points incorporated into
GHEA from the Eagle Hill meeting may indicate shared interests:
• Productive Engagement with Global Change and Challenges of
Sustainability
• Promoting Diversity of Knowledge Sources
• Integration of Policy, Education, Outreach, Community Participation
in Global Science
• Spatial Patterning, Place-Based Learning, Longitudinal Research Programs
• Critical Times and Places: thresholds, tipping points, regime shifts.

This book is an early product of the Global Human Ecodynamics Alliance
and sets a high standard for future GHEA collaborations.
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Chapter Abstracts

Chapter 1
Hazards, Impacts, and Resilience among
Hunter-Gatherers of the Kuril Islands
Ben Fitzhugh
University of Washington

In the anthropological and archaeological literature, hunter-gatherers are often
treated as victims of short-term environmental catastrophe and longer-term
environmental change, responding to extreme environmental perturbations
through adaptation or local extinction/emigration. The Kuril Biocomplexity
Project was designed in part to evaluate the extent to which the hunter-gatherer settlement history in the environmentally dynamic Kuril Islands was
affected by catastrophic events and sustained climate changes. This chapter
pulls together newly generated archaeological, geological, and paleoenvironmental evidence to consider the extent to which Kuril hunter-gatherers were
vulnerable to extreme environmental hazards in combination with relatively
high geographic insularity.
The chapter explicitly discusses the key hazards (volcanic eruptions, earthquakes and tsunamis, low biotic diversity, climate change, and their effects on
sea ice distributions, storminess and marine productivity, and geographic-social
insularity), evidence of past impacts (frequencies and intensities of volcanic
xiii
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eruptions, earthquakes, and tsunamis and significant changes in climate and
marine productivity), and evidence for human mitigation, vulnerabilities, and
resilience to these hazards (settlement displacement and hiatuses in occupation,
evasive settlement placement, foraging selectivity, and development of selective
exchange networks). A major conclusion of this case study is that hunter-gatherers were remarkably resilient to environmental calamities, which for the most
part had limited impacts on settlement history. Explaining the discontinuous
occupation history of the Kurils instead requires consideration of the effects of
social networking in the context of relative insularity and the cultural implications of social, political, and economic developments in the more densely occupied “mainland” regions to the south and west. From this study we can begin to
develop a generalized model concerning social scale and networks of social and
economic interdependence that can help us better conceptualize future risks to
human occupation of these and similar relatively insular environments.
Chapter 2
Responses to Explosive Volcanic Eruptions by Small to
Complex Societies in Ancient Mexico and Central America
Payson Sheets
University of Colorado, Boulder

The full range of societal complexities, from small egalitarian villages to statelevel civilizations, was impacted by explosive volcanic eruptions in ancient
Central America and Mexico. Some societies were remarkably resilient and
recovered from the volcanic disasters within decades. Others were vulnerable
to sudden massive stresses and failed to recover. This chapter explores the factors that contribute to resilience or vulnerability, including societal complexity, demography and mobility, connectivity, magnitude of the eruption, social
conflict, organization of the economy, loss of traditional environmental knowledge (TEK), and political organization. Each factor can be scaled regarding its
contribution to vulnerability. As societies respond to disasters, not everyone
suffers. There were winners and losers in the ancient past, as there are with contemporary disasters. People learn from disasters and modify their vulnerabilities. Therefore the creative aspects of hazard perception are also explored in
this chapter.

xiv
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Chapter 3
Black Sun, High Flame, and Flood:
Volcanic Hazards in Iceland
Andrew Dugmore and Orri Vésteinsson
University of Edinburgh and University of Iceland

People in Iceland have lived (and died) with volcanic hazards for over 1,150
years. These hazards can be broadly grouped into fout types: those from volcanic fallout (ash fall and pyroclastic flows), floods (of water melted from glaciers
or dammed in rivers and lahars), lava, and pollution (poisoning from carbon
monoxide and fluorine). They occur at irregular intervals and often widely separated times—maybe once or twice a generation, maybe once a millennium.
When volcanic hazards do occur, their scale may be comparatively limited—
affecting a small region for a short time—or their effects may be persistent and
felt both across the entire island and much farther afield. Long recurrence times
have meant there may be little specific planning to cope with volcanic impact.
The potential human impacts of volcanic eruptions do not depend on the
size and type of eruption alone; the environmental and social context is vital.
Few volcanic eruptions have directly or indirectly killed people, but when bad
synergies occur, death tolls can be great.
Historically, communal resilience in Iceland that developed to face other
environmental challenges, such as extreme weather, has been the basis of effective response to volcanic hazards and the mitigation of their impacts. Today,
volcanic emergency planning in Iceland has specific provisions based on
detailed geological assessments. The modern science of volcanic hazard assessment faces a number of specific challenges over establishing the nature of possible events and their potential impacts. Some past volcanic events have left clear
traces behind, such as a layer of volcanic ash or a characteristic flood deposit.
Other hazards, such as fluorine poisoning of livestock, leave no direct evidence,
and their occurrence has to be inferred indirectly through, for example, studies
of magma composition (to infer the presence of a volatile element) or written records of deaths of livestock or people. Even when there is direct physical
evidence, such as the landscape record of a flood, it may be ambiguous. Was it
from a volcanic event? How big was the event?
Serendipitously, the volcanic events that create hazards in Iceland have
also created a very effective means of assessing those hazards. Volcanic eruptions frequently create extensive layers of volcanic ash (tephra) that are rapidly spread across the landscape. These deposits form marker horizons that are
incorporated into the rapidly aggrading aeolian soils. We can identify, correlate, and date these tephra deposits; reconstruct extensive synchronous horizons; and use them to gain precise knowledge of past hazards: their magnitude,
extent, and impact. The tephras themselves may be the hazard; we can tell if
xv
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this is so because precise mapping of individual deposits can tell us their size
and environmental impact. In a similar way we can, for example, use tephras
to show that scattered traces of flooding may all belong to the same event and
have originated from a volcano. Crucially, we can also reconstruct details of the
environments at the time of past volcanic events and thus gain key data on the
context of past hazards. Precise dating (to the decade, year, season, and even
the day) allows true interdisciplinary collaboration and effective discussion
about common questions of hazard, mitigation, and disaster among historians,
archaeologists, ecologists, geographers, geologists, planners, and policy makers. Deeper time (multi-millennia) perspectives can give insight on possible
return times and alert us to events that can occur but that have not (yet) been
experienced in historical time.
Chapter 4
Fail to Prepare, then Prepare to Fail: Rethinking Threat,
Vulnerability, and Mitigation in the Precolumbian Caribbean
Jago Cooper
University of Leicester

For over 5,000 years, Precolumbian populations in the Caribbean lived with
the hazards created by the impacts of climate change—in particular, a 6-m rise
in relative sea levels, marked variation in annual rainfall, and periodic intensification of hurricane activity. In this chapter I evaluate the ways Precolumbian
populations identified the risk of these potential hazards and consider how
they mitigated the impacts over time to build resilient communities. This
research exploits the time depth of cultural practice to provide archaeological
lessons that can inform current responses to the impacts of sudden environmental change in the Caribbean. I explore the temporal and spatial scales at
which cause and effect between archaeological and paleoenvironmental phenomena can be correlated, analyzed, and interpreted. Using a series of wellresearched case studies from around the Caribbean, I correlate archaeological
data with the identified impacts of sudden environmental change to provide
key patterns in the changing nature of Precolumbian cultural practices. I argue
that Precolumbian communities developed settlement locations, food procurement strategies, and household architecture designs well suited to living
through the impacts of sudden environmental change. I discuss how these past
communities developed resilient lifeways in the face of both short- and longterm hazards and consider whether modern populations in the Caribbean
could develop coping strategies that utilize these Precolumbian lessons for living through the impacts of climate change.
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Chapter 5
Collation, Correlation, and Causation in
the Prehistory of Coastal Peru
Daniel H. Sandweiss and Jeffrey Quilter
University of Maine and Harvard University

The coast of Peru is subject to a multitude of hazards occurring at different
temporal and spatial scales and often working synergistically to create major
disasters for the region’s human inhabitants. The best known of these hazards is
El Niño, a recurring climatic perturbation that brings torrential rain, erosion of
landscapes and infrastructure, loss of marine biomass, and plagues of diseases
and insects. Earthquakes are also common and can prime the terrain with sediment that is set in motion by El Niño and cycled through the landscape by subsequent littoral and aeolian processes. The final round in the sediment cycle is
sand swamping of agricultural systems, complementing the initial destruction
from El Niño but on a longer timescale. All of the components of this system
of synergistic hazards continue to operate today in the context of population
growth and high-investment agrarian expansion. In this chapter we review several case studies involving El Niño, earthquakes, and sand, with attention to
frequency and predictability, temporal and spatial scales, and human impacts.
We conclude by considering the potential role of hazards across the long sweep
of cultural development in ancient Peru and drawing lessons for the future.
Chapter 6
Silent Hazards, Invisible Risks: Prehispanic Erosion
in the Teotihuacan Valley, Central Mexico
Emily McClung de Tapia
Universidad Nacional Autónoma de México

This chapter provides a case study of risk and resilience from the Teotihuacan
Valley in the northern Basin of Mexico. Between 100 BC and AD 600, the
prehispanic city of Teotihuacan grew to occupy an area of roughly 20 km2, with
at least 100,000 inhabitants in the urban zone alone. The city had an enormous
impact on the surrounding landscape, and the city’s development was associated with adaptive strategies in which inhabitants modified the landscape to
deal with the increased vulnerability to natural hazards created by rising population densities.
Results from recent geoarchaeological research in the Teotihuacan Valley
suggest a complex history of landscape development closely associated with
human impact. Clear evidence for alternating periods of landscape stability and instability is related to periodic erosion. Evidence for severe erosion
xvii
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and concomitant floods is directly related to the regional settlement history.
Deforestation of surrounding slopes contributed to increased runoff that was
partially controlled by terracing; the abandonment of terrace systems following population decline contributed to uncontrolled erosion and flooding.
Historical documents describe similar events following the Spanish Conquest,
which resulted in the relocation of at least one village and administrative center. These processes contributed to severe floods in Mexico City because the
hydrological system of the Teotihuacan region drained into the lake system on
which the Colonial city was constructed.
Erosion and floods are common today in the central highlands of Mexico;
although the immediate causes may vary, inadequate management of slopes
results in proportional risks for human lives and economic infrastructure. The
transition from what was largely a rural agricultural economy to an urban-based
service-oriented economy, together with a significant increase in population
density, represents an enormous challenge to the sustainability of the Basin of
Mexico. Archaeological settlement patterns and other kinds of archaeological
and paleoecological evidence from the Teotihuacan Valley and elsewhere in the
Basin of Mexico provide important lessons for modern-day communities. This
case study suggests that urban communities integrated with productive rural
hinterlands, rather than the current model of extensive industrial corridors and
dense human settlements, contribute to greater resilience for human populations and sustainability for the environment.
Chapter 7
Domination and Resilience in Bronze Age Mesopotamia
Tate Paulette
University of Chicago

Although Mesopotamia has long occupied a prominent position in the Western
public imagination, recent events—in particular, the US-led occupation of Iraq
and the large-scale looting of museums and archaeological sites—have drawn
the Iraqi present and the Mesopotamian past vividly into the spotlight. Images
of legendary ancient cities, now stranded in arid wastelands, and broken monuments to kings of vanished civilizations resonate powerfully with modern
audiences, themselves increasingly uncertain about our collective future. For
a world in which environmental disaster and economic collapse loom on the
horizon, ancient Mesopotamia can provide both cautionary tales and success
stories. Recurring hazards such as drought, disease, flooding, and river channel
shifts were regularly planned for, counteracted, and endured in Mesopotamia.
Several episodes of political and economic collapse, however, testify to the precarious balance that was sometimes struck between centralizing efforts and a
xviii
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capricious environment. The vigorous debates generated by these collapse episodes also exemplify the difficulty of pinning down and explaining the causal
factors behind social and environmental transformations. The case studies presented here challenge the reader to tease apart the complicated interconnections that link human action and institutional management with processes of
environmental degradation and climate change.
This chapter focuses on the Bronze Age (ca. 3000–1200 BC) in Meso
potamia. Following immediately on the heels of state formation and the socalled Urban Revolution, the Bronze Age was a time of demographic flux and
intense political contestation. Cities dominated the landscape, and powerful
urban institutions vied for control over the labor and resources of a heterogeneous population. During several brief episodes of political centralization,
expansionist dynasties created regional-scale polities that eventually dissolved,
leaving a recurring pattern of autonomous city-states. At the same time, occasional evidence for large groups of nomadic or semi-nomadic pastoralists hints
at the existence of segments of the population that were able to operate, at least
partially, beyond the bounds of institutional control.
The complexity and dynamism of the socio-political landscape in Bronze
Age Mesopotamia must take center stage in any study of environmental hazards and their impact on human society. The inhabitants of Mesopotamia were
confronted with a difficult and unpredictable environment, and many of them
dealt directly with that environment on a daily basis as they plowed their fields,
worked their gardens, or led their animals to pasture. For many, however, interaction with the environment was mediated by or filtered through institutional
structures; the effects of institutional control were an ever-present fact of life,
whether visible in the strict orchestration of daily tasks or, more indirectly,
in the legacy of a heavily managed and modified agricultural landscape. This
chapter provides an introduction to the range of hazards—both strictly “environmental” and human-induced—that threatened the livelihood of people
and the survival of settlements and states in Bronze Age Mesopotamia. It also
outlines the responses that were available and the short- and long-term impacts
of different types of hazard. Throughout the discussion, emphasis is placed on
the evolving role of institutional management and the shifting boundaries of
institutional domination.
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Chapter 8
Long-Term Vulnerability and Resilience: Three
Examples from Archaeological Study in the
Southwestern United States and Northern Mexico
Margaret C. Nelson, Michelle Hegmon, Keith W. Kintigh, Ann P. Kinzig,
Ben A. Nelson, John M. Anderies, David A. Abbott, Katherine A. Spielmann,
Scott E. Ingram, Matthew A. Peeples, Stephanie Kulow, Colleen A. Strawhacker,
and Cathryn Meegan
Arizona State University
Grand Canyon College

Archaeology brings time depth to an array of issues, from migration and resettlement to climate change and environmental impacts of human actions. The
long term does not provide predictions for future courses but it does provide
examples, social-ecological experiments of sorts, by which we can come to better understand processes and relationships used to make contemporary decisions about managing for change versus managing for stability. In this chapter
we describe a collaborative study of long-term relationships between ecosystems and social systems in the prehispanic and proto-historic southwestern
United States and northern Mexico that examines key concepts employed by
scholars and policy makers in the resilience community. This community’s
concern is with promotion of social and environmental policies that build
resilient systems that can flexibly respond to uncertain future conditions and
avoid catastrophic transformations. In this chapter we focus on three key concepts: rigidity, diversity, and tradeoffs.
Chapter 9
Social Evolution, Hazards, and Resilience:
Some Concluding Thoughts
Timothy A. Kohler
Washington State University

I briefly consider the history of social evolutionary models in anthropology
and, even more briefly, in biology. I discuss the implications of the chapters in
this book for these models, which as a group imply that such models must consider the types of risks and hazards a society faces, as well as the temporal and
spatial structures of those risks. I outline what such a model would look like.
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Chapter 10
Global Environmental Change, Resilience,
and Sustainable Outcomes
Charles L. Redman
Arizona State University

Resilience of a system is often defined as the system’s ability to maintain its
basic structure and essential functions in the face of a stress or a shock. In many
ways a socio-ecological system’s response to the occurrence of a natural hazard
is an excellent, although often extreme, case study of resilience. In examining
these ecodynamics, we must differentiate between what we expect to be appropriate behavior based on our own implicitly justified normative views and
what we actually observe in the past to be a sustainable situation. Many basic
principles advocated in ecological versions of resilience theory—such as the
value of redundancy, flexibility, stored capital, investment in mitigation, and
maximum information flow—may in fact conflict with sustainable outcomes
when applied to human-dominated systems. Moreover, a resilience approach
is often predicated on the assumption that current conditions (natural in particular) are optimal and that change equates with degradation of the system
and hence is negative. However, as we know from social systems, current conditions may not be desirable and may have feedbacks that strongly resist change
(e.g., the poverty trap). Implementing a sustainability approach requires that
we not only promote a system’s adaptive capacity but also that we evaluate the
desirability of the system as it now operates and develop measurable indicators
that encode desirable, normatively held values. These indicators would include
aspects of the biophysical functioning of the ecosystem but also equity and
access to opportunities in the social system and how the two interact and ramify. In fact, most practitioners of sustainability find that the systems they study
are not only less than optimal but also do not even meet minimal standards
of sustainability. All of this becomes more complex in the face of potential,
systems-transforming natural hazards.
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Surviving Sudden
Environmental Change

Introduction

Learning to Live with the Dangers of
Sudden Environmental Change
Payson Sheets and Jago Cooper

Human communities around the world are increasingly worried about the dangers of sudden environmental change. This book aims to illustrate how the full
time depth of human experience can reveal the nature of these dangers and help
build long-term sustainable societies. The diversity in human cultures across the
past few thousand years is extraordinary, from small groups of hunter-gatherers
to chiefdoms and states to empires with populations in the millions. The diversity
of environments within which they lived is equally impressive, from deserts and
oases through Arctic tundra to tropical rainforests with the greatest biomass and
biodiversity of any terrestrial environment. Given this dual diversity, there are no
recipes for evaluating how a culture should successfully adapt to its environment.
But there is a phenomenon common to both cultures and environment, and that
is change. Societies change as populations increase, for instance, and systems of
authority emerge and strengthen as egalitarianism fades. In addition, societies
affect their environments, sometimes for the better but often to the detriment of
soils, flora, and fauna. Environments change on a short-term basis (weather and
seasonality) and on a long-term basis (climate), and human societies of all kinds
learn to adjust to those changes. Societies adjust to most environmental changes
with little difficulty, as flexibility is built into adaptation. However, some changes
are of such magnitude that societies are deeply affected by them, and the poststress society is recognizably different or in some cases simply does not survive.
1
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The most severe environmental changes, which massively impact societies,
are often called “natural disasters.” To find a truly and solely natural disaster,
we would have to find an event that did not involve people, such as the K/T
asteroid impact that killed off the dinosaurs 65 million years ago. Some studies
of “natural disasters” emphasize the natural component and neglect the human
social component, and, as discussed later, natural scientists and engineers
receive most of the funding in disaster research. However, the authors in this
book believe deeply that sociocultural factors are essential in understanding
risk, impact, resilience, reactions, and recoveries from massive sudden environmental changes. Therefore we prefer the term disaster to natural disaster when
people are involved.
Many disasters originate in the form of a force from nature, such as an
earthquake, cyclone, tsunami, volcanic eruption, drought, or flood. But that
is half of the story; people and their cultures are the rest of the story and must
be as closely studied. How people distribute themselves across the landscape,
how they feed themselves, how authority is structured, their perception of risk,
their experience with earlier disasters, and the oral or written history of them
are all crucial factors in how a society handles a disaster and how it recovers
from it, or not.
The documented impacts of disasters have been huge in the past, and with
worldwide populations increasing—often dramatically in hazardous zones—
impacts are growing in the present and will continue to do so into the future.
According to statistics gathered by the United Nations, every year about 200
million people are directly impacted by disasters (Mauch and Pfister 2009).
That is seven times the number of people affected by wars per year.
Disasters are the stock-in-trade of many movies and TV shows and are
becoming ever more horrendous with increasing special-effects sophistication.
Of course, the popular media emphasize death and destruction, panic, looting,
and personal suffering of physical and psychological natures. Some disasters are
even credited with the end of civilizations. One would hope that the broadcast
and print news media would deal with disasters in a more balanced manner,
and occasionally they do. But a Central American journalist let one of us (PS)
in on what he called international journalism’s best-kept secret: journalists in
any country greatly exaggerate the disasters in other countries, so no matter
how bad living conditions are in their country, they appear worse elsewhere.
Social science studies of disasters do record suffering, but the studies that go
beyond the immediacy of the impact generally find remarkable resilience and
recovery. In addition, disasters have a creative aspect in that people can learn
from them and adjust their culture to be better prepared for them in the future.
Oral histories and religious beliefs can incorporate the extreme phenomena, so
the precursors can lead to evasive action.
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Hazard-Disaster Research

Using disasters as a means to explain major changes in people and their societies is common to many of the world’s cultures. The biblical accounts of the
flood and Noah’s ark saving his family and fauna are known to all. Sumerian
and Babylonian flood legends, also destroying evil and saving a few good people and animals, are older than the biblical flood, as they date back well over
three millennia. Perhaps the traditional chasm between religion and science
has inhibited many social scientists from serious study of disasters, combined
with the overly dramatic popular media accounts.
Systematic study of disasters began with the work of Gilbert White (1945),
a cultural geographer who studied the Johnstown, Pennsylvania, flood in terms
of the physical phenomenon and how people and their culture affected their
vulnerabilities. White began the comparative study of disasters in the social
sciences, and he contributed an applied dimension of planning to reduce people’s risks to future flooding. White’s work clarified the distinction between
disaster and hazard. The disaster is the actual catastrophic event, while a hazard
is a disaster “waiting in the wings” and therefore subject to study, risk perception, and planning for mitigation of impact when the disaster actually occurs.
White was the first to combine physical phenomena with cultural factors in an
integrated fashion.
As cases grew, patterns were perceived, and as general interest in human
ecology surged during the second half of the twentieth century, social scientists
saw the need for theory building in the hazard/disaster field. A seminal volume
by Ian Burton, Robert Kates, and Gilbert White (1978) contributed a framework for understanding and comparing relationships among people, societies,
and sudden massive stresses. In it the authors relate external stresses to adjustments people make and identify three key thresholds. With a relatively minor
stress, they suggest the minimal adjustment people make is Loss Absorption,
which occurs after the first threshold of Awareness is crossed. Basically, people accept the losses, make minor changes, and get on with their lives. With
greater stress the threshold of Direct Action is crossed, and Loss Reduction is
the result. People deliberately do what they decide is necessary to deal with the
significant changes in their natural and social environments. Still greater stress
crosses the threshold of Intolerance, and people decide to take Radical Action.
An example of Radical Action would be refugees deciding to migrate from the
area of a disaster to a very different area, necessitating major changes in their
society, their adaptation, or both.
Current social science research on hazards and disasters owes much to the
early work of White and his associates. Their work has stimulated federal funding for hazard-disaster research, but ironically the predominance of support
has favored the physical sciences and engineering. David Alexander (1995) surveyed the field and found that 95 percent of funding went to the physical and
3
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technological sciences, leaving only 5 percent for the social sciences. Alexander
(1997) also explored the diversity of disciplines conducting disaster research
and found a surprising total of thirty, ranging from the humanities through
the social sciences to the physical sciences and engineering. The predominance
of research focuses on the physical forcing mechanism, the immediacy of the
disaster, and technological means of mitigating similar disasters in the future.
Relatively rare are longer-term studies that trace the effects of a disaster and
human responses to it. Some humanistic scholars in history have begun to do
what they consider to be long-term studies of disasters, covering a decade or
more (Mauch and Pfister 2009). Archaeologists can certainly expand on that
time frame. And all disaster research fields can learn from the patterns and
insights Mauch and Pfister provide.
Archaeological Contributions to Disaster Studies

As long as archaeologists have been excavating settlements and recording stratigraphy, they have encountered evidence of disasters. The evidence takes the
form of a volcanic ash deposit, alluvium from flooding, walls collapsed from
an earthquake, or loci abandoned because of drought. From the late nineteenth century until fairly recently, ash or flood deposits were viewed as temporal horizon markers or stratigraphic separators of cultural materials. Or in
some cases they were examined as disasters, and some were ascribed causality
in the decline or collapse of cultures or civilizations. Until recently they were
described and interpreted as single cases and dealt with in atheoretical ways. A
few surveys and assessments of the field of archaeological studies of disasters
have been published, and they provide a means to understand the development
of the field and explore ways in which future studies could be conducted.
The earliest survey of archaeological disaster studies was done in the late
1970s (Sheets 1980). That paper pointed out the above-mentioned shortcom
ings and emphasized the opportunities for archaeologists to do comparative analyses and take advantage of great time depths in studying disasters. It
lamented the paucity of studies that combined natural and social science examinations of disasters and their aftermaths. Mary van Buren (2001: 129) conducted a survey of the field two decades later and noted that “archaeological
research on disasters had increased substantially since Sheets’ 1980 review of the
topic.” She noted the continued contributions by cultural geographers to disaster studies, in particular with the concept of vulnerability—that is, how people
perceive hazards, deal with disasters, and recover from them. Vulnerability
has economic, religious, political, social, and demographic aspects. These can
become acute with the growth of populations as the disenfranchised lowest
levels of societies are relegated to the most hazardous locations, in floodplains,
for instance. She also noted that modern ecological concepts can contribute
4
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to future research but stated that a limiting factor is the persisting paucity of
theory. Sheets (2008) has made some attempts in theory building, comparing three dozen cases of explosive volcanism affecting egalitarian to state-level
societies in Middle America and beginning to see some patterns in factors that
support resilience and other factors that increase vulnerability.
John Grattan and Robin Torrence (2007: 1) recently conducted a survey of the field and noted a “boom in archaeological research focused on the
effects of ancient catastrophes on culture change.” They listed six books published on the topic during the four-year period 1999–2002, and the publications have not diminished since their survey was completed. They note that
social factors are handled in a more thorough manner in disaster studies than
was the case in past decades. They suggest that disaster studies move beyond
emphasizing the “gloom and doom” of the most dramatic immediate impacts.
Disasters have creative aspects, as people learn from their experiences and
adjust their adaptations. Unfortunately, modernization can lead to the loss of
oral history and useful knowledge, an observation that resonates in the chapters that follow.
We take it as a salutary sign that the Geological Society of America is publishing some social science chapters in its geological volumes. For instance, six
chapters by social scientists were published on volcanic-human interactions
and social issues in the volume Natural Hazards in El Salvador (Rose et al.
2004).
Living with the Dangers of Sudden
Environmental Change—Origins of this Book

As McGovern’s foreword to this book suggests, the origins lie in a session on
Hazards and Disasters at the Global Human Ecodynamics meeting in Eagle
Hill, Maine, USA, in October 2009. Preparation for this session began with
a month of on-line discussion among the eight contributors focused on three
pre-defined themes of challenges, contributions, and future research that culminated in a combined group presentation to colleagues and government
representatives at Eagle Hill. Each contributor brought together a combination of historical, archaeological, paleoclimatological, and environmental data
from his or her selected case study to examine the role of societal context in the
relative experience and varied impact of environmental hazards and disasters.
This book maintains this group approach, which, we hope, can facilitate direct
comparison between different case studies and enable an informed conceptual
understanding of the different ways human communities have lived with the
dangers of sudden environmental change. By utilizing the deep time perspectives of our interdisciplinary approaches, this book provides a rich temporal
background to the human experience of environmental hazards and disasters.
5
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The book provides eight separate case studies, each examining how one past
human community has faced the impacts of sudden environmental change.
Different cases of resilience and destruction are presented; as the book develops, it is hoped that key lessons for improved hazard and disaster management
emerge.
Each of the case study chapters has a comparable structure and complementary thematic coverage that enables direct comparisons between the
actions and reactions of the different human communities involved. The book
provides well-researched case studies that cover a broad temporal and spatial
spectrum. Research projects range from Arctic to equatorial regions, from deep
prehistory to living memory, and from tropical rainforests to desert interiors.
However, each chapter is united by the careful examination of how past peoples
understood the hazards that threatened them, how they attempted to mitigate
the potential impacts, and whether their survival strategies proved successful
in avoiding disaster. Each chapter broadly follows the same four themes of key
hazards, past impacts, mitigation, and future risks. In each case study, the key
hazards that faced the past society or societies in question are identified, and
the nature of the specific threats and the timescales at which they occurred are
explored. The direct and indirect past impacts of these hazards are then examined, with particular attention focused on the possibility of both foreseeable
and unforeseeable and positive and negative impacts on past societies. There is
then a discussion of the ways human communities engaged with potential hazards, and evidence for mitigation, vulnerability, and resilience is revealed. These
examples raise important topics for discussion surrounding the sophistication
of ecological knowledge that cultures can develop over centuries or millennia,
the intentionality of mitigation strategies, and the process of societal decisionmaking. The time depth of each case study provides an informed perspective
for this wider discussion, as thresholds of change and cycles of renewal in the
human ecodynamics of past societies are unraveled. Each chapter then looks
toward future risks, considers the relevance of the past case studies for modern
human communities, and assesses the relative threat of hazards and potential
lessons from the past for the development of successful resilience strategies in
the present.
Contributions to Hazard-Disaster Research in This Book

The chapters in this book are broadly ordered in relation to the nature of the
hazards threatening past societies. The first chapters focus on the impacts of
the geological hazards of earthquakes and volcanoes, while later chapters move
toward the climatic hazards of extreme weather events and periods of weather
variability.
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Chapter 1. Fitzhugh’s contribution takes us to the Kuril Islands in the
Northwest Pacific and examines the impacts of volcanic eruptions, tsunamis,
and climate variability on the human populations colonizing and occupying
the different islands of this subarctic archipelago. The apparently marginal
geographical, environmental, and climatic context of the Kurils provides
an informative backdrop to what could be initially assumed to be a particularly exposed and highly vulnerable landscape for past human communities.
However, Fitzhugh’s research comparing the rich history of sudden environmental change in the region with detailed settlement history of the islands
reevaluates these human communities’ “vulnerability” to the impacts of local
and regional hazards. The wide-ranging interdisciplinary data generated by
the Kuril Biocomplexity Project help Fitzhugh provide an informed longterm picture of human ecodynamics on the islands where the past impacts of
sudden environmental change can be better understood. The Kuril Islands are
volcanically and tectonically highly active, and Fitzhugh provides a thorough
examination of the major environmental hazards in the region, analyzing the
likely past impacts of these hazards on the different people living on the islands
through time. The Kuril Islands also highlight the potential importance of
“social” hazards, as disruptions to inter-island networks of social interaction
and fluctuating demographic trends can create increased vulnerability to the
impacts of “natural” hazards. Furthermore, when Fitzhugh considers the terminal phase of Kuril Island occupation, it is the “social” hazards created by
increased interregional interaction that push human populations to the tipping
point of abandonment rather than the impact of a major volcanic eruption or
tsunami in the region. Therefore this chapter uses a geographical region with
a particularly large number of high-frequency environmental hazards to illustrate the complex nature of human vulnerability and show that it is only with
an improved understanding of long-term social processes that the nature of
human ecodynamics and the impacts of sudden environmental change can be
fully understood.
Chapter 2. Sheets picks up on the theme of volcanic hazards raised by
Fitzhugh and looks toward a 7,000-year regional picture of Mexico and
Central America. Utilizing data gathered over many years of research, Sheets
examines a series of case studies selected from a sample of thirty-six volcanic
eruptions with known impacts on past societies in the region. Raising awareness of the need for more “social science” in hazard-disaster research, Sheets
provides a persuasive argument for the use of these long-term perspectives that
look beyond the immediate disaster event and evaluate the mid- to long-term
positive and negative impacts on human communities. The case studies in this
chapter highlight the potential benefits of capitalizing on past knowledge
and integrating Precolumbian mitigation strategies, developed over centuries
7
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or millennia, into the strategic planning of the region’s current disaster management community. Sheets works with scaled vulnerabilities that contrast
impacts from a natural science and social science perspective. This interplay
between the quantifications of threat highlights the current gulf between
geophysical stress and human agency in disaster-related research, and this has
important implications for management practices. The high social impact on
the Barrilles Precolumbian culture caused by the geologically minor Baru volcanic eruption highlights the fact that vulnerability is always contingent on
current social relations. The ongoing social conflicts at the time of the eruption
stopped potential mitigation strategies, such as temporary migration, traditionally employed by other communities facing larger eruptions elsewhere in
the region. Another key lesson that emerges from this chapter is the advantage
of a decentralized decision-making process in which local and vulnerable communities and villages have the local knowledge and authority to perceive hazards and mitigate disasters when they occur. This chapter ends with an intriguing discussion regarding the link among hazard and disaster, preparation or
failure, and the relative stability of social control—be it in the form of religious
or social elites. This link among hazard, disaster, and social elites as mediators
with direct or indirect responsibility for the impacts is thought-provoking. It
seems clear from the case studies in this book that populations can be quick to
apportion blame and can quickly change their allegiance should they feel failed
by a social or religious elite in the face of an environmental hazard. This connection among hazard, disaster, and different elements of society is continued
in the following chapters.
Chapter 3. Dugmore and Vésteinsson examine the impacts of volcanic
eruptions on the Medieval occupation of Iceland, one of the most volcanically
active countries in the world. This chapter begins by drawing an interesting
comparison between the apparent ambivalence of the Medieval population
to volcanic eruptions, based on the literature of the time, and modern-day
overdependence on volcanoes as the reason behind periods of social change
in Icelandic history. Therefore Dugmore and Vésteinsson investigate the truth
behind the alleged impacts of volcanic activity through a more focused geographical perspective that evaluates eruptions on a case-by-case basis. This
chapter examines how the past impacts of Icelandic eruptions were shaped by
the nature of Icelandic society itself and provides a close examination of the
multiple hazards actually created by different volcanic eruptions. The relative
threat of these contrasting hazards—including lava flows, ash clouds, fluorosis
poisoning, volcanic gases, and volcanogenic floods—is considered in light of
the settlement patterns and lifestyles of past communities. The biogeographical contexts of different hazards are considered in careful detail, and concepts
of marginality and the crossing of environmental thresholds are discussed. This
8
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chapter highlights some key features in human-environment relations and finishes with an interesting observation surrounding the apparent lack of planned
mitigation strategies for volcanic eruptions in Iceland. This lack of preparation
for volcanic eruptions is in contrast with the more established planning for the
more common hazards created by periods of climatic variability. Therefore this
research highlights the periodicity of disasters and the importance of potential
parameters for predictability that enabled the development of successful mitigation strategies in Medieval Iceland. This focus on hazards arising from climate variability and periods of climate change is developed in the chapters that
follow and provides interesting parallels with the themes of vulnerability, risk
and mitigation, and the need for long-term studies of human ecodynamics.
Chapter 4. Cooper brings the theme of accessing past ecological knowledge to the islands of the Caribbean. Island populations in this region have
always been vulnerable to the dangers of sudden environmental change, given
the region’s sensitivity to the highly variable climatic systems of the North
Atlantic. This chapter reviews how 5,000 years of indigenous knowledge was
effectively lost during the Colonial period, replaced primarily by Europeaninfluenced lifestyles that are not always well suited to environmental hazards
in the region. Developing a regional interdisciplinary framework for the
Caribbean, Cooper focuses on the impacts of cyclones, droughts, and floods
caused by fluctuating climatic conditions and rising sea levels. By utilizing
archaeological reconstructions of Precolumbian settlement locations, food
procurement strategies, and household architecture designs, Cooper considers
the relative resilience of Precolumbian lifeways that potentially provide useful
mitigation strategies for the Caribbean today. Through a discussion of ethnohistorical evidence for Precolumbian belief systems, it is possible to evaluate
Precolumbian traditional ecological knowledge and a detailed awareness of the
different stages of hazard impact. This research leads us to question how the
concept of vulnerability should be applied. In the Caribbean the frequency of
disasters highlights the importance of including the speed of reconstruction as
part of a more comprehensive understanding of impact that looks beyond the
event of the disaster itself and includes longer-term social and ecological processes. This chapter also discusses the potential implementation of improved
disaster management strategies that employ past mitigation strategies using an
example from an ongoing community project in northern Cuba.
Chapter 5. Sandweiss and Quilter draw our attention to the central Andean
coastline of South America and the threat of key hazards in the region exacerbated by the impacts of El Niño Southern Oscillation cycles. The authors
develop an innovative approach to the challenges of collecting, collating, and
comparing interdisciplinary data that operate at different temporal and spa9
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tial scales. Building on case studies developed during fieldwork in the region,
Sandweiss and Quilter show how their methodological approaches to interdisciplinary research can help highlight key issues of relative threat and vulnerability in past human communities and suggest key lessons for the development of
resilient societies in the region. This study shows how humans living in “extreme
environments” can live successfully through the impacts of climate variability
and change. Furthermore, these studies highlight the complexity of studying
the relationship between sudden environmental change and paleodemography, as past human communities in central and northern Peruvian coastlines
thrived during periods of apparent climatic and environmental instability.
Chapter 6. McClung examines the relationship between this early city in
the Americas and the impacts of sudden environmental change. Located in
a closed hydrological basin, Teotihuacan had a precarious location within a
landscape sensitive to variations in seasonal climate and precipitation change.
McClung has led an interdisciplinary research project that includes a detailed
paleoenvironmental reconstruction of the region. While showing the complexity involved in intensive landscape studies of this kind, the paleoenvironmental picture established in this chapter enables a clear understanding of how
key hazards affected human populations living in the region and shows how
they were often exacerbated by people. This chapter provides a fascinating early
example of the parallels between urban development and increased vulnerability to climatic variability. McClung exposes the entwined relationship among
deforestation, urban architecture, irrigation systems, and hazardous flooding
that shows the increased risk of exposure created by this early American city.
This theme, which parallels social development and changing vulnerabilities
to environmental hazards, is developed further in chapter 7, which creates an
interesting comparison between urbanization and risk in the New and Old
Worlds.
Chapter 7. Paulette focuses his examination of urban development, political competition, and vulnerability to environmental hazards on the Bronze
Age urban centers of Mesopotamia. Using case studies of archaeological sites
from Northern and Southern Mesopotamia, Paulette bring together a range
of interdisciplinary studies to examine the past impacts of key hazards such
as droughts, severe winters, floods, soil degradation, and pestilence. Following
a thoughtful consideration of the term resilience, this chapter develops a
well-structured argument surrounding the relative resilience of Bronze Age
Mesopotamian societies. Out of this study of urban development in the Near
East arise some very interesting lessons for modern-day peoples living in the
same area today. First and foremost, Paulette questions the resilience of centralized institutional hazard management systems that can often increase societal
10
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vulnerability to key hazards by implementing ill-conceived mitigation strategies focused on short-term solutions. In addition, Paulette observes a pattern
in the increasing distribution of risk to different elements of society in tandem with growing social stratification and the emergence of an elite. Therefore
Paulette raises key criticisms surrounding the themes of authority and social
hierarchy in disaster management practice that echo some of the ideas Sheets
developed around decentralized mitigation management even within statelevel societies.
Chapter 8. Nelson and colleagues encourage us to consider aspects of resilience and vulnerability to environmental hazards using carefully selected case
studies from the US Southwest and northern Mexico that provide examples
of alternative human behavior in the face of similar environmental stress. The
enormous body of archaeological data generated in this region is complemented by a uniquely detailed paleoclimatic reconstruction established by
over 100 years of dendroclimatological research in the region. This interdisciplinary body of data provides a rare opportunity to look more closely at the
cause and effect between social development and the problems created by environmental change. Using the ancestral communities in Mimbres, Hohokam,
and Zuni regions of the United States and prehispanic communities around
La Quemada in northern Mexico, Nelson and colleagues look at the relative
success of different mitigation strategies in the face of precipitation variability over time. These case studies force us to think about the processes behind
human decision-making and consider the medium- to long-term consequences
of short-term solutions to the impacts of environmental hazards. This chapter
provides key lessons for the implementation of mitigation strategies that clearly
have direct relevance for modern-day populations living in the Southwest and
facing very similar environmental hazards. These lessons from the past include
the need to create carefully selected crop diversity that considers the climatic
parameters of individual plants. The Hohokam case study also highlights the
dangers of social isolation and the importance of maintaining regional interaction networks that enable resource procurement during times of need. Finally,
this chapter makes us question whether absolute resilience to climatic variability is ever a realistic prospect for human communities; perhaps we should
change the ultimate objective and work toward maximizing the adaptive capacity of human communities to identify and manage the inevitable challenges of
environmental change.
Chapter 9. Kohler helps us consider the role of sudden environmental
change within the wider framework of human social evolution. Providing
an overview of key themes from the different chapters within the historical
framework of archaeological thought and practice, Kohler enables the reader
11
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to consider the different chapters in this book from a global perspective. As
Kohler points out, the paucity of the archaeological record should not negate
the impact sudden environmental change might have had on deep prehistory,
and the tendency to average past interpretations of population figures may
well hide the boom-and-bust nature of human demography in the past. This
overview suggests that perhaps the interactions among hazards, disasters, and
human development should be more closely examined, with particular focus
on the entwined relationship between “progress” and “vulnerability.”
Chapter 10. Redman provides a global overview within which to consider
all of the case studies with their varied spatial and temporal perspectives. This
global comparison helps Redman to extract key messages from this book and
bring the benefits of the long-term perspective on human-environment relations to the wider ongoing debates within the resilience community. This overview highlights the way different case studies in the book link the frequency of
“natural disasters” and cultural ecological knowledge and enables an interesting approach to assessing the relative resilience of modern-day communities.
Certainly, this summary suggests there are important lessons to learn from the
past when considering the cause and effect between environmental stress and
societal change and the paradoxical link between increased societal resilience
and increased social vulnerability. Furthermore, Redman helps bring these lessons into a modern context by considering how climatic and environmental
hazards differentially impact separate elements of societies over time.
Applied Archaeology: How Research Can Ameliorate Risk

In this book, all of the contributors argue that the social sciences are crucial
to the advancement of disaster studies and furthermore that it is only with
the full time depth of human experience that concepts of hazard, risk, impact,
and vulnerability can be truly understood. However, there is a benchmark that
many in the disaster management community will hold us against, and that is
whether there are actually any practical lessons from these studies of the past
that can improve hazard management and disaster mitigation in the present.
We argue that this book clearly shows that there are. In reading through the
chapters, some clear practical lessons emerge regarding settlement location,
household architecture, food procurement strategies, social networks, education, and disaster management planning.
The progressivist nature of many modern-day societies often precludes
the use of “old-fashioned,” “ancient,” or even “stone age” ideas and technologies. This confidence in the “modern” even persuades many populations on the
planet to live a way of life taken from regions with entirely different climates or
environmental histories, solely because of recent geopolitical history or mod12
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ern fashion. For example, the use of European river valley settlement locations
in the Caribbean, adobe brick household architecture in Central America, or
rice farming in the semiarid US Southwest can be hazardous transplants. As
discussed earlier in this introduction, the importance of knowledge developed
over the long term within contextual ecological settings is crucial to improve
our understanding of human ecodynamics, and the case studies examined in
this book show how this accumulated wealth of human experience can be
accessed from deep time and applied to the present.
Settlement Locations

People have always located their settlements in different parts of the landscape. As many archaeologists will tell you, it is not always easy to explain why
past communities chose a specific location. However, many chapters in this
book highlight the way many prehistoric settlement locations are relatively
protected from the past impacts of key hazards. The counterintuitive positioning of settlements on the sides of volcanoes in Iceland is understood following
a detailed analysis of different types of volcanic hazard from individual volcanoes that shows how some apparently similar locations in the landscape are in
fact far less hazardous than others. Similar themes of potentially secure prehistoric settlement locations are picked up in the Kuril Islands and the Caribbean.
While it may not always be possible to simply move modern-day populations,
it is interesting to understand why these past settlement locations were more
resilient and consider adjusting modern landscapes to re-create past natural
hazard defenses. It would be possible to start implementing this plan by simply
including these data in current planning guidelines and include zoning restrictions that can begin to decrease risk and improve living conditions in the study
areas researched in this book.
Household Architecture

Throughout this book the scaled temporality of past impacts helps to
reevaluate the evolving impacts of different hazards. This is particularly important when considering household architecture, as the cost of reconstruction is
often just as important as the building’s resistance to an initial impact event.
This is certainly the case in the Caribbean, where modern and Precolumbian
household designs have distinctly contrasting approaches to hurricane protection. Sheets finds similar evidence in Central America but also points out
the difficulty in trying to persuade modern El Salvadoreans to live in stilted
wooden and thatched houses with mudded walls. Fortunately, the practicalities
of implementing successful mechanisms of mitigation are not the key objective
of this book, and the task of rebranding “Joya de Ceren architecture” for the
13
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first-time buyer/builder in central El Salvador is another person’s job. However,
using the different experiences of past human communities to develop the realities of vulnerability even a little can change the way the relative security of
straw or brick houses is perceived.
Food Procurement Strategies

Food procurement strategies are some of human societies’ most vulnerable elements regarding the impacts of sudden environmental change. Minor
variations in climatic conditions, such as late seasonal rains or an early frost,
can have a profound impact on dependent human communities. A number
of examples in this book highlight the benefits of diversifying resource and
subsistence strategies and growing suitable crops within a wider range of likely
climatic conditions. But perhaps one of the most important lessons surrounding food procurement strategies is the way human communities often increase
medium- to long-term vulnerabilities by adopting short-term solutions to the
immediate impacts of environmental hazards. Nelson and McClung provide
excellent examples of how investments in food procurement technology to protect communities against the hazard of precipitation variability in fact reduce
the longer-term availability of better potential mitigation strategies. This wider
relationship among social development, urbanization, environmental degradation, and vulnerability to hazards is a fascinating topic that moves far beyond
the scope of food procurement strategies and highlights the importance of
linking social development, which relies on permanency in the landscape, with
the parallel development of regional networks of social interaction.
Reciprocal Social Networks

The chapters in this book highlight the importance of maintaining interregional social networks even, and perhaps especially, during times of plenty to
help mitigate the dangers of sudden environmental change. It seems from the
case studies in this book that to a certain extent the larger and more reliable
the network of social interaction any past human community had, the greater
the scale of impact that could be mitigated against. Parallels with modern
global crises are important, as the relative availability of charitable relief and
reconstruction following the 2004 tsunami in the Indian Ocean and the 2010
monsoon floods in South Asia were dependent on the strength of international
relations and relative emotive, social, economic, and political indebtedness.
Moving beyond this rather simplistic idea that it is good to have friends when
in need, the different case studies in this book also show how important it is to
decide which friends it is useful to have and, more specifically, the geographical
region and environmental niche in which it would be most advantageous to
14
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have those friends following the impact of a known hazard. Therefore socie
ties need to be careful not only to establish and maintain social networks with
communities that are least likely to have been affected by the same hazard but
also to consider which key resources will be required for the efficient and swift
reconstruction of their community so that risks can be ameliorated.
Education

Intrinsic to the aims of this book is that education is essential to successful
disaster management and that the educational approach should be multidisciplinary, spanning the humanities, social sciences, and natural sciences. The
importance of education in disaster management strategies is well established,
but, unfortunately, so are the problems and limitations of trying to deliver
national education policies and disaster management strategies through formal
school curricula and radio, print, and television public announcements. This
is particularly the case for hazards with low-frequency periodicity and intergenerational return rates that do not always resonate with people’s fears and
that enable people in San Francisco to sleep soundly at night. Therefore successful hazard mitigation requires that people have an innate hazard awareness
enabling them to identify hazards before or as they are happening, understand
the likely key impacts, and implement individual- and community-level mitigation strategies to avoid disaster (Crate 2008).
This knowledge base can be hard to establish and maintain, particularly
when exacerbated by modern-day issues of demographic mobility and recent
global diasporas. Perhaps this increasing distance among individuals, communities, and an understanding of the local environmental context is in fact one
of the greatest modern hazards highlighted by this book, as people’s ability
to prepare for potential hazards has become increasingly difficult, particularly
given sustained population increases. Therefore some chapters in this book
show that informal knowledge systems—in the form of myth, folklore, ritual
practice, and seasonal festivals—while considered unstructured and informal
by modern pedagogical standards, actually provide a highly effective vehicle for
intergenerational knowledge transfer that can facilitate hazard mitigation for
hundreds or even thousands of years. Therefore, framing education within the
context of local intergenerational knowledge transfer can help bring together
the intergenerational geological timescales of some hazards with the multigenerational human timescales of individual lifetimes.
Disaster Management Planning

This discontinuity between national education policy and local ecological
knowledge flags the wider themes of responsibility, authority, and command15
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and-control structures for effective hazard management. The Mesopotamian
and Central American case studies in this book highlight the way impacts
are socially contingent and locally variable, with the same forcing mechanism
creating very different impacts in different locations. Therefore community
responses to different hazards have to be equally variable to mitigate the specific impacts individuals and local communities face. This suggests that the
very nature of a centralized national disaster management authority, as is most
common around the world, is intrinsically unable to deal with local variation. Therefore the examples discussed in this book suggest that local nodes of
authority (as Sheets phrases it) are the most effective management framework
for avoiding disasters at the local level. Thus centralized national disaster management agencies perhaps should not be creating national policy but rather
should be coordinating a network of locally organized, community-led hazard
management cooperatives that are informed by local knowledge and comparative global case studies to create adjusted strategies targeted to the specific
threats identified through long-term research into their local socio-environmental context.
Long-Term Perspectives

This book highlights the ways an improved understanding of the human experience of hazards and disasters, and the timescales and geographical range at
which impacts arrive, can improve disaster management planning. This deep
time perspective also highlights how complex the process of introducing
change into cultures can be, with case studies in this book showing how the
introduction of successful short-term mitigation of environmental hazards can
increase vulnerabilities over the long term. Therefore disaster planning requires
a long-term perspective that considers the quality of life of both present and
future generations. An archaeological time span can help create these responsible interventions, as case studies from the past, based on empirical evidence,
can help predict the likely consequences of introduced cultural changes and
improve disaster management planning over the long term. Sheets has seen
how benign improvements in health, sanitation, and medicine in El Salvador,
to which nobody would object, resulted in a 3 percent population growth rate.
The birthrate was unchanged and the death rate declined consistently because
of interventions. Populations doubled in twenty years and then again in another
twenty years, with no increase in basic resources to sustain more people. With
population control (family planning, contraception) discouraged by religious
and political authorities, the result of the benign interventions in a few generations has been greater unemployment, underemployment, and malnutrition
than there was in the beginning. Therefore, as well as offering practical suggestions for improved disaster management, we hope the case studies in this book
16
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help generate meaningful discussion of alternative viewpoints and provide a
persuasive argument for communities and decision makers to reevaluate the
reliance on the modern approach to the “natural” disaster and consider including the past as part of a “social” solution.
Future Research

All of the chapters in this book highlight the benefit of integrated interdisciplinary research that brings in comparative high-resolution data sets from
human, climatic, and environmental perspectives. The case studies in this book
show humans’ varied response to different hazards and disasters and suggest
that it is possible to evaluate relative risks and vulnerabilities correctly only
when the entire timescale of potential impacts is taken into consideration.
Therefore future research should focus on bringing together more long-term
interdisciplinary studies that can help provide a fuller picture of the diversity
and variability of global human ecodynamics.
We hope this book will provide a compelling and cohesive narrative that
gives each reader both a rich understanding of key issues and a new perspective
on how different human communities have dealt with the hazards and dangers of sudden environmental change. This book should allow people to consider for themselves the key lessons they wish to draw from the past. However,
we argue that it is important to consider the scaled nature of impacts because
short-, medium-, and long-term impacts often have very different effects on
human communities and on different levels of society within those communities. Examples in this book suggest that changes to social networks and lifestyle choices often create the greatest vulnerabilities to environmental hazards
over the medium to long term. Therefore it is essential to examine the dynamic
interaction between societal development and environmental change and
focus on the human experience of disaster. There is perhaps no better way to do
this than by utilizing the time depth of human existence to create a worldwide
social memory that reveals how different communities with divergent social
systems and varied lifestyle choices have always lived with, and often through,
the dangers of sudden environmental change.
References
Alexander, David
1995
A Survey of the Field of Natural Hazards and Disaster Studies. In Geographical Information Systems in Assessing Natural Hazards, ed. Alberto
Carrara and Fausto Guzetti. Kluwer, Dordrecht, pp. 1–19.
1997
The Study of Natural Disasters, 1977–1997: Some Reflections on a
Changing Field of Knowledge. Disasters 21: 284–304.
17

Pay s o n S h e e t s a n d Ja g o C o o p e r

Burton, Ian, Robert Kates, and Gilbert White
1978
The Environment as Hazard. Oxford University Press, New York.
Crate, Susan
2008
Gone the Bull of Winter? Grappling with the Cultural Implications of
and Anthropology’s Role(s) in Global Climate Change. Current Anthropology 49: 569–595.
Grattan, John, and Robin Torrence, eds.
2007
Living under the Shadow: Cultural Impacts of Volcanic Eruptions. Left
Coast Press, Walnut Creek, CA.
Mauch, Christof, and Cristian Pfister, eds.
2009
Natural Disasters, Cultural Responses: Case Studies toward a Global Environmental History. Lexington Books, Lanham, MD.
Rose, William, Julian Bommer, Dina Lopez, Michael Carr, and Jon Major
2004
Natural Hazards in El Salvador. Special Paper 375. Geological Society of
America, Boulder, CO.
Sheets, Payson
1980
Archaeological Studies of Disaster: Their Range and Value. Paper 38. Institute of Behavioral Science, University of Colorado, Boulder.
2008
Armageddon to the Garden of Eden: Explosive Volcanic Eruptions and
Societal Resilience in Ancient Middle America. In El Niño, Catastrophism, and Culture Change in Ancient America, ed. Daniel Sandweiss and
Jeffrey Quilter. Dumbarton Oaks, Harvard University Press, Cambridge,
MA, pp. 168–186.
van Buren, Mary
2001
The Archaeology of El Niño Events and Other “Natural” Disasters. Journal of Archaeological Method and Theory 8(2): 129–149.
White, Gilbert
1945
Human Adjustment to Flood. University of Chicago Press, Chicago.

18

one

Hazards, Impacts, and Resilience among
Hunter-Gatherers of the Kuril Islands
Ben Fitzhugh

Archaeological Approaches to Catastrophic
Events in the Hunter-Gatherer Context

This chapter explores hunter-gatherer vulnerability in the context of relative
isolation and a highly dynamic natural environment. The setting is the Kuril
Islands of the Northwest Pacific, and the data set is a 4,000-year record of human
settlement and environmental history generated by the Kuril Biocomplexity
Project, a large, interdisciplinary, and international research effort fielded from
2006 to 2008. The presupposition entering this project was that this relatively
isolated, volcanic, earthquake- and tsunami-prone subarctic region should be
among the more difficult habitats for hunter-gatherer populations to occupy
consistently and, as a result, that the archaeological record should reflect periodic abandonments, at least in the most isolated (and smallest) central islands.
The results of this study speak less to this heuristic presupposition than to the
idea of resilience in the face of ecological impoverishment, catastrophic events,
and climate changes. The history we are uncovering highlights the importance
of linked social, economic, and demographic processes in conditioning vulnerability and shaping people’s resilience in the environment.
Hazards and disasters are the focus of increasing interest in natural and
social science, stimulated by growing media attention to disasters around the
world. Calls for improved prediction of catastrophic events have generated
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enhanced support for retrospective studies of historical pattern and periodicity
in earthquakes, tsunamis, volcanic eruptions, floods, drought, climate change,
and other natural hazards. Social science has entered this arena to better understand human responses to hazardous events and environmental change, most
recently calling for more integrated research into the socio-natural dynamics of
disasters (Blaikie et al. 1994; Oliver-Smith 1996; Oliver-Smith and Hoffman
2002; Sidle et al. 2004; Torrence and Grattan 2002). This latest turn recognizes that disasters are complex outcomes of linked social and environmental
processes and that these histories often condition the severity of impacts on
humans in the aftermath of extreme events.
Efforts to understand the socio-environmental dynamics of disasters have
tended to focus on agricultural and industrial societies (but see Saltonstall and
Carver 2002; Sheets 1999). From a comparative archaeological study of socioecological responses to explosive volcanic eruptions in Mesoamerica, Payson
Sheets (1999) suggests that the impacts of such catastrophic events will scale
with the degree of organizational complexity and investment in “built environment.” He argues that small-scale egalitarian societies, at least in Central
America, had the most organizational resilience. If Sheets is correct in this conclusion, we should expect to see similar degrees of resilience in other contexts
in which small-scale societies were exposed to catastrophic events. The Kuril
Islands offer another case for investigating the resilience of such societies.
The Kuril Islands

The Kuril Islands provide a semi-controlled setting for investigating the historical impacts of volcanism, tsunamis, and climate change on maritime
hunter-gatherers over the past 4,000 years. As a group of ecologically simple
and geographically small volcanic islands stretched across 1,100 km of stormy,
subarctic ocean, these islands would seem to epitomize an extremely vulnerable
environment for human settlement. The relative isolation of the central Kurils
may explain why they were left unoccupied until roughly 4,000 years ago, a
barrier rather than a bridge between the Japanese archipelago and Kamchatka
(figure 1.1).
In biogeographical terms, the Kuril Islands* are “stepping stone islands”
between Hokkaido and the Kamchatka Peninsula—serving as both potential
conduit and filter for the movement of plants, animals, and people between
these larger landmasses. The islands serve largely as a filter to the expansion
* In this chapter “Kurils” refers to the “Greater Kuril” island chain linking Hokkaido
to Kamchatka. A shorter string of islands, known as the “Lesser Kurils,” stretches
approximately 100 km northeast from Hokkaido’s Nemura Peninsula. These islands
are not discussed in this chapter.
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1.1. The Kuril Islands. Illustration by Ben Fitzhugh, based on cartographic projection by
Adam Freeburg.

of land-based plant and animal taxa limited in their ability to disperse across
wide channels with fast marine currents. As a result, the islands from Iturup
northeast to Onekotan have relatively low terrestrial biodiversity and are dominated by tundra meadow and alpine ecosystems and a few terrestrial mammals
uncharacteristically good at colonizing new lands, such as fox and vole. Birds,
by contrast, are abundant and diverse in the absence of most predators, and the
Kurils support dozens of species of resident seabirds and migratory waterfowl
(Hacker 1951). Marine mammals are also well represented today around the
shores and near-shore waters of many of the Kuril Islands. Sea lions, fur seals,
and harbor seals are the most common species today, especially in the central
islands, where they haul out in large numbers and raise pups in the summer.
Sea otters are abundant in some areas—especially around the northern and
southern islands—while absent in others. Their distribution seems to reflect
the ecological differences in shellfish and fish productivity and diversity, which
are also highest in the northern and southern ends of the chain compared to
the center. The resulting ecological picture is one of higher taxonomic diversity
in both terrestrial and marine resources in the southernmost and northernmost
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islands, which are also the largest and closest to “mainland” sources. The central
islands—especially those from the Chirpoi Islands to Onekotan—have low
biodiversity, and hunter-gatherers targeted marine mammals, birds (and their
eggs), and limited varieties of fish. Archaeological evidence is consistent with
a picture of reduced diversity in diets and more limited subsistence options in
the central zone compared to the others (Fitzhugh et al. 2004).
The Kuril Biocomplexity Project (KBP) was designed to study the integrated history of humans, flora, fauna, geology, oceanography, and climate as
part of a single, coordinated, interdisciplinary research effort. Following preliminary work in 1999 and 2000 (Fitzhugh et al. 2002; Pietsch et al. 2003),
KBP started fieldwork in the summer of 2006 with an interdisciplinary team
drawn from the United States, Russia, and Japan. The three summers from
2006 to 2008 were spent locating, mapping, and testing archaeological sites;
sampling volcanic ash deposits, lake water, and rocks; studying coastal stratigraphy for tsunami deposits; measuring wave run-up elevations from recent and
older tsunami deposits; coring lakes and peat bogs for pollens and other climate
and ecosystem proxies; and studying modern crustal motion to better understand the dynamics of Kuril seismicity. In the process KBP identified and tested
70 archaeological sites from Kunashir to the Shumshu Islands. Resulting data
include site and landscape maps; radiocarbon dates (286 archaeological dates
and 17 purely geological dates, all by the AMS method); stone, pottery, and
bone artifacts; stratigraphic descriptions of archaeological and geological sediments; physical and geochemical analyses of volcanic ash samples; lake cores
from the north, central, and southern islands; and stratigraphically sequenced
peat samples from almost every island. Project teams are working from these
data to conclusions and combining forces to better understand the integrated
Late Holocene history of the Kurils. It is in the context of this emerging synthesis that we seek to draw preliminary conclusions about the hazards affecting
human settlement and lifestyle in the Kurils.
Kuril Island Archaeological History

The oldest dated archaeological site in the Kurils is located in central Iturup
Island and dated to about 8,000 years ago (ca. 6000 BC)* (Vasilevsky and
Shubina 2006; Yanshina and Kuzmin 2010; Zaitseva et. al 1993). It was occupied by a culture known as the Early Jomon. This one dated site and surface
finds of Early and Middle Jomon pottery indicate the presence of people in the
southern Kurils (closest to Hokkaido) during the Middle Holocene (ca. 6000

* Dates are given in calibrated calendar years BC or AD unless otherwise noted.
Uncalibrated radiocarbon ages (raw dates) are designated as “rcybp.”
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to 2500 BC). The next oldest radiocarbon dates, also from southern islands,
begin to appear around 2500 BC and correlate with apparent stabilization of
the local climate and vegetation (Anderson et al. 2009).
Between 1900 and 1400 BC we start to see evidence for settlement on
many of the central and northern islands. This expansion conceivably relates to
the spread of a more effective seafaring technology into the Japanese archipelago that would have facilitated greater movement into the Kurils, as it apparently did in the previous millennium in Island Southeast Asia (Oppenheimer
and Richards 2001). In this very early phase of Kuril occupation, it is possible
that people from southern Kamchatka might have colonized the northernmost islands of Shumshu and Paramushir. In general, however, all diagnostic
cultural traits (predominantly decorated pottery) in this time and during the
rest of history suggest southern origins, either starting in or passing through
Hokkaido to get to the Kurils.
Our radiocarbon database indicates an abrupt jump in Kuril occupation
beginning around 500 BC. This surge represents the leading edge of almost
1,500 years of more or less continuous settlement during the Epi-Jomon period,
with substantial pit-house villages established on many of the Kuril Islands.
The Epi-Jomon were a maritime-oriented hunting and fishing people who lived
in the Kurils in small pit houses roughly 3–5 m in diameter and left behind
cord-marked pottery, a variety of stone tools, and—in rare, well-preserved
deposits—distinctive bone and wood artifacts, including barbed and toggling
harpoon heads. The Epi-Jomon represent the continuity of Jomon huntingand-gathering lifeways in Hokkaido and the Kurils at a time when Yayoi rice
farmers had assimilated and displaced Jomon lifestyles in more southerly Japan
(Habu 2004; Hudson 1999; Imamura 1996).
In the mid-first millennium AD a new culture, known as the Okhotsk,
swept the southern shores of the Okhotsk Sea from origins in the Lower Amur,
Sakhalin Island, or both (Amano 1979; Ono 2008). The Okhotsk culture colonized the Kurils sometime around AD 800, more or less replacing a waning
Epi-Jomon population. From about AD 800 to 1300 the Okhotsk dominated
the Kurils from south to north. They used distinctive thick-walled pottery,
lived in larger oval to pentagonal houses ranging from 5 to 15 m in diameter,
and pursued a range of game, from fish and shellfish to birds and sea mammals.* During this interval, southern and central Hokkaido supported a culture
known as Satsumon, derived from the assimilation of Hokkaido Epi-Jomon
and immigrants from northern Honshu bearing a mixed hunting-gathering

* Epi-Jomon populations likely ate a similar range of foods in the Kurils, but faunal
remains dating prior to the Okhotsk period were hard to come by in the highly acidic
volcanic soils of the Kurils.
23

Ben Fitzhugh

and millet farming subsistence economy (Crawford 1992, 2008; Crawford and
Takamiya 1990).
Curiously, archaeological evidence of human settlement in the Kurils
disappears around AD 1300–1400, at least for 200 years or so. This gap in
evidence for Kuril occupation corresponds to the emergence of cultural traditions recognized as precursors of modern Ainu ethnic culture. In Hokkaido
the emergence of the Ainu is characterized by complete abandonment of pithouse dwellings and pottery in favor of aboveground structures and imported
iron and lacquer containers. In the Kurils and southern Kamchatka, however,
archaeologically identified Ainu material culture includes the continued use
of pit houses and the construction of “Naiji” pottery with internal lug handles
reminiscent of the iron pots in use to the south.
According to the ethno-historic records beginning at the start of the eighteenth century, the Kuril Ainu (“Kuriles” or “Koushi”) lived throughout the
northern, central, and southern Kuril Islands. They spoke distinctly northern and southern dialects of the Ainu language, different from those spoken
in Hokkaido and southern Sakhalin. The Ainu suffix “-kotan” means village,
suggesting that the islands of Onekotan, Kharimkotan, Shiashkotan, and
Chirinkotan maintained Ainu villages. Stepan Krasheninnikov (1972) reports
that the northern Kuril Ainu lived from Simushir to Shumshu and that the
Simushir occupants traveled seasonally to Chirpoi Island to hunt birds and
trade with southern Kuril Ainu coming from Urup. On Kunashir and Iturup,
Igor Samarin and Olga Shubina (2007) have documented a number of chasi,
or fortifications, they attribute to Ainu populations. The ethno-historical data
therefore strongly suggest that Ainu lived in the Kurils prior to initial Russian
contact in the early eighteenth century, while the archaeological evidence suggests they may not have been there more than a century earlier. Whatever the
resolution of this discrepancy, we can clearly say that the Ainu did not maintain
the substantial settlements in the Kurils (especially the central Kurils) that the
earlier Epi-Jomon and Okhotsk settlers did. Something changed fundamentally in the nature of the human-environmental relationship at this time.
After contact with agents of expanding Russian and Japanese states, Kuril
Ainu populations dwindled until the remaining residents were forcibly resettled on Shikotan Island in the Lesser Kurils in 1883. At the end of World War II
the conquering Soviets sent the few surviving Kuril Ainu to Hokkaido, where
it is believed the last member died in 1960 (Kaoru Tezuka, personal communication 2006). The rapidity of this depopulation in absence of evidence of
significant genocide suggests fairly low population levels prior to contact.
Nineteenth- and twentieth-century occupation increasingly came to
include Russian and Japanese outposts. These outposts were initially established to take advantage of the lucrative hunt for sea otter and fur seal pelts, but
in the twentieth century they served the dual purposes of geopolitical military
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competition and commercial fisheries. Three towns are currently located in the
islands on Kunashir, Iturup, and Paramushir. Remote military bases and outposts strung throughout the Kurils, many initially established by the Japanese
combatants in World War II, were occupied by Soviet/Russian military personnel until the late 1990s. The end of the Cold War and the economic collapse of
the Russian Federation led to the abandonment of most such outposts. Today,
only three of four people live regularly between Urup Island and Onekotan
(personal observation 2006–2008).
In summary, archaeological evidence shows that the Kurils were more or
less continuously and substantially occupied from approximately 3,000 years
ago until about 800 years ago. They were used by what appears to have been
a much more limited population since that time. It is likely that the human
population was concentrated in the northern and southern ends of the islands
for the past 800 years, as it is currently. Hence the central islands once again
represent a geographical gap in human settlement, as they appear to have done
prior to 1900 BC.
Key Hazards, Past Impacts, and Human Responses

Geologically, the Kurils are the product of the tectonic collision of oceanic
and continental plates at the Kuril-Kamchatka subduction zone. This ongoing
process causes relatively frequent volcanic eruptions, earthquakes, and tsunamis that make life challenging for island residents. In addition, the islands are
beset by fog much of the year, subject to dramatic storms, and variably packed
with winter sea ice. Changes in climate have implications for the frequency of
storms and the productivity of the marine ecosystem. Combined with relative isolation, these conditions make the Kurils hazardous for human occupation, especially when population density was low and social networks harder
to maintain between isolated settlements (Fitzhugh, Phillips, and Gjesfjeld
2011). All of these factors make the Kurils (especially the remote and small
central ones) seem as though they would be very risky places for anyone to live,
especially hunter-gatherers depending on relatively unproductive ecosystems.
Hazard 1: Volcanic Eruptions

There are currently thirty-two known active volcanoes that have erupted
at least once in the past 300 years, twenty of them since the end of World War
II. While most eruptions are small and disrupt only a limited part of an island,
some do produce extensive landslides and pyroclastic flows (slurries of superheated rocks, mud, and other debris) that affect the nearby landscape and ecology. Volcanic ash deposits have less dramatic impacts but can be accompanied
by hot and lethal gases that affect organisms living close to an erupting volcano.
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1.2. Eruption of Sarychev Volcano on June 12, 2009, as photographed by the Inter
national Space Station. Image courtesy of Earth Sciences and Image Analysis
Laboratory, NASA Johnson Space Center (ISS020-E-9048; http://eol.jsc.nasa.gov).

Ash can then extend great distances, sometimes visibly layering the ground for
tens of kilometers away from the eruption. Some ash deposits can be traced for
more than 1,000 km through the Kuril chain as a result of favorable wind direction and sufficient volume of ejected matter. Ash can be mixed with toxic gases,
and the sediment itself can be dangerous to inhale in large amounts. With sufficient deposition, volcanic ash will smother out plant growth and delay the
return of vegetation cover until the ash itself has weathered into a viable soil
(Griggs 1918).
One particularly impressive explosive eruption (VEI = 4) occurred during the period June 11–21, 2009, on Matua Island’s Sarychev Peak. This eruption caught international attention because of the disruption it caused in
flights between North America and East Asia. The eruption, documented by
the International Space Station (figure 1.2), caused extensive pyroclastic flows
and the partial collapse of the island’s northwest face, leading to significant
remodeling of coastal geometry. Because the ash plume went high into the
atmosphere, ash had limited impact on the ground. Winds carried some of the
sulfurous ash cloud east across much of the Pacific and some west across the
Sea of Okhotsk, where it dusted parts of Sakhalin Island more than 600 km
away. Interestingly, the southern flank of Sarychev Volcano and the adjacent
coastal plane, including the location of a prehistoric archaeological site and an
abandoned Soviet base, were minimally affected. A thin layer of ash and several
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dead voles and foxes observed in this otherwise unaffected southern part of
the island in August 2009 provide indirect evidence of lethal toxic gas emissions accompanying the eruption. At the same time, sea mammals and seabirds
remained or returned to the island less than a month following the eruption
(Nadezhda Razzhegaeva, personal communication 2009).
The 2009 eruption was one of the two most explosive eruptions in a series
of thirteen for Sarychev Peak since 1923. For much of the past century, the
now unoccupied Matua Island supported an active military base. While the
documented eruptions of Sarychev were oriented away from human settlements and thus did not result in human fatalities, the geological evidence of
the southeastern portion of the island suggests different eruption patterns in
the past. A minimum of eleven pyroclastic flows and thick tephra deposits have
buried that landscape since people started living on the island 2,500 years ago
(Fitzhugh et al 2002; Ishizuka 2001). In the more distant past, the entire lowelevation promontory that supported known human occupation, which makes
up the southeastern third of the island, was created by one or more massive
cone collapses and landslides. Thus the history of this volcanic island supports
the conclusion that the area, direction, and degree of impact of any given eruption are variable and unpredictable.
Matua’s volcanic history is mirrored on that of other islands throughout
the chain. Past flows and landslides have remodeled sections of several islands.
Landslides often formed the best low-elevation foundation for subsequent
human occupations, demonstrated by archaeological settlements placed on features of former landslides on the smaller islands of Makanrushi, Kharimkotan,
and Ekarma. Kharimkotan, for example, has two low-elevation landforms, one
on each side, that were created by landslides in the past 2,000 years. Living on
the flanks of an active volcano is always inherently hazardous, and most of the
central Kurils are little more than volcanic cones with narrow coastal benches
suitable for human occupation.
Ash deposits are less hazardous than lava flows and landslides, but they
can extend over much greater areas and distances. Ash layers are ubiquitous
throughout the Kurils and form one of the primary sources of sedimentary
accumulation. Some of the more widespread tephras are sourced to calderaforming eruptions in Kamchatka and Hokkaido. Two caldera eruptions
occurred in the Kurils in the Late Holocene: the eruptions of Medvezhya on
Iturup Island about 400 BC and the eruption of Ushishir, ca. 200 BC.
Regarding the past impacts and responses to volcanic eruptions of the
Middle to Late Holocene, based on dated and chemically correlated tephra
deposits sampled during the KBP, Mitsuhiro Nakagawa and colleagues (2009)
report that eruption frequency and intensity in the Kurils was highly variable during the Holocene. The central Kurils appear to have consistently produced the greatest frequencies of eruptions in all time periods (they contain
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a greater proportion of the volcanoes in the chain), compared to the north
and south. Major (but comparatively small) eruptions that left limited local
ash deposits are found in relatively high frequencies. For example, for the last
2,000 years, Nakagawa and colleagues (2009: figure 7) document nine major
eruptions between Kunashir and Chirpoi Islands (southern Kurils), nineteen
between Simushir and Rasshua (central Kurils), and more than thirty from
Chirinkotan/Shiaskotan to Shumshu (northern Kurils). Small eruptions that
left limited local ash deposits are found in relatively high frequencies through
time, though declining with age, probably as a result of soil formation processes
that limit their identification in older strata. On the other hand, large (plinianand caldera-forming) eruptions show distinct unevenness through time, with
five such eruptions in the early Holocene (9500–6500 rcybp; ca. 8700–5400
BC), a hiatus in the Middle Holocene (6500–4000 rcybp; 5400–2500 BC),
and eight in the Late Holocene (4000 rcybp/2500 BC to present). Four of the
large eruptions in the Late Holocene occurred between 3,000 and 2,000 years
ago during a time of rapid population growth in the Kurils. Population densities appear to have remained high in the Kurils throughout this interval of high
volcanic activity, declining dramatically only approximately 800 years ago, long
after the most intense volcanic interval had ceased. Thus, at the aggregate scale
we conclude that volcanic eruptions posed minimal disruption to the human
settlement history of the Kurils. These events might even have helped support
human settlement by providing enhanced nutrients to the nearby marine system and stimulating increased biological productivity.
Archaeological evidence of direct volcanic impacts is difficult to confirm.
Many archaeological deposits contain volcanic ash lenses preserved within
archaeological layers, suggesting that small eruptions had minimal impact on
occupation. In cases where archaeological deposits are capped by relatively
thick volcanic layers, it is tempting to imagine a cataclysmic destruction of
settlements and the abandonment of the location or death of the occupants
(see Dumond 2004; Dumond and Knecht 2001). Geoarchaeologically, such
conclusions are rarely warranted. Lacking significant agents of deposition
other than volcanic eruptions and human activity, the termination of human
deposits could have occurred decades or centuries prior to the formation of the
volcanic layers that cap them.
This problem is exemplified at the site Rasshua 1 on southern Rasshua
Island. Roughly 2,400 years ago, this site was heavily occupied by Epi-Jomon
hunter-gatherers. About 2,200 years ago, Ushishir Volcano erupted 25 km to
the south, leaving behind a sunken caldera that now constitutes Yankitcha
Island. On Rasshua 1, there is an approximately 15-cm-thick layer of pumiceash that was probably twice as thick before it compressed (figure 1.3). It is easy
to imagine a Pompeii-like scene of people fleeing and becoming asphyxiated in
the ash and gas, but in fact we do not know if people were even present on the
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1.3. Composite photo collage in which the outer/lower frames show the caldera rim of
Ushishir Volcano with Rasshua Island in the distance. The central image shows the
20-cm-thick, 2,000-year-old Ushishir volcanic ash layer found in excavation on
Rasshua Island sandwiched between Epi-Jomon archaeological strata (Rasshua 1,
Test Pit 2). Ushishir photos by Volodimir Golubtsov; inset photo by Ben Fitzhugh.

site at the time the eruption occurred. Cultural deposits are also superimposed
above this thick tephra layer. Radiocarbon ages from above and below bracket
the tephra between 1990 ± 30 rcybp (OS-67131) and 2430 ± 25 rcybp (OS67086). Currently, we cannot say when the Ushishir tephra fell within this
interval. If at the beginning, it could have been the event that forced an abandonment of the site. Additional radiocarbon dates may help reduce this interval. Unfortunately, the lack of precision of radiocarbon dating will continue to
put limits on the certainty with which we can link archaeological and geological events based on these kinds of data. Only rarely are archaeologists fortunate
enough to find direct and unequivocal evidence of volcanic impacts in the form
of evidence of catastrophic mortality (e.g., Cooley 2003) or structural damage
from ash deposition preserved in ash molds (Shimoyama 2002).
What we can conclude from the Kuril evidence so far is that the small-,
medium-, and large-scale eruptions between 3,000 and 1,000 years ago
deterred human occupation in the Kurils little, if at all. The islands may have
been abandoned for intervals following major eruptions and ash deposition,
29

Ben Fitzhugh

but reoccupation proceeded apace within at most a few hundred years. Eco
systems were likely damaged locally by the larger eruptions, depending on the
character of landscape modification and burial of surface vegetation, but the
ecological effects beyond individual islands or even on different parts of the
erupting volcano often remained minimal. On balance, volcanic ash deposits
probably improved plant productivity on land and phytoplankton productivity in the water more often than not (Griggs 1918). There is no evidence that
people exercised specific settlement strategies to minimize the risks of volcanic
impacts. While it is likely that eruptions occasionally destroyed settlements
and resulted in human deaths, these factors were insufficient to discourage or
shape patterns of human settlement. Volcanic hazards were tolerated by maritime hunter-gatherers throughout occupation history.
Hazard 2: Earthquakes and Tsunamis

Earthquakes are most hazardous for people living in large, brittle, and
tall buildings or dependent on a fixed infrastructure (Sheets, this volume).
Prior to the mid-twentieth century, occupants of the Kurils lived in semisubterranean pit houses or, in very recent times, single-story aboveground
log structures, and the most direct hazard from earthquakes would have been
localized landslides in locations where the lay of the land forced settlements
up against steep hillsides. More significant, large subduction zone earthquakes
often cause major tsunamis that affect coastal occupants and the ecosystems
they depend on. In November 2006, four months after the completion of the
first KBP field expedition, a major earthquake near the central Kurils sent
tsunami waves onshore throughout the region, reaching as high as 20 m above
normal high-tide level (MacInnes et al. 2009b). These waves inundated one of
our (fortunately abandoned) 2006 summer outpost camps. A slightly smaller
earthquake and tsunami followed in January 2007 in the same region. The
combination of these events damaged much of the coastline, moved large
rocks and concrete bunkers from World War II, and ripped up shallow subtidal and intertidal ecosystems.
The KBP research has shown that tsunamis of this magnitude occurred
throughout the Middle to Late Holocene. Sand deposits sandwiched between
peat and tephra layers at elevations above storm wave levels testify to these past
events. Modeling and geological evidence suggest that the Pacific coasts facing
the Kuril-Kamchatka trench were most prone to this hazard, as compared to
the Okhotsk (western) coasts. Perhaps as a result, we found most archaeological sites on the Okhotsk sides of islands, though this could in part also reflect
sampling bias, given greater opportunities to land and survey on the calmer
Okhotsk Sea sides of islands. More significant, most archaeological sites were
located on elevated landforms, between 20 and 40 m (and in one extreme case
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at 100 m) above sea level atop terraces fronted by steep banks. While archaeological sites located closer to shore on beaches or low platforms near good landings could have been selectively lost to erosion, it seems likely that the high
elevation of existing archaeological sites throughout the Kurils reflects a strategy for mitigating the hazards of tsunamis.
For mariners making a living from the sea, tsunamis also posed a hazard
to boaters working in shallow water or at the shore at the time of a tsunami
strike. As with volcanic events, people undoubtedly perished from tsunamis
and, unless their wooden dugout vessels were carried to the tops of terraces,
they sometimes lost their boats. Ecological damage as a result of tsunamis
remains unquantified, but tsunamis probably have significant if not longlasting impacts on the ecological productivity of littoral zones. On the other
hand, tsunami disturbance on Pacific coasts combined with more protected
“buffer” zones on Okhotsk Sea sides contributes resilience to the system at
the scale of islands and larger regions. As long as populations did not get too
large, these occasional impacts would have only required modest relocation,
not island abandonment.
While our research has not provided any evidence of direct tsunami
impacts on human settlements, the persistence of what appear to be substantial
populations throughout the central islands during the Late Holocene in spite
of evidence of major tsunamis on the order of once every 500–1,000 years suggests that tsunami events themselves caused little, if any, change in the course
of human settlement history or culture. The one adaptive response evident in
our data is placement of settlements on high terraces and in more protected
locations.
Hazard 3: Weather and Climate Change

Somewhat less catastrophic, but potentially no less hazardous, are unpredictable changes in weather and climate that could affect the ability to navigate
the islands and potentially alter the productivity of the marine environment.
Weather is used here to indicate daily to annual patterns of atmospheric conditions, especially as they interact with the sea surface and marine currents to
produce changing fog, surf, and wave patterns, which are inherently hazardous
in this oceanic landscape. The Kurils are statistically the foggiest place on earth,
and it is rarely possible to see the horizon and often, in fact, little more than the
boat in which one is sitting. Modern navigators, including KBP scientists, rely
almost entirely on GPS and navigational charts to find their way through the
Kurils. Earlier mariners had to learn the landscape more or less by feel and read
clues in the waves and currents, birds, and marine organisms to move between
and along islands. Fog is most prevalent in summer months when storms are
less frequent and less severe.
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Large storms pass through the Kurils year-round but with particular intensity between September and May. Winter storms are more violent and bring
hazardous sea ice and other debris into the Sea of Okhotsk and the southern
(and sometimes northern) Kurils. Boat landings in storms are particularly
perilous and would have been exceedingly challenging on many of the smaller
islands, with little or no protection from wind and swells. Storm waves and wind
can push large logs and ice high up the beach and onto low coastal benches or
terraces, creating hazards for beached boats and any residences placed too close
to sea level. Understanding how weather and currents interact to create dangerous conditions would have been a prerequisite to settling the central Kurils for
any past colonists.
Changes in the patterns, frequency, and intensity of weather over periods
ranging from decades to millennia constitute climate change. Changes at these
scales altered the dynamics of storminess, the hazardousness of travel, and productivity of the marine ecosystem in ways that should be reflected in human
adaptations and possibly in changes in the nature of settlement, as they affect
the sustainability of the food supply and the maintenance of social networks
through the islands (discussed later). In cold climates, the North Pacific lowpressure system tends to intensify, causing strong northerly winds to accelerate
the Oyashio Current that brings nutrient-enriched cold Arctic waters south
from the Bering Sea to the Kurils (Qiu 2001).
This same mechanism intensifies the counterclockwise circulation of the
Sea of Okhotsk, bringing iron-enriched waters from the mouth of the Amur
River to eastern Hokkaido and the southern Kurils. In warmer climate periods
the Oyashio Current, including the Okhotsk gyre, weakens, and a more stratified surface layer limits the degree of nutrient enrichment available for photosynthesis and primary production (ibid.). The North Pacific low-pressure system is strongest in winter months when light is least available in the subarctic
waters of the Kurils and the Sea of Okhotsk. As a result, increased winter mixing actually tends to reduce primary productivity by limiting the penetration
of available light into the water column, despite availability of nutrients. In
the south, off the east coast of Hokkaido and the southernmost Kurils, where
winter light is stronger, primary productivity correlates with Oyashio Current
strength (Chiba et al. 2008). While the mechanisms are still to be fully understood (e.g., Schneider and Miller 2001), primary productivity overall should
be enhanced in the southernmost Kurils/Hokkaido in cold periods, while in
the central and northern Kurils primarily, productivity is actually observed to
increase somewhat in warmer periods when spring light returns to the region
(Chiba et al. 2008; Heileman and Belkin 2008). Thus, in a general way we can
expect that cold climates would have enhanced the biomass available for maritime hunter-gatherers in the southern Kurils, while warmer climates could have
made these islands less attractive. On the other hand, warm climate declines in
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productivity in the south could have drawn people farther north to the modestly productive central and northern islands.
A combination of climate proxies from Hokkaido (Tsukada 1988; Yamada
et al. 2010), the mainland surrounding the Sea of Okhotsk (Korotky et al.
2000), and marine cores in the Sea of Okhotsk (Kawahata et al. 2003) leads
us to believe that climate changes occurred on the order of every 600–1,200
years over the past 2,500 years. Records are not perfectly correlated between
sources but generally show reversals of climate from warm to cold (ca. 400 BC)
to warm (between AD 200 and 800) and then to cold (AD 1200), shifting
to warm again in roughly AD 1800. These conditions should have translated
into changes in the marine productivity of the Kurils, but these factors did not
generate consistent responses in human settlement history.
According to the productivity expectations discussed earlier and assuming
that food was the limiting factor in human population densities following colonization, during colder climate phases we would expect the southern Kurils
to have been most densely populated during the intervals between 400 BC to
AD 200–800 and between AD 1200 and 1800, while the central and northern islands should have seen population expansion in the warmer phases. In
fact, the first major population explosion throughout the archipelago occurred
during the major cold phase of 400 BC to AD 200 and continued through
the following warm phase. On the other hand, the AD 1200–1800 cold phase
corresponds to what appears to be a near abandonment of the central Kurils
as discussed earlier, in contrast to expectations. Whether we expect population expansion into the central and northern Kurils to be driven by crowding
in the south (because of high productivity there) or by the relative benefits
of marginally better foraging to the north during warmer periods, the historical patterns are inconsistent with expectations. Clearly, climate change is an
insufficient—though probably contributing—causal variable in the changes
observed (cf. Hudson 1999).
Hazard 4: Socioeconomic Isolation and Integration

In the context of the hazards already outlined, the more isolated Kuril
Islands produce another kind of hazard for human settlers—that of social isolation and greater difficulties in maintaining vibrant networks for critical information flow, marriage alliances, and support in times when local conditions
deteriorated in any part of the archipelago (Fitzhugh, Phillips, and Gjesfjeld
2011). Social networks are easier to maintain when population densities are
higher and settlements are closer together. In the central Kurils, maintaining
networks between small and distant islands required more costly expeditions,
which were all the more essential given the hazards of isolation. These connections would have linked the Kurils economically and socially with the more
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densely populated regions of Hokkaido and Kamchatka. These links, then, also
tied the Kurils to the broader socio-political and economic “world systems”
of these larger regions (Hudson 2004). These links, in turn, provided useful
materials (like obsidian: Phillips and Speakman 2009) and information. They
also engaged the occupants of the Kurils in broader flows of economic and
political relations. These connections, essential as they were for reducing the
negative consequences of geographic isolation, also tied the islanders to the
broader historical patterns of the region and made them potentially vulnerable
to socioeconomic and political changes beyond the Kurils.
The more interesting dynamics in this context occurred to the south of
the Kurils, where Hokkaido served as the last substantial enclave of the Jomon
hunter-gatherer-fisher tradition after rice agriculturalists took over the rest of
the Japanese archipelago. Despite the expansion of agricultural populations
south of Hokkaido around 500 BC, there is little evidence that Kuril occupants were drawn into substantial long-distance economic interdependencies.
In this regard, we consider the Kuril occupants of the Jomon and Epi-Jomon
periods to have been largely self-sufficient, while relying on neighbors primarily for security in times of local hardships. This situation changed between AD
700 and 1000 with the Okhotsk settlement. Okhotsk people were connected
by economic exchange with Manchuria and may even have been motivated to
expand around the Sea of Okhotsk and into the Kurils by the desire to provide valuable furs to the East Asian markets (Hudson 1999). At the same time,
Japanese markets stimulated the expansion of the northeastern frontier, gradually drawing northern Honshu and eventually Hokkaido into lucrative trade
relations. As southern products such as iron pots, lacquer-ware bowls, and
firearms were traded north, northern products such as seal furs, eagle feathers, and salmon were passed south. Political powerbrokers emerged to control
this trade, eventually imposing stringent demands on indigenous hunters for
increased production of tradable commodities. This development and a somewhat parallel process from the north ultimately led to Japanese and Russian
competition for control of the Kurils and the ejection of Kuril Ainu from the
archipelago (Walker 2001).
Social connectedness with Hokkaido and Kamchatka appears to have had
different implications for Kuril occupants through time. In general, Kamchatka
appears to have been a source of obsidian for central and northern Kuril islanders (Phillips and Speakman 2009), despite stronger cultural affiliations to the
south. We currently have no evidence for adverse impacts resulting from these
northern connections and indeed can speculate that connections with the
north may have proved beneficial for Ainu during the interval AD 1200–1800,
when increased pressure was mounting on the southern Kurils for commodity
production. The dearth of Ainu settlements in the central Kurils could reflect
a relocation to the north by Ainu eager to escape the political and economic
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pressures of ruthless traders to the south. In the southern Kurils and Hokkaido,
pressure put on Ainu for commodity production eventually resulted in a number of revolts—most famously one on Kunashir in 1789 that was put down by
Japanese military force, marking a turning point in direct Japanese interest in
the Kuril Islands (Walker 2001).
It appears that the major impact to successful hunter-gatherer settlement
in the Kurils is as much or more social as it is environmental. During Okhotsk
settlement, the Kurils were at least marginally connected to an expanding mercantile system of exchange in marine products with mainland East Asian polities. The warmer and wetter climate may have encouraged expanding human
populations and the exploitation of a productive niche for marine mammal
hunting. Okhotsk people may have colonized the Kurils more as entrepreneurs
capitalizing on a lucrative natural resource zone than as a “naturally” expanding
population simply looking for new subsistence opportunities. Whether they
pushed Epi-Jomon peoples out or assimilated them is yet unclear.
A colder climate—perhaps with lower productivity in the more remote
and least ecologically diverse central islands—in combination with a growing
political economy to the south, drawing Kuril populations into expanding economic ties with power centers in Hokkaido and mainland Japan, seems to have
had the effect of precipitating the relative abandonment of most of the Kurils.
In this context we can expect that the central and northern Kuril Ainu took
advantage of the geographic characteristics of the Kurils to create isolation
from undesirable networks to the south. Following Russian incursion into the
northern islands, this process was exercised in reverse when a group of northern Ainu relocated to the central island of Rasshua to escape Russian taxation
demands (V. O. Shubin, personal communication 2008).
Resilience and Vulnerability

These comparisons lead us to broader considerations of human vulnerability
and resilience in small-scale, mobile hunter-gatherer populations compared
with larger and more densely packed, sedentary, territorial, and infrastructurally rooted populations such as those examined in the remainder of this volume. Several conclusions can be drawn from the Kuril case study.
First, it is becoming clear that natural hazards in the Kurils had relatively little impact on the viability of occupants, once they had developed the
capacity to settle and make a living in the islands at all. This is consistent with
Sheets’s (1999) argument that small-scale societies tend to be most flexible in
the face of environmental “catastrophe.” While this conclusion is consistent
with general expectations for mobile populations living in low population densities, it is somewhat surprising in an environment like the Kurils, which by all
expectations should have held hunter-gatherer populations close to the edge
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of sustainable settlement. The evidence does not currently support a notion of
the Kurils as marginal in this fashion, though we cannot yet explain why EpiJomon and Okhotsk populations abandoned the island chain 1,300 and 800
years ago, respectively—if in fact they did. Perhaps environmental crises played
some role as catalysts in weakening resident populations’ holds and opening up
the islands for a change of occupants.
Second and perhaps more interesting, the Kuril case highlights the importance of socio-ecological dynamics in the history of human settlement. We are
coming to see Kuril history, as in other parts of the world, as fundamentally
reflecting a complex integration of social, political, and economic factors interacting with environmental and geographical ones. Hunter-fisher-gatherers in
the Kurils were not “complex hunter-gatherers” in the organizational sense
used to refer to ethnographic peoples of the North American Pacific North
west (Ames and Maschner 1999), the Channel Islands off California (Arnold
1996), the Calusa of Florida (Marquardt 1988), or the Middle Jomon of
northern Honshu (Habu 2004). They lived in smaller groups and worked out
their subsistence needs and procured tradable commodities in an ecologically
limited and geographically challenging oceanic environment, but they maintained social and economic contacts throughout and beyond the chain and
came to use the island geography strategically and politically as it suited them.
They suffered the consequences of localized natural disasters, but their lifestyles and persistence in the Kurils appear to have been highly resilient to such
factors. From a settlement perspective, the vulnerability of Kuril occupation
(though not necessarily of the occupants) therefore seems to lie more in Kuril
occupants’ social interdependence with the outside world and ultimately in the
contingency of expanding political powers that took interest in controlling the
Kurils’ natural fur wealth through territorial acquisition.
Conclusion

Vulnerability and resilience provide a framework for considering the ways
small-scale hunter-gatherer populations may be affected by hazards in the natural environment. In this chapter I have shown that the occupants of the Kuril
Islands of Northeast Asia were surprisingly resilient to natural events such
as volcanic eruptions, earthquakes, tsunamis, and climate variability but less
resilient ultimately to outside pressures from competing groups and expanding
demand for Kuril commodities. The result is a richer and more nuanced story
of socio-ecological dynamics only starting to emerge from the data produced
by the Kuril Biocomplexity Project’s years of interdisciplinary research.
The value of this emerging picture for contemporary hazard management
is not that small and mobile societies are more resilient to natural hazards,
though that is clearly one conclusion. Societies of the twenty-first century do
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not have the luxury of returning to states of such flexibility. The implication
is rather that vulnerability is inherently a complex socio-ecological condition.
Ironically, the near abandonment of the Kuril Islands and ultimate extinction
of Kuril Ainu populations in recent centuries are products of the increasingly
interconnected and global scale of socio-political and economic interaction.
The Kurils are actively contested in international disputes between Russia and
Japan, but on the ground they are a backwater of the civilized world, squeezed
of their cultural, economic, and geopolitical vitality in times past by changes
in the currents of global politics. Geologically and ecologically as active as ever,
these islands sit largely abandoned, waiting for the next cycle of human interest
and activity.
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Understanding Hazards, Mitigating Impacts, Avoiding Disasters

Statement for Policy Makers and the Disaster Management Community

Hazards exist everywhere, and in many cases it is impractical to avoid them.
The question to ask is, how can lessons from the past help us see what succeeded and what did not? What worked in the Kurils was a deep historical
knowledge about the frequency and potential extremes of hazardous events
so people could live in the least vulnerable places, maintain capacities for
flexible response to catastrophes when they occurred, and maintain resilient
and redundant infrastructures. Extrapolating from the archaeological Kuril
situation to modern communities, with their higher population densities,
heavier infrastructural requirements, and critical dependencies on non-local
resource distribution networks, we can conclude that hazard planning has
to include capacity building for decentralized response systems. Families,
households, and local communities need to have the ability to respond creatively, with decision decentralization supported by higher governmental
institutions so responses can scale with capacity. This also requires systems
for rapid and decentralized information sharing.
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Responses to Explosive Volcanic Eruptions by Small to
Complex Societies in Ancient Mexico and Central America
Payson Sheets

Solutions [to hazards and disasters] are not to be found primarily in new
technologies or better use of existing ones. The difficulties . . . stem from
social factors. Social problems can only be dealt with socially; technological
improvements can only address technological problems.
Quarantelli 1991: 27

Gilbert White (1945), a cultural geographer, pioneered the initial serious social
science studies of natural hazards, disasters, recoveries, and mitigation. The
field of hazard-disaster studies has grown impressively since then (Alexander
1997; Burton, Kates, and White 1978). David Alexander (1995, 1997) surveyed the field and found thirty different disciplines studying hazards and
disasters, from the social sciences through the natural sciences and engineering.
Because hazard-disaster research began in the social sciences, one might expect,
or hope, that it led the way to today and received the majority of research support. Ironically, the natural sciences and engineering now overwhelmingly
dominate the social sciences in funding for research in the domain of natural
hazards and disasters and in applied dimensions. In virtually all cases within
the natural sciences and engineering and even including the social sciences, the
focus of research is the immediacy of the hazard, the disaster, recovery, and
mitigation. Rarely have long-term studies covering decades or centuries been
conducted, and even less frequently have scholars looked into what sectors of
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a society, or which competing societies, benefit from a disaster over long time
spans. In addition, rarely have the creative aspects of disasters been explored,
such as where native peoples with centuries of experience develop housing that
is resistant to massive stresses, is relatively non-hazardous if it fails, and is easy
to reconstruct. As societies “modernize,” they too often turn away from traditional and appropriate architecture as “backward” and thus increase the risk
of injury and death when disaster occurs. Archaeology is uniquely positioned
to explore these aspects of hazards and disasters. It is my hope that archaeologists, aided by other social and natural scientists, can explore the negative
and creative-positive aspects of hazards and disasters over long time spans in
all occupied areas of the globe and share their insights with people inside and
outside their discipline.
Another under-researched and under-theorized domain is how non-literate
societies convey disaster knowledge, hazard recognition, and proper behavior
from one generation to the next, over very long time spans. Literate societies underestimate these accomplishments, often losing traditional extremeenvironmental knowledge and thus putting themselves in danger. Kevin
Krajick’s article “Tracking Myth to Geological Reality” (2005) summarizes a
few cases, such as Northwest Coast native peoples believing that earthquakes
and tsunamis can result from battles between the powerful sky deity, the
thunderbird, and the ocean deity, the whale, and thus that they need to avoid
low-lying coastal areas. Geoscientists have documented periodicities of a few
hundred years between major earthquakes and tsunamis in the Seattle area.
Similarly, when the massive Indonesian earthquake occurred in 2004, native
peoples with long oral traditions in Thailand took to the sea and easily rode
out the ocean swell. In contrast, about a quarter million literate people without
this oral history drowned in the tsunami. Non-literate societies can maintain
hazard perception for many centuries or even millennia by embedding knowledge in religious belief and through frequent repetition of the stories orally and
in public performances.
In this chapter I explore the complex relationships between human agency
and nature, particularly when nature changes suddenly. I have found thirty-six
cases where explosive volcanism impacted ancient societies in what are now
Mexico and Central America (Sheets 1999, 2008). What at first glance might
seem like a reasonable sample size is actually quite limited, particularly because
so few cases are amply researched in social and natural science domains.
Few cases have had extensive investigations by volcanologists and archaeologists and thus are difficult to understand broadly and to use comparatively.
Comparing explosive volcanic eruptions is rather complex, with significant
variables including magnitude, speed of onset, volume of tephra (or dense rock
equivalent), and geochemistry. When cultural factors are also considered, very
detailed studies are required to seriously explore vulnerability, impacts, recov44
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eries, social organizations, political orders, religion, traditional knowledge, and
other important themes. Therefore this chapter is exploratory, in recognition
of the formidable array of significant variables spanning the humanities, social
sciences, and natural sciences.
Scaled Vulnerabilities

A first step in examining these cases is to compare them volcanologically. Of
course, natural scientists and engineers have emphasized the geophysical agency
of a disaster—whether it be flood, earthquake, tsunami, hurricane, or volcanic
eruption—and have documented the importance of the speed of onset, intensity, and magnitude as key factors. Scaling the magnitude of volcanic eruptions
is a crucial component for comparisons, and the Volcanic Explosivity Index
(VEI) developed by the Smithsonian Institution, Museum of Natural History,
is used here (http://www.volcano.si.edu/). The VEI is an 8-point scale of
increasing magnitudes, with anything over 4 being “cataclysmic” or worse, with
more than 0.1 km3 of tephra volume emitted. For reference, the Mount Saint
Helens eruption in 1980 consisted of 1 km3 of tephra. Underdeveloped in the
literature are the social factors that render a society vulnerable to sudden massive stress, and each of them can be scaled. This chapter considers such social
factors and provides a preliminary methodological framework to examine
them. Thus I define five broad categories of social factors that affect a culture’s
vulnerability to geophysical disasters. I also propose a scale with which to assess
each domain of social vulnerability on a 5-point range: very low, low, moderate, high, and very high.
Societal Complexity/Political Organization

Societal complexity ranges from small bands of egalitarian hunter-gatherers through egalitarian villagers; to moderate-sized ranked societies, often
called chiefdoms; to large, complex societies, often called states, with highly
differentiated classes or castes. In political organization, societies range from
egalitarian groups that make decisions by consensus to highly structured societies with centralized authority at the top and strong institutions of enforcement, with limited but extant power of commoners to effect changes. Societal
complexity and political organization parallel each other sufficiently to be
combined here.
Within the sample of three dozen cases where explosive eruptions affected
ancient Mexican–Central American cultures, I have found that the most resilient were the egalitarian villagers of the Arenal area, Costa Rica (Sheets 2001,
2008) (figure 2.1). The ten ancient eruptions of Arenal Volcano documented
by our project (Sheets 1994) have been given VEI magnitudes of 4 (0.1 to 0.9
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2.1. Map of Mexico and Central America, with archaeological sites and volcanoes indicated. Map by Payson Sheets.

km3 of tephra) and were thus evaluated as “cataclysmic.” Volcanologists have
documented many more eruptions of Arenal Volcano, and a total of thirty-two
eruptions are listed by the Smithsonian, beginning 7,000 years ago and ending with the present ongoing eruption (figure 2.2). Some of them were from
the adjoining cone of Cerro Chato. Cerro Chato and Arenal share the same
magma chamber and for our purposes here can be considered the same source.
Of those thirty-two eruptions, twenty-three occurred during Precolum
bian times. Presumably, the reason over half of them were not found in the
archaeological record is that they were not of sufficient magnitude to deposit
thick tephra layers at distances of 15 to 35 km eastward from the source, and
they survived turbation and soil formation processes to preserve to today. The
smaller of these eruptions surely caused less social and ecological disruption,
but all of them served as reminders of the hazards the volcano posed and must
have reinforced traditional knowledge, hazard awareness, disaster experience,
and belief.
Presumably because Arenal egalitarian decision-making rested at the village or often at the household level, responses to an emergency could be rapid.
Given the average periodicity of a big eruption every four centuries (and smaller
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2.2. Stratigraphy of air-fall volcanic ash deposits from Arenal Volcano, and soils developed on them, with Tom Sever for scale. Unit 65 is the soil that existed prior to
Arenal erupting. Units 61, 55, 50, 40, and 20 were major eruptions that preserved
even at this distance, 23 km away. Other ash falls have been incorporated into
soils and are not visible. The thin Unit 10 is barely visible below the “U” and is the
remains of the recent 1968 eruption. By Payson Sheets.

ones more often), maintaining knowledge within an oral tradition would have
been well within their capabilities. R. J. Blong (1982) discovered that Papua
New Guinea natives passed extraordinarily detailed information about an eruption by oral history for a few centuries. Krajick (2005) documents the Klamath
natives of Oregon maintaining generally accurate information about the eruption of Mount Mazama by oral tradition for 7,000 years. I scale the vulnerability of these Arenal villagers to the ten big eruptions of Arenal Volcano, in terms
of social and political organization and adaptation, as very low.
Southeast Maya civilization and the early–fifth-century Ilopango eruption
in El Salvador (Dull, Southon, and Sheets 2001) occupy the other end of the
cultural and volcanological spectrum (figure 2.3). The eruption was so great it
received a VEI of 6+ (71 km3 of tephra emitted), evaluated as “paroxysmal,”
and thus was one of the greatest Central American eruptions in the past million years. The complex and hierarchical Miraflores branch of Maya civilization never recovered from the eruption (Sheets 2008). Not only was the society highly vulnerable because of hierarchical social stratification and a complex
redistributive economy (ibid.), but the sheer magnitude of the eruption and
its sialic (acidic, slow-weathering) chemistry stifled recovery in the central to
eastern areas affected. While the eruption was devastating to local inhabitants,
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2.3. Ilopango volcanic ash 7 m deep burying a soil marked “S” that also contained a
settlement before the eruption. This location, Ciudad Credisa, is ca. 12 km from the
source. Mike Foster provides scale. Profile cleaned for recording. The Ilopango eruption was the greatest in Central America in the past 84,000 years. Photo by Payson
Sheets.

the magnitude of physical impact was lessened at more distant areas, such as
Kaminaljuyu. However, the cultural effects at those distant locations were considerable, with a dramatic decline in population, abandonment of all ten previously occupied mound complexes, and intrusive Teotihuacan-style architecture
(Michels 1979: 296)—which I suggest indicates outsiders taking advantage
of local societal weakening. At even more distant localities, such as the Peten
of northern Guatemala, a thin dusting of tephra could have been beneficial
by adding porosity to tropical lowland soils, adding nutrients, and inhibiting
insect pests. Crops in areas of eastern Washington State benefited from thin
deposits of volcanic ash from the 1980 Mount Saint Helens eruption adding a
mulch layer and killing insect pests by inhibiting their breathing.
Following the Ilopango eruption, natural processes of weathering, soil
formation, plant succession, and animal reoccupation ensued. We estimate it
took at least a half century for people to reoccupy the Zapotitan Valley, and the
Ceren site is one of the earliest known settlements in that reoccupation (Sheets
2004) (figure 2.4). Ceren, a Maya village of commoners, thrived for almost
another century until it was entombed by tephra from the Loma Caldera eruption shortly after AD 600. Loma Caldera is only 600 m north of the village,
and the eruption occurred when magma moving upward came in contact with
water of the Rio Sucio. Two warnings of the eruption occurred, the first of
which was an earthquake of about magnitude 4 on the Richter scale, as evidenced by round-bottomed pots remaining on elevated surfaces and minor
ground cracking in the eastern part of the site. But in a very tectonically active
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2.4. Structure 1 at the Ceren site, Zapotitan Valley, El Salvador. The valley and most
of El Salvador were abandoned because of the fall of the Ilopango tephra (“I”) and
were reoccupied after a juvenile soil formed. Ceren residents lived and thrived for
a few decades before being buried by 5 m of volcanic ash from the nearby Loma
Caldera volcanic vent. Photo by Payson Sheets.
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area such as El Salvador, an earthquake of that magnitude would not cause
alarm. The second warning would have caught people’s attention, though, as
this kind of eruption, a phreatomagmatic eruption, begins with a shrieking
noise of steam. That sound is probably why we have found nobody in the village killed by the eruption, as everyone likely headed south in an emergency
evacuation.
The Loma Caldera eruption was disastrous for Ceren and nearby settlements, but only within a diameter of 2–3 km from the epicenter. Most people living in the valley were not adversely affected by the eruption itself. But
based on an estimated 30 km2 area that would have had to have been evacuated and estimated population densities at about 200 per km2 (Black 1983),
around 6,000 people would have had to have resettled in other areas, which
must have created strains on an already densely settled landscape. The stratigraphy at Ceren reveals two later explosive eruptions, both of which had greater
regional impacts than did Loma Caldera. San Salvador (Boqueron) Volcano
erupted (VEI 4) probably in the 900s, depositing a thick pasty wet tephra all
across the valley but particularly thick in the southern and eastern portions.
Those areas were abandoned for a generation or longer by an estimated 21,000
to 54,000 people (Sheets 2004: 116). The Boqueron eruption was more than
an order of magnitude greater in impact than Loma Caldera but vastly smaller
than Ilopango.
The most recent (uppermost) tephra layer at Ceren began falling on
November 4, 1658, from the Playon eruption (VEI 3). Playon lava and tephra
were devastating to Spanish Colonial agriculture, ranching, and indigo
growing and processing (Sheets 2004) and to the natives’ communal lands.
Following the Spanish Conquest in the 1530s, native populations underwent
severe depopulation as well as circumscription of their lands. The legal and
adaptive hassles suffered by native Pipil Indians who were displaced by the
Playon tephra and lava are described in detail by David Browning (1971).
Prior to the eruption, the Pipiles utilized the shrinking lands around their
town of Nexapa under the principle of communal property, but Spanish colonials operated under the principle of individual landownership. When both
groups had their land taken away by the eruption, the Spanish administration
discriminated against the Pipiles by denying them any land for almost eighty
years but finally granted them legal title to a narrow strip of land up the slope
of San Salvador Volcano. Colonial authorities looked after the economic wellbeing of the displaced Spanish cattle ranchers and indigo farmers promptly
after the eruption because they were participants in the national economy and
culture, to the detriment of the original occupants. Politically and economically disenfranchised groups are the easiest to ignore at times of stress or emergency by those in positions of authority, an unfortunate but almost universal
phenomenon.
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2.5. Panama’s Baru Volcano in the background and “no-man’s land” in the middle
ground. The petroglyphs on the boulder in the foreground mark the boundary of the
Barriles chiefdom. Bruce Dahlin is excavating around the periphery of the boulder.
The “V” shape at the top of the volcano resulted from the lake breaching the edge of
the crater and scouring the side, creating large flood deposits below (not visible in
this view). Photo by Payson Sheets.
Societal Conflict

In the cases I have examined, the effects of the eruption of Volcan Baru in
western Panama at about AD 700 best illustrate the effects societal conflict can
have on increasing vulnerability to sudden great stress (figure 2.5). I assess this
factor as high in this case. The tephra deposited at the Barriles chiefdoms was
thin (Linares and Ranere 1980: 291), I am estimating about a half meter originally, weathered and compacted to ca. 10 cm at present. It did not receive a
Smithsonian VEI rating, perhaps because it was so small. Deposits comparable
to this in the Arenal area, at a good distance from the source, caused temporary
abandonment because of damage to flora and fauna. Full cultural recovery with
reoccupation at Arenal occurred fairly soon, probably within a few decades at
most. In contrast to Arenal, this Baru eruption caused abandonment of the
Barriles chiefdoms up and down the Rio Chiriqui and migrations over the
continental divide into the humid Caribbean lowlands, requiring fundamental
adaptive and cultural changes (Linares and Ranere 1980).
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The Barriles society never recovered or reoccupied the area. Rather, a different culture group moved into the area following ecological recovery. Why
were the effects on Barriles so severe from such a relatively small eruption? The
apparent reason for such a drastic effect is that the chiefdoms were engaged
in chronic warfare with each other (Sheets 2001) in a densely packed alluvial
valley and thus were severely limited in areas in which to seek refuge. The Baru
eruption and the Barrilles chiefdoms provide a case study that illustrates how
societal conflict greatly increases vulnerability to even a relatively small unanticipated stress.
Demography and Mobility

The above-mentioned Barriles chiefdoms also highlight another major
category of social factors that directly affect a group’s susceptibility to geophysical stress. The chiefdoms had demographically filled in the valley along
the Rio Chiriqui, exploiting the productive alluvial soils but hemmed in by
the weak soils on the surrounding hills (Linares and Ranere 1980). Such dense
populations could be sustained under usual conditions but perhaps barely, as
population increase may have been pushing the threshold of sustainability. But
when Baru erupted in a minor way, the additional stress it caused was sufficient
to overload the system. Because of the densely occupied landscape in western
Panama, other nearby river valleys offered no refuge, so the impacted chiefdoms
were forced to move to a distant and very different environment (ibid.). In contrast, the villagers in the sparsely populated Arenal area moved easily to nearby
locales beyond the tephra blankets until ecological recovery had occurred. It
is possible that Arenal refugees revisited their abandoned villages to walk the
prescribed paths to and from their cemeteries, even before they could actually
reoccupy the villages themselves (Sheets and Sever 2007). Population densities
in Mesoamerica were far greater than those in Panama or Costa Rica, thereby
providing few or no under-populated areas to which immigrants could relocate
and maintain their cultural traditions. Thus we can see a range of demographically caused vulnerabilities, from very low (Arenal) to high (Barriles) to very
high (Mesoamerica).
Economy and Adaptation

Large, explosive volcanic eruptions that impact societies with complex
redistributive economies and intensive agricultural systems with high degrees
of vulnerability in Mesoamerica provide instructive contrasts to lower Central
America. Claus Siebe (2000: 61) dates a “cataclysmic” eruption of Popocatepetl
to slightly more than 2,000 years ago and ascribes a VEI of 6, thus approaching the Ilopango eruption in magnitude. His prediction of devastation of pro52
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2.6. Cholula, Puebla, Mexico. The talud-tablero architecture of a one-tier platform was
buried by a deep lahar from Popocatepetl Volcano. The lahar is labeled in the middle
ground. Photo by Payson Sheets.

ductive lands in Puebla has been verified by excavations of the communities
around Tetimpa by Patricia Plunket and Gabriela Uruñuela (Evans 2008: 250).
Surely many immigrants headed downhill farther east to the big city of Cholula
(ibid.: 251) and may have moved into that metropolis, likely at the lowest level
of the social strata. The fact that talud-tablero architecture had been practiced
for many decades in Tetimpa and then suddenly showed up in Teotihuacan at
about the same time as the eruption suggests that many refugees may have fled
from Puebla to that great Basin of Mexico city and perhaps introduced taludtablero architecture there. Many of them may have become local construction
workers. But this is curious, as one would not expect refugees to introduce an
architectural style into their host settlement that became the religious form
henceforth. Following ecological recovery, some farmers apparently traveled
back up to their land at Tetimpa for agricultural purposes and then returned to
safer locations below. But the later eruption of Popocatepetl, during the ninth
century, again devastated the slopes around Tetimpa (Plunket and Uruñuela
1998, 2002). I believe Cholula was devastated by a massive lahar, that is, a huge
mudflow of largely wet volcanic ash (Sheets 2008: 180), following that second
eruption (figure 2.6).
In the middle and Late Formative, prior to Teotihuacan becoming a large
city, Cuicuilco was the first community in the Basin of Mexico to develop
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2.7. Cuicuilco, highland central Mexico. The main pyramid is on the left and was partially buried by the lava from Xitle Volcano, on the right. The lava was excavated
away from the base of the pyramid, down to the pre-eruption ground surface. Photo
by Payson Sheets.

a civic-ceremonial center with a large pyramid and perhaps 20,000 people
(Evans 2008: 210). The eruption of Xitle Volcano (VEI 3) about 2,000 years
ago deposited thick layers of tephra and lava, devastating and depopulating the
southern basin for centuries (figure 2.7). Soils on top of the lavas have yet to
recover, but they provide a scenic landscape for the modern Pedregal subdivision. Teotihuacan’s rapid growth must have been, at least in part, a result of
absorbing refugees from Cuicuilco and surrounding areas, in addition to those
from Puebla. I suspect the refugees from both areas were absorbed into increasingly hierarchical Teotihuacan at the lowest level of society, as agricultural or
construction workers or even as slaves.
The eruptions of Popocatepetl (Siebe et al. 1996), which affected Puebla
(Tetimpa and Cholula); Xitle, which impacted Cuicuilco; and Ilopango, which
affected the Miraflores Maya, impacted societies with complex redistributive
economies and intensive agricultural systems. These societies relied on longdistance trade networks, centralized authority with occupational specialists,
and markets for exchanges. A highly structured top-down economy is subject
to disruption when a significant portion of that system is devastated. The agricultural system of all these societies was maize-based, supplemented by beans
and squash, and likely manioc with the Maya. In these cases the economies and
agricultural systems were highly developed, stretched somewhere close to their
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limits, and therefore I would rate their vulnerabilities to unanticipated sudden
stresses as high. In all cases the impacted societies struggled to recover; in two
of these cases they never did recover.
Differential Impacts of Disasters: Of Course There
Were Losers, but There Were Also Winners

The huge explosive eruption of Ilopango Volcano thoroughly eliminated
the early vibrant Miraflores branch of Maya civilization in the southeast highlands in the fifth century AD (Dull, Southon, and Sheets 2001) or possibly the
early sixth century, and it never recovered. However, at greater distances where
a few centimeters of tephra fell, the benefits of increasing soil porosity—acting as mulch—and stifling of noxious insects would have been beneficial. For
instance, the tephra should have had salutary edaphic effects on tropical soils
in the Peten of Guatemala, including Tikal.
Tikal and other Maya sites in the tropical lowlands must have been
impacted greatly by the worldwide atmospheric event of AD 536, which dramatically lowered temperatures for sixteen years and caused years without summers, crop failures, starvation, and political instabilities in Europe, Africa, and
China (Gunn 2000). Hubert Robichaux (2000) argues that the event’s dramatic dimming of sunlight and climatic effects must have caused agricultural
difficulties for Tikal, leading to its weakening. Tikal showed no evidence of
changing its adaptation and continued its reliance on exalted divine kingship.
That weakening was exploited by Caracol, in alliance with Calakmul, to conquer Tikal in AD 562. Caracol, only 70 km away, would have been similarly
impacted by the AD 536 phenomenon. However, Caracol developed extraordinarily extensive terracing systems that protected soils and maximized rainfall
moisture retention, which buffered the effects of the event (Chase and Chase
2000). Also, Caracol was more heterarchical than Tikal, with more widespread
distribution of preciosities and dispersed settlements of all social classes, integrated by a system of roadways. Then, 120 years later, Tikal revolted, defeated
Caracol, and reestablished its independence.
The collapse of Classic Maya civilization in the ninth century, only in the
Southern Maya Lowlands, was caused largely by anthropogenic factors of overpopulation, deforestation, soil damage, and nutritional difficulties (Webster,
Freter, and Gonlin 2000), accelerated by drought (Curtis, Hodell, and Brenner
1996). Those who benefited from the collapse lived north and south of the
depopulated area and benefited at least in part by seizing control of trade
routes that used to go through the Peten. Thus sites in the Maya highlands
prospered and even attracted immigrants such as the Pipil from central Mexico
(Fowler 1989). The Putun (Chontal) Maya thrived after the Maya collapse, as
they already had established trade routes linking central Mexico with coastal
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communities around the Yucatan Peninsula from their heartland in the southern Gulf Coast. By about AD 850 they were robustly expanding and took on a
major political-economic role in Chichen Itza (Evans 2008: 386–390).
I believe it is important to explore the antecedents of the collapse of the
Classic Maya civilization from the different perspectives of humanities and sciences. If we look at Tikal from a humanistic perspective, the apex of artistic
achievement occurred during the reign of Jasaw Chan K’awiil I, from AD 682
to 734 (Martin and Grube 2008: 44), when Temples 1 and 2 were constructed,
magnificent stela and lintel carving was done, and large twin-pyramid complexes were built every twenty years on a katun cycle. In contrast, a scientist
exploring land use, subsistence, diet, population, and other infrastructure factors involved with sustainability would perceive an apex about two centuries
earlier. In spite of crossing the threshold of sustainability, the arts and architecture thrived for perhaps a couple of hundred years until the collapse process
began in earnest. William Haviland’s analyses (1967) of human burials at Tikal
revealed the dramatic decline in stature—an indication of poor nutrition—of
elites and commoners from the Early to the Late Classic. In fact, the stature
of both classes in the Late Classic was inferior to that even of the Preclassic
period.
Tikal was not alone in experiencing an apex of humanistic accomplishment well after the threshold of sustainability had been crossed. At Copan
the apex of art and architecture was reached under the thirteenth ruler,
Waxaklajuun Ubaah K’awiil, AD 695–738 (Martin and Grube 2008: 203).
As patron of the arts, more stelae were carved for him than for any other ruler,
and they are in magnificently high relief. He began the Hieroglyphic Stairway,
as well as numerous pyramids and temples, and built one of the largest and
most elaborate ball courts of any in the Maya area during the Classic period.
Webster and his colleagues (2000) document the deforestation, soil erosion,
and other infrastructure difficulties of the Late Classic. Perhaps the construction of “Rosalila” around AD 550 (Martin and Grube 2008: 198) as the last
building to use abundant stucco decoration, requiring huge amounts of firewood, marks the crossing of the threshold of sustainability.
Summary and Conclusions

The “ceremonial centers” of complex societies were the loci of centralized political, economic, and religious authority. Where authority was highly centralized
and severely impacted or destroyed by explosive volcanism, recovery of that
culture did not occur, as exemplified by the Miraflores Maya and Cuicuilco
and perhaps the Tetimpa area of Puebla (Plunket and Uruñuela 1998, 2002).
Refugees were often absorbed at the lowest social level of receiving societies
and had to adapt to their servitude. Where the magnitude of the eruption was
56

Responses to Explosive Volcanic Eruptions by Small to Complex Societies

not as great, complex societies have shown impressive resilience in the long run,
such as San Andres and surrounding settlements impacted by the ninth- to
tenth-century eruption of Boqueron (VEI 4) and the Loma Caldera eruption
in the fifth or sixth century (VEI 3), both in El Salvador (Sheets 2002, 2008).
Decentralized egalitarian societies, such as those in the Arenal area, could
react particularly rapidly to an emergency. Most decision-making occurred at
the household level, presumably in the context of traditional oral knowledge,
and evacuations could be effected at a moment’s notice. Because only a tiny
fraction of the diet came from domesticated foods and regional population
densities were very low, refuge areas beyond the devastation could readily support refugees. Repopulating the disaster areas were the descendants of the preeruption villagers (Sheets and Sever 2007), and no culture changes could be
attributed to any of the eruptions and dislocations. Of course, I am not recommending that worldwide populations change their cultures and adaptations
to emulate Arenal villagers, as the time when that could be done was passed
many millennia ago. However, there is a clear lesson for present-day complex
societies to instill nodes of authority dispersed among populations inhabiting
hazardous areas. The thousands of stranded Katrina victims in New Orleans
standing still and looking upward at TV cameras in helicopters, passively waiting for government assistance, provide a compelling case. They did not know
what to do and waited for top-down authority. Unfortunately for them, the
authority was as woefully unprepared as they were.
Along with centralized authority in complex societies go redistributive
economies. States are characterized as having high degrees of occupational
specialization, and the products made by those specialists require elaborate
systems to redistribute them. Such complex systems can function well under
usual conditions but are subject to failure under unanticipated stresses. Further
development of this topic could be done by modeling network structures with
nodes and links, but that is beyond the scope of this chapter.
One of the smallest eruptions in the sample, the eighth-century eruption of Baru in Panama, had surprisingly severe consequences on the Barriles
ranked societies (chiefdoms). They had to completely abandon the area, and
they never reoccupied it even after full ecological recovery. Rather, they had to
migrate over the divide and down into the much more humid tropical rainforest on the Caribbean side and fundamentally change their adaptation, settlement pattern, and other culture elements. I believe this is primarily because the
chiefdoms were in a state of chronic warfare and thus made themselves vulnerable to a sudden unanticipated stress, even a very small one when compared
with the other eruptions under consideration here.
Earlier in this chapter I gave some thought to encoding hazard and disaster information into myth and religion. That encoding can give societies templates for behavior and can often save lives, such as the traditional peoples
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heading out to sea after they felt the large 2004 Sumatra earthquake and the
tide receded (Krajick 2005). Many lives were saved through recognition of
the early warnings of a tsunami. Similarly, Northwest Coast societies encoded
earthquakes and tsunamis into beliefs about battles between the thunderbird
and the whale, both powerful deities, and would therefore head to high ground
(ibid.). Where disasters were not similarly encoded and thus exceeded ideological understandings, explanation fails, and people can severely question their
beliefs.
Another aspect of the relationships between disasters and religion is
under-theorized and under-researched. Today we are comfortable explaining
the origins of disasters in terms of plate tectonics, evacuating magma chambers,
releases of stresses along fault planes, or other geophysical or climatic factors.
However, cultures around the world consistently ascribed the sources of disasters to the supernatural domain prior to the development of Western empirical
science in the past few centuries. Commonly, the elites in non-Western societies were primarily responsible for interceding between their people and the
deities. Under usual conditions the elites could demonstrate their successes in
communicating with the supernatural domain, thus strengthening their religious authority. But a truly great disaster must call into question religious belief
as well as confidence in elite religious efficacy. Archaeologists would do well to
explore the relationship between mega-disasters and significant change in religious belief and practice. Long-term worldwide suffering caused by an atmospheric phenomenon—probably a high altitude dust layer—in AD 536 was
documented in many areas (Gunn 2000), such as about 75 percent of the people in a northern Chinese kingdom dying (Houston 2000). Margaret Houston
(ibid.) suggests that the 536 impact could have contributed to the collapse of
the Wei Empire and the loss of the mandate of heaven and facilitated the shift
toward Buddhism. A disaster of this magnitude could have undermined confidence in religion, thus facilitating the emergence of a new religious order.
The AD 536 phenomenon was recorded in Europe and the Near East.
In Italy the Roman senator Cassiodorus wrote that for a year the sun was so
dimmed it cast no shadow at noon, and crops were not maturing because of
perpetual frost and drought, causing famine (Young 2000: 36). The Byzantine
historian Procopius reported similar conditions at Carthage, North Africa, as
did historians in Mesopotamia and Constantinople (ibid.: 37). Bailey Young
argues that the event contributed to the end of classical civilizations and the
beginning of the Middle Ages. Although the event was not recorded as precisely in Britain, Elizabeth Jones (2000) believes it caused political chaos and
spiritual disillusionment and perhaps contributed to epidemics in England,
Europe, and the Near East.
The prophet Muhammad lived and developed Islam a few decades later
than the phenomenon, and conversion spread astoundingly rapidly. The inex58

Responses to Explosive Volcanic Eruptions by Small to Complex Societies

plicable climatic stresses and the disenchantment with extant belief systems
may have facilitated that spread. Considerable research needs to be done before
this could be considered compellingly demonstrated.
Demographic factors, of course, are major components in people making
themselves less or more vulnerable to disasters. The single most important element is the spectacular population explosion of recent centuries, so it is not
surprising that the tolls in deaths and destruction increase annually. Obviously
needed are population control and zoning to restrict habitation in known hazardous areas. Within this study sample there is only one area where population did not increase dramatically to near carrying capacity, and that was the
Arenal area. In spite of carefully examining the cultural inventory (artifacts,
features, architecture, subsistence, economy, political organization, and pattern of settlement) for any evidence of volcanically induced change, we could
find none. And that was not because of a paucity of eruptions. In our archaeological-volcanological research we documented ten large eruptions (VEI 4) in
almost 400 years, and the Smithsonian website documents evidence of many
other eruptions over a longer time period. Arenal peoples must have generated
considerable traditional knowledge about eruptions, societal responses, and
reoccupations, in spite of—or more likely because of—their frequency.
Are there lessons from the past that could inform us today? Native peoples
in so many areas of the world, over centuries or millennia, developed architecture that was appropriate to the perceived hazards and experienced disasters. Pole-and-thatch structures or those of bajareque (wattle and daub) withstand strong winds and major earthquakes. Such bajareque structures can be
quite sizable and ample, with two stories and easily 2,000 to 3,000 square feet
(186–279 m2) in floor area. Even when the stress leads to strain that cannot
be withstood and the walls shed the mudding, it causes little harm to inhabitants. However, with modernization, traditional architecture acquires an aura
of backwardness, and people shift to unreinforced adobe or cinderblock architecture. Under usual conditions it survives and looks fine, but when it fails
under earthquake stress it causes great injury and death. The reintroduction
of traditional architecture under the guise of a new label with mystique, such
as “Ceren architecture,” can provide protection. Such reintroduction into El
Salvador has begun.
We cannot encourage more than 6 billion people to revert to hunting and
gathering or an Arenal-style sedentism and adaptation so they can maintain
mobility in the face of disaster. But with the perspective furnished by archaeology, it appears to me that some of the great tragedies of the human experience
in the past millennium are unfettered population explosion, loss of traditional
environmental knowledge, and authorities’ irresponsibility. Packing more and
more people onto the earth’s surface inevitably increases the tolls of death and
destruction when disasters occur, in part by reducing the available options for
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successful mitigation. The need for birth control is patently obvious but tragically ignored. Given today’s dense populations, at a minimum land-use planning to decrease residence in known hazardous areas needs to become policy
throughout the world, and it needs to be done in concert with family planning so future generations are not squeezed back into those dangerous zones.
Dispersed nodes of experience and authority for decision-making need to be
created in hierarchically organized societies. Thus when the centralized authority is either incapacitated or unable to assist, local groups can take over in disaster assistance and recovery.
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Understanding Hazards, Mitigating Impacts, Avoiding Disasters

Statement for Policy Makers and the Disaster Management Community

Hazards from volcanic eruptions, especially explosive eruptions, abound in
Mexico and in every Central American country. Explosive eruptions can be
damaging to vegetation, animals, and people, as the fine volcanic ash falling
from the air can cause significant damage and, in large amounts, death.
Volcanologists can detect the early signs that a volcano is building
toward an eruption with a moderate degree of accuracy. They can perceive
when a warning needs to be issued and thus when people with their animals
and prized possessions need to evacuate the hazard zone. They pay particular attention to earthquakes, which indicate that magma sources are moving close to the surface as well as an increase in sulfur gases being emitted.
Warnings should be initiated by well-trained experts because a premature or
inaccurate warning that leads to an unnecessary evacuation makes evacuees
less likely to heed the next order to evacuate.
I suggest that planning and educational programs in schools and for
adults be initiated in known hazardous areas so people know what to do
in an emergency. Local nodes of decision-making need to be established so
people are not waiting for information from the central government in the
country’s capital.
For example, Costa Rica’s Arenal Volcano has been very active in ancient,
historic, and recent times and continues to emit lava, volcanic ash, and sulfur gas today. Pyroclastic flows (huge clouds of volcanic ash, gases that kill
everything in their paths because they have temperatures in the range of hundreds of degrees Celsius) have rushed down the north side of the volcano in
recent decades. Against volcanologists’ recommendations, resort lodges with
hot spring pools have been built in those areas, and the only suggestion that
acknowledges risk is for everyone to park their cars pointing outward toward
the highway. This proposal is not smart, for if everyone rushed for their cars
they would create a traffic jam, and the death rate would be extremely high.
Rather, if people were told to simply climb the sides of the valley, most of
them could reach relative safety within a few minutes.
In this chapter volcanic eruptions that have been encountered in archaeological sites are documented in Costa Rica and other countries. Because
of the nature of preservation, only the largest eruptions, those that caused
the deepest burial and greatest consequences for both nature and people, are
found. Our work around Arenal Volcano found ten large eruptions during
the past 4,000 years, an average of one per 400 years. It would be a mistake to
think that figure is an accurate representation of how often eruptions occur. I
suggest that anyone interested in Arenal’s eruptions and thus risks to nearby
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people today should consult the easily accessed website of the Smithsonian
Institution’s Global Volcanism Program at http://www.volcano.si.edu/world,
where they can find a more complete record of eruptions for individual volcanoes as well as eruptions by region. The more complete eruptive history
of Arenal documents twenty-eight separate eruptions, almost three times as
many as we found doing archaeological work.
As earthquakes routinely accompany volcanic eruptions, a note on
earthquake hazards and mitigations is appropriate here. Millennia of experience with earthquakes by natives living in Mexico and Central America have
led to the development of an architecture appropriate to seismically active
areas. Called “wattle and daub,” or “bajareque” in Central America, this
architecture consists of a series of vertical poles firmly anchored into buildings’ foundations—creating reinforcement for the walls—and tied tightly to
the roof beams. The lower portions of walls are mudded, plastered, or both
to provide privacy and solidity but not to the point that the structure lacks
flexibility. Homes can be substantial, of two stories, and large. Any structure
has limits, though, and if an extremely strong earthquake causes damage,
the wall fails in small pieces that at most cause bruising and minor cuts. In
contrast, the Spanish introduced unreinforced adobe brick architecture, and
when a wall fails, it often kills people. Unfortunately, bajareque architecture
gained a sense of being backward, so we renamed it “Ceren architecture”
because the importance of that site to the Salvadoran people gave it prestige.
People are now adopting Ceren architecture in the area.
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Black Sun, High Flame, and Flood: Volcanic Hazards in Iceland
Andrew Dugmore and Orri Vésteinsson

Sól tér sortna, sígur fold í mar,
hverfa af himni heiðar stjörnur.
Geisar eimi við aldurnara,
leikur hár hiti við himin sjálfan.
The sun turns black, earth sinks into the sea,
the bright stars vanish from the sky;
steam rises up in the conflagration,
a high flame plays against heaven itself.
“Völuspá” (The Wise Woman’s Prophecy), ca. AD 1270
Larrington 1996: 11

Iceland is one of the most volcanically active areas on earth, but were it not
for the description of the end of the world in the poem “Völuspá,” one might
think volcanic activity made little impression on Medieval Icelanders. Volcanic
eruptions are duly recorded in annals from the early twelfth century onward,
but as a rule they are noted with terse one-line accounts such as “1158: second
fire in Hekla” (Storm 1888: 116) or at most with minimal amplifications like
“such great darkness that the sun was blocked” (ibid.: 134). The most detailed
surviving description is given for events in AD 1362:
Fire erupted in four places in the South and lasted from early June until
autumn with such enormities that the whole of Litlahérað was deserted, and
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much of Hornafjörður and Lónshverfi. It devastated a nearly 200 km stretch
[along the coast]. In addition Knappafell glacier burst forth into the sea
with falling rocks, mud and dirt so that there was flat sand where before the
sea had been 50 m deep. Two parishes were completely destroyed, those of
Hof and Rauðalækr. The sand stood at mid-leg on flat land but was driven
into dunes so that the houses could hardly be seen. Ash was blown to the
North so that steps could be traced in the fallout. Also pumice was seen
drifting on the sea off the Vestfjords, so dense that ships could hardly sail
through. (ibid.: 226)

With the possible exception of the pre-literate period Eldgjá eruption in
AD 934–938, the events of AD 1362 were by all accounts the greatest volcanic calamity in Iceland in the Middle Ages (Thórarinsson 1958). Several other
major volcanic eruptions occurred during the twelfth and thirteenth centuries
AD, a period when Icelandic scholars wrote copiously about both recent history and contemporary developments, but it seems that even if they had an
appreciable impact on the environment and the economy, the eruptions were
not considered significant enough for comment. Nature, let alone volcanic
eruptions, is firmly in the background of these writings: there is not a single
unequivocal reference to a volcanic eruption in the entire corpus of Icelandic
Family Sagas (Falk 2007).
In contrast, modern writers have been eager to make the most of volcanic
impacts on Icelandic history. Volcanism is routinely seen as one of the principal
causes for the lack of development of Icelandic society by early modern times,
while politicians like to claim that the perceived spirit and endurance of the
Icelandic people was shaped on an anvil of ice and fire.
In this chapter we argue that neither the Medieval indifference nor the
modern hyperbole is a useful guide to understand how volcanic hazards
affected preindustrial Icelandic society. We suggest that each volcanic event
has to be understood within its landscape and historical context. Most volcanic eruptions occurred far from settled regions and had limited or no effect
on society. In particular regions, volcanism was one element in a complex of
environmental processes that could have negative impacts on land use and
settlement, in both the short and long term. These regions represent a small
proportion of settled areas in Iceland, and in the national context their degradation had negligible repercussions. Dramatic case histories of Icelandic
volcanic eruptions are well-known, indeed iconic, yet they can only be truly
understood in the context of the society and environment at the time, as well
as their antecedents, trajectories of change, and complex interactions with
each other.
Occasionally, major eruptions and unlucky circumstances have contributed to nationwide calamities, depression, and famine. We stress that it was not
the size or type of volcanic eruption alone that decided this outcome but rather
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the time of year it took place and the coincidence of other negative factors
such as bad weather, failing fish stocks, or disease (in humans or animals)—factors that in combination could produce catastrophic shocks to the economic
system. It is clear that Icelandic society dealt with such shocks on a routine
basis. Some were exacerbated by volcanic eruptions and some were not, but in
all cases the socioeconomic system recovered. This suggests that human suffering on a massive scale is not necessarily a measure of system resilience (or failure); societies can absorb enormous and inhuman pain and suffering without
failing.
Volcanic activity has occurred within thirty active volcanic systems that
collectively make up the volcanic zones that cover about one-third of Iceland
(figure 3.1). Comparatively little of this area is settled. Eruptions are common, and there is geological evidence or written accounts (or both) for around
205 eruptions since the settlement of Iceland in the late ninth century AD
(Thordarson and Larsen 2007). The exact number will never be known; but
since two-thirds of the records come from the latter half of the settlement
period (post–ca. AD 1500), when all sources of evidence are more abundant
and clear, the total is probably closer to 300 than to 200 events.
Volcanic Hazards

Volcanic activity in Iceland is varied and includes nearly all of the types of volcanoes and styles of eruptions known on earth (Thórarinsson 1981; Thórarinsson
and Saemundsson 1979). Eruptions range from the explosive (in which over
95% of the volcanic products are tephra) to the effusive (where over 95% of the
products are lava). Scales have varied by over 10 orders of magnitude, from the
tiny (ca. 1 m3 Dense Rock Equivalent [DRE] erupted through a geothermal
borehole) to the substantial (ca. 20 km3 DRE flood lava eruptions of Eldgjá
in AD 934–938 and Laki in AD 1783–1784; Thordarson and Larsen 2007).
Settings are also varied, with some fissures in dry locations and others in areas
affected by high groundwaters, beneath glacier ice, or in the sea. The presence
of water or ice has major implications, as it can turn potentially effusive activity
explosive, create both floods and debris flows, and thus be a major determinant
of hazard.
Potential volcanic hazards can be broadly grouped into those from lava,
floods (of water melted from glaciers or dammed in rivers and lahars), fallout
(ash fall and pyroclastic flows), pollution (such as fluorine poisoning), and climatic perturbation (Gudmundsson et al. 2008). These hazards have very different constraints and may occur at irregular intervals ranging from decades
to millennia. Potential impacts are variable depending on environmental and
social contexts and are best viewed alongside other natural hazards, from disease to extreme weather. The scale of volcanic hazards can be comparatively
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3.1. Iceland, showing features named in the text. Cartography by Richard Streeter.

limited; they can affect a small region, or the hazards can be felt across the entire
island and much farther afield (Grattan, Durand, and Taylor 2003; Grattan
et al. 2003; Witham and Oppenheimer 2004). It is notable that despite over
200 volcanic events that could have led to a disaster, few have killed people
either directly or indirectly. Laki in AD 1783 indirectly led to the deaths of
thousands of Icelanders because out-gassing from the eruption created a toxic
haze that caused the deaths of many livestock and contributed to the ensuing
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famine. The major eruptions of Hekla in AD 1300 and Öræfajökull in AD
1362 may have also caused fatalities, but there is no direct evidence for this
(Gudmundsson et al. 2008). The impacts of the eruption of Hekla in AD 1104
(which produced ca. 2 km3 of tephra) and Eldgjá in AD 934 (the largest eruption in historical times) are unknown. While the Katla eruption in AD 1755
may have only directly killed one person, famine resulting from exceptional
and unrelated cold weather in the mid-1750s reduced Iceland’s population by
5,800 (Karlsson 2000).
The human consequences of volcanic hazards have been shaped by the
nature of Icelandic society. Historically, subsistence in Iceland has been
based on pastoralism (primarily sheep and cattle) supplemented by utilizing
wild resources, fishing from fresh waters and the sea, hunting marine mammals, wildfowling, and collecting eggs and shellfish (McGovern et al. 2007).
Some cereal was grown during the first six centuries, but the practice died out
in the sixteenth century AD. The slack was picked up by small-scale imports,
but significant imports of foodstuffs did not begin until the late nineteenth
century (Karlsson 2000). Icelandic society was self-reliant in its subsistence, a
self-reliance based on flexible strategies of farming and wildlife exploitation. It
is possible, however, that this flexibility came at the cost of economic development, which at best was sluggish until the end of the nineteenth century. The
Icelandic system was designed to deal with setbacks, among which natural hazards were prominent, although disease and unfavorable weather had the most
profound and persistent impacts. Modifying or abandoning the ability to deal
with setbacks in favor of economic development did not seem like an acceptable strategy until modern times.
There tends to be little settlement in the immediate neighborhood of active
volcanoes on the Icelandic mainland, in part because of the dispersed nature of
pre-modern settlement in Iceland and in part because volcanoes form higher
ground that has a less favorable climate. In addition, recent volcanic activity
has been related to limited soil and vegetation cover. Notable exceptions can
be found in Mývatnssveit, where settlement exists within the northern volcanic
zone and along the southern coast.
Lavas create the most localized direct hazards, and within the volcanic zones they have flowed over farms built in the neighborhood of fissures.
Ögmundarhraun, for example, is a lava on the Reykjanes Peninsula southwest of Reykjavik that overran the Krísuvík farm in the mid-twelfth century
( Jóhannesson and Einarsson 1988). It has been argued that lava from the 1389
eruption of Hekla completely overran two or three farms (Thórarinsson 1968:
62–72), and in the north of Iceland the Mývatn fires of AD 1724–1729 produced lavas that extended over 34 km2, including two farms and the farmhouses
of the Reykjahlíð parsonage (Sæmundsson 1991). The church of Reykjahlíð,
sited on higher ground, was left intact but was surrounded by the lava.
71

Andrew Dugmore and Orri Vésteinsson

The only recent flows that extended outside the volcanic zones were the
four very extensive flood lava eruptions of historical times: Eldgjá, AD 934–
938; Hallmundarhraun, ca. AD 950; Frambruni, prior to the thirteenth century AD; and Laki, AD 1783–1784 (Thordarson and Larsen 2007). New lava
has an enduring effect on landscape—reshaping topography, altering drainage
routes, and creating bare rock surfaces that take centuries to reestablish vegetation communities and soil (Cutler, Belyea, and Dugmore 2008). Because of
their nature, location, limited extent, and comparatively slow propagation, the
flows of molten rock in and of themselves represent the most easily avoided yet
locally destructive hazard. In 1973 major destruction (but limited death) was
caused by the eruption of Eldfell on Heimaey, a small island off the south coast
of Iceland. The absolute scale of the Eldfell eruption was small, but the fissure
opened up on the edge of the town of Vestmannaeyjar and the lava destroyed
200 houses, with more damaged by tephra fall (Thórarinsson 1979). The town
had grown up on the mostly submarine volcano system of Vestmannaeyjar
because its summits form an island with a fine natural harbor off a mainland
coast devoid of safe anchorages. Unusual for Iceland, major settlement was
(and still is) in the heart of a volcanic system, and the result was that virtually any volcanic activity produced a real and present danger to the people of
Heimaey and Vestmannaeyjar. Fortunately, in 1973 the fissure opened up 200
m outside the town rather than within the built-up area.
As with lavas, volcanogenic floods in Iceland may affect significant areas
both within and outside the volcanically active areas; unlike lavas, they propagate at speeds that cannot be outrun on foot (Gudmundsson et al. 2008).
Floods are a particular hazard because a number of highly active volcanoes are
ice-covered. For example, there have been approximately eighty-five sub-glacial
eruptions from the Grímsvötn and Bárdarbunga central volcanoes, and every
one of the twenty-one Katla eruptions in historical times has resulted in floods,
the largest having a peak discharge of 300,000 m3/s and flooding up to 400 km2
(Tómasson 1996). The areas affected by floods in historical times did, however,
follow the course of established glacier meltwater routes and were generally
subjected to repeated volcanogenic floods that helped create outwash or sandur plains with very limited settlement.
In these areas today, far greater impacts can happen as a result of twentieth-century developments that brought power lines, roads, bridges, and summerhouses to areas previously lacking infrastructure. The 1996 Gjálp eruption
caused a flood that claimed no lives but cost 25 million euros in infrastructural
damage (Gudmundsson, Sigmundsson, and Björnsson 1997; Gudmundsson
et al. 2008). A notable exception to the general lack of settlement in potential jökulhlaup (glacial flood) routes is Landeyjar in southern Iceland. Here,
on the delta of the Markarfljót, stable “land islands” mantled with deep soils
developed between the distributaries of the main river (Haraldsson 1981).
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Both grazing and fodder production are very good in Landeyjar, and prosperous farms have been established across the floodplain. Despite the Markarfljót
draining the ice cap that overlies the volcano Katla, no historically recorded
Katla eruptions have led to flooding of the area. Such flooding is possible, however, and it is potentially a real hazard because it has not occurred in the last
millennium (Gudmundsson et al. 2008). In this respect Landeyjar today is not
dissimilar to the parishes of Hof and Rauðalækr in Öræfajökull prior to AD
1362. They were prosperous, and local experiences since first settlement gave
no indication of what was to come. In Lágeyjarhverfi and Álftaver on the edge
of Mýrdalssandur, the abandonment of several settlements has been attributed
to the effects of repeated flooding (Sveinsson 1947) but in this area the effects
seem to have been gradual rather than catastrophic, with floods eroding the
farmlands rather than directly threatening the settlements themselves.
The landscape impacts of floods may linger for generations, from the localized decadal endurance and slow melt of buried glacier ice within flood debris
to the longer periods it may take for soils and vegetation to reestablish across
the affected areas. Colonization is inhibited by the free-draining nature of
flood deposits composed of pumice gravels. At the large scale, for example, the
major sandur plains of Skeiðarársandur and Mýrdalssandur have little vegetation because of repeated historical inundations. At the small scale a limited (ca.
6 km2) fan of pumice gravels formed on Skógasandur by a sixth-century AD
flood from Katla (and not subsequently modified) remained vegetation-free
until the late twentieth century AD, when a planting program introduced the
Nootka lupin (Lupinus nootkatensis Donn ex Sims) to mitigate the hazard of
blowing sand for road traffic crossing the area (Dugmore et al. 2000).
Tephra falls have affected much larger areas than either floods or lava
flows; in contrast to the all-or-nothing effects of lavas or floods, their impacts
grade in severity across the landscape depending on both the scale of fallout
and the sensitivity of the affected zone (figure 3.2). They can have both negative and positive effects on the landscape. As the fallout decreases in thickness,
the persistence of the impact also tends to be reduced. Very thick (m-scale)
tephras will effectively act like flood deposits in terms of impact longevity; as
the fallout decreases, so generally does the direct physical impact on the landscape. Deeper layers of tephra bury grazing; when they become mobile they
can abrade vegetation and block watercourses, and it may take many seasons
for the sediment to stabilize. Sigurdur Thórarinsson (1979) noted that following the AD 1693 eruption of Hekla, farms (which at that time in Iceland
were all pastorally based) affected by more than 25 cm of freshly fallen tephra
were never resettled; farms affected by 10–15 cm were abandoned for between
one and four years, while fallout less than 10 cm deep caused extensive damage
but did not lead directly to abandonment. Similar effects were caused by the
AD 1875 eruption of Askja and seem to have also resulted from the AD 1104
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3.2. Tephra fall from the 2010 eruption of Eyjafjallajökull covering vegetation at about
600 m above sea level on the northwest flank of the volcano. When this picture
was taken in early August 2010, rainfall was redistributing the tephra layer; the
undisturbed parts of the fallout were having a selective impact on the low mountain
vegetation, smothering some of it but not all. Photo by Andrew Dugmore.

eruption of Hekla, although in AD 1104 the affected area coincided with the
upland margins of settlement, and change may have been driven by unrelated
factors (Thórarinsson 1967, 1979). Centimeter-scale tephra layers that allow
vegetation (particularly grasses) to grow rapidly may have a positive mediumterm impact. Mosses can be smothered, and the decay of vegetation buried by
the ash can generate a nutrient pulse for the surviving vegetation. Furthermore,
if the tephra is basic (not silicic) in composition, weathering of the ash itself
can generate another fertilizing effect. In addition, dark tephras may warm the
surface because of their lower albedo. This is good for vegetation because cold
is often the key constraint on plant growth in Iceland.
Running counter to these trends of impact duration and type proportional to depth, a fine dusting of ash associated with adsorbed toxins and dry
weather can result in the deaths of many grazing animals, most notably as a
result of fluorosis poisoning: pollution can persist at high levels when there is
no rain to flush it away. Hekla has erupted twenty-three times since AD 1104
(Thordarson and Larsen 2007), and on almost all occasions for which there are
accurate records livestock has been poisoned by toxic fallout (Gudmundsson
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et al. 2008). This represents a significant hazard to a community dependent on
pastoralism.
Volcanic gases can have similarly widespread and spatially variable impacts.
The most profound historical impact of volcanic gases occurred in AD 1783–
1784 as a result of emissions from the Laki flood lavas. These emissions created a persistent toxic haze across most of Iceland (Thordarson and Self 2003).
Fluorosis poisoning of livestock and the related famine resulted in the loss
of around 9,000 people, about a quarter of the population (Grattan 1998;
Karlsson 2000). The haze spread through Europe, where it arguably resulted in
the deaths of many more people than it did in Iceland. The haze and persistent
high pressure over the British Isles and northwest Europe resulted in very poor
air quality. The impact of this pollution is shown in “excess deaths”—higher
mortality rates than would otherwise be expected. Mortality data through
the eighteenth century AD establish trends of expected deaths season by season, and in AD 1783 summertime deaths were significantly higher than the
established range and were closely associated with the haze. The heightened
death toll in England probably claimed an additional 20,000 people (Grattan,
Durand, and Taylor 2003; Grattan et al. 2003; Witham and Oppenheimer
2005), and the effects may not have stopped there because increased mortality
can also be identified in Scotland. The Laki eruption likely affected climate, but
in Iceland and northwest Europe this hazard may have been of limited impact
compared with the direct effects of the volcanic gases.
The longevity of hazards as well as their scale depends on a range of
factors that may vary in importance. First is the scale of the volcanic eruption itself, which is perhaps the most obvious factor but not necessarily the
most important. The potential hazard from an eruption is fundamentally
shaped by the setting and context of the event. Very similar underground
movements of magma may become very different eruptions depending on
the surface environment; high groundwaters may turn a potentially effusive
(lava-producing) eruption into an explosive one. The presence of glacier ice
over the vent may lead to flooding, and steep gradients leading away from
the eruption site may propagate flooding more swiftly and over a larger area.
Abundant overlying ice, plus a potential for the flood to “pond” and build
up before release, may result in a large volume of floodwater and high peak
flows. Proximity to plains can create the potential for extensive inundations.
Wind direction and strength will determine the concentration or dispersal
of both pollution and tephra-fall. Rain can mitigate the effects of volatile
pollution and speed the process of ecological recovery. Most significant of all
are the patterns and status of settlement. Are people in harm’s way, and, if so,
how able are they to cope?
Lava and floods, while locally catastrophic, have produced few fatalities
because of their clearly defined extent and limited direct effect on settlement.
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In contrast, fallout and pollution can impact very large areas, and both direct
and indirect effects can be particularly severe.
Long recurrence times and their varied nature have meant that prior to the
twentieth century AD there was little specific planning to cope with volcanic
impact. However, communal resilience in Iceland that developed to face other
environmental challenges, such as extreme or unpredictable weather, has been
the basis of effective response to volcanic hazards and the mitigation of their
impacts. In the absence of outside assistance, the ability to cope within Iceland
has been largely determined by the ability (or otherwise) to utilize support
from unaffected or less affected areas and to switch between alternative forms
of subsistence, in particular between farming (terrestrial) and hunting (wild)
resources. Extreme weather is far more frequent than volcanic eruptions and
can produce similar stresses to ash falls. Domestic animals die; access to grazing, pasture productivity, and fodder production are all impacted; and access
to wild resources such as fish may be compromised. The synergistic effects of
volcanic hazards, including economic constraints, disease, and bad weather,
have had some of the greatest effects on the Icelandic population.
The impact of the AD 1783–1784 “Haze Famine” was probably exacerbated by circumstances at the time—cold weather, the constraints imposed
on eighteenth-century Icelandic society, an ineffectual response by the distant
government, and a major earthquake in 1784 (Karlsson 2000). In 1755 Katla
erupted, flooded large areas of Mýrdalssandur, and spread fallout through districts to the east of the volcano. It is debatable, however, whether any people
died directly as a result. In contrast to the later Laki eruption, increased mortality at the time resulted from a range of other, non-volcanic hazards. The
1750s were a period of very unfavorable weather for the pastoralism that was
the basis for subsistence. Pack ice appeared and persisted around the coast of
Iceland. This sea ice interfered with subsistence fishing and locally intensified
cold weather that impacted both rangeland grazing and fodder production. In
1755 pack ice remained off the northern coast of Iceland all summer, and in the
autumn Katla erupted, adding to the misery of the people of southern Iceland.
In 1756 the pack ice spread along the south coast. The cumulative effects of bad
weather and social and economic constraints resulted in Iceland’s population
being reduced by around 5,800 people, two-thirds of total Icelandic mortality
in the aftermath of Laki (ibid.). If less was known about the climate, as well as
the social and economic contexts, of 1755–1756, the impact of the Katla eruption could be assumed to be far greater than it probably was. Perhaps the most
remarkable aspect of the disasters of both the 1750s and 1783–1784 is the way
the Icelandic population recovered. Although environmental impacts were
exacerbated by synergistic effects, Icelandic society proved remarkably able to
cope with multiple stressors (Vasey 1996).
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Tephrochronology: Dating Past Hazards
through the Use of Volcanic Ash Layers

Serendipitously, the volcanic events that create hazards in Iceland have also created a highly effective means of assessing those hazards. Tephrochronology is
a dating technique based on the identification and correlation of tephra layers
that was pioneered in Iceland by Sigurdur Thórarinsson in the mid-twentieth
century (e.g., Thórarinsson 1944, 1967) and that now has worldwide application (e.g., Self and Sparks 1981; Shane 2000). Tephra layers have distinctive
characteristics that can be used to identify and correlate separate deposits of the
same tephra layer, which can then define time marker horizons, or isochrones,
that have great utility. Tephras exhibit a range of macroscopic features that
reflect major differences in chemical composition, eruption mechanism, total
tephra volume, principal directions of fallout, and depositional environments.
In Iceland tephra layers can vary from millimeters to meters in thickness and
are primarily composed of vesicular glass shards. The colors of layers as a whole
vary from white through yellows, reds, browns, and grays to black. Tephra layers may be uniform in color or composed of characteristic mixes of differentcolored pumices, crystals, or lithic fragments. Particle sizes range from cobble
and coarse gravel grade to silt; particle shapes include a range of vesicularities
and both rounded and elongated grains.
The analysis of many stratigraphic sections has led to the accurate mapping of individual tephra layers that clearly shows their geographical origin,
the scale and nature of the eruption, and contemporary weather patterns (e.g.,
Larsen and Thórarinsson 1977; Larsen et al. 2001; Thórarinsson 1967). The
ages of tephra layers have been determined in a variety of ways. Thórarinsson’s
groundbreaking work in Iceland showed that precise historical dates can be
ascribed to tephra layers through a careful analysis of written records. For the
earliest times of settlement in Iceland, when no contemporary written records
exist, other approaches have to be used. Radiocarbon dating can give excellent results, especially if the dating is conducted within a Bayesian framework
(Church et al. 2007); extrapolations can be made from securely dated layers
using well-understood sediment accumulation patterns (e.g., Halflidason,
Larsen, and Ólafsson 1992); and correlations can be made with the Greenland
ice core records (e.g., Grönvold et al. 1995). A securely dated tephra layer can
be used to define a landscape at a moment in time; with the identification of
multiple in situ layers of primary fallout, intervals of time can be defined and
changes tracked through both time and space (figure 3.3). Sometimes tephras
within a stratigraphy may be moved on small scales (e.g., by soil movement) or
large scales (e.g., by transport in glacier ice), or they may become incorporated
in sediments of a different age by reworking and redeposition. In both of these
situations the movement of the tephra represents an opportunity to gain more
environmental data, as it allows movement to be traced through time.
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3.3. In areas downwind of volcanic eruptions, tephra layers can accumulate in aggrading
soil profiles. In this soil section in southern Iceland, yellow-brown layers of aeolian
sediment separate dark layers of volcanic ash. The 30-cm steel rule marks deposits
formed around the time of Norse settlement: at the top of the ruler is black tephra
from Eldg já, AD 934–938; below that is the black tephra from Katla, around
AD 920; and below that (in the middle of the rule) is the gray-brown “Landnám”
tephra layer formed by Veiðivötn, AD 871 ± 2. Photo by Andrew Dugmore.

Rapid aeolian sediment accumulation across Iceland means that different
tephra layers falling across the same region are clearly separated, even if the
tephra deposition was only separated by a period as short as one decade. The
highest-resolution, best-dated sequences occur where there is a combination of
high background aeolian sedimentation and the deposition of several tephra
layers each century that are thick enough to form discrete horizons but shallow
enough to allow vegetation to grow through the layer and stabilize the deposit.
In Iceland this generally means a layer more than ¼ cm thick but less deep than
the contemporary vegetation cover. A deep sward and heath may stabilize layers 5–10 cm thick, but centimeter-scale thicknesses of tephra rarely stabilize on
well-grazed slopes because the vegetation needs to project through the tephra
in order to survive and stabilize the surface.
Precise dating (to the decade, year, season, and even the day) allows true
interdisciplinary collaboration and effective discussions about common questions of hazard, mitigation, and disaster among historians, archaeologists, ecologists, geographers, geologists, planners, and policy makers.
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Indirect Hazards from Volcanic Activity

Deeper (multi-millennia) time perspectives can reveal patterns of activity and
give some indication of possible return times between events. Knowledge of volcanic activity over long timescales (for people but not volcanoes, which may be
active over hundreds of thousands of years) can alert us to events that can occur
but have not (yet) been experienced in historical time. Landscape provides a
record of the sum total of these past events that is sometimes complete but most
often fragmentary; much evidence is lost—destroyed by subsequent changes—
and some processes leave little, if any, physical trace. What does remain, though,
is still rich and diverse, with strong spatial patterns that are often the key to
interpretation. Crucially, as the landscape is formed by the interplay of human
and natural systems, it provides one way in which we can seek evidence of past
hazards and also vulnerabilities that may otherwise leave little trace.
Various possible explanations exist for differing impacts of similar volcanic hazards. Different outcomes may occur as a result of variations in environmental sensitivity, as some places may experience threshold-crossing events
because of the inherent status of their ecology, soils, location, or climate. This
idea underpins the concept of the over-optimistic pioneer fringe: areas that are
occupied but simply too marginal or vulnerable for long-term settlement and
where environmental degradation and local settlement failure are inevitable
consequences (Dugmore et al. 2006). Alternatively, areas that are not environmentally marginal or vulnerable to hazards at the time of initial settlement may
become so. Stochastic variables (such as season or wind direction during an
eruption) could be vital, although other natural events such as climate change
may also be significant.
The settlement of Iceland (or landnám) led to extensive environmental
changes that affected the potential impacts of volcanic hazards in general
and of tephra fall in particular (e.g., Arnalds et al. 2001; Einarsson 1963;
Hallsdóttir 1987). Wholesale environmental changes were inevitable for two
main reasons. First, landnám was a large-scale colonization involving thousands of settlers who relied on a pastoralist subsistence base (Vésteinsson,
McGovern, and Keller 2002); this led to the clearance of large areas of woodland to create both fields for fodder production and extensive grasslands for
grazing. Second, the lack of indigenous grazing mammals led to the large-scale
introduction of a domesticated biota (cattle, sheep, goats, pigs, horses, and
dogs) hitherto absent from the island.
The consequences of people in Iceland drawing false analogies from similarlooking landscapes in the British Isles and western Norway may be one explanation for the considerable variation in local impacts produced by settlement and
in the vulnerability to volcanic hazards. In the inland valleys of Thórsmörk in
southern Iceland, for example, there is both an early onset of soil erosion and an
early abandonment of five settlements that may have been either summer farms
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or permanently occupied sites (Dugmore et al. 2006). Climate reconstructions
indicate that this settlement change is unlikely to have been caused by either
fundamentally unfavorable local weather or systematic climate change (Casely
and Dugmore 2007). Evidence for one possible factor can be seen in surviving
soil profiles; several thick tephra layers would have been close to the surface at
the time of settlement, so even minor disturbance of the vegetation would have
exposed unstable pumice to erosion by wind and rain. In addition, the Katla
eruption in approximately AD 920, which spread fallout as far as Reykjavik,
would have fallen thickly in this area; soil erosion would have been enhanced
as deep, unstable deposits of tephra killed underlying vegetation in gullies and
hollows and at the foot of slopes.
We conclude that two quite different aspects of volcanic hazard contributed to environmental degradation in Thórsmörk: first, the enhanced landscape
sensitivity caused by the presence of tephra layers close to the surface of the soil,
and second, the direct impacts of the fallout from the 920 eruption of Katla.
The presence of volcanic impact and the coincidence of environmental
degradation and settlement change, while notable, do not in and of themselves
provide a satisfactory explanation of human-environment interaction because
elsewhere they do not coincide, emphasizing that simplistic associations may
be misleading. In the case of Thórsmörk, woodland management provides an
alternative explanation of settlement change (Dugmore et al. 2006). The area
contains one of the few surviving woods in the region and has a long history of
providing charcoal to lowland farms. Woodland clearance occurred very rapidly around newly established settlement sites, and through the first 500 years
of settlement woodland was gradually cleared from low-lying areas; pollen diagrams and the remains of charcoal production sites have enabled woodland
clearance to be tracked up-valley. By the fourteenth century AD it is apparent
that naturally wooded areas were much reduced, and it is about this time that
settlement change occurred in the last wooded areas of Thórsmörk. Woodland
was conserved, and seven centuries later it was still providing a key resource to
an extensive network of lowland farms. While localized environmental degradation as a result of soil erosion (and the legacy of past volcanic eruptions),
plus impacts of later volcanic eruptions, may have marginalized the Thórsmörk
settlements, socio-political factors seem to be more important in the timing of
settlement change. It is notable that a similar process of woodland conservation may have contributed to settlement change in the Thjórsardalur region
close to Hekla (Dugmore et al. 2007).
Using the Past to Identify Future Hazards

Today, volcanic emergency planning in Iceland has its own specific provisions
based on detailed geological assessments (e.g., Gudmundsson et al. 2008).
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The modern science of volcanic hazard assessment faces a number of specific
challenges over establishing the nature of possible events and their potential
impacts. Some past volcanic events leave clear traces behind, such as a layer of
volcanic ash or a characteristic flood deposit. Others hazards, such as fluorine
poisoning of livestock, may leave no direct physical evidence. Their occurrence
has to be inferred indirectly through, for example, written records of impacts or
studies of magma composition (to infer the presence of volatiles). Even when
there is physical evidence, such as the landscape record of a flood, it may be
ambiguous; was this caused by a volcanic event? How big was it?
Tephrochronology aids the understanding of past human-environment
interactions by providing precise dating control and landscape-wide correlations. When combined with interdisciplinary approaches, this has helped
the development of a more detailed, complex, and nuanced understanding of
change. Just as the significance of past volcanic hazards for past human populations has benefited from the application of tephrochronology, so has tephrochronology aided understanding of what hazards are possible, even if people
have not yet experienced them.
For example, Kate Smith (Smith 2004; Smith and Haraldsson 2005) has
shown that floods from Katla have flowed eastward into areas unaffected by
similar floods in recorded history (Larsen 2000). Future activity may not follow the pattern set by Katla’s twenty-one historic eruptions. Indeed, geomorphological and stratigraphic mapping dated with tephrochronology shows that
prehistoric floods from Katla did follow different routes and that they provide
crucial data for contemporary emergency planning.
Immediately to the west of Katla, Eyjafjallajökull (1,666 m) is one of the
largest volcanoes in Iceland (and Europe), capped by an ice cap of the same
name. In March 2010 sub-aerial flank activity began that led to the formation of cinder cones and a small lava flow. This was followed by activity in the
central crater that generated a comparatively limited volume of fine-grained
tephra and international impacts out of all proportion to its scale (figures 3.4,
3.5, and 3.6). Context was again key; the generation of fine ash and the prevailing weather conditions led to its persistent dispersal over airports and across
European and trans-Atlantic flight routes. Prior to 2010, only small-scale volcanic activity in the summit region and limited flooding were known from written sources, but geomorphological data constrained by tephrochronology have
also identified flank activity in the late presettlement period and early tenth
century AD. These eruptions produced extensive flooding over hill slopes to
the northwest and southwest of the ice cap; if repeated, they could pose a serious hazard to local communities.
The identification of Late Holocene flank activity was a challenge because
the channel erosion and “scabland” formations its floods created lie in zones also
affected by glaciation and the seasonal melting of snow and ice. Recognition
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3.4. The pro-glacial area of Gígjökull in southern Iceland pictured three years before the
2010 eruption of Eyjafjallajökull. Gígjökull flows out of the northern breach of the
summit crater of Eyjafjallajökull; glacier retreat since the late 1990s had created
parts of the lake visible here. Photo by Andrew Dugmore.

of volcanogenic flooding rested on chronology and the ability to tie extensive
areas of erosion or deposition to a single time and event. In this case (as in others; e.g., Smith and Dugmore 2006) the features and deposits produced by a
volcanogenic flood were not particularly noteworthy in terms of scale, particle
sizes, or the volume of material. Erosion forms are poorly developed, and the
size of flood-transported material has been limited by the types of sediments
available rather than the capacity of the flood to move it. Total volumes of
sediment are likewise limited and thus give little indication of the peak discharge or duration of the event. Tephrochronology was well suited to tackling
this problem and providing a means to correlate scattered landscape evidence
despite the lack of tephra production from the flank eruptions themselves.
On Eyjafjallajökull the eruption of the Skerin fissure around AD 920
(northwestern part of the glacier) coincided with a much larger eruption in the
neighboring volcano Katla—an association that also occurred in AD 1821–
1823 and probably in both AD 1612 and late presettlement times, leading to
anxious monitoring of both volcanoes when activity began in Eyjafjallajökull
in March 2010. An eruption of Katla has been expected for some time; based
on the very detailed records that have existed since AD 1500 Katla’s mean
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3.5. Gíg jökull in June 2010. Tephra from the 2010 eruption of Eyjafjallajökull blankets
the entire landscape; in the foreground it is about 3 cm deep. Floods from melting
ice in the summit crater have deepened the channel to the right of the glacier and
created the channel to the far right. The pro-glacial lake has been completely filled in.
Photo by Andrew Dugmore.

eruption interval is forty-nine years (with a standard deviation of twenty-five
years). It has been more than ninety years since Katla’s last eruption, an unusually long period of time. The fact that it is “overdue” suggests that another eruption will occur sooner rather than later; combine that with the 2010 eruption
of Eyjafjallajökull and repeated examples of near contemporaneous activity
in Eyjafjallajökull and Katla, and it seems quite probable that Katla will erupt
soon and create both ash clouds and major floods.
Conclusion

Volcanic eruptions have created many different hazards for the people of
Iceland and contributed to some of their greatest human tragedies. Despite
their frequent occurrence and sometimes very large magnitudes, they have not,
however, proved to be the greatest hazard to the Icelandic people. Diseases such
as the fifteenth-century plagues and later smallpox outbreaks have killed more
people in discrete episodes, and other factors such as climate change and sociopolitical constraints may have led to a greater cumulative total of lives lost.
83

Andrew Dugmore and Orri Vésteinsson

3.6. The floodplain of Markarfljót valley in September 2010, pictured immediately
to the north of Eyjafjallajökull, looking east. Floods from the 2010 eruption have
reshaped the floodplain along the track. Visibility is poor because of dust raised from
the tephra blanketing the ground. Photo by Barney Bedford.

The impacts of volcanic hazards themselves have been exacerbated by
other factors, such as bad weather, earthquakes, and economic constraints.
Limitations to the effects of volcanic hazards have been created by both environmental and cultural factors. With the notable exception of Vestamanneyjar,
where the largely submerged volcanic system forms a fine natural harbor, there
has been little to draw people to settle in the present volcanic zones, let alone
on active volcanoes. Social systems developed to cope with the vagaries of life
in Iceland have proved well suited to coping with volcanic hazards: mobility
within the island has been possible, and volcanically induced livestock fatalities
could be offset by increased emphasis on fishing and hunting.
At a global scale, it has been argued that volcanic eruptions can represent
opportunities as well as threats and that, despite their undoubted destruction,
they may also spur development and innovation (Grattan 2006). In Iceland,
however, the impacts may well have promoted conservatism and stifled innovation (Karlsson 2000). Having said that, communities in Iceland have successfully coped with volcanic hazards through approaches to living that is more
regularly tested by bad weather and outbreaks of disease. Enduring settlement
in Iceland is a testament to both Icelandic social organization and the durability of the Norse farm as a settlement strategy.
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Understanding Hazards, Mitigating Impacts, Avoiding Disasters

Statement for Policy Makers and the Disaster Management Community

A long-term view of volcanic hazards in Iceland contains an important message for policy makers: context is vital. Although combinations of major eruptions and unlucky circumstances have contributed to nationwide calamities,
depression, and famine, we stress that it was not the size or type of volcanic
eruption alone that decided this result but rather the time of year the eruption took place and the coincidence of other factors that in combination
could produce catastrophic shocks to the economic system. It is notable that
despite over 200 volcanic events in Iceland that could have led to a disaster, few have killed people either directly or indirectly; when bad synergies
occur, however, death tolls can be great. Historical case studies suggest that
human suffering on a massive scale is not necessarily a measure of system
resilience (or failure): societies can absorb enormous and inhuman amounts
of pain and suffering without failing.
Potential impacts of volcanic eruptions are variable depending on environmental and social contexts and are best viewed alongside other natural
hazards, from disease to extreme weather. Long recurrence times and their
varied nature have meant that prior to the twentieth century AD there was
little specific planning to cope with volcanic impacts. However, communal
resilience in Iceland that developed to face other environmental challenges,
such as extreme or unpredictable weather, has been the basis of an effective
response to volcanic hazards and the mitigation of their impacts. Self-reliance was key and was based on flexible strategies of farming and wildlife
exploitation. Arguably, this flexibility came at the cost of economic development, which at best was sluggish until the end of the nineteenth century.
Modifying or abandoning this ability to deal with setbacks in favor of economic development did not seem like an acceptable strategy until modern
times. Serendipitously, the volcanic events that create hazards in Iceland have
also created environmental records that are a highly effective means of assessing those hazards. Through a detailed, multidisciplinary study of the past, we
can both acquire an appreciation of the likely physical effects of future events
and assess how specific circumstances have led to economic cost and human
suffering—or not. The key to effective anticipation of an unknowable future
is to understand the importance of synergistic effects and how they might
occur depending upon context.
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Fail to Prepare, Then Prepare to Fail: Rethinking Threat,
Vulnerability, and Mitigation in the Precolumbian Caribbean
Jago Cooper

Introduction and Key Challenges

The islands of the Caribbean are a particularly interesting geographical region
to examine the dynamic relationship between past human communities and
sudden environmental change. This chapter examines how past peoples, living
on the islands in the Caribbean Sea, were vulnerable to a number of environmental threats. The focus of this chapter is the impact of floods, droughts, and
wind shear created by relative sea level rise, precipitation change, and hurricane activity. These hazards were identified as particularly relevant to current
debates, given the predicted increase in the risk of such hazards in the near future
(Caribbean Community Climate Change Centre 2009; Intergovernmental
Panel on Climate Change 2007). The potential Precolumbian mitigation of
these hazards through the development of household architecture, settlement
location, food procurement strategies, and networks of community interaction is explored in this chapter; and the relative success in mitigating impact
and avoiding disaster is considered. This chapter reviews different scales of
analysis, from the global, regional, national, and local, to extract key themes
for comparative discussion. These research themes are then examined in more
detail using a case study area in north-central Cuba where the author has conducted interdisciplinary collaborative research with Cuban and international
colleagues since 2002.
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The absence of other causes of sudden environmental change in this chapter—namely earthquakes, volcanoes, and the impacts of El Niño/La Niña—
should not be taken as an indication of their relative lack of importance. Rather,
these major causes of sudden environmental change would not be given justice
in this short chapter; they require, and receive, their own standalone discussion elsewhere (Handoh et al. 2006; Scheffers et al. 2009). However, the key
discussions in this chapter that focus on mitigation and resilience to floods,
droughts, and wind shear by Precolumbian populations have a direct relevance
to all discussions of human engagement with sudden environmental change in
the region. In fact, different causes behind sudden environmental change were
less important for past human communities than was the similarity in their
impacts on the local environment.
Therefore examples of past human engagement with the consequences of
sudden environmental change often have relevance beyond their specific source
of origin and geographical context. This is not because universal rules can be
identified in human mitigation and transferred between different geographical
regions and time periods; rather, each case study examined in isolation provides
one way in which the variables of climate, environment, and human experience
have played out in the past. By increasing the number of “case studies” or “experiments” (Nelson et al. this volume) and looking at the relationship between
cause and effect, decisions and decision making, planning and chance, we can
improve our understanding of these relationships within a global ecodynamics
framework that helps us to better understand hazards, mitigate impacts, and
avoid disasters. These wider lessons suggest that this Precolumbian “case study”
is relevant for modern-day populations of the Caribbean, and the combination
of case studies presented in this book has important lessons for the wider populations of the world that currently face sudden environmental change (Alley et
al. 2003: 2005; Lenton et al. 2008).
The terms vulnerability, hazard, impact, and resilience are increasingly finding their way into academic and policy literature, although their meanings can
often be appropriated differently by different disciplines. The term vulnerability is used in this chapter to describe exposure to hazards when the hazard is a
potential threat to a past community that has not yet been manifested. Impacts
are the consequences of a hazard; they can be both direct and indirect in nature
and are relative as a result of potential mitigation strategies that can reduce
their impact through intentional or unintentional preparation. Resilience is a
more complex term to use given the extensive discussion of its role in ecological and social theory; however, in this chapter it is used in its broadest sense to
refer to the relative ability and mechanisms with which past communities lived
through the impacts of sudden environmental change while maintaining their
core lifeways (Redman and Kinzig 2003).
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Environmental and Climatic Context

The islands of the Caribbean are an interesting mixture of geologically diverse
landforms dotted throughout the Caribbean Sea, bounded by the continental landmasses of North and South America. General trends of smaller coral
limestone and volcanic islands in the southern Lesser Antilles and larger,
geologically older islands in the northern Greater Antilles are often made,
but in reality each island has a very different personality created by its local
environment. There is evidence for a diverse range of flora and fauna in the
Caribbean islands prior to human colonization, with pre-human residents,
such as the giant sloth, living in caves surrounded by temperate forests during the terminal Pleistocene (Steadman et al. 2005). The environments of the
different Caribbean islands were changed following the arrival of humans,
whose activities and introduction of new species would have a well-discussed
and profound impact on the environment (Goudie 2006; Newsom and Wing
2004; Siegel et al. 2005).
The islands of the Caribbean are particularly vulnerable to the dangers of
sudden environmental change because of their location within the earth’s climate system. Caribbean climate is controlled to a large, though still debated,
extent by ocean currents driven by thermohaline systems in the North Atlantic
(Lowe and Walker 1997: 362). The Caribbean is a key driver in this system,
and consideration of sudden environmental change in the region needs to
be contextualized within a global oceanic context. The Caribbean Sea generates movement in ocean currents, as well as climate patterns in the Northern
Hemisphere, through the creation of warm salty water in the tropical shallow sea that drives warm energy northward up into the North Atlantic. This
movement creates an extremely dynamic flow of ocean currents in and around
the Caribbean that is an integral part of the wider Atlantic climatic system,
which means the islands themselves are particularly vulnerable to changes and
variability within this system (Clarke et al. 2003: 923; Overpeck et al. 1989:
556).
The well-established threat of hurricanes to the Caribbean islands exemplifies the importance of the oceanic context of the Caribbean as climatic
fronts from the Atlantic and West Africa combine to generate deep low-pressure systems that are pushed westward toward the Caribbean (Donnelly and
Woodruff 2007; Hetzinger et al. 2008; Saunders and Lea 2008). Current paleo
tempestological research examines the ways changes in past climate systems
affected the frequency and intensity of prehistoric hurricanes in the Caribbean
(McCloskey and Keller 2009). These same Atlantic climate systems also control precipitation on the Caribbean islands, with the movement of the intertropical convergence zone regularly changing the amount of water that falls on
the Caribbean (Haug et al. 2001). So when we look at the impacts of sudden
environmental change on the Caribbean, we need to consider intra-hemispheric
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causality and the relative vulnerability of these islands at an important interface
in the global climate system. Therefore it is often necessary and informative to
look to non-local data sets to provide paleoclimatic data and proxy evidence
for sudden environmental change in the Caribbean (Black et al. 2007; Cronin
et al. 2003; Gischler et al. 2008). More regionally specific research on climatic
change in the Caribbean can facilitate an improved understanding of the relationship between global and regional climate change and local environmental
hazards. Fortunately, climate change in the Atlantic is the focus of urgent and
exhaustive research that can be used to explore the scale and timing of impacts
in the Caribbean.
Archaeological Context

The Caribbean is an intriguing archaeological region, not least because many
of the fundamental questions of Precolumbian colonization and societal development remain embroiled in lively debate. However, painting a broad picture,
the islands were colonized at some point after 7,000 BP, with early sites first
appearing in Cuba and Hispaniola. These earliest “lithic” societies developed
hunter-forager lifestyles in the Greater Antilles until around 4000 BP, when
more complex lithic and shell artifacts and the more extensive colonization of
other islands led to the “archaic” phase of hunters, fishers, and foragers being
defined. Ceramics were first found in the Caribbean in about 2500 BP; during
this time period incipient agriculture was developed before larger-scale communities reliant on agriculture emerged sometime around AD 600. Interestingly,
“archaic” peoples with these mobile and flexible hunter-forager traditions may
have continued up to contact and lived often in close proximity to agriculturalist societies with hierarchical social systems. From around AD 900 to contact,
we see the development of more hierarchical societies and extensive networks
of inter-island interaction that thrived up until the contact period, during
which a population of up to 1 million indigenous people was estimated to have
been living in the Caribbean (Curet 2005).
This broad overview of the diverse islands in the Caribbean is useful to
provide a general framework, but it highlights the major challenge of divergent
resolutions at which climatic, environmental, and archaeological data operate
in this region. It is clear that the regional perspective is not an effective scale at
which to examine archaeological evidence for the human experience of sudden
environmental change. It is essential to use site-specific examples that combine
local environmental and archaeological data that are informed from a regional
perspective but grounded with high-resolution comparative data. Therefore
this chapter will attempt to correlate different spatial and temporal scales of
cause and effect linking global climatic instability to regional environmental
context to local sudden environmental change before considering the relative
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impact on past human communities at individual Precolumbian settlement
sites.
Another important challenge to this research is the definition and identification of change. This brief introduction has highlighted that the Caribbean
is perpetually in climatic, environmental, and social flux; therefore “change”
is relative to the scale at which the parameters of an assumed equilibrium
are defined. However, the time depth of archaeology provides an excellent
framework with which to look at the ways cyclical events operating on interannual, inter-decadal, inter-centennial, and inter-millennial timescales can
be examined using the human lifetime as the fundamental building block
with which to construct a multi-temporal, as well as multi-spatial, structural
framework to better understand change (Adam 1994; Ingold 1993). With
this framework in mind, the Caribbean provides an interesting backdrop
to examine how past human communities lived for thousands of years in a
region subjected to the multi-temporal impacts of sudden environmental
change.
Key Hazards and Past Impacts

The three main creators of hazards and subsequent sudden environmental
change in the Precolumbian Caribbean focused on in this chapter are relative sea level rise, precipitation change, and hurricane activity. These climatedependent conditions create key hazards that include floods, droughts, and
wind shear; but the hazard to past communities needs to be considered in a
wider context in which the potential threat of the hazard is relative and dependent on issues of cyclicity, variability, and predictability. This wider consideration of the hazard requires that the human perspective be taken into account,
where hazards are culturally contingent on ecological knowledge (Crate 2008).
In many ways, to contextualize the hazard within a culturally, socially, and phenomenologically specific setting is in itself a means of better understanding the
reality of vulnerability, impact, and resilience.
Relative Sea Level Rise

Relative sea level rise can create profound vulnerabilities for island communities. The Caribbean has witnessed dramatic sea level change and is one of
the few areas in the world that has experienced regionally increasing relative sea
levels throughout the period of human occupation. This is the case because early
Holocene eustatic sea level rises were replaced by Middle to Late Holocene isostatic relative sea level rise (Milne, Long, and Bassett 2004: 1183; Toscano and
Macintyre 2003). Inevitably, local tectonic activity, coastal sedimentation, and
erosion processes affect this picture and highlight the importance of micro95
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scale case studies to complement the macro-scale regional picture (Cooper and
Peros 2010; Peros, Reinhardt, and Davis 2007; Ramcharan 2004).
Since the established colonization of the Caribbean, there has been at
least a 5-m rise in regional relative sea levels, which has radically changed the
islandscape of the Caribbean (Milne, Long, and Bassett 2004; Toscano and
Macintyre 2003). The impacts of relative sea level rise on Precolumbian populations have been raised previously as an important issue for discussion (Keegan
1995; Tabio 1995). However, it is important to consider how the impacts of
relative sea level rise actually manifest themselves for coastal communities.
Modelers often describe long-term regional figures of relative sea level rise as
1 mm per year over an extended period. However, this is based on mean figures
often averaged over thousands of years, and the reality of relative sea level rise
for people living in the region is very different. In fact, the impact of relative sea
level rise is a punctuated equilibrium in which abrupt coastal flooding events
are instigated by catalysts such as hurricane storm surge.
These periodic flooding events are caused by long-term processes of relative sea level rise, but they create very sudden impacts for coastal communities, as paleocoastlines are breached and new coastlines formed (Cooper and
Boothroyd 2011). In Cuba, 27 percent of the island was flooded by rising relative sea levels between initial colonization around 6000 BP and the arrival of
Columbus in AD 1492 (figure 4.1). Detailed bathymetric models of different areas of the coastline, combined with local relative sea level change data
modeled using geomorphological and archaeobotanical data, indicate tipping
points at which paleocoastlines are breached and inland areas flooded. These
tipping points represent episodes of sudden environmental change in which
both the flooding event and subsequent impacts on coastal ecology would
have been profound. The dating of such events enables the correlation with
archaeological context. In the case study area in northern Cuba we see some
interesting patterns of changing settlement location and food procurement
strategy during this period of relative sea level rise impacts that can provide
indications of Precolumbian mitigation strategies discussed further later in
this chapter. Therefore the vulnerabilities created by relative sea level rise in the
Caribbean exposed Precolumbian populations to important hazards. Coastal
flooding and radical changes in marine and coastal ecology were important
for Precolumbian populations, who often lived in coastal settlements with a
marine-focused diet. The impact of long-term relative sea level rise needs to
be considered in the context of short-term flooding events that occurred on
perhaps inter-centennial and inter-millennial timescales. Flooding events created by increasing relative sea levels had a key impact on regional islandscapes
and local coastlines through the reaching of tipping points that caused coastal
flooding and sudden local environmental change.
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4.1. Comparative map of Cuba showing 27 percent loss of landmass as a result of the 5-m
rise in relative sea levels from 6000 BP to present. Map by Jago Cooper.
Precipitation

Precipitation change has been argued to be an important factor in creating sudden environmental change, and there are many worldwide discussions
of the impacts on past human populations (Gill et al. 2007). Unfortunately,
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the Caribbean lacks the detailed precipitation records found in other regions,
but understanding its climatic context enables the exposure and discussion of
human vulnerability to precipitation variation. Much work still needs to be
done to reconstruct and understand precipitation change effectively (Broecker
2009), but it is clear that changes in the Atlantic climate system affect precipitation rates in the Caribbean. Fine-grained reconstructions of precipitation
change in the Caribbean require additional research; but existing data indicate
fluctuating regional precipitation rates over time, with a drier period beginning
10,500 BP, a wetter period beginning 7000 BP, and an intense dryer period
beginning 3200 BP (Higuera-Gundy et al. 1999: 159; Hodell et al. 1991;
Nyberg et al. 2001).
These broad chronologies for precipitation variation based on lake cores and
archaeobotanical evidence are too limited to provide a comprehensive regional
picture, but the evidence does suggest the potential importance of such changes
to the local environments of the islands of the Caribbean (Siegel et al. 2001).
However, an understanding of Caribbean communities’ vulnerability to precipitation variability requires a more nuanced understanding of the different spatial and temporal scales at which hazards can have an impact. Paleoprecipitation
variation in the Caribbean includes low-frequency regional impacts on an
inter-millennial scale that would have substantially changed the terrestrial ecology of the region, but at the same time there would have been cycles of highfrequency, inter-annual impacts on local environments that would have had
a more direct and noticeable impact for human communities (Nyberg et al.
2001). Floods and droughts are often assumed to be the main hazards generated by precipitation change, but perhaps we should also consider the hazard
of instability or unpredictability as a key threat for Precolumbian communities. The high variability of the frequency, seasonality, and reliability of precipitation created by the exposure to unstable Atlantic weather systems created
dramatic regional and local climatic instability and variable precipitation rates
(Haug et al. 2001). This hazard of instability has been well established in previous discussions, particularly in respect to the origins of agriculture (Bettinger,
Richerson, and Boyd 2009; Rosen in press), and this hazard appears to have
been important for the peoples of the Caribbean. While broad regional trends
in precipitation variation from lake cores indicate periods of drier and wetter conditions, it is important to consider the micro-scale of shorter-term and
more locally specific variation. These smaller-scale impacts therefore have to be
examined locally using relevant paleoclimatic data on a case-by-case basis.
Hurricanes

Hurricanes represent some of the most dramatic and well-publicized hazards Caribbean populations face. The production of intense low pressures in
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4.2. Photographs showing damage caused by Hurricane Ike in 2008. Clockwise from
bottom left: two different modern house designs destroyed by the hurricane, unusable broken house tiles collected for disposal following the hurricane, and one
Precolumbian house from the “Taìno” heritage village of El Chorro de Maìta being
rebuilt six days after the hurricane. Photos by (clockwise from bottom left) Roberto
Valcárcel Rojas, Roberto Valcárel Rojas, Jago Cooper, and Jago Cooper.

the mid-Atlantic creates these seasonal tropical cyclones that move westward
into the Caribbean. The hurricane represents one of the most frequent highimpact hazards in the Caribbean with annual regional return rates. It is difficult to appreciate the impact of such wind speeds without having witnessed the
effects, but the hurricane creates some of the most profound sudden environmental changes in the Caribbean (figure 4.2). The spatial nature of hurricane
impacts can often be fairly local, with wind shear damage limited to perhaps a
swath 5–10 km in width. The temporality of the hurricane impacts—namely
wind shear, coastal storm surges, and pluvial flooding—has both an immediate and a mid- to long-term impact on the local environment. This variation
in the temporal scale of impact is important when considering mitigation of
these effects by human communities. In many ways the nature of the hurricane impact is defined by the speed and cost at which human communities can
“recover.”
The first written record of extreme weather events appears in Columbus’s
diary of his first voyage (Dunn and Kelley 1989), the start of a long historical
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record of hurricane landfalls in the Caribbean. Evidence for prehistoric hurricane activity in the Caribbean is available from geomorphological studies
of sediment cores and also the use of proxy evidence, such as coral isotope
data, for changing North Atlantic sea surface temperatures that are argued
to affect the frequency and intensity of hurricane activity (Beck et al. 1997:
705; Donnelly and Woodruff 2007; Elsner 2007; McCloskey and Keller 2009;
Nyberg et al. 2007). These proxy data for hurricane activity are an interesting
avenue for future research, but existing data show the presence and impacts of
hurricanes in the Precolumbian Caribbean (Hetzinger et al. 2008). This discussion highlights that the high-frequency local impact of hurricanes should
not only focus on the “event” itself but should also consider the medium- to
long-term “impacts” in which reconstruction is part of the impact and essential
to the development of any mitigation strategy.
Human Mitigation and Resilience

Ethno-historical records from the contact period Caribbean suggest that
Precolumbian populations had complex belief systems in which weather and
the process of environmental change were well established (Oviedo 1959
[1526]). Different deities associated with different aspects of precipitation
and the stages of hurricanes—Boinayel, Coatrisque, and Guabancex—show
an understanding and communication of meteorological knowledge through
an active symbology alive within the human community (Drewett 2003; Pané
1999 [1498]). It is intriguing to consider the role such oral histories might
have played in enabling intergenerational knowledge transfer for hazards that
might have had inter-decadal and inter-centennial timescales, such as different
coastal flooding events on different islands. However, from an archaeological
perspective this nuance of ecological understanding and knowledge transfer is
more challenging to identify. This raises the important point that it is not the
aim of this chapter to identify cause and effect between sudden environmental
change and socio-behavioral change. Rather, this chapter has a wider aim: to
examine through archaeology how Precolumbian populations lived through
periods of sudden environmental change and whether their now extinct lifeways have useful lessons for mitigating similar impacts faced by populations
living in the Caribbean today.
Therefore, while the causality of human behavioral change is interesting,
this overview of human mitigation in the face of sudden environmental change
focuses instead on whether household architecture, settlement location, food
procurement strategies, and interaction networks—as understood through
archaeological analysis—provided resilience to the established dangers of sudden environmental change.
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4.3. Map of the case study area in north-central Cuba where fieldwork has been carried
out since 2003. Map by Jago Cooper.

Household Architecture

Archaeological excavations of Precolumbian house structures in the Carib
bean reveal the consistent use of wooden poled structures, predominantly
circular or oval and ranging between 6 and 9 m in diameter (Curet 1992;
Samson 2010; Schinkel 1992). Historically, the wood’s poor preservation
has limited the degree to which the design of these structures can be examined and fully understood. However, the recent discovery and excavation of
well-preserved house structures in waterlogged conditions at the site of Los
Buchillones (Valcárcel Rojas et al. 2006) has enabled a better understanding
of Precolumbian household architecture and the potential resilience of these
forms to known hazards.
Los Buchillones is a late Precolumbian settlement site dating AD 1250 to
contact. The site is located within the case study area in north-central Cuba
(figure 4.3). The house structures at Los Buchillones use two concentric rings
of substantive mahogany (Swietenia mahagoni) posts, with diameters up to 33
cm, to form the structural framework for the house. These posts are deeply
embedded up to 1.7 m into the ground. This hardwood permanent structural
framework was then dressed with a lighter-weight superstructure including a
slender rafter, stringer, and thatched roof. It has been hypothesized that these
structures used suspended woven matted floors over lightweight timber struts,
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but at this stage the floors have not been excavated. However, local paleoenvironmental cores at the site indicate that these structures were located in waterlogged conditions during their occupation (Peros, Graham, and Davis 2006),
so it seems likely that the floors were suspended between the structural posts.
Modern-day residents in the two neighboring coastal villages of Punta
Alegre and Maximo Gomez, 2 km west and 4 km east of Los Buchillones, respectively, predominantly live in concrete structures and initially considered these
Precolumbian structures to be debil (weak) against the hazards of wind shear,
coastal storm surge, and pluvial flooding (Nelson Torna, personal communication). However, this categorization of weakness or vulnerability requires careful consideration in light of the earlier discussion of past impacts. Radiocarbon
dating of different elements of the house structures and the artifact assemblages contained within them shows that the structural posts have remained in
situ and in use for hundreds of years (Cooper 2010a; Cooper and Thomas in
press). Excavations showed that these posts had been cut for immediate use and
had not been removed from their original location or reused (Valcárcel Rojas
et al. 2006). However, radiocarbon dates suggest that these structural posts
appeared to have been “re-dressed” with the lighter-weight superstructures
over time as roofs were replaced. This finding raises the interesting question of
how weakness or vulnerability is judged in the face of specific hazards. Initially,
the lightweight wooden and thatch superstructure would have been a more
vulnerable place to be than a concrete structure during the high wind speeds of
a hurricane, but this focus on the short-term “event” of the hazard ignores the
medium- to longer-term impacts of post-hazard reconstruction that are often
more destructive for Caribbean communities. Therefore, if we take the ethnohistorical sources at face value and argue that Precolumbian communities had
management strategies in place to identify oncoming hurricanes, alert the community, and retreat to nearby caves for shelter during a hurricane’s short-term
impact, then their Precolumbian house structures were extremely resilient to
the mid- to long-term “impacts” because they could be rebuilt within days
of a hurricane using locally available and easily sourced materials (see figure
4.2). Therefore the potential resilience of these house structures needs to be
considered in light of the different timescales at which the impacts of hazards
occurred.
Settlement Location

The majority of modern-day settlements in the Caribbean were located
and founded by post-contact communities, predominantly using European
settlement planning traditions. Modeling the vulnerability of different settlement locations to wind shear and flooding at a regional scale is problematic
because the parameters of local topography and environment are crucial fac102
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4.4. Logo for the Save the Children–sponsored resettlement initiative in Holguin
inspired by the iconographic representation of Guabancex, the Precolumbian deity
associated with the hurricane’s destructive force. Photo by Roberto Valcárel Rojas.

tors that can be overlooked at this macro-scale. Therefore models that show
that most Precolumbian settlements in Cuba are located in close proximity
to caves that could be used as hurricane shelters or that topographic modeling suggests a preference for leeward settlement locations in upland areas is
a somewhat statistical argument that requires a case-by-case analysis (Cooper
2010a). This caveat is particularly important when considering the changing
nature of the Cuban archipelago over time and the impacts of relative sea level
rise and changing climatic and environmental conditions. However, before we
focus on a case study site, it is interesting to note observations by modern-day
inhabitants of Cuba who consider Precolumbian settlements to be located in
more flood-protected areas of the landscape.
An example of this observation put into action comes from a recent Save
the Children–sponsored urban planning initiative in Holguin in eastern Cuba,
which uses as its logo the Precolumbian deity Guabancex, the symbolic representation of the destructive force of the hurricane (figure 4.4). This project has
identified a pattern in Precolumbian settlement locations and argues that their
use of leeward hillside brows for settlements, in contrast to the more common
post-contact use of river valleys, provides better protection from the common
tropical storm and hurricane pluvial flooding in the region (Valcárcel Rojas
2002). Inevitably, such regional generalizations are susceptible to oversimplification, as without doubt many Precolumbian settlements do appear to be
located in positions more traditionally considered “vulnerable.” Therefore, general observations surrounding the relative vulnerability of Precolumbian settlement locations need to be evaluated within their individual topographic and
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paleoenvironmental settings if useful interpretations are to be made regarding
their relative resilience.
Los Buchillones is an interesting site at which to explore these issues of settlement vulnerability in more detail. Paleoenvironmental evidence shows that
the site was a Precolumbian residential settlement that straddled the coastline
using stilted wooden structures over waterlogged environments. This coastal
location, similar to the neighboring modern-day villages of Punta Alegre and
Maximo Gomez, exposes the settlement to the impacts of the hazards discussed earlier. Therefore each of these potential hazards can be evaluated using
this site-specific example. Located 1 km south of Los Buchillones is a range
of hills called the Lomas de Punta Alegre, which contain a number of large
limestone caves that could have been used as hurricane shelters. Precolumbian
artifacts in these caves indicate their use, or at least knowledge of their location,
by Precolumbian populations. Therefore these caves offered potential shelter
for the occupants of Los Buchillones during the wind shear “event” of past
hurricanes.
A topographic and hydrographic model of the coastal region around Los
Buchillones enables the modeling of the impacts of coastal storm surges on this
Precolumbian settlement (Cooper and Boothroyd 2011). Bathymetric models
show that the flow of water through the offshore island archipelago is greatly
restricted by a prominent reef located 30 km north of Los Buchillones, by the
shallow depth of the intervening Bahia de Buena Vista, and by a series of narrow channels that limit the flow of water through a network of low-lying mangrove islands. This suggests that the location of the site behind the Jardines del
Rey archipelago would have mitigated the impact of hurricane coastal storm
surges.
The potential for pluvial flooding at Los Buchillones is high, as the Lomas
de Punta Alegre behind the site is a water catchment area that channels rainwater down the hillsides to the coast. However, the location of the house structures in a waterlogged environment with potentially suspended floors mitigates against the impact of pluvial flooding because the water ran off the hills
into the wetlands—unlike today, when the houses of Punta Alegre are regularly
flooded.
Los Buchillones is just one site in the densely populated Precolumbian
islandscape of the Cuban archipelago; therefore it is not possible to take these
“lessons” of potential resilient settlement location and apply them elsewhere.
However, this case study does show how the study of settlement location
within an established paleoenvironmental setting, combined with an improved
understanding of household architecture used at the site, can provide a better
understanding of the vulnerabilities and potential resilience of Precolumbian
communities. This study shows the importance of evaluating vulnerability
contingent on the local environmental context, and, while not transferable to
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other sites in different environmental contexts, some of the findings are certainly relevant to the modern-day populations of Punta Alegre and Maximo
Gomez.
Food Procurement Strategies and Interaction Networks

Changing patterns in Precolumbian resource and subsistence strategies
are subject to a large number of influences over time, from changing settlement locations to demographic fluctuations, seasonality, overexploitation,
and new technologies. Therefore, linking the impact of sudden environmental
change with changes in past food procurement strategies identified in faunal
assemblage analyses is often too simplistic and deterministic to be meaningful. However, it is interesting to consider how reconstructed food procurement
strategies during particular points in time would have helped mitigate against
the impacts of known hazards in a particular case study area.
In the case study area around Los Buchillones, faunal assemblages from a
number of sites have been studied, and they reveal some general patterns in the
diversification of environmental niches exploited over time (Cooper, Valcárcel
Rojas, and Calvera Rosés 2010). During the occupation of Los Buchillones, we
can reconstruct a diverse and wide-reaching food procurement strategy that utilized resources from pelagic, reef, mangrove, littoral, lowland agricultural, and
upland forested environments with a large catchment area drawn around each
site. Evidence shows direct access by inhabitants of Los Buchillones to all of the
marine environments, but the links with the upland regions in Cuba’s interior
raise the probability of trade and exchange networks (Cooper 2008). The use
of food resources from a diverse range of environments highlights a strategy
that provides resilience against sudden disruptions to local environments.
It is clear from this discussion that sudden environmental change can
occur in the Caribbean at different spatial scales, but the diversification of
resource sources facilitates the mitigations of these impacts. The local impacts
of relative sea level rise and hurricanes indicate that to successfully live through
these impacts, communities require access to resources and support beyond
the affected areas. In the case study area at Los Buchillones, interaction models have been constructed using the movement of sourced materials through
the islandscape (Cooper 2010b). These networks of interaction show that
established relationships based on exchange and reciprocity between different
coastal sites and the interior upland areas exist up to 50 km inland. References
to social relationships in the late Precolumbian Caribbean indicate that these
networks would have been firmly established, with strong intermarriage and
social reticulation. Therefore this network of interaction provides an important framework for management following localized impacts of hazards such
as hurricanes (Cooper and Peros 2010).
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Summary and Future Research

The intentionality behind human decision-making processes is challenging to
identify through archaeological data alone. Consequently, it is very difficult to
differentiate between deliberately planned disaster management strategies that
have been intentionally adopted and cultural practices that have the benefit of
mitigating potential hazards. Therefore this chapter is not arguing for a monocausal link among Precolumbian household architecture, settlement location,
food procurement strategies, interaction networks, and the dangers of sudden
environmental change. Rather, it uses paleoclimatic and paleoenvironmental data at different spatial and temporal scales to identify the hazards experienced by Precolumbian populations in the Caribbean. It then uses detailed
archaeological investigation at different spatial and temporal scales to assess
the potential resilience of their lifeways to these impacts, occasionally using
modern-day comparisons for contrast (Peterson and Broad 2009). This study
suggests that hazards need to be considered as culturally contingent and based
on the ecological knowledge with which societies understand the nature and
threat of potential hazards. In the Caribbean, Precolumbian lifeways appear to
have offered some important advantages in mitigating the impacts of known
hazards in the region. These advantages helped mitigate the impacts of hazards
and reduced the vulnerability of Precolumbian communities to sudden environmental change.
The scaled temporality of hazard return rates in the Caribbean raises the
interesting topic of intergenerational knowledge transfer and the cultural
transmission of ecological knowledge over time. Archaeology, through case
studies such as this one from the Caribbean, provides a deep time perspective
of human engagement with environmental change that challenges the use of
concepts such as stability and equilibrium. The constantly changing dynamics
of human-climate-environment relations need to be understood in terms of
flux rather than equilibrium; therefore hazards can only be properly understood within their individual geographic, temporal, and cultural contexts. In
the Caribbean, archaeology provides one of the few tools available to access this
important knowledge following the loss of an entire way of life after European
contact. Therefore archaeologists can make an important contribution to
ongoing debates over disaster management in the Caribbean where concepts
of threat, vulnerability, and resilience can be better understood using the time
depth of human experience. In this way, archaeologists should be involved in
future disaster management strategies to enable a better understanding of hazards, provide critical discussion of potential mitigation strategies, and contribute to a wider interdisciplinary debate that enables modern-day communities to
avoid the impending dangers of sudden environmental change in the region.
Future research needs to concentrate on providing more interdisciplinary case studies in which paleoclimatic, paleoenvironmental, and archaeo106
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logical data can be brought together in an informative way. The discussion
in this chapter raises some interesting observations that merit more extensive
comparative discussion. More fine-grained proxy data for local paleoclimates
and paleoenvironments are required to bring the impacts of sudden environmental change to the archaeological scale of human occupation at individual
settlements. However, perhaps most important, an improved dialogue needs
to be opened among archaeologists, climatologists, and disaster management
experts, as there is no doubt that archaeology has innovative perspectives and
important lessons to contribute to a much wider debate (Anderson et al. 2007;
Giddens 2009; Jansen et al. 2007).
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Understanding Hazards, Mitigating Impacts, Avoiding Disasters

Statement for Policy Makers and the Disaster Management Community

Five thousand years of human experience in the Caribbean can provide
important lessons for modern-day policy makers and practitioners working
with the impacts of climate change in the region. Case studies in this chapter
show that regional climate change creates unavoidable threats to everyone
living in the islands of the Caribbean. However, different communities’ relative experience of these threats is entirely dependent on very local conditions
and the lifestyle choices of different societies. The importance of the way
local conditions affect the experience of environmental hazards highlights
the fact that centralized planning strategies at national or international scales
currently fail to prepare people for what they will experience and how they
should best prepare themselves.
The reliance of Precolumbian mitigation strategies on local preparation
for local threats greatly helped reduce vulnerability in the past. This chapter reveals that the Precolumbian selection of secure settlement locations,
the creation of diverse food distribution networks, and the use of readily
rebuilt household architecture maximized the potential for mitigation
based on local environmental conditions. These Precolumbian lifeways contrast strongly with modern-day lifestyles in the Caribbean that have been
strongly influenced by non-local European and North American traditions.
Examples such as the colonial legacy of European selection of river valley
settlement locations or more recent developments, such as the centralized
distribution of non-local food staples and the development of architectural
designs reliant on imported materials, highlight changes in the Caribbean
that have increased vulnerability to known hazards in the region.
A clear argument arises from this research that the current focus on
short-term “impact” mitigation in the Caribbean is emphasized at the
expense of more robust preparation and reconstruction strategies that take
into account the complexity of decision-making in human societies and the
need for long-term strategies to change human behavior. Such a lesson shows
the importance of local education strategies that try to foster improved traditional ecological knowledge within communities that helps people understand the nature of the threats they face and feel empowered to plan for
themselves. Both in the past and in the present, the real “cost” of an environmental disaster is often not from the “event” itself but from the weeks,
months, and years of devastation that ensue. The devastating impacts of sea
level rise, rainfall change, and hurricane activity are inevitable for modernday communities in the Caribbean. Therefore this research suggests adopting the perspective of how quickly human communities can return to “life
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as before” rather than focusing on how robustly they can “withstand” the
inevitable hazards that loom on the horizon. Practitioners’ work should
emphasize local education, decentralized planning empowerment, and postimpact reconstruction. The current reliance on centralized power structures
for dealing with the impacts of climate change in the Caribbean fosters a
dangerous sense of absolved responsibility and highlights why the lessons
from the past, contained in this chapter, are important for the challenges of
the future.
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Collation, Correlation, and Causation in
the Prehistory of Coastal Peru
Daniel H. Sandweiss and Jeffrey Quilter

To the casual visitor and even many archaeologists, the mountains and deserts of Peru (figure 5.1) appear timeless and unchanging. Indeed, mountains
are frequently metaphors for long-term stability and slow change: “how many
years can a mountain exist, before it is washed to the sea?” asked Bob Dylan.
So, too, the coastal strip shared by much of Chile and Peru hosts one of the
driest deserts in the world (figure 5.2), which imbues the visitor with a sense of
constancy. Regional archaeology features a great variety of unearthed artifacts
made of perishable materials—wood, bone, shell, cloth—that would have disintegrated long ago in other environments. Subspecialties in scholarship have
developed from the products of the dry, coastal environment: textile experts
who study brightly colored, intricately woven textiles of coastal Peru, and biological anthropologists who can investigate ancient diseases and pathologies
thanks to well-preserved human remains. But the apparent stability of the
landscape of western South America belies a highly dynamic geological and
biophysical terrain.
To address issues of prehistoric human ecodynamics in this extraordinary
place, we begin by describing the region. We then consider in general terms
the methodological and epistemological challenges to understanding collation, correlation, and causation in the archaeological record, with particular
reference to human-environment interaction. We conclude with a detailed case
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5.1. Map of Peru. Map by Daniel H. Sandweiss.

study from coastal Peru (a medium-term perspective) and a longer-term perspective on millennial-scale trends in risk, population, and complexity in this
extreme environment.
The Central Andean Coast

The central Andean coast (figure 5.1) is subject to significant natural disasters
that tend to recur frequently but without a predictable periodicity. The Andes
are located on a subducting plate margin (the oceanic Nazca Plate is sliding
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5.2. Typical dunes on the Peruvian coast. Photo by Daniel H. Sandweiss.

under the continental South American Plate), so the region experiences frequent seismic activity and volcanism. Earthquakes, volcanic eruptions, and the
tsunamis sometimes associated with seismic activity have a devastating impact
not only on the people but also on the towns, cities, and economic infrastructure, such as irrigation works systems (e.g., Giesecke and Silgado 1981).
However, because of the unusual shallow-angle subduction under northern
and central Peru, active volcanism does not occur here as it does in Ecuador
and in southern Peru, Bolivia, northern Chile, and Argentina (Barazangi and
Isacks 1976). Consequently, this sector of the central Andes lacks catastrophic
volcanic eruptions.
El Niño Southern Oscillation (ENSO) dominates present-day climatic
variability on inter-annual timescales in the tropics and involves both the atmosphere and the ocean in the tropical Pacific (e.g., Maasch 2008). On the central
Andean coast, El Niño warms near-shore waters, bringing torrential rainfall to
the land and depressed biotic productivity to the adjacent ocean. Frequency,
intensity, and duration of El Niño events generally follow a latitudinal gradient,
decreasing toward the south. However, each event is different, and rainfall can
skip valleys or occur in different sectors of valleys, with variable consequences.
In this largely unvegetated region, the rains often lead to destructive flooding
as well as plagues of insects and diseases. Earthquakes produce abundant debris
on the landscape; El Niño flooding mobilizes this unconsolidated sediment,
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often resulting in coastal progradation (seaward expansion of the shoreline)
and inland dune incursions (see Sandweiss et al. 2009 and discussion later in
this chapter).
Challenges

To understand how short-, medium-, and long-term geological, climatological, and environmental processes are interrelated with one another and with
human activities, we must take into account epistemological foundations and
fundamental principles of scientific methodology. The epistemological issues
concern the dimensions by which we measure phenomena under scrutiny,
while the methodological concerns focus on relating phenomena and events
to one another.
In attempting to insert rigor into archaeological investigations, many
years ago Albert C. Spaulding (1960) underscored the importance of distinguishing among three different analytical dimensions: space, time, and form.
By definition, a dimension is a phenomenon that requires its own measuring
device, and such is the case for these three. The distance from, say, Cambridge,
Massachusetts, to Orono, Maine, is a constant (so long as it is “as the crow flies”
or along the same route) and is measured in kilometers, miles, or some other
standardized units. The time it takes to get from one city to the other, however,
varies depending on mode of travel and many other factors and is measured
by time units that may be expressed as minutes, hours, days, or even weeks
(depending on the traffic). One measurement system cannot be converted into
the other, and neither the distance between the cities nor the time it takes to
travel to them can be converted into “form.” Time itself is a form of measurement. It marks change and duration. As in the cases of space and time, form has
its own intelligibility. It comprises not only the shape of things but also their
qualities, such as color and texture (see Wagensberg 2008).
Investigators, whether archaeologists, Shakespearean scholars, or crime
detectives, commonly use secure information in one dimension to infer information in one or more others. “Secure information” is often derived from
generalized principles or laws. For example, the geological law of superposition (that, without later modification, lower strata are older than upper strata)
is used to infer that differences between the fossils or artifacts distinctive to
particular strata or ranges of strata represent change through time. Form—
the distinctive fossils or artifacts—and (the products of ) time—the inferred
change—are thus accounted for in such exercises.
Fairly commonly, secure information in two dimensions aids in learning
something in the third dimension. For example, the consistent identification
of artifacts with distinctive attributes, such as decoration or mode of manufacture (formal dimension), within a restricted geographical region (spatial
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dimension) may help to identify or at least narrow the range of possibilities
for the time period of their use or popularity in a new region of investigation
when the time of use is known elsewhere. These simple rules for relating data
from different dimensions have wide use and are essential for many different
kinds of studies.
As we are concerned with changing human-environmental relations over
time, issues of relations between the formal and temporal dimensions are particularly relevant to our interests. We chronicle forms that endure or change
through time, and we are interested in the relationships of different forms to
one another through time, such as different settlement types in relation to
environmental changes.
This leads us to issues of collation, correlation, and causation (Sandweiss
and Quilter 2008), which are steps in a chain of increasingly significant activities leading to plausible explanations for past events. They are mutually and
sequentially dependent on one another so that without collation, the other two
steps cannot be carried out and without correlation, causation cannot be reasonably posited.
Collation is the demonstration that events occurred simultaneously. We
collate manuscript papers by placing them together in the same pile or group,
and we collate events by showing that they occurred at the same time. This
first and apparently simple step is extremely difficult to achieve in archaeology, however, especially for short-term events. As with most things in archaeology, when the temporal scales of events are of long duration, we can be fairly
confident in collating them. For example, we can collate a gradual decrease in
rainfall with changing environments and settlement patterns by showing that
these events occurred at the same time. So long as anthropological archaeology saw change as slow, within evolutionary or neo-evolutionary theoretical
frameworks, the focus was on looking at the “big picture” and concomitant big
events. With an awareness of the potential for short-term events to have longterm consequences, such as in punctuated equilibrium, we are faced with the
difficulty of trying to collate events when chronological measuring devices in
archaeology are generally coarse, with resolutions at a century or half-century
scale at best. Except in rare and special cases, for now and perhaps the foreseeable future there is no solution to this problem except to wait for more precise temporal measuring tools that will allow for tighter collations of events of
interest to be made.
There are cases in which we can make tighter collations, however. For
instance, if we excavate a shell heap and find a mollusk shell that incorporates
growth or geochemical anomalies known to be caused by El Niño, we can
infer that the associated stratum was deposited very close in time to the event
(although various exceptions can be raised). More broadly, we can look at environmental history encoded in a shell across its lifespan and know something
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about conditions and changes in conditions for that span and thus for associated archaeological events. Over time, the development of collations of these
kinds can lead to fairly robust data sets that can be inferred to have value in
developing correlations.
Correlation, in formal terms, refers to demonstrating that events of interest covary in a statistically significant way. Correlation therefore requires even
more rigor than does collation in linking events occurring through time. To
continue with the case previously mentioned, the observation that, for a particular region, there was a change in rainfall in the past and that at the same
time there was a changing environment and that, further, human settlement
patterns appear to have changed while these other events were taking place
must be more strongly associated to proceed further, to causation. In archaeology it is often difficult if not impossible to show covariance in a statistically
significant way. This is again a result of the high values for standard deviations
in our attempts to gain confidence that events are occurring at the same time
and because it is hard to know what to quantify, how to quantify it, and how
to establish an acceptable degree of uncertainty in what we might consider significant covariance.
A significant challenge in archaeology is the fact that our sample size is
commonly very small and the population from which it is drawn is usually, at
best, highly uncertain while the universe from which it was taken is invariably
unknown. There is commonly high variability in the distribution of archaeological materials throughout a site, even if the site itself is fairly well delimited.
The quantity and distribution of shells or human burials in middens may vary
considerably from one place to another within the entire distribution of middens. Although archaeologists commonly employ stratified and other forms
of random sampling of deposits, we cannot always rely on these methods to
provide information about the overall quantity and nature of the materials that
could be sampled.
As might be expected, causation is the most difficult level of all of these
linked investigative procedures. Events as rapid, obvious, and well reported as
the eruption of Vesuvius can clearly document, following our example, that a
settlement pattern changed as a result of environmental factors. “Quality” here
is important: a well-known case of a volcanic eruption that sent waves of ashes
(whether at Pompeii or Ceren [Sheets 2006]) leaves little doubt as to the cause
of what we might banally refer to as a “change in settlement.”
In the case noted earlier—the changing rainfall-environment-settlement
pattern chain that could be collated and might be correlated—it becomes
much more difficult to move to the next level of causation, simply because
human beings are complex and their reasons for doing things may or may not
be a result of other events that are seen to collate or correlate. What appear
to be clear-cut cases of intense causal agents, such as volcanoes, do not always
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provide sufficient evidence for causality. Volcanic eruptions have the advantage
(for archaeologists at least) that most societies lack the capacity to clean up
after them, but both hurricanes and earthquakes are short-term, strong causal
agents that may leave few archaeological traces after sufficient time has passed
and recovery has occurred (see, for instance, Wilkerson 2008). The degree to
which societies are vulnerable even to volcanoes, however, is highly variable,
as is the rate of recovery (Sheets 2008). The same must therefore hold true for
other disasters, with the precise nature of the catastrophe, the rate at which it
occurs, and the various components of the society experiencing the catastrophic
process all playing important roles in how events play out in human terms.
Scales

Consideration of intense causal agents leads us to ponder the scales of impacts,
societies, and responses. Scales cannot be seen as isolates, however, because size
alone is insufficient to understand processes occurring through time. Just as a
single drop of water on a boulder will have little effect but many drops of water
over a long time will bore a hole through granite, so, too, small events over
long periods of time can have grand consequences. Again, when archaeology is
encumbered by coarse resolution in its view of phenomena in the three dimensions of space, time, and form, it is forced to look mostly at large-scale impacts
occurring on grand societal levels and to see responses on similar scales.
The chronologies archaeologists commonly create are cultural-historical
periods. They consequently represent major ruptures in human societies and,
frequently, drastic environmental change as well. This creates its own problems
in that many different events are seen as collated and correlated, but causation,
especially simple, straightforward, mono-causal varieties, becomes elusive.
Whether it be the Roman Empire or the Classic Maya, the breakdown of what
appear to have been relatively stable (though, in reality, constantly changing)
systems seems to occur in many different sectors of the natural and cultural
worlds simultaneously. Even if causation could theoretically be narrowed to
a few key components of the system, doing so becomes extremely difficult for
archaeologists, who should take some comfort in the fact that it seems equally
elusive for historians who often claim superior data sets for understanding the
past.
The relation of the complexity of a system to its ability to withstand
changes in its environment is, fittingly, a complex issue. Complexity is a loaded
term, especially when applied to human cultures or social systems, and, as
noted earlier, simplistic notions of sociocultural evolution no longer seem
valid as approaches to understanding the long-term human story. The classic case of the Western Desert Aborigines can be cited. Their technology
might be termed “stone age” by a previous generation of anthropologists,
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but it is actually highly efficient and technologically sophisticated—as in the
case of compound tools that, in Swiss Army knife fashion, provide multiple
working edges and surfaces in a single, light, portable instrument (Gould
1970). Furthermore, while Aboriginal technology might be considered simple,
Western Desert kinship systems are among the world’s most complex. Because
it was important to them, Western Desert Aborigines easily kept track of marriage rules and clan affiliations that can boggle the mind of an outsider. Finally,
both the technology and the social system of the Western Desert Aborigines
were potentially the products of the same number of centuries as Western
European or East Asian systems, so they cannot be assumed to be some kind of
relicts from the past.
At the same time we can recognize that ethnographically known, apparently
simple societies are not so simple and that they are not fossils of a distant past,
we are faced with the demonstrated fact that, in broad view, human life on
the planet has gone through dramatic changes since the Lower Paleolithic, as
Timothy Kohler states so elegantly in his chapter in this volume. Long ago,
V. Gordon Childe (1925) emphasized the Neolithic, Urban, and Industrial
Revolutions; since then, other scholars have noted additional dramatic
changes, such as the Broad Spectrum Revolution (Flannery 1969), among others. However many revolutions one wishes to cite, the underlying fact of the
matter is that 30,000 or 40,000 years ago, all humans were hunter-gatherers.
Through time, the number of hunter-gatherers has diminished while the number of agriculturalists has grown, and, increasingly, more people are living
in urban centers and are not directly involved with food production. These
changes have been accompanied by a great number of others, such as increased
dependence on fossil fuels and the machinery that runs on them and, more
recently, on computer technology. All of these changes and more have occurred
on an increasingly global scale, so even people who do not have many machines
or computers are affected by them.
These global changes can be referred to as increasing “complexity” in the
sense that Emile Durkheim (1984 [1893]) proposed that societies consist of
increasingly specialized subunits that interrelate in complex ways. Recently,
Ian Hodder (2006) has referred to the increasing “entanglements” people have
with material culture, including such things as infrastructure, on which people
become dependent and which consequently traps them in systems of dependency. For Peru, this trend is clear in the change from early gathering-fishinghunting communities that had low investments in complex infrastructure and
so could adapt to changing circumstances, such as the dramatic changes in
resource availability and locations during El Niño events and the increasing
complexity and entanglements that occurred with the growth in dependence
on irrigation agriculture, urban settlements, and the associated socio-political
and economic systems that were tied to them.
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5.3. The Ascope Canal in the Chicama Valley is reputed to have been built by the Chimu
(ca. AD 1100–1450), though irrigation systems are notoriously difficult to date.
Photo by Jeffrey Quilter.

The advantages of mobility and flexibility in the face of changing circumstances that existed in Peru and everywhere else during early prehistory also
had negative aspects. One price of irrigation agriculture was a reduction in
the number of buffering mechanisms that could overcome short-term shortages and other recurring negative events that could not be solved by moving
to a different place or exploiting a different resource. Through time, the challenges of the “known unknowns” of preparing for the next famine were met
by narrowing the range of subsistence strategies to grains and other foods that
could be stored for relatively long terms and by building infrastructure—irrigation canals (figure 5.3) and storage facilities—that would both maximize the
amount of resources (“quantity is its own kind of quality”) and provide buffering systems, through storage, to get through the bad times.
Once Peruvian coastal economies became dependent on irrigation agriculture as the primary means of subsistence, issues of resilience, vulnerability,
and hazards arose similar to those of the Hohokam, as discussed by Margaret
Nelson and her colleagues in this volume. A future comparison of the two
situations might be enlightening, especially because while many of the advantages and disadvantages of irrigation agriculture were similar in both societies,
there was also a fundamental difference. In the case of coastal Peru, the huge
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protein larder of the Humboldt fisheries provided a distinct advantage in surviving times when agriculture failed. A further complication is that maritime
resources primarily provided protein while agriculture mostly offered carbohydrates in the form of maize and tubers, though the importance of beans, fruits,
and other foods is not to be taken lightly.
Whether foragers, fisherfolk, or agriculturalists, it is the “unknown
unknowns” that create the most problems when those unknowns provide challenges to prosperity or survival that cannot be met successfully or, sometimes,
at all. Commonly, short- or medium-term successful adaptations have within
them the seeds of their own downfall. Common examples include directly
overexploiting a resource or creating a situation that indirectly results in the
unsustainability of what was thought to be a stable adaptive system. The latter includes such activities as short- or medium-term behaviors that have longterm consequences.
While many generalizations can be made regarding general patterns of
human-environmental relations, as well as the theories and methodologies by
which we may try to understand past events, much depends on the particular
circumstances of a given region and the people who inhabit it. Science depends
as much on induction as on deduction, and thus we will turn to the specific
conditions of coastal Peru to explore many of the issues presented earlier from
both a particularist and a general perspective.
Contributions
Key Hazards

We do our research in an extreme environment—the central and north
coast of Peru. Because the area is lapped by the Pacific Ocean and lies well
within the tropics (between about 3˚30' and 18˚20' S latitude), those unfamiliar with the region might imagine balmy waters and waving palms. The truth
is far different, however. The coastline shared by northern Chile and Peru (see
figure 5.1) is one of the world’s driest deserts (no palm trees without irrigation)
thanks to the rain shadow effect of the Andes Mountains rising abruptly to the
east and the cool Humboldt or Peru Current that sweeps up the western side
of South America from the Antarctic (no balmy waters) (Lettau and Lettau
1978).
Despite the general lack of precipitation, however, humans have inhabited the Peruvian and Chilean coast for at least 13,000 years (Sandweiss 2008;
Sandweiss et al. 1998). Over time, populations grew, socio-political complexity emerged, and eventually large-scale empires arose. The economic basis for
these developments rested on two key environmental factors: the high productivity of the marine environment resulting from intense nutrient upwelling in
the Peru Current, and the potential for irrigation agriculture using water from
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streams arising in the adjacent Andes and flowing west to the coast (Moseley
1992, 2001).
Extreme aridity is not the only disaster that plagues the South American
coast. The Andes Mountains exist for a reason: the oceanic Nazca Plate is subducting under the South American continental plate along the western margin
of Peru and Chile, pushing up the Andes and causing frequent earthquakes
(see Lamb 2006). On August 15, 2007, for instance, a magnitude 8.0 earthquake struck near Ica on the coast south of Peru, killing hundreds of people
and destroying tens of thousands of buildings (Quakes 2007). Many sectors
of the Andes also suffer volcanic eruptions, although the north-central part of
Peru on which we focus does not experience this disaster; here, the Nazca Plate
is subducting at a shallower angle than elsewhere, so it does not go deep enough
to melt and produce magma (Barazangi and Isacks 1976).
“Normal” conditions, consisting of a cool ocean and arid land, are interrupted at irregular intervals by El Niño, the eastern Pacific expression of the
inter-annual climatic perturbation known as El Niño Southern Oscillation
(NOAA n.d.). El Niño warms the coastal waters from Ecuador south into
Chile. This has consequences on land and sea. In the ocean, deepening of the
thermocline (the boundary between warmer, mixed surface water and deep,
cooler water) suppresses nutrient upwelling. From plankton up the food chain
to small and large fish, birds, and sea mammals, major El Niño events result in
tremendous loss of biomass through mortality and out-migration (e.g., Barber
and Chávez 1983). Some northern, warm-adapted species migrate south along
the coast and replace the local biota that has died or headed even further south,
but total available biomass is significantly reduced.
On land, the warmer sea surface temperatures lead to convective storms.
Rain in a desert disrupts the “normal” system when people have adapted to aridity. With a tectonically destabilized hydrological system, abundant earthquakeproduced debris, and little vegetation to hold surface sediment in place, El
Niño rains cause destructive erosion. In today’s regime, floods blow out roads,
bridges, and buildings (see, for instance, photos from the 1982–1983 El Niño
in Canby [1984]). People drown. Standing water creates breeding grounds
for insects that carry diseases such as malaria and dengue fever, and plagues of
locusts and rodents consume crops not destroyed by the floods. The early colonial inhabitants of the northern coastal region faced these same hazards, as dramatically described by local witnesses following the first major El Niño event
of the Colonial period, in 1578 (Copson and Sandweiss 1999; Huertas 2001;
Quilter 2011). One, a Spanish priest in the Lambayeque Valley, described the
attempts at farming after the rains:
After the canals were fixed, the Indians hurried to plant and there came the
plagues . . . such that any seed that grew a hand’s width above the ground
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was eaten by crickets and locusts and some green worms and yellow ones
and other black ones that were bred from the putrefaction of the earth
because of the said rains . . . [After several plantings], when the fruit was
ready to harvest there was such a multitude of mice that this witness didn’t
believe the Indians and went to some fields and saw mounds of mice like
piles of sand . . . the mice were the size of medium rabbits . . . This witness
counted a mound of them and there were 500 more or less. (Francisco de
Alcocer 2001 [1580]: 42 [f. 220v./221r.]; authors’ translation)

The hazards associated with El Niño are bad enough, but the risks to
humans on the Peruvian coast are even worse because of synergistic interactions, what Michael Moseley has called convergent catastrophes (e.g., Moseley
1999; Satterlee et al. 2001). Following earlier work on coastal processes and
prehistory (Moseley and Richardson 1992; Moseley, Wagner, and Richardson
1992; Sandweiss 1986), Moseley and his colleagues have identified a devastating suite of sequential disasters for the Peruvian coast (Sandweiss et al. 2009).
Earthquakes destabilize the drainage system and produce loose debris on
the largely barren desert surface. El Niño–driven floods then erode the surface, moving the debris into the rivers and out to the shoreline. In addition to
destruction by flooding of planting surfaces and infrastructure such as houses
and canals, El Niño brings diseases and crop plagues while depressing productivity in the marine environment.
The sediment that reaches the coast forms large, temporary deltas at river
mouths and then gets strung out along the shore to the north as beach ridges.
This reduces the extent and productivity of intertidal zones. Sand from the
beach ridges blows inland on the constant onshore breezes (see figure 5.2),
eventually covering field systems and reducing agricultural productivity.
Past Impacts

Working with Peruvian archaeologist Ruth Shady—who has been excavating large Late Preceramic sites such as Caral (figure 5.4) in the Supe Valley (e.g.,
Shady Solis 2005; Shady Solis, Haas, and Creamer 2001), 200 km north of
Lima—Moseley, Sandweiss, and colleagues were able to track the coastal disaster sequence beginning about 3,800 years ago (Sandweiss et al. 2009). Several
sites had clear evidence of earthquake damage followed by reconstruction. A
massive beach ridge formed along the shore and eventually blanketed about
100 km of coastline. Bays filled with sediment, and sand began blowing inland.
In several sites, sand deposits were covered by a final construction level, less
well made than earlier structures, and then the sites were abandoned.
In the Supe case, collation is clear, frozen in time by human construction.
Given the tight chronology, there is almost certainly correlation between the
disasters and the human activities culminating in abandonment. Whether the
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5.4. Two of the six major mounds at the Late Preceramic site of Caral in the Supe Valley,
Peru, the largest Late Preceramic site on the Peruvian coast. Photo by Daniel H.
Sandweiss.

disasters were causative remains an intractable question, though it is tempting
to assign them some role in the regional cultural changes at the end of the Late
Preceramic Period. It may help to look at this case from a broader spatial and
temporal perspective. First, “abandonment” refers strictly to the monumental
sites; we do not know what happened to the population of the Supe and adjacent valleys after the large sites fell out of use. This is an urgent topic for future
research. Second, monumental, preceramic, or aceramic sites continued for
several hundred years on the peripheries of the Supe Culture area, to the north
at Salinas de Chao (Alva 1986) and to the south at El Paraíso (Quilter 1985),
beyond the reach of the massive beach ridge that fed the invading sand sheets.
Were these sites homes to different societies with different cultural dynamics? Were they successful for longer simply because they were safe from the
sand and other disasters? Did they receive migrants fleeing the Supe area who
enhanced their labor pools and contributed to their longer survival as monumental sites?
Regardless of whether synergistic disasters caused the cessation of monument building by the Supe Culture, earthquakes, El Niño, and related coastal
processes continue to operate in the region today. Because these processes
interact at an intermediate timescale, over the course of decades, modern planners are unlikely to take them into account. These are the kinds of lessons for
today that archaeology can draw from the past because of its privileged view of
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human-environment interaction at intermediate (decadal) to long (centennial
to millennial) timescales.
Turning to a longer timescale, we see an intriguing pattern in the relation
among demography, complexity, and risk from disasters on the Peruvian coast.
Through time, population grew, though it is notoriously difficult to quantify
prehistoric population levels. To substantiate our assertion of the direction
and approximate rates of growth, we spliced and smoothed John Rick’s (1987)
radiocarbon date–based curve for the Preceramic Period (ca. 13,000–3600
calendar years before present) with David Wilson’s (1988) site survey–based
curve for the coastal Santa Valley (~9˚S) for the Initial Period through the
Middle Horizon (ca. 3,600 to 1,000 years ago, or 1600 BC to AD 1000).
For the final two prehistoric periods, the Late Intermediate Period time of
the north coast Chimu Empire and the Late Horizon or Inca Empire (ca. AD
1000–1532), Wilson’s curve shows a population decline in the Santa Valley;
however, he recognizes that continuity in the local ceramic tradition may
mask the continued occupation of sites under Chimu and Inca domination.
Considering ethno-historic records relating to population at the time of the
Spanish Conquest in AD 1532 (e.g., Cook 1981) and broader archaeological
patterns (e.g., Moseley 2001), our figures (5.5–5.8) show continued population
growth through these final two prehistoric periods. The early historical record
is very clear on the demographic disaster that followed the Spanish Conquest,
with depopulation ratios of as much as 100:1 in less than a century for some
coastal valleys (Cook 1981).
The archaeological record shows a general increase in social complexity
through time along the coast (e.g., Moseley 2001; Richardson 1994). The earliest settlers were mobile or semi-sedentary hunter-fisher-gatherers (Sandweiss in
press) who became sedentary shortly before 5,000 years ago, when they began
to build large monuments. Despite fluctuation in monument building, such
as the Supe case outlined earlier, the volume of construction and the nature of
social and economic organization evidenced in the archaeological record and
(for the latest period) in the ethno-historic record show a general trend toward
larger volumes and more complex arrangements.
The frequency of volcanism and tectonically driven earthquake and tsunami activity should not have fluctuated through the time of human occupation; these events do not have a regular recurrence interval but do recur at average rates through time that are independent of climate on a human timescale.
In contrast, El Niño frequency did change throughout the period of human
occupation of Peru (Keefer et al. 1998; Rein et al. 2005; Sandweiss et al. 2007),
and we therefore use El Niño as our proxy for risk (figures 5.5–5.8).
• From ca. 13,000 to 8,000 years ago, El Niño occurred at an unknown
frequency; we assess risk as high, but complexity and population were
low (figure 5.5).
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5.5. Population, risk, and complexity on the Peruvian coast, 13,000–8000 BP (years
before present/AD 1950). Population curve drawn from Cook (1981), Moseley
(2001), Rick (1987), and Wilson (1988) (see text). Risk is based on frequency/
intensity of El Niño, from Rein et al. (2005) and Sandweiss et al. (2007).
Complexity is based on the authors’ experience and the general literature (e.g.,
Moseley 2001; Richardson 1994). Figure drafted by Kurt Rademaker.
• From ca. 8000 to 6000 cal BP, few or no El Niño events took place,
coastal waters were seasonally warmer than present in northern Peru,
and there was probably seasonal rainfall north of 10˚S. At this time,
population began to grow but remained low overall. Complexity
increased as the first sedentary villages were founded. Risk was minimal
(figure 5.6).
•

From ca. 6,000 to 3,000 years ago, El Niño events were strong but infrequent; coastal waters were cool along all of Peru. Complexity increased
with the onset of large-scale monument building, evidence of different
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5.6. Population, risk, and complexity on the Peruvian coast, 8000–6000 BP. See figure
5.5 caption for sources. Figure drafted by Kurt Rademaker.
social classes at monumental centers, and a diversifying economy. The
rate of population growth increased notably (figure 5.7).
• From ca. 3000 cal BP to present, El Niño variability fluctuated within
the range of modern variability. Population grew rapidly until the
Spanish Conquest in the early 1530s and then plunged precipitously.
Complexity also increased, from state-level societies to large (ultimately
pan-Andean) empires (figure 5.8).

Though very broadly painted, this record shows that through the prehistoric era on the coast of Peru, increasing population and growing complexity
were accompanied by ever greater risk from natural hazards. In stark contrast,
the demographic collapse after the 1530s was not caused by natural disasters
but instead resulted from human-induced disasters—warfare, economic and
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5.7. Population, risk, and complexity on the Peruvian coast, 6000–3000 BP. See figure
5.5 caption for sources. Figure drafted by Kurt Rademaker.

social disruption, and disease (Cook 1981; cf. Kiracofe and Marr 2009).
This pattern seems counterintuitive at first glance but may hold important
lessons.
Conclusion

As noted earlier, the coarse resolution of archaeological views of the past results
in many issues remaining unclear. The turbulent times of change between recognizable cultural periods are difficult to interpret. Even if fine-grained resolution were available, some issues would be elusive. For example, demographic
collapse as a result of diseases that leave no easily recognizable signatures on
human remains (especially in regions where only bones remain) would be hard
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5.8. Population, risk, and complexity on the Peruvian coast, 3000 BP–present. See figure
5.5 caption for sources. Figure drafted by Kurt Rademaker.

to determine directly. Population drops marked by reduced village sizes may be
difficult to recognize when archaeologists cannot be sure if particular houses
were abandoned or, if abandonment is noted, of the reasons for a smaller population when many reasons are possible. These negative aspects of archaeological research must be balanced, however, with the discipline’s great potential to
examine long-term changes.
The clear pattern of increasing population sizes on the Peruvian coast,
apparently throughout prehistory and certainly in its later phases, is a testament to humanity’s success as a species in adapting to a challenging and changing environment. Embedded in this grand narrative are interesting questions
about the shorter-term patterns of the rise and fall of what are generally termed
“complex” societies. From a shorter-term perspective, complexity is never
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totally lost, but the geographic extent of complex systems and the proportion
of the overall population incorporated at any given moment in a single system oscillated through time. Complexity, however conceived, came early to
Peru, but there was a clear pattern of development followed by disintegration
of complex systems over periods that appear to have lasted for more than a
few generations. While these are among the most difficult archaeological periods to examine, they offer the potential of telling the most interesting stories,
both in and of themselves and as means by which to understand how societies
respond to stresses and reorganize themselves in their wake.
As a final note, if the growth in population in Peru is marked as a general
success story, it seems clear that this is part of a general trend throughout the
world. We are all too cognizant of the fact, however, that the general upward
trend in growth of human populations is also tied to the increasing interconnectivity of events in one place in the globe with those in another. Indeed, the
demographic collapse brought by the Spanish invasion was correlated with the
introduction of new plant and animal species in both the Old World and the
New. This process was the creation of the Modern World. As human populations are growing, they are not only becoming more interrelated but are also
affecting the natural environment more radically. It remains to be seen whether
the global natural-cultural system can be sustained for the long-term health of
human inhabitants without undergoing drastic alterations that will be viewed
as catastrophes by those who experience the sharpest changes.
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Understanding Hazards, Mitigating Impacts, Avoiding Disasters

Statement for Policy Makers and the Disaster Management Community

Peru is famous for the soaring, seemingly ageless Andes Mountains and a
coastal desert that preserves archaeological remains as if they had been abandoned decades instead of centuries ago. These impressions of long-term stability are illusions, however. Instead, the Andes and the coastal desert are the
results of highly dynamic processes.
The jagged Andes are young mountains still in the process of forming as
the Nazca Plate, under the ocean, pushes below the continent and shoves the
mountains upward. The desert is a product of the cold, offshore Humboldt
Current that prevents rain from falling on the coast. The pressure of the
Nazca Plate results in a steady uplifting of the desert coast, while the pressures of the geological plates create volcanoes, earthquakes, and tsunamis.
The slow uplift of the coast disrupts irrigation systems and other infrastructure in time periods that are best noted over the span of centuries and are
thus imperceptible in a single human lifetime. Changes in the Humboldt
Current and the release of pressure on the tectonic plates, however, occur
suddenly and unexpectedly.
The overriding of the cold waters of the Humboldt by warm waters from
the north is referred to as El Niño Southern Oscillation events, or “El Niño”
events in the popular press. Once barely known, El Niños are now understood as related to distinct weather patterns throughout a huge area of the
globe. Nevertheless, scientific understanding of how El Niños are patterned
is still under investigation. The only way to fully investigate this issue and
related events is through archaeology and allied sciences because they provide views of (pre)history in remote times.
There are challenges to archaeological investigations of past humanenvironment interaction, but they do not hinder them. In our chapter we
present a long-term view of hazards and the human response for the desert
coast of Peru and then focus on a specific example of synergistic hazards. At
the broader scale, we collate El Niño events and major cultural and population changes from 13,000 BP to the present. Through time, increasing population sizes and growing complexity correlate with greater risks from natural hazards, with implications for human resilience—as life became riskier,
populations increased and so did social complexity until a human hazard,
the Spanish Conquest, brought local societies to their knees and decimated
their populations.
Looking specifically at the end of the first period of monumental society, we see synergistic hazards operating in ways that must still occur today.
The chain of events starts with earthquakes producing debris. El Niño rains
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wash this debris to the coast, coastal processes expose the sand portion of the
debris to the wind, and the sand turns agricultural fields into deserts. These
processes are ongoing but at a timescale too great to be easily recognized
except by extensive study.
Current research is starting to examine the details of human ecodynamics in these periods to see how specific societies responded to changing events
and how we can learn of them for our own future.
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Silent Hazards, Invisible Risks: Prehispanic Erosion
in the Teotihuacan Valley, Central Mexico
Emily McClung de Tapia

The prehispanic urban center of Teotihuacan (ca. AD 1–650) dominated the
landscape of a watershed situated in the northeast sector of the Basin of Mexico
(figure 6.1), a closed hydrological basin characterized in prehispanic times by a
lake system that has since been largely drained and otherwise modified in historical and modern times. It is the site of the first major city in the Americas, the
capital of a complex state society that grew to dominate the basin and adjacent
valleys of central Mexico, with contacts in southern Mesoamerica (Millon 1988).
While the region undoubtedly offered an attractive habitat for early Holocene
hunter-gatherer-fishers between volcanic events (González et al. 2006), the
earliest agricultural settlements date much later, to approximately 1150 BC
(Sanders, Parsons, and Santley 1979). The results of detailed settlement studies
in the region provide a framework for understanding the evolution of human
communities, their spatial distribution, and potential resource use (ibid.).
Paleoenvironmental studies in the Basin of Mexico have focused mainly
on the Late Glacial Maximum and the Pleistocene-Holocene transition.
Unfortunately, the period of human occupation is poorly represented as a
result of inconsistent sedimentation, volcanic ash deposits, surface deflation,
and the effects of tectonics; the last three to five millennia are usually grouped
together as a single period marked by human impact, understood as agricultural activities and related deforestation.
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6.1. Prehispanic urban zone of Teotihuacan, Mexico. Photo by Horacio Tapia-McClung.

The Teotihuacan Region

The study area is characterized today as semiarid, with a marked seasonal rainfall regime alternating between a rainy season from April-May to SeptemberOctober and a dry season that dominates the remainder of the year. Average
annual precipitation is approximately 500 mm, with some variation at different elevations, and average annual temperature is 15o C. Five main vegetation
types are predominant: grassland, xerophytic scrub, oak scrub, oak forest, and
aquatic vegetation. Elevation ranges and key plant taxa associated with these
communities are summarized in table 6.1 (Castilla-Hernández and TejeroDiez 1987; Rzedowski et al. 1964). Archaeological plant remains indicate
that these communities, together with pine and mixed pine-oak forest, were
present during prehispanic times (Adriano-Morán 2000; Adriano-Morán and
McClung de Tapia 2008).
Although the Basin of Mexico bore witness to a long sequence of devastating volcanic eruptions, the Teotihuacan region itself (figure 6.2) seems to have
been largely spared—at least since the Middle Holocene—perhaps because of
its location north of a low range of hills that forms an eastern extension of the
higher mountain chain known as the Sierra Nevada. The exception to this situation is evident in the southwestern portion of the alluvial plain, which drains
into the former Lake Texcoco. Here, lacustrine sediments are mixed with volcanic ash from several tephras (Lamb et al. 2009). However, several millennia
of natural events and human activities have modified the entire region, thus
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Table 6.1. Present-day vegetation types in the Teotihuacan Valley, Mexico. Pine (Pinus spp.) or
mixed pine-oak forest was present during the prehispanic period.
Vegetation Type/Elevation Range

Key Species

Oak forest (3,000–3,050 masl)

Quercus crassipes, Q. greggii, Q. mexicana

Oak scrub (2,800–3,000 masl)

Quercus frutex, Baccharis conferta, Eupatorium
glabratum

Xerophytic scrub (2,300–2,750
masl)

Opuntia streptacantha, Zaluzania augusta, Mimosa
aculeaticarpa var. biuncifera

Grassland (2,400–3,050 masl)

Buchloe dactyloides, Hilaria cenchroides, Bouteloua
gracilis

Aquatic vegetation (2,240–2,260
masl)

Cyperus spp., Eleocharis sp., Hydrocotyl ranunculoides,
Polygonum spp., Scoenoplectus tabernaemontani, S.
pungens, Typha latifolia, Nymphaea sp., Potomogeton sp.

Riparian Gallery (2,240–2,300
masl)

Salix bonplandiana, Alnus glabrata, Populus arizonica,
Taxodium micronatum, Fraxinus uhdei

Note: masl = meters above sea level.
Sources: Vegetation types: Castilla-Hernández and Tejero-Diez 1987; Rzedowski et al. 1964. Forest data:
Adriano-Morán and McClung de Tapia 2008.

complicating the reconstruction of past landscapes and understanding of the
challenges faced by human populations.
The enormous growth of Teotihuacan around approximately AD 200
has recently been attributed to the mass influx of migrants from the central
and, especially, the southern sectors of the Basin of Mexico as a consequence
of a catastrophic eruption of Popocatepetl, dated to around 100 BC–AD 70
(Plunket and Uruñuela 2006, 2008; cf. Siebe et al. 1996). Earlier investigators
had noted the immense growth of the city around this time (Millon 1970,
1973), coincident with significant decline elsewhere in the basin (Sanders,
Parsons, and Santley 1979). In the early years of the Basin of Mexico surveys,
however, little was known about the sequence of volcanism and its impact
on human communities in central Mexico, and almost no systematic geoarchaeological investigation was undertaken in the region until the late twentieth century (Cordova 1997; Córdova and Parsons 1997; Frederick 1997;
Frederick, Winsborough, and Popper 2005; Hodge, Cordova, and Frederick
1996). Consequently, the apparent depopulation of a large part of the Basin
of Mexico at the time of Teotihuacan expansion was hypothesized to be a
result of the immense attraction offered by the growing city to the north—as
a pilgrimage center and multiethnic enclave, a commercial hub, and similar
attributes (Millon 1973). Obsidian mining and production were firmly controlled by the state, initially dependent on a source of black obsidian available within the valley close to Otumba and eventually expanding to dominate
the source of green obsidian at Cerro de las Navajas north of Pachuca (ibid.;
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6.2. Location of the Teotihuacan region in the Basin of Mexico, central Mexico. Map by
Rodrigo Tapia-McClung.

Sanders, Parsons, and Santley 1979). Diverse products were obtained from
distant regions—ceramics, jade, and other types of greenstone; mineral and
organic substances for the elaboration of paints; and animal species (live as
well as skins), to name a few.
The Teotihuacan state collapsed around AD 600–650. While the direct
causes are still open to discussion, growing evidence supports the idea that
internal social conflicts were a potential factor and that the elite sector of
the society gradually distanced itself from such mundane realities as meeting
the subsistence needs of the highly controlled population (Gazzola 2009).
Some authors have proposed that degradation of the landscape resulting from
deforestation and exhaustion of the soils in the region may have provoked an
ecological collapse at the end of the Classic period (Sanders 1965; Sanders,
Parsons, and Santley 1979), while others have suggested that climate change
affected the region (Manzanilla 1997). Although many references in the literature emphasize the city’s destruction and subsequent abandonment, this
appears to have been associated mainly with ceremonial areas in the central sector and high-status residential areas; overall population decline seems to have
taken place over a period of about two centuries (Charlton and Nichols 1997;
Cowgill 1974; Millon 1988). There is considerable evidence for the influx of
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new groups with different cultural traditions at the time of Teotihuacan’s collapse (Manzanilla 2005; Rattray, Litvak, and Diaz 1981). A process of continual, albeit gradual, resettlement was apparent beginning around AD 900,
culminating in a Late Postclassic (ca. AD 1350–1520) regional population
estimated at around 150,000 inhabitants. Although this figure parallels the
population at the height of the Classic Teotihuacan period, during the Aztec
occupation several important administrative centers were dependent on the
kingdom of Texcoco, but no single major urban center dominated the political
scene (Evans 2001).
The jury is still out on these issues. Research in the Teotihuacan Valley
has focused on developing a methodological approach to the study of landscape evolution in this highly modified setting and facilitating a better understanding of the relative dangers of sudden environmental change in the region
(Lounejeva-Baturina et al. 2006, 2007; McClung de Tapia 2009; McClung de
Tapia et al. 2003, 2004, 2005, 2008; Rivera-Uria et al. 2007; Sedov et al. 2010;
Solleiro-Rebolledo et al. 2006).
Adaptive Cycles and Human Ecodynamics at Teotihuacan

In an attempt to go beyond the description of the more evident components
of the complex system of the Teotihuacan state and to focus on its interaction with the landscape within which the city was situated, the history of the
region was explored within the framework of a socio-ecological system in
which change was viewed in terms of resilience, adaptability, and transformability (Walker et al. 2004). If resilience is conceived as the capacity of a system
to absorb perturbation and reorganize as a consequence of change, adaptability indicates the capacity of actors within the system to influence or manage
resilience, and transformability refers to the ability to create a fundamentally
new system when ecological, economic, or social structures render the present
system unviable. The interaction among these variables determines either the
direction of change in a socio-ecological system when stress surpasses latitude
or the maximum degree of change the system can support before it can no longer recover.
On a superficial level, it appeared that the collapse of the Teotihuacan state
and its effects on urban life represented the crossing of a threshold, as did the
introduction of Colonial administration at the beginning of the sixteenth century. In fact, this latter event resulted in a major transformation. However, these
events were considered from the perspective of the landscape’s response rather
than that of the political-economic systems, based on the assumption that it
was necessary to develop a detailed understanding of what the environment
may have been like at different moments in the past before the socio-ecological
structure of prehispanic societies in the region could be analyzed. Although
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the importance of scale in understanding interactions was clear, no real idea
existed of how the landscape operated at different temporal and spatial scales.
Challenges

One of the major challenges of this research has been to sort through modern
and historical impacts on the landscape in an attempt to recognize evidence for
processes and events dating to the Classic and Late Postclassic periods. Another
challenge is presented by the generally poor preservation of organic remains in
both archaeological contexts and soil profiles. Although a considerable amount
of paleoethnobotanical investigation has been undertaken in the region, only
after decades of research has it been possible to assemble a broad collection
of macro- and micro-plant remains representative of the vegetation types that
were present in the prehistoric past. In soils studied to date in the region, charcoal has rarely been recovered from stratigraphic contexts, and in many cases
ceramics were absent as well (McClung de Tapia et al. 2005). Pollen is generally
poorly preserved; however, although it has not been possible to quantify pollen data, it has been feasible to determine the key taxa consistently present in
the samples from different time periods. On the other hand, phytoliths (silica
particles formed in tissues of certain plants) are fairly well preserved, and types
associated with grasses (subfamilies Pooideae, Panicoideae, Chloridoideae, and
Aristoideae) are predominant (McClung de Tapia et al. 2008).
The instability of the landscape over time, together with a long history
of perturbations, limited the kinds of soil analyses that could be successfully
employed in large parts of the region. Soil properties that are not affected by
diagenesis (physical and chemical changes occurring through time) and that
are deemed indicators of “soil memory” have been studied in numerous profiles
(vertical cross-sections) throughout the area (Rivera-Uria et al. 2007; SolleiroRebolledo et al. 2006). In addition, radiocarbon dating as well as the determination of stable carbon isotope ratios (δ13C) have been carried out for selected
soil horizons (specific layers or strata of soil or subsoil in vertical cross-sections)
(Lounejeva-Baturina et al. 2006, 2007; McClung de Tapia et al. 2005; RiveraUria et al. 2007).
Hazards

Among the key hazards prehispanic populations in the region faced were tectonic movements, volcanic events, and agricultural risks such as early or late
frosts, as well as drought, torrential rainfall events, hailstorms, floods, and erosion. Needless to say, these factors are often interrelated.
To date, the effects of earthquakes in the region have not been detected in
the archaeological record. While there is little doubt about their occurrence
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and presumed frequency based on historical and modern events, the ravages of
time and related post-depositional processes have obscured the evidence. Some
of the rebuilding of structures at Teotihuacan may have been motivated on
occasion by earthquake damage, but no clear evidence has been reported either
in the city of Teotihuacan or in rural habitation areas outside the dense urban
zone. Periodic rebuilding at the site seems to have been related to aggrandizement of the elite and to have been deeply couched in ritual practices (Sugiyama
and López-Luján 2007).
As mentioned, documented volcanic events do not seem to have directly
affected the region since the Late to Middle Holocene (Barba 1995; McClung
de Tapia et al. 2005), although the bedrock (tepetate) is derived from consolidated volcanic ash, and volcanic materials comprise a major component of the
soils in the region. What are referred to here as agricultural risks are mainly
seasonal events related to the intensity of storms and runoff during the summer months, when approximately 80–90 percent of the annual precipitation
occurs. However, these kinds of events do not only affect agriculture but may
have had much more drastic effects on human groups comprising the different
sectors of Teotihuacan society. Because historical records are not available for
this time period, many parallels have been drawn with Aztec society for which
a number of historical and ethno-historical documents exist. It is important
to remember, though, that a period of 700–1,000 years separates these two
societies.
Evidence for Deforestation, Erosion, and Floods

The analysis of charcoal specimens recovered from controlled contexts in several archaeological excavations representing the period from the Late Formative
(ca. 400–100 BC) through the Late Postclassic (ca. AD 1350–1520) did not
reveal clear evidence for deforestation (Adriano-Moran and McClung de Tapia
2008). A particularly notable aspect of this research was the consistent presence of essentially the same arboreal taxa characteristic of the region today, with
the exception of pine (Pinus spp.), which has disappeared from the local flora.
Pollen of these same taxa is consistently recorded in archaeological samples and
soils as well; unfortunately, the low representation of pollen overall precludes a
more detailed comparison.
In spite of the lack of conclusive evidence for deforestation, it undoubtedly occurred, given the large quantities of wood required as construction
material and fuel for ceramic production as well as household consumption
(Barba 1995). Deforestation is also indicated indirectly by evidence for erosion (McClung de Tapia et al. 2005). On the other hand, soil studies conducted in the region, together with the distribution of elevation zones and the
biotic requirements of key forest taxa identified from the archaeological plant
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remains, suggest that the Teotihuacan Valley, at the time of the city’s development, was not characterized by broad extensions of dense forest. GIS modeling of these factors revealed that a maximum of approximately 13 percent of
the valley surface was likely covered by forest (McClung de Tapia and TapiaRecillas 1996).
Erosion in the study region constitutes a long-term process composed
of numerous episodes, often of differing intensities. The short-term impacts
vary from barely noticeable dust storms (surface deflation by eolic erosion),
to sediment carried in runoff from torrential storms of relatively limited duration, to severe landslides. The long-term effect is a highly modified, unstable
landscape. All of these processes were active in the Teotihuacan Valley as well
as elsewhere in the Basin of Mexico during the prehispanic occupation of the
region. Deforestation of the surrounding slopes, particularly following the
Spanish Conquest, greatly contributed to vegetation change and landscape
instability. The cumulative effect of erosion, as evidenced from stratigraphy in
the Teotihuacan region, has been the burial of past soils that were productive in
prehispanic times as well as significant changes in the hydrology of the valley.
In general terms, the evidence from soils studied in the region indicates
mainly polycyclic profiles (associated with two or more partially completed
cycles of soil formation), poorly developed for the most part and often truncated, where part of the profile has been lost by erosion. Moderate to welldeveloped soil horizons are rare, indicating relatively young or degraded soils,
and considerable evidence is present for pedosediments (in the process of
development) overlying buried soils (McClung de Tapia et al. 2005).
Two examples in the alluvial plain are interesting because ceramics recovered from buried A horizons can be associated with prehispanic occupations and thus dating in relative terms of the overlying erosion sequence. In
particular, in the Tlajinga area, ceramics from predominantly Miccaotli and
Tlamimilolpa phase (AD 200–400) in a 2A (buried surface) horizon were
covered by a C horizon with mainly Xolalpan phase materials (AD 400–550),
over which redeposited sherds from earlier Teotihuacan occupations were situated. At Otumba, Mazapan phase ceramics (AD 900–1100) were predominant in the 2A horizon, which in turn was covered by a C horizon without
ceramic materials and overlain by Aztec II–III sherds (AD 1300–1500) in
approximately 100 cm of additional sediments (Pérez-Pérez 2003). Both areas
have detailed histories of prehispanic irrigation detected through excavation
(Charlton 1990; Nichols 1987), but the important aspect for this discussion
is the evidence for erosion. Both irrigation systems are buried under later redeposited sediments. Particularly at Otumba, the sediments contain high proportions of sand (60–80 percent).
The presence of Aztec II–III ceramics in the uppermost layers of the
Tlajinga sequence indicates that eroded sediments covered the earlier irriga150
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tion system prior to the Late Postclassic period. The presence at Otumba of
Aztec II–III ceramics in the redeposited sediments overlying Mazapan phase
ceramics indicates a still later erosion event, represented by post-Aztec sediments on the surface.
Both Tlajinga and Otumba were situated in close proximity to rivers
that have suffered severe incision, probably related to intensive deforestation
of upper slopes, apparently dating from the Colonial period (figure 6.3). The
presence of sand lenses attests to the deposition of sand on the cultivated surface as the water from these rivers was diverted to provide humidity for irrigation. Once incision lowered the available flow of water with respect to the field
surface, irrigation was no longer feasible. The evidence for Aztec agricultural
activities at both sites indicates that this process took place at a later time.
The evidence for major hydraulic works in and around the city of
Teotihuacan implies that seasonal flooding was a significant problem, for the
urban center as well as surrounding agricultural areas. The city’s ceremonial
center, the so-called Street of the Dead, stretches over 2 km north-south,
with a difference in elevation of approximately 30 m from one extreme to the
other—suggesting that runoff from the barrancas (gorges) and streams that
discharged into the Rio San Juan had been channeled to divert excess water
from the ceremonial center. It is hard to believe that channeling of the river
was undertaken simply to conform to the urban grid, although it undoubtedly
served to divert excess rainwater and waste from structures along the Street of
the Dead. George L. Cowgill (2000, 2007) suggests that the Rio San Lorenzo
may also have been channeled, based on its unusually straight course slightly
south of the limits of urban Teotihuacan.
The presence of waterlogged features and sediments was detected by
Florencia Müller in archaeological tunnels excavated in the interior of the Sun
Pyramid, associated with an earlier structure built prior to the monumental
edifice (Gómez-Chávez 2008); similar conditions were encountered in recent
excavations (Sarabia and Sugiyama 2010). Although a definitive explanation
for this phenomenon is elusive, inundation water from the Rio San Juan may
have permeated parts of the structure.
Urban Expansion and Vulnerabilities
in Agricultural Production

Many aspects of architectural and other material remains of Teotihuacan society evoke in the observer impressions of hierarchy, rigid social control, and even
arrogance, with their overwhelming emphasis on detailed planning, control
of access to spaces and resources, together with frequent expansion and periodic urban renewal—in a word, aggrandizement. Although investigators earlier suggested that Teotihuacan’s residents were primarily agriculturalists who
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6.3. Erosion and stream incision near Otumba in the eastern sector of the Teotihuacan
Valley. Photo by Julia Pérez-Pérez.

cultivated the surrounding fields (Millon 1976) and that food resources were
unlikely to have been imported (Sanders 1976), emerging evidence for a highly
structured elite dominating a large dependent class challenges this view.
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Although prehispanic populations here developed canal systems for irrigation and terraces for water control as well as increased soil depth in the piedmont, the population of Teotihuacan surpassed the potential carrying capacity of maize-based agricultural production early in the city’s developmental
history and ultimately reached approximately 100,000–150,000 inhabitants
(Millon 1973). Cowgill (1974) estimated that the city’s population reached
50,000–60,000 inhabitants during the Tzacualli phase (AD 1–100), whereas
other investigators calculated a regional carrying capacity of between 40,000
and 50,000 (Charlton 1970; Lorenzo 1968; Sanders 1976). Evidently, to support a significant proportion of the population, it was necessary to obtain subsistence products from adjacent valleys in central Mexico: the remainder of the
Basin of Mexico, the Toluca Valley to the west, and the Puebla-Tlaxcala region
to the east (McClung de Tapia 1987). Carrying capacity may in fact have been
much lower than previous estimates, given recent evidence suggesting that the
drained fields in the area of springs southwest of San Juan Teotihuacan were of
Colonial rather than prehispanic origin (Gazzola 2009; González-Quintero
and Sánchez-Sánchez 1991). Thus economic control of adjacent regions was
fundamental to the urban support system. Certainly, the inherent risks to agricultural production were unpredictable except in the very short term—as they
are in modern rural agricultural zones in central Mexico—and it would have
required a highly efficient institutional organization to obtain resources from
different areas from year to year as harvests were lost by the effects of weather
variability. If population estimates for this phase approximate reality, then
Teotihuacan established and maintained this mode of subsistence organization
for roughly five to six centuries.
Under these circumstances, removing water-control systems from operation and from the lands they irrigated would appear counterproductive.
However, the expansion of the urban zone over time took place at the expense
of agricultural production, as demonstrated by discoveries in recent years of
buried irrigation canals underlying Teotihuacan structures at Tlailotlacan
(Nichols, Spence, and Borland 1991), Tlajinga (Nichols 1987), and La Ventilla
(Gazzola 2009).
In addition to building over earlier irrigation systems, as the city grew,
potentially productive agricultural zones were affected in other ways. The
analyses of macro- and micro-botanical remains recovered from sediments that
constitute the fills for a sequence of seven superimposed structures comprising
the Moon Pyramid at the northern extreme of the Street of the Dead indicate
that these materials were obtained from agricultural fields. Similarly, macrobotanical remains identified from the Sun Pyramid (McClung de Tapia 1987)
and the Feathered Serpent Temple (McClung de Tapia and Rodríguez-Bejarano
1995) are consistent with this hypothesis. Luis Barba (1995) postulated that an
immense amount of soil had to have been removed from the surface to provide
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construction fill for the major buildings along the Street of the Dead. The detriment to potentially productive agricultural lands is evident.
Climate Change

No clear evidence has been recovered to date indicating the effect of significant
climate change toward the end of the Classic period in the Teotihuacan Valley
or elsewhere in the Basin of Mexico. Societies in this region developed under
semiarid conditions, particularly in the northeast sector of the basin, and created agro-ecological and social mechanisms to cope with occasional droughts.
Although it would be expected that cold events resulting from equatorial shifts
of the Intercontinental Convergence Zone could produce droughts in central
Mexico (Hassan 2009: 59), this evidence is not straightforward in the archaeological record. The fact that such events occurred, however, is clearly attested in
sixteenth-century documents (García-Acosta, Pérez-Zevallos, and Molina del
Villar 2003; Kovar 1970).
Results from geoarchaeological research undertaken by Carlos Cordova
(1997) in the Texcoco region south of Teotihuacan suggest that the period
immediately following the collapse of the Teotihuacan state, known as the
Epiclassic period (AD 650/700–900), was characterized by episodes of torrential precipitation together with erosion and catastrophic floods. Comparable
evidence has yet to be detected in the Teotihuacan Valley, but it is hoped that
ongoing research will permit researchers to determine if similar processes can
be identified in the alluvial record. However, drought may be indicated toward
the end of the Early Postclassic period (AD 1100–1300), associated in cultural
terms with the fall of Tula further north in the Basin of Mexico. The analysis of
phytoliths recovered from soils in the Teotihuacan region reports a significant
increase in grasses associated with semiarid conditions with respect to those
associated with cool-humid conditions corresponding to this time period
(McClung de Tapia et al. 2008). Unfortunately, none of the paleoenvironmental studies carried out to date in the lake sediments of the Basin of Mexico
provides information for this period.
Mitigation

Mitigation involved several aspects. Clearly, water was a vital element at
Teotihuacan, as expressed in iconography and ideology, and elaborate rituals associated with water are symbolized in mural representations and burial
offerings (Sugiyama and López-Luján 2007). The need to propitiate rains and
appease the deities was a fundamental aspect of agricultural practice.
Hydraulic works modified the landscape significantly. Rivers were
channeled to avoid flooding, and irrigation systems helped control seasonal
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water flow in addition to increasing agricultural productivity. Terraces were
constructed to control erosion and increase soil buildup as well as humidity
(Sanders, Parsons, and Santley 1979).
The acquisition of a significant proportion of subsistence products from
elsewhere provided a solution to the subsistence demands of the growing
population, faced with the unpredictability of agricultural risks as well as an
apparent decrease in suitable agricultural lands locally. An added benefit, from
a political and economic perspective, would have been the establishment and
maintenance of control over adjacent regions.
Seasonal flooding undoubtedly increased following the collapse of the
Teotihuacan state, reaching a peak during the Colonial period. The remains
of Aztec structures in the area of springs southwest of the Classic period city
of Teotihuacan are found at depths of 3.5–4.0 m below the modern surface,
with some Teotihuacan remains at still greater depths (Cabrera-Castro 2005).
The analysis of sediments in the area of Atlatongo, slightly further to the
south, revealed approximately 3 m of redeposited sediments (Rivera-Uria et
al. 2007).
Overall, it looks as though the landscape of the Teotihuacan Valley was
sufficiently resilient to withstand the effects of human impact during the
Classic period, during which Teotihuacan developed and prospered. While it
is beyond the scope of this chapter to provide a detailed discussion of events
at the end of the Late Postclassic period and the initial Colonial period, it is
evident that the fragile limit between sustainable productivity and catastrophe
represented a threshold that was overshot as a result of numerous interrelated
factors. Changes in land use resulting from the introduction of Spanish agricultural techniques, significant indigenous population reduction as a result of
numerous epidemics, congregación (relocation and concentration of remnant
communities partially devastated by disease or situated in rural areas particularly far from Spanish administration centers), and the construction of dams to
minimize flooding that affected the colonial capital built on top of the ruins of
Aztec Tenochtitlan all contributed to the abandonment of agricultural systems
in the piedmont zone and to land degradation in general, as well as to erosion
and devastating floods.
The region’s ecosystems were severely damaged following the Spanish
Conquest. Hydraulic works—based first on frequent repairs of the prehispanic system built to control flooding of Tenochtitlan to avoid contamination by saline waters from Texcoco of the freshwater sector in the south by
means of a system of dikes and raised causeways and, later, on the drainage
of Lake Texcoco (initiated in 1637)—constantly failed. A document dated
to 1555 shows that the Spaniards were conscious of the need to relocate the
vulnerable colonial city while at the same time recognizing the impossibility
of such an endeavor in the face of exorbitant costs and the opposition of the
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indigenous population (McClung de Tapia 1990). The hydrological system of
the Teotihuacan region drained into Lake Texcoco and therefore contributed
substantially to the problem of colonial flooding. The fluvial network of the
lower Teotihuacan Valley was possibly channeled in the mid-fifteenth century,
at the time of Nezahualcoyotl, ruler of Texcoco (Cordova 1997). In 1604 a
dam was constructed approximately 3 km south of Acolman in the southern
sector of the alluvial plain of the Teotihuacan Valley to control the Rio San
Juan and flooding in Mexico City. The effect was to create a large artificial
lake; historical documents report continual inundations in this area culminating in the disappearance of several towns, most notably Acolman itself, which
was ultimately relocated to its present site in 1781. In 1772 the Augustinian
convent of Acolman was submerged in several meters of sediments, and the
church of Atlatongo was similarly inundated (ibid.; Gamio 1922). Meanwhile,
the floods continued, and despite constant repairs to the dam, the attempt to
control the seasonal flow of water to Lake Texcoco was fruitless.
Future Research

Attempts to differentiate the landscape impacts of Aztec occupation of the
Teotihuacan Valley from the earlier Classic period have been limited by the difficulty of separating Colonial impacts from prehispanic events and processes.
Following more than a decade of detailed soil studies and paleoethnobotanical
analyses in the region with the objective of reconstructing the Classic period
landscape—what was the valley like when the Teotihuacanos occupied it?—it
has become clear that the initial Colonial period was a time of major demographic upheaval and associated landscape change. Although some authors
have suggested that perhaps the central part of the Teotihuacan Valley was
not as intensively exploited as other sectors of the Basin of Mexico (Gibson
1964), this information needs to be gathered, in historical archives as well
as from paleoenvironmental and geoarchaeological studies. A research effort
has recently been undertaken that seeks to look at historical records to trace
vegetation change through land-use practices. It is clear that a better understanding of Colonial period processes and events, including the impact of new
technologies, socioeconomic organization, and worldview during this period,
is necessary to better understand the Late Postclassic and, finally, prior periods
such as the Classic.
The social component of the complex society described here is largely
unknown, although it can be assumed that adaptability was operational (the
city and state endured for approximately five centuries following an earlier century of less complex development). Yet because little is known of the perceptions and expectations of the multiple levels of human groups that occupied the
city, beyond speculating about elite control over the rest of the society, there
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appears to be no suitable measure of adaptability. Possibly, a potential measure
of landscape adaptability following the collapse of Teotihuacan could be the
rate at which different vegetation communities were reestablished in relation
to the gradual resettlement of the region. It is hoped that ongoing research will
contribute to this question.
Conclusion

Many parallels can be drawn with the plight of the modern metropolitan area
in the Basin of Mexico. The perpetual effort to control erosion and seasonal
flooding continues to this day. The inability of local authorities to impede settlement by marginal populations in high-risk areas in the Federal District and
the adjacent State of Mexico, such as steep slopes and barranca edges, fosters
severe damage from saturated soils and consequent landslides or stream avulsion, causing flash floods. A recent disaster, resulting from atypical torrential
rains together with continual showers that lasted for several days in February
2010—traditionally the dry season in this region—affected domestic and
commercial properties, mainly in lower-elevation, high-density population
centers. Breaches in a drainage canal for wastewater inundated one of the major
highways and caused considerable economic losses related to transportation of
products between Mexico City and the Gulf Coast (figure 6.4).
Although Intergovernmental Panel on Climate Change projections for
the region (Christensen et al. 2007) predict an overall decrease in mean annual
precipitation for Central America in general, considerable local variability is
expected, especially in mountainous areas such as central Mexico and particularly the Basin of Mexico. Atypical precipitation events, in addition to sporadic
torrential showers in summer and seasonal hurricanes, may well continue to
affect the region. While it is not difficult to imagine the trauma of prehispanic
communities faced with severe flood damage, including erosion, the resilience of those settlements and the landscape in general was far greater than
that of modern industrial and service-based urban communities in the Basin
of Mexico.
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6.4. Flooding of the major highway between the Gulf Coast and Mexico City and adjacent communities in February 2010. Courtesy, La Jornada.
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Understanding Hazards, Mitigating Impacts, Avoiding Disasters

Statement for Policy Makers and the Disaster Management Community

The Basin of Mexico, where modern Mexico City and its surrounding metropolitan area are located, has been populated by relatively dense urban
centers since prehispanic times, as early as 100 BC. Therefore many of the
problems inherent to sustaining large populations in areas where natural
and anthropogenic hazards are present can be traced back several millennia.
Factors such as volcanic eruptions, tectonic events, irregular precipitation,
flooding, and erosion are all interrelated and exacerbated by deforestation
and intensive agricultural activities; their impact has been felt since the earliest settlements. Needless to say, increasing population density in certain
areas through time, in addition to decline and abandonment in others, has
also contributed to significant landscape degradation.
Prehispanic communities in the region, such as Teotihuacan, confronted
these risks by developing and maintaining complex agro-ecological systems,
hydraulic works, and strategically located settlements close to terraces in
rural zones at higher elevations to control erosion. Many of these facilities
were abandoned or significantly modified following the Spanish Conquest
in the sixteenth century. The intentional drainage of the lake system during
the Colonial period is perhaps the most drastic example of this landscape
modification. What has ensued over the past four centuries is a complete
transformation of the landscape, paralleled by population increase, resource
depletion, and increased risk of natural hazards. Dense urban populations
are concentrated in precarious, unstable areas where risks were always present but are now greater because of irregular urban development. Central
Mexico has always been at risk, but it will undoubtedly suffer an increase
in the irregularity and unpredictability of hazards, subjecting modern and
future populations to more frequent disasters along with their economic and
social consequences. Therefore, key lessons from this research show that the
Teotihuacan landscape was sufficiently resilient during the Classic period
when the ancient city developed and prospered. This resilience of prehispanic settlement strategies and their methods of landscape management
should inform current urban planning strategies for modern industrial and
service-based communities in the Basin of Mexico.
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Seven

Domination and Resilience in Bronze Age Mesopotamia
Tate Paulette

Although Mesopotamia has long occupied a prominent position in the public
imagination, recent events—in particular, the military occupation of Iraq and
the large-scale looting of museums and archaeological sites—have drawn the
Iraqi present and the Mesopotamian past vividly into the spotlight. Images of
legendary ancient cities, now stranded in arid wastelands, and broken monuments to kings of vanished civilizations resonate powerfully with modern
audiences, themselves increasingly uncertain about our collective future. For
a world in which environmental disaster and economic collapse loom on the
horizon, ancient Mesopotamia can provide both cautionary tales and success
stories. Recurring hazards such as drought, flooding, and locust attacks were
regularly planned for, counteracted, and endured in Mesopotamia; however,
several much-debated episodes of political and economic collapse testify to the
precarious nature of human-environment dynamics in the region.
This chapter provides an introduction to the range of hazards—whether
strictly environmental or human-induced—that confronted the inhabitants of Bronze Age (ca. 3000–1200 BC) Mesopotamia. Particular emphasis is placed on institutional organization and institutional management as
key factors in determining the impact of these hazards. The chapter begins
with an introduction to Bronze Age Mesopotamia and to the most pertinent
archaeological and written sources; it then focuses more narrowly on the evi167
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7.1. Map of Mesopotamia. Base map provided by the Oriental Institute Map Series,
Oriental Institute, University of Chicago.

dence for hazards and hazard management before closing with a look toward
the future.
Bronze Age Mesopotamia

The ancient region known as Mesopotamia encompasses much of modern Iraq
and northeastern Syria (figure 7.1).1 Traversed by two major rivers, the Tigris
and the Euphrates (figure 7.2), this arid land has long supported a subsistence
economy centered on cereal cultivation and the herding of sheep and goats.
Rainfall is typically meager and erratic, with a high frequency of drought years,
but impressive agricultural yields can be achieved across much of the region.
On the alluvial plains of Southern Mesopotamia, this is possible only with
the aid of irrigation, but in Northern Mesopotamia rain-fed agriculture (also
known as “dry farming”) is the norm. Today, as in the distant past, crops are
sown in October-November and are then harvested and processed for storage
in April-May (Adams 1965: 16; Postgate 1992: 167).
Throughout Mesopotamian history, settlement has been concentrated
within the two agricultural zones—Southern and Northern Mesopotamia—
but these zones are separated by a broad band of arid steppe better suited to
exploitation by mobile pastoralists. Even within the cultivated zone, the herd168
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7.2. The Euphrates River in modern Syria, irrigated fields in the foreground. Photo
taken at the site of Dura Europos, near Mari in the Middle Euphrates region (see
figure 7.1). Photo by Tate Paulette.

ing of sheep and goats is (and was) a major component of the economy and is
carefully factored into the daily and seasonal scheduling of agricultural activities. The need for pasture requires that sheep and goats be taken out to graze on a
daily basis; when the herds become too large or when local pasture is scarce, they
are often taken out to more distant grazing areas for longer periods of time.
Falling immediately on the heels of the famous Urban Revolution,2 the
Bronze Age was a time of demographic flux, economic transformation, and
intense political competition in Mesopotamia. During several episodes of
political centralization, expansionist dynasties created regional-scale polities
encompassing portions of both Northern and Southern Mesopotamia, but
these efforts toward unification and integration were typically fleeting. More
commonly, Mesopotamia was divided into a patchwork of relatively autonomous city-states, whose territorial boundaries and relations with neighboring
polities were in constant motion. Chronologically, archaeologists distinguish
among the Early Bronze Age, Middle Bronze Age, and Late Bronze Age. For
each geographical region (i.e., Northern and Southern Mesopotamia), this tripartite division is then broken down further into sub-periods (figure 7.3).
Over the course of the Bronze Age, the inhabitants of Mesopotamia
found themselves increasingly at the mercy of a series of powerful urban institutions. Although community organizations, corporate groups, and judicial
169
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7.3. Chronological chart showing the primary archaeological divisions (Early, Middle,
and Late Bronze Age) and the corresponding, region-specific subdivisions of the
Bronze Age in Mesopotamia (3000–1200 BC); also includes the preceding Late
Chalcolithic period and the succeeding Early Iron Age.

bodies played an important role in city governance, the centralized political
and religious organizations (“the palace” and “the temple”) emerged as major
economic powers, managing huge tracts of land and able to mobilize labor on
a massive scale. Many people were dependent on these institutions for their
livelihoods, and institutional demands for taxes, tribute, and labor became an
ever-present fact of life (e.g., Powell 1987).
It is often unclear, however, exactly how institutional interference impacted
the domestic economy of individual households. Did the imposition of institu170
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7.4. A typical tell, or mound, in the Upper Khabur region of northeastern Syria (near
Tell Brak and Tell Leilan; see figure 7.1) Photo by Tate Paulette.

tional control entail a shift in economic planning, in risk-buffering strategies,
or in other forms of hazard management on the household level? Did different systems of institutional organization affect the localized impact of specific
types of hazard? Did some forms of institutional control invite disaster or
increase the chances of large-scale collapse, while others incorporated higher
degrees of flexibility and resilience? These remain open questions.
Types of Evidence

The archaeological exploration of ancient Mesopotamia began in earnest during the later part of the nineteenth century, and fieldwork has continued in Iraq
and Syria up to the present day, with some notable interruptions during times
of war and political unrest.3 The typical archaeological site in Mesopotamia is
the tell, which means “mound” in Arabic (figure 7.4). Tell sites are the remains
of ancient towns and cities, once constructed on level ground but now rising
high above the surrounding landscape thanks to the gradual buildup of debris
(from successive settlements built one on top of the other) over hundreds and
often thousands of years. These mounds can be as small as half of a hectare (1.2
acres) or as large as 600 hectares (1,483 acres), and they may rise only 1 m or as
much as 40 m above the surrounding landscape.
171
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Thousands of tells have been examined by archaeologists, through excavation and a range of noninvasive methods. Excavations regularly uncover
the remains of houses, workshops, burials, temples, and palaces—all made of
sun-dried mud bricks and, less commonly, stone or oven-baked bricks. Many
different types of artifacts are recovered, including pottery, stone tools, metal
objects, beads, figurines, seals, cuneiform tablets, human bones, animal bones,
and plant remains. The most important noninvasive method is archaeological
survey, which involves the systematic examination and recording of remains
that are visible on the surface (e.g., artifacts, architecture, and landscape features; see, e.g., Wilkinson 2000a). Traditional survey is now supplemented by
a host of remote-sensing techniques that use innovative technologies—such
as magnetometry, ground-penetrating radar, and satellite imagery—to obtain
new perspectives on surface remains and to probe beneath the surface in a nondestructive manner. The results in Mesopotamia have been spectacular, from
the detailed mapping of buried streets and buildings to the identification of
extensive ancient road systems (Meyer 2007; Ur 2003).
Natural scientists and physical scientists also play an active role in many
archaeological projects. For example, recent debates over the evidence for
climate change and societal collapse in Early Bronze Age Mesopotamia (discussed later in the chapter) have drawn together archaeologists, soil scientists,
climatologists, botanists, and volcanologists, among others (e.g., Dalfes, Kukla,
and Weiss 1997; Weiss et al. 1993). Joint projects involving specialists in digital
imaging, database management, and computer modeling are also increasingly
common (e.g., Wilkinson et al. 2007a, 2007b).
It is the written record, however, that really sets Mesopotamia apart as
a source of information about human-environment dynamics in the ancient
world. Cuneiform writing was invented in Mesopotamia near the end of the
fourth millennium BC (Late Chalcolithic period). By the middle of the third
millennium BC, it was being employed for a range of purposes, from administration and record keeping to royal inscriptions and literary works (e.g., Nissen,
Damerow, and Englund 1993; Postgate 1992: ch. 3). It was during the Early
Bronze Age, therefore, that writing truly emerged as a major data source, taking
its place alongside archaeological evidence—the primary source of information about earlier, prehistoric periods.
Several caveats should be kept in mind with regard to the written
evidence. First, the preservation of written material in Mesopotamia is
extremely uneven, both chronologically and geographically. This situation is
partially a reflection of actual trends in the production of written documents
by Mesopotamian scribes, but it is also an effect of the accidents of discovery. Second, most cuneiform tablets were produced by and for the palace
and temple institutions. They typically provide only a very partial perspective, biased toward the needs and desires of the institutional powers. Many
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segments of society remain anonymous and without a voice in the written
record.
Hazards and Hazard Management in Mesopotamia

Hundreds of thousands of cuneiform documents have been uncovered from
archaeological sites in Mesopotamia, but the Mesopotamian scribes did not
leave behind any detailed compilations of climate statistics or any manuals outlining strategies for coping with environmental stress.4 To understand ancient
hazards and their impacts, modern scholars must piece together archaeological
evidence, scattered textual references, and paleoenvironmental data while also
making judicious use of modern climate records and more recent ethnographic
or historic accounts.
Magnus Widell, for example, has recently drawn attention to the value of
a Medieval document known as the Chronicle of Michael the Syrian (Widell
2007). Compiled during the late twelfth century AD, this twenty-one–volume
historical account provides annual references to environmental hazards and
their impacts in Northern Mesopotamia over a 600-year period.5 The most
common hazards were cold winters, locust infestations, and droughts; but the
full list also includes snow, storm winds, freezes, hail, floods, plagues, mildew,
rain, and attacks by rats and weevils. This Medieval chronicle cannot be taken
as an accurate reflection of conditions during the Bronze Age, but it provides
the kind of long-term, synoptic view on environmental hazards that is lacking in the ancient data. The pages that follow introduce a number of the most
common and most devastating hazards in Mesopotamia, relying on ancient
sources where possible but also supplementing them with data from more
recent sources.
Drought

In arid zones, the threat of drought is a constant concern. This was especially the case in Northern Mesopotamia, where agriculture was dependent on
rainfall rather than on artificial irrigation (figure 7.5). Tony Wilkinson calls
this northern region the “Zone of Uncertainty,” drawing attention to “the considerable risk that is inherent in cropping an area with such a wide interannual
fluctuation in rainfall” (2000b: 3). Near the boundary of the zone defined as
adequate for rain-fed cultivation—where rainfall averages 250 mm per year—
the percentage of years with no harvest is 36 percent. Wilkinson estimates that
five to ten major droughts, each lasting six years or longer, would have occurred
during the thousand-year span of the Early Bronze Age alone (1997: 75).
Throughout history, water deficits have led to conditions of hunger, malnutrition, and, in the worst cases, starvation. In Mesopotamia, surprisingly
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7.5. A dust storm in the modern village of Hamoukar (also a large Early Bronze Age
site) in northeastern Syria. The photo was taken in 2010 during a region-wide
drought that had already lasted more than three years. Photo by Amanda Schupak.

little documentary evidence directly links drought with famine, aside from
a few letters dating to the Old Babylonian period and a series of documents
from the very end of the Late Bronze Age (Neumann and Parpola 1987: 178;
Widell 2007: 59). The archaeological identification of drought and its impacts
has, however, recently emerged as a major research focus, largely in response to
a series of provocative hypotheses proposed by Harvey Weiss and colleagues.
Their basic argument is that, during the later part of the third millennium BC,
a sudden climatic shift toward more arid conditions led to widespread collapse in Northern Mesopotamia and across a much broader zone stretching
from Egypt to India (Weiss 2000; Weiss and Courty 1993; Weiss et al. 1993).
There is now general agreement that this drying trend did occur (e.g., Roberts
et al. 2011), but debate continues over the suddenness of the climatic shift, the
causes of the aridification, and, most important, the impact on Mesopotamian
societies (e.g., Kuzucuoglu and Marro 2007).
Whatever the eventual verdict in this debate, it is certain that drought
posed a significant and recurring threat to the people of Bronze Age Meso
potamia. In many cases—especially when droughts were short-lived and infrequent—the negative impacts of crop failure appear to have been successfully
avoided through a variety of buffering strategies (Halstead and O’Shea 1989;
Wilkinson 2000b):
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7.6. In the fields surrounding the modern village of Hamoukar in northeastern Syria,
sheep, goats, cows, horses, and donkeys are allowed to graze on piles of hay left in
the fields following the cereal harvest. The manure deposited by the animals during
grazing acts as a natural fertilizer for the fields. Like the related buffering strategy
whereby animals are allowed to consume failing crops (e.g., during times of drought),
this practice demonstrates the interdependence of agriculture and pastoralism in the
region. Photo by Tate Paulette.
1. Storage of agricultural surpluses (on the household and the institutional
levels)6
2. Increased mobility (e.g., moving flocks to better-watered areas)
3. The transport of food to affected areas (especially in Southern
Mesopotamia, where riverine transport of high-bulk staple goods
is more efficient than the overland transport necessary in Northern
Mesopotamia)
4. Increased local and interregional exchange (e.g., exchanging high-value
items such as metals and textiles for cereals and animals)
5. Salvaging failing crops (e.g., harvesting green crops early or allowing
sheep and goats to graze on them; figure 7.6).

Severe Winters

Although the region was prone to drought and was beset by brutally hot
summers, severe winter weather could also wreak havoc on crops and on human
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and animal populations in ancient Mesopotamia. The mountains to the north
and east of the region are more prone to cold weather, but even southern Iraq
occasionally experiences low nighttime temperatures and crop-killing frosts
during the months of December, January, and February—right in the middle
of the growing season (Adams 1981: 12; British Admiralty 1944; Willcocks
1911: 69).
There are numerous references in the cuneiform record to cold weather
and its effects. Most commonly, low temperatures, snow, and ice are decried
for making transportation routes difficult or impassable, thereby disrupting the
flow of tribute, messengers, and troops. Harsh winter weather is also blamed
for the deaths of animals and people, especially soldiers (Neumann and Parpola
1987: 181; van Driel 1992: 46; Widell 2007: 55). Although direct evidence
is absent in the cuneiform sources, Widell also draws attention to olive trees.
Like the ubiquitous date palms of Southern Mesopotamia, olive trees are valuable productive resources, representing a significant investment of time; their
death at the hands of a harsh winter could have produced long-term economic
consequences (Widell 2007: 55).
On a positive note, severe winters were regularly associated with higher
levels of precipitation and, therefore, with normal or better-than-normal crop
harvests in Mesopotamia. J. Neumann and Simo Parpola have argued that this
correlation linking cold weather to rainfall and abundant harvests—and the
opposing correlation linking warm weather to drought and famine—are visible
in the Mesopotamian documentary record. Using this evidence, they argue that
a major climatic shift toward warmer and drier conditions played a role in the
decline of Assyria and Babylonia (i.e., Northern and Southern Mesopotamia)
at the end of the Late Bronze Age (Neumann and Parpola 1987).
Floods

Floods were a regular occurrence in Mesopotamia, and the danger of
destructive flooding was very real. Unlike the Nile, whose annual flood arrived
at an ideal point within the agricultural cycle, “the timing of the arrival of high
water in both the Tigris and the Euphrates [was] poorly synchronized with
the needs of cultivators” (Adams 1981: 3). The Tigris typically reached its
highest levels in April and the Euphrates in early May. On this schedule, even
minor floods, which may have occurred once every three to four years, could
destroy mature crops in the fields (Verhoeven 1998: 202). More destructive
high-magnitude floods may have occurred two or three times per century, with
Tigris floods typically more severe than those of the Euphrates (ibid.: 203).
Floods could not be entirely prevented, but a number of flood-control
measures were employed. In modern Iraq, overflow from the Tigris and the
Euphrates is directed into specially constructed storage reservoirs. During
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the Bronze Age, it is likely that a series of natural depressions—especially
the modern-day Habbaniyah and Abu Dibbis depressions near Fallujah and
Karbala—served a similar purpose. The Old Babylonian (i.e., Middle Bronze
Age) king Samsuiluna may even have undertaken a massive project designed to
connect these two natural reservoirs to one another (Cole and Gasche 1998:
11; Verhoeven 1998: 201). When such reservoirs were not available, a method
known as controlled breaching appears to have been employed. For example,
a letter written by the Old Babylonian king Hammurabi instructs an official
to open a series of canals to direct floodwaters into a marshy area (Cole and
Gasche 1998: 11). The physical remains of massive dikes, constructed to protect settlements from flooding, have also been excavated at a number of sites
(ibid.: 7–9).
Despite these protective measures, floods did reach fields and settlements,
sometimes causing great damage. Thick layers of water-laid sediment excavated
at a number of sites testify to the incursion of floodwaters, and written evidence from both Northern and Southern Mesopotamia refers to the inundation of fields, the destruction of bridges and canal works and the collapse of
houses and palace walls (ibid.; Gibson 1972: 83–86).
River Channel Shift

On the irrigated plains of Southern Mesopotamia, Bronze Age settlements were strung out along natural and artificial watercourses like beads on a
necklace. Sudden river channel shifts could have catastrophic results for associated settlements, leading, for example, to the drying up of irrigation canals and
the disruption of transportation and communication networks. Most channel
shifts would have been triggered by a process known as avulsion, when a watercourse breaks through the bank of its levee and flows down the bank to create a
new channel. Avulsions can be caused by natural flooding events, the weakening of levee banks through human interference (e.g., the cutting of irrigation
canals), or a combination of these factors (Wilkinson 2003: 84).
There is clear evidence for a “sporadic but continuing and cumulative
westward movement of the Euphrates” over time (Adams 1981: 18; cf. Gibson
1973: 454). This long-term process was the result of numerous distinct episodes of sudden channel shift. For example, the easternmost channel of the
Euphrates, located to the north and east of the ancient city of Nippur (in
Southern Mesopotamia), appears to have been abandoned by the river in favor
of a more westerly branch during the later part of the Uruk period (Adams
1981: 61; Gibson 1973: 450).
Sudden channel shifts can lead to the abandonment of settlements, to population dispersal, and, in arid zones like Southern Mesopotamia, to desertification (Gibson 1992: 12). For example, during the nineteenth and early twentieth
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centuries AD, the Hilla branch of the Euphrates in Iraq lost nearly all of its water
to the more westerly Hindiyah branch, leading to hunger, disease, the abandonment of settlements and farmland, and migration toward better-watered
areas (Gibson 1972: 26–29). During the Old Babylonian period (Middle
Bronze Age), a similar river channel shift in Southern Mesopotamia may have
been responsible for the abandonment of a series of major cities (Gasche 1989;
Gibson 1980: 199). Channel shifts can also, however, create new opportunities for those positioned to exploit the situation. In fact, McGuire Gibson has
argued that the Uruk period channel shift just described played a crucial role
in the emergence of powerful states in Mesopotamia during the same period
(Gibson 1973: 461; Wilkinson 2003: 84).
Salinization

The alluvial soils of Southern Mesopotamia are rich in salts carried down
from the mountains by the Tigris and the Euphrates. These salts tend to accumulate at the water table and can be brought toward the surface either through
capillary action or through a rising of the water table. Once a certain threshold of salt near the surface is reached, crop growth becomes nearly impossible, and the land must be left uncultivated—sometimes for as long as fifty
or a hundred years (Adams 1981: 4; Gibson 1974: 10; Jacobsen and Adams
1958: 1251). One of the most common causes of this salinization process is the
excessive application of irrigation water. Complex drainage systems and fallowing regimes can help to both prevent the onset of salinization and alleviate its
effects, but continued agricultural success then becomes dependent on these
practices (Gibson 1974).
Direct evidence for salinization in Bronze Age Mesopotamia comes largely
from cuneiform documents. For example, surveyors’ reports dating to the late
Early Dynastic period and the Ur III period (Early Bronze Age) record the
existence of large parcels of land that could not be cultivated because of high
salinity. Later, during the Kassite period (Late Bronze Age), curses inscribed on
field boundary stones also testify to the threat of saline soils; one curse reads,
“May the god Adad, chief irrigation officer of Heaven and Earth, cause wetsalt to disturb his fields, make the barley thirst, and not allow green to come
up” ( Jacobsen 1982: 8). There is currently no foolproof method for measuring
the frequency or ubiquity of salinization in Bronze Age Mesopotamia. Efforts
to use declining agricultural productivity and changing crop preferences as
proxy indicators for increasing salinization ( Jacobsen 1982; Jacobsen and
Adams 1958: 1252), for example, have met with significant criticism (Powell
1985).
The negative impacts of salinization can be devastating. In his ethnographic study of the town of Daghara in southern Iraq, Robert Fernea reports
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that, in recent times, increasingly saline soils had forced the inhabitants to
abandon rice and then wheat cultivation, leaving only the more salt-tolerant
barley. According to villagers, between the years 1958 and 1966, the total area
of cultivable land surrounding Daghara had been reduced by one-third (Fernea
1970: 22, 38). There can be little doubt that salinization was also a persistent
threat in Southern Mesopotamia during the Bronze Age. Several authors have
drawn attention to the close connection between salinization and the cyclical
rise and fall of centralized powers in Mesopotamia. During periods of political
centralization, it is argued, the drive toward agricultural intensification led to
increased irrigation, the violation of fallowing regimes, and, eventually, widespread salinization. The ultimate impact was a collapse of state power and, consequently, a return to more decentralized political structures and more resilient
agricultural practices (Adams 1978; Gibson 1974).
Soil Degradation

The effects of other types of soil degradation—for example, nutrient depletion, loss of organic carbon, and soil erosion—in Bronze Age Mesopotamia are
not well understood. The issue has, however, emerged as a research focus within
the broader debate over late third-millennium climate change and settlement
collapse in Northern Mesopotamia. In particular, T. J. Wilkinson has argued
that the interlinked processes of population growth, settlement nucleation
(i.e., a focus on fewer, larger settlements), and agricultural intensification may
have encouraged a process of soil degradation that left settlements vulnerable
to even minor climatic variations (1997: 76–86, 2000b: 16).
The best evidence supporting this model derives not from direct indications of soil degradation but instead from a practice that was intended to combat soil degradation: the application of fertilizer. In a pioneering application of
“off-site” survey techniques (i.e., focusing on the areas between settlements),
Wilkinson has identified low-density artifact scatters extending out like a halo
around many Early Bronze Age sites in Northern Mesopotamia. Drawing on
ethnographic and historic parallels, he interprets these field scatters as the remnants of manuring, a common practice in which household refuse is spread
across agricultural fields as fertilizer. The evidence suggests that manuring
was widely employed in Northern Mesopotamia but only during a relatively
restricted period of time—the mid- to late third millennium BC. During this
period of urbanization and population growth, it appears that fertilizer was
regularly applied to fields in an attempt to combat the declining fertility associated with agricultural intensification (Wilkinson 1982, 1989, 1994: 491).
The eventual abandonment of many of these third-millennium settlements
suggests, however, that these attempts may not have been entirely successful
over the long term.
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Pests

For farmers everywhere, insects, rodents, birds, and other vermin are not
only a perpetual nuisance; in many cases they represent a serious threat to agricultural success and economic viability. A whole range of such creatures confronted the farmers of Bronze Age Mesopotamia,7 but the pest with the most
potential for catastrophic damage was the locust. In modern Syria and Iraq,
swarms of locusts can spread out over an area 400 km in diameter, devouring
as much as 70 percent of a year’s cereal crop, as well as vegetables, trees, and
pastureland (British Admiralty 1944: 464; Widell 2007: 57). The periodicity
and therefore the predictability of modern locust outbreaks have been a matter
of some debate. In the data collected by Michael the Syrian (see earlier reference), however, Widell sees no particular pattern; a calculated average of 22.6
years between successive infestations actually conceals a much broader range of
variation, with outbreaks separated by as few as 1 or as many as 74 years (2007:
58).
Cuneiform documents provide a wealth of detail about locust outbreaks
in Bronze Age Mesopotamia and about methods for preventing and combating them. For example, a series of letters written to the king of Mari (Old
Babylonian period, i.e., Middle Bronze Age) describes a regional governor’s
fight against two back-to-back years of locust infestation. The locusts were
ravaging agricultural fields, and many residents were fleeing to neighboring
regions. The methods employed against the locusts included hitting them,
trampling them with oxen and sheep, and filling canals with water to serve
as barriers (Heimpel 2003: 420). References elsewhere indicate that locusts
were also collected in jars and eaten (George 1999: 291; Widell 2007: 61).
Preventative measures included a set of special-purpose rituals performed in
agricultural fields to protect them from Locust Tooth and from the so-called
Dogs of Ninkilim, a general term for field pests. One ritual included offerings
to a range of gods, a series of prayers or incantations, more offerings specifically
for the god Ninkilim, and the burning of locust figurines made out of wax. It
ended with this incantation: “O great dogs of Ninkilim, you have received your
fodder, now go away” (George 1999: 295).
Resilience

The term resilience is now in such widespread use that it may be in danger of losing some of its analytical and explanatory power. The collaborators who have
contributed to the current volume, however, are in general agreement that the
notion of resilience still holds great potential as a tool of cross-cultural comparison and as a way of conceptualizing human-environment dynamics over
the short and the long term. The following paragraphs present a brief examination of the concept of resilience—as it is typically employed by Mesopotamian
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specialists—to introduce a crucial caveat. Resilience is a powerful concept, but
an analytical focus on resilience at the system level should not blind us to the
importance of actions and consequences on the human scale.
A number of contributors to the present volume have drawn upon the
conceptual repertoire of resilience theory. Originally developed to explain the
nature of stasis and change in ecosystems, resilience theory places particular
emphasis on the inevitability of change and transformation. The basic unit of
analysis is typically the system (e.g., the ecosystem or the social system), and
systems are understood to develop along a trajectory known as the adaptive
cycle (see, e.g., Redman 2005; Redman, Nelson, and Kinzig 2009). In discussions of ancient Mesopotamia, the term resilience appears with some frequency,
though typically without an explicit connection to resilience theory. A brief
look at how this term is used by Mesopotamian specialists will help to draw out
two critical points regarding the dangers of an exclusive analytical focus on the
resilience of social systems.
The first point is that a focus on systemic resilience may downplay the
role of human agency. In a now classic discussion of resilience in ancient Meso
potamia, Robert McC. Adams (1978) borrows his basic definition of resilience
from the ecological literature, but he makes the important analytical move
toward what he calls strategies of resilience and stability. For Adams, resilience
and stability in social systems are not only properties or behaviors that manifest themselves at the system level; they are also tied closely to the goals pursued
by the specific actors and social groups that make up the system. Even though
individuals and groups may have little control over the cumulative impact of
their practices and decisions, certain types of strategy are more likely to encourage either resilience or stability at the system level.
In Mesopotamia, for example, the centralized institutions were built on
complex systems of redistribution that required the maintenance of steady,
predictable flows of agricultural goods into and out of centralized storage
facilities. The institutional powers therefore tended to favor a maximizing
approach to agricultural production, with the ultimate goal of maintaining
stability in the supply of staple goods over the short term. Importantly, it
appears that these institutional strategies of stability and maximization led
repeatedly to system-level instability, resulting in the well-known boom-andbust cycle that defines the broad contours of Mesopotamian political history
(Adams 1978: 334). Although they are more difficult to identify in the available sources, some other segments of society—Adams calls them “the protagonists of flexibility”—appear to have been more fluid and resilient over the long
term. Adams points in particular to “the tribally organized, semi-nomadic
elements” whose mobility and diversified subsistence strategies allowed them
to survive throughout the turbulent ups and downs of institutional history
(ibid.).
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The second point regarding resilience is that an analysis focused on systemic resilience may inadvertently overlook the existence and the effects of
institutionalized inequality and exploitation. Mesopotamian specialists are
often ambivalent in their assessments (positive versus negative) of the role of
institutional dependency in Mesopotamia, and this ambivalence is particularly noticeable in discussions of resilience. Although Adams’s discussion of
the concept is regularly cited, the term resilience is often used in a looser, less
explicit sense that actually merges the notions of stability and resilience rather
than contrasting them, as Adams does. Many scholars tend to assume that the
Mesopotamian institutions, by virtue of their size and wealth, were intrinsically better equipped to weather environmental or economic crises than were
individual households (e.g., Postgate 1992: 299; Stein 2004: 77; Stone 2007:
224; Westenholz 2002: 26). If true, this assumption (often presented without
supporting evidence) would seem to contradict Adams’s argument that the
maximizing strategies favored by the central institutions were unsustainable
and produced significant instability.
Even if it is eventually shown that the institutions actually contributed to
system-level resiliency, this in itself says little about the effects of their practices on the people of Mesopotamia. In the highly stratified societies of Bronze
Age Mesopotamia, the impacts of environmental hazards would not have been
equally distributed across the social and economic spectrum. Resilience at the
system or the institutional level might mask significant disruption and suffering for some segments of the population.
Institutional Power, Resilience, and Collapse

Exactly how successful were efforts by the palaces and temples to prevent and
mitigate environmental hazards in Bronze Age Mesopotamia? To what extent
did institutional efforts to maximize and intensify production increase the likelihood of systemic failure or the vulnerability of specific segments of society?
First, it is important to recall that the institutional landscape was neither static
nor spatially homogeneous. The local balance of power between palace and
temple was under continual negotiation, and regional power blocs grew and
dissolved with relative frequency. At the same time, the forms and methods of
institutional management were far from uniform; administrative reforms and
large-scale restructurings were regularly instituted by newly ascendant regimes.
Generalizations about the scope, effects, and effectiveness of institutional control in Mesopotamia are seldom possible.
The study of collapse has, however, generated a series of vigorous debates
over the changing relationship between institutional power and resilience in
Mesopotamia (e.g., Yoffee 1988). The paragraphs that follow provide a brief
look at the three best-known episodes of collapse. The explanations offered for
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these episodes range across the spectrum, from environmental crisis to barbarian invasion and economic or political meltdown (Richardson in prep; Yoffee
1988).
Late Third Millennium BC

The second half of the third millennium BC witnessed the rise and fall
of two legendary political dynasties. The Akkadian and Ur III states were the
first successful attempts to unite the entirety of Southern Mesopotamia within
one centralized political system, but neither lasted much more than a century.8
Explanations for the collapse of Akkadian and, later, Ur III hegemony have
pointed variously to external pressures (e.g., invading Gutians and Amorites),
organizational weaknesses (e.g., the bypassing of local power bases, hyper-centralization, and micro-management), and overextension (e.g., preoccupation
with military expansion and disregard for internal problems).
Others have credited environmental hazards with a primary causal role.
For example, Thorkild Jacobsen links the decline of the Ur III state to a longterm process of progressive salinization in Southern Mesopotamia (1982: 55;
Powell 1985). The possibility of a sustained period of aridification during the
later third millennium (discussed earlier) has also generated significant debate
in recent years. One contentious theory suggests that a climate-induced agricultural crisis in Northern Mesopotamia may have led indirectly to the collapse of the Akkadian state in Southern Mesopotamia (Weiss et al. 1993:
1002).
The late third-millennium collapse episodes bring up two important points.
First, the suggested “environmental” causes were closely intertwined with institutional management practices. Salinization is a naturally occurring process,
but it would have been accelerated by institutional efforts to intensify irrigation
agriculture in Southern Mesopotamia. The aridification scenario, on the other
hand, assumes and hinges on a degree of interregional integration that was only
achieved in Mesopotamia during a few periods of state expansion and extreme
centralization. Second, a distinction should be made between political collapse
and the collapse of a settlement system. The breakdown of the Akkadian and
Ur III states as political entities may not have significantly impacted the routines of daily life for much of the population. Widespread agricultural failure
and settlement abandonment, however, could indicate a more devastating and
potentially far-reaching historical transformation.
End of the Old Babylonian Period

During the 1760s BC, Hammurabi of Babylon undertook a series of
conquests that gave him control over much of Southern Mesopotamia and
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established Babylon as the dominant power in the region. By early in the reign
of Hammurabi’s successor, Samsuiluna, however, the unified Babylonian state
was already beginning to fall apart. Samsuiluna gradually lost control over cities
in the southern and then the central part of the alluvial plain. The dynasty itself
remained in power for another four generations, but the territory controlled by
the state had shrunk to a core area around Babylon itself.
Some theories ascribe the Old Babylonian collapse, at least in part, to
“natural” processes. Economic decline, for example, has been linked to a drop
in agricultural productivity, which might have resulted from either soil salinization or a series of major river channel shifts (Gasche 1989; Gibson 1980:
199; Stone 1977). More commonly, though, explanations for the collapse of
the Old Babylonian state have pointed to economic, administrative, and political problems, such as inflation, spiraling debt, administrative inflexibility, and
pressure from external groups (Richardson in prep). This brings up an important point. The present chapter has emphasized the impact of environmental
hazards, perhaps downplaying the equally disruptive effect of other (often
interrelated) forces, such as social conflict, economic crisis, and political tension (Robertson 2005).
End of the Late Bronze Age

During the period from approximately 1500 to 1200 BC (the Late Bronze
Age), Mesopotamia was linked into an interregional interaction sphere of
unprecedented proportions. Southern Mesopotamia was ruled over by the
Kassite dynasty, while Northern Mesopotamia first played host to the Mitanni
empire and then to the emerging Assyrian empire. The rulers of these powerful
states exchanged letters, gifts, and marriage partners with one another and with
the rest of the Great Powers—a group that included New Kingdom Egypt,
Hittite Anatolia, Mycenaean Greece, and Elamite Iran. Around 1200 BC
the system collapsed, ushering in a “Dark Age” characterized by widespread
socio-political upheaval. The eastern Mediterranean in particular witnessed
significant disruptions, including fiery destructions at many sites and the disappearance of the powerful Hittite state. In Mesopotamia the long-lived Kassite
dynasty came to an end, and Assyrian power waned. In both Northern and
Southern Mesopotamia, cities went into decline, and many people appear to
have adopted a more mobile lifestyle (Van De Mieroop 2004: 179).
Explanations for the synchronized breakdown and collapse of states
across such a broad region have been varied and numerous. External invaders, for example, have featured prominently. Most famously, a number of documents describe the movements of marauding “Sea People” around the coasts
of the eastern Mediterranean. It has also been suggested that the elite-centered
regional system was built on the increasingly harsh exploitation of much of
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the population. As debts and labor obligations mounted, many of these people
managed to escape from the system (e.g., Liverani 1987) and may even have
risen up in revolt.
Although environmental factors have played a relatively small part in the
broader debate about Late Bronze Age collapse, the breakdown of Kassite and
Assyrian power in Mesopotamia has been linked to climate change. As mentioned earlier, Neumann and Parpola argue that a shift toward warmer and drier
conditions around 1200 BC coincides with textual evidence for “crop failure,
famine, outbreaks of plague, and repeated nomad incursions.” Ultimately, they
suggest that this climate change contributed strongly to “the political, military,
and economic decline of Assyria and Babylonia” (1987: 161).
Conclusion: Institutional(ized) Resilience
in the Past, Present, and Future

To draw the chapter to a close, it is worth reflecting briefly on the lessons
that can be learned from a study of environmental hazards in Bronze Age
Mesopotamia. Many of the hazards faced during the Bronze Age still confront the region’s inhabitants today. They are joined by a host of new hazards,
including the reduction and pollution of water supplies (as a result of extensive
dam construction), the disappearance of the marshes in southern Iraq, pollution related to oil extraction and production (figure 7.7), and unsustainable
levels of population increase (McGuire Gibson personal communication). It
is possible that an examination of ancient forms of hazard management and
mitigation could resurrect some forgotten techniques that could be directly
applied in the modern world.9 There is also, however, another less obvious but
equally valuable way in which knowledge of ancient Mesopotamia can inform
the present world. The study of the past is as much about learning to ask the
right questions as it is about uncovering exciting new discoveries. As we learn
to ask the right questions about ancient Mesopotamia, we can achieve a better
understanding of the potential impact of the decisions that are made and the
policies that are adopted in our own increasingly global society.
The title of this chapter draws attention to the intertwined themes of domination and resilience, both crucial to an understanding of hazards and hazard
management in Bronze Age Mesopotamia. Our knowledge of human-environment dynamics in Mesopotamia is still far from complete, but we are increasingly learning to ask the right questions. These questions center on the complex
intersection between resilience and the institutionalized forms of domination
that emerged in Mesopotamia—for the first time in world history—during the
fourth and third millennia BC. I would like to draw particular attention to
two issues that bear directly on our efforts to create a more resilient, sustainable
future for the present world.
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7.7. Cereal fields near the village of Hamoukar in northeastern Syria. The Tur Abdin
Mountains of Turkey are visible in the distance, and to the right a gas flare burns off
waste material from an oil well. Photo by Amanda Schupak.

First, it is crucial that we pay careful attention to the effects and the effectiveness of different institutional forms. Over the course of the Bronze Age,
Mesopotamia witnessed the rise and fall of a number of distinct systems of
centralized political and economic organization. In some cases (e.g., the Ur III
state), centralized control was tight and regional economic integration carefully orchestrated; in others (e.g., the Old Babylonian period), private entrepreneurs and agents played a stronger role, and the institutions managed the
economy less closely. Throughout the Bronze Age the institutional powers
regularly made efforts to prevent and combat environmental hazards, but in
many cases their practices also contributed to the creation or exacerbation of
hazards (e.g., soil salinization and channel shift).
In the modern world, when natural disasters strike, the inadequacy of
institutional (i.e., state-organized) responses is often painfully obvious. One
need only recall, for example, controversies over the US government’s response
to Hurricane Katrina in 2005 or to the oil spill in the Gulf of Mexico in 2010.
There is a pressing need to fine-tune our own institutional structures, developing ways to increase their flexibility and the speed of their responses. In these
efforts to improve the functioning of our institutions, the archaeological and
historical records provide an invaluable, but largely untapped, resource. They
offer the chance to examine countless examples of successful and unsuccessful
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responses to environmental crises and therefore to evaluate the effectiveness of
a wide diversity of institutional forms over both the short and the long term.
The second issue is inequality—in particular, the unequal distribution of
risks and benefits. We have seen that evidence for resilience at the level of the
society or the system might mask the existence of deeply entrenched inequality and exploitation. Risk and the negative impacts of environmental hazards
may be unequally distributed among the people and groups within a society,
even when that society is, at a higher level of abstraction, resilient to repeated
environmental crises.
The states of Bronze Age Mesopotamia were built on high levels of institutionalized inequality, but we still know relatively little about the distribution of
risk within these societies. It is commonly asserted that the palace and temple
institutions served as a social safety net; the evidence for this function, however,
is relatively restricted, consisting largely of references to the support of orphans
and widows (Postgate 1992: 135; Westenholz 1999: 61). We know a lot about
the conditions of institutional dependency in Mesopotamia (including, for
example, tenancy, sharecropping, and debt slavery), but, to my knowledge, we
do not know how dependents were treated in times of scarcity or crisis.
In a now-classic study of tenancy and taxation in Southeast Asia, however,
James C. Scott has shown that this is precisely where our analyses should be
focused (Scott 1976). From the perspective of peasants living near the edge of
subsistence—especially those owing taxes or rent to the state or to a landlord—
what matters most is what happens in lean years, when food is in short supply.
In such circumstances, how were dependents treated? Were they guaranteed
a minimum level of subsistence, even in a year of abnormally low harvests or
during a time of environmental crisis? The detailed archaeological and written
evidence available from Bronze Age Mesopotamia is well suited to an exploration of these questions concerning the effects of inequality, and these are questions that need to be investigated as a crucial counterpart to analyses focusing
on resiliency, stability, and collapse at the system level.
In our own world, the issue of inequality is no less urgent. Although many
environmental hazards are now of global concern, the impacts of these hazards and of related policy decisions are seldom experienced worldwide in a
uniform fashion. As we work toward a more sustainable future for our planet
in the context of an increasingly interconnected, globalized economy, we need
to ensure that some people (or countries) do not benefit at the expense of others. In the same vein, there is a danger in treating resilience and sustainability
at the system level as goals in themselves. What if scientific study demonstrates
that the most resilient type of society is one built on extreme inequality and
exploitation, one in which the system is resilient only at the cost of great suffering for large portions of the population? Would this be a system worth sustaining? Of course not. The goal is not simply resilience or sustainability but
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rather resilience and sustainability coupled with equality, justice, and other
basic human rights.
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Notes
1. For an introduction to Mesopotamian history and archaeology, see, e.g., Pollock
1999; Postgate 1992; Roaf 1990; Van De Mieroop 2004. For the archaeology of Syria,
see Akkermans and Schwartz 2003.
2. The term Urban Revolution was coined by V. Gordon Childe (1950) to describe
the multifaceted process of urbanization and state formation initiated in Mesopotamia
during the later part of the fourth millennium BC.
3. Since the beginning of the Gulf War in 1990, there has been a hiatus in fieldwork
by foreign archaeological teams in Iraq, but some teams are beginning to resume work.
4. There is, however, the Farmer’s Instructions (Civil 1994), a Sumerian text from
the third millennium BC that provides a wealth of detail about agricultural practices
and the annual agricultural cycle.
5. The chronicle does not actually cover the entire 600-year span (AD 600–1196)
with the same level of comprehensiveness and accuracy. In fact, Widell (2007: 50–52)
argues that the reliability of the account can only be assumed for 276 years within this
period.
6. See, e.g., Pfälzner 2002 and my forthcoming PhD dissertation (University of
Chicago, 2012).
7. The list of pests known from ancient Mesopotamia includes locusts, “spotty
bugs,” weevils, caterpillars, “eater”-pests, grubs, field mice, and granary mice, among
others (George 1999: 291, 297–298).
8. The peak of the Akkadian state’s power lasted from approximately 2340 to 2200
BC and that of the Ur III state from 2112 to 2004 BC.
9. For example, in the Lake Titicaca region of Bolivia, there have been efforts to
reintroduce the raised-field farming system employed in the region during the first millennium AD (Kolata 1991).
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Understanding Hazards, Mitigating Impacts, Avoiding Disasters

Statement for Policy Makers and the Disaster Management Community

This chapter uses archaeological and written evidence to document the
broad range of environmental hazards that confronted the inhabitants of
Bronze Age Mesopotamia. Some of these hazards (e.g., droughts and locust
attacks) could be expected to recur on a regular basis but could not be reliably predicted. Some (e.g., floods and river channel shifts) were more erratic,
appearing suddenly and without warning. Others (e.g., salinization and soil
degradation) took place gradually over much longer timescales. The impacts
of these hazards varied widely, from short-term fluctuations in the food supply to declining soil fertility, settlement abandonment, and even large-scale
political collapse.
Two key points—with direct relevance to the modern world—emerge
from this study of Bronze Age Mesopotamia. First, it is vital that we pay
careful attention to the effects and the effectiveness of different forms of
institutional organization. In Mesopotamia, individual households and local
communities used a variety of risk-buffering strategies to protect themselves
from environmental hazards, but these households and communities were
also tied into complex systems of institutional management. In some cases
the centralized palace and temple institutions may have provided a degree
of stability, insulating dependents from the worst effects of environmental
hazards; in other cases, however, institutional practices appear to have triggered the onset of hazards or exacerbated their impacts. Second, the study of
“resilience” must be combined with an analysis of the effects of inequality. In
highly stratified societies, such as those of Bronze Age Mesopotamia, risks
are seldom distributed evenly across the population. The impacts of environmental hazards will often be felt more deeply by some people than by
others, and resilience may—but should not—come at the cost of inequality,
exploitation, and suffering.
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Long-Term Vulnerability and Resilience: Three
Examples from Archaeological Study in the
Southwestern United States and Northern Mexico
Margaret C. Nelson, Michelle Hegmon, Keith W. Kintigh,
Ann P. Kinzig, Ben A. Nelson, John Marty Anderies, David A. Abbott,
Katherine A. Spielmann, Scott E. Ingram, Matthew A. Peeples,
Stephanie Kulow, Colleen A. Strawhacker, and Cathryn Meegan

Events during the last several years—such as Hurricane Katrina, the earthquake in Haiti, the Southeast Asian tsunami, and continuing droughts in
Africa—vividly illustrate the vulnerability of human society to environmental disturbances. That vulnerability lies in both the nature and magnitude of
hazards in the environment and in the configurations (institutions, policies,
practices) of human societies. We unintentionally play an essential role in creating our vulnerabilities. The concepts of resilience and vulnerability in coupled
social-ecological systems have proved increasingly important for analyzing the
human dimensions of environmental disturbance and change ( Janssen and
Ostrom 2006)—in the sense of this book, how people experience “hazards.”
For example, strong earthquakes in some regions of the world result in limited
human suffering and infrastructure costs, while in others they are massively
devastating in human life and property loss. The same can be said for disease,
hurricane damage, and other occurrences we think of as “natural hazards.”
Human societies directly affect what a hazard is and how it is experienced.
In this chapter we illustrate the role analysis of archaeological data can play
to inform our understanding of resilience and vulnerability in coupled socialecological systems with a long-term view of the interaction between society
and environment. Our research employs environmental and social information from six regions within the southwestern United States and northern
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Mexico (figure 8.1) that collectively spans over a millennium. These examples
address climate “hazards” directly, as well as the kinds of social pathways that
can increase vulnerabilities to an array of conditions. It is the understanding of
social and natural processes that can inform present decision-making, not the
specific relationships evident in the past.
Challenges: Defining and Measuring
Resilience, Vulnerability, and Hazard

If we are to assess the hazards, delineate vulnerabilities, and move toward resilient systems, one of the greatest challenges we face is to understand the dynamics of social-ecological systems. To do that requires not only an understanding of contemporary systems but also an appreciation of how dynamics play
out over very long time spans. We need to understand short-term and longterm processes as well as the short- and long-term solutions for addressing the
impacts of “hazards.” Our research addresses long time spans, focusing on vulnerabilities, resilience, and robustness. For this chapter we frame our work in
terms of the experience of “hazards,” focusing on the social and environmental
contributions to that experience.
Before exploring three examples of our work, we define the key concepts. Resilience is the ability of a system to absorb disturbances (such as those
described as hazards) without losing identity (Folke 2006) or the capacity to
absorb perturbations while maintaining essential structures and functions
(Holling, Gunderson, and Peterson 2002). Similar to resilience, robustness
highlights the ability of systems to withstand change through both flexibility
and resistance. Our version of robustness incorporates many of the features of
resilience but emphasizes the role social and physical infrastructure can play
in fostering both flexibility and inertia in dynamic social-ecological systems
(Anderies, Janssen, and Ostrom 2004). In general, vulnerability is a function
of the exposure and sensitivity of a system to a hazard and the adaptive capacity or resilience of the system to cope, adapt, or recover from the effects of the
hazard (Adger 2006: 269; Smit et al. 2001: 893–895; Smit and Wandel 2006:
286; Turner et al. 2003). There are many specific definitions of vulnerability
(see Cutter 1996: 531–532 for a summary), but it is commonly understood
as the “potential for loss” (ibid.: 529), the “capacity to be wounded” (Kates
1985: 17), or the “potential for negative outcomes or consequences” (Meyer
et al. 1998: 239). More specifically, it is “the degree to which a system [such
as a human-environment system], subsystem, or system component is likely to
experience harm due to exposure to a hazard, either a perturbation or stress/
stressor” (Turner et al. 2003: 8074).
Scientific and policy forums on environmental change increasingly use a
systems perspective to formulate policies that integrate the many dimensions
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8.1. Map of the southwestern United States and northern Mexico showing the areas
encompassed by the six cases. Map by Matthew A. Peeples.

of social-ecological systems (Adger 2006; Folke 2006; Janssen and Ostrom
2006; Janssen et al. 2006; Young et al. 2006). Resilience research explores
multiple, open, interacting systems that move between states of stability and
transformation (Holling 1973; Holling and Gunderson 2002). Vulnerability
research, originating in geography and the study of natural hazards (Adger
2006), focuses on the attributes of people or groups that enable them to cope
with the impact of disturbances.
Unfortunately, it is impossible to generate “absolute resilience or robustness” in social-ecological systems. Rather, we must ask, resilience of what to
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what (Carpenter et al. 2001)? Any strategies humans deploy to cope with
disturbances introduce fundamental tradeoffs. To develop effective coping strategies in a rapidly changing world, we must recognize that a decision
to increase resilience in one dimension is likely to increase vulnerabilities in
another (Anderies et al. 2007). In two of the examples described in this chapter, we address human vulnerability to climatic variability and change, specifically focused on precipitation and stream flow, and we explore tradeoffs. We
contribute to an emerging literature that focuses on robustness-vulnerability
tradeoffs to understand how social-ecological systems organize, cope with
variation, and change (Anderies 2006; Anderies et al. 2007; Anderies, Walker,
and Kinzig 2006; Janssen, Anderies, and Ostrom 2007). In the third example
we specifically focus on how human social configurations can create conditions
of vulnerability that influence the way people experience disturbances, climatic
changes, and variability.
Following the theme of this book, we view low precipitation and variable precipitation conditions as potential “hazards” within the southwestern
United States and northern Mexico to which people may be or may become
vulnerable. Hazards can be thought of as “threats to a system and the consequences they produce” (Turner et al. 2003: 8074). We outline features of climate conditions in the southwestern United States and northern Mexico that
may be potential hazards, and we explore the role of social configurations in
creating hazards and preventing people from responding effectively.
Advantages of a Long-Term Perspective

We use data sequences that span millennium-long timescales in the southwestern United States and northern Mexico to assess how human societies and
ecosystems interact. In this region of the world, low precipitation and variable
precipitation are challenges or potential “hazards” for human occupation today
and have been throughout human history. For farmers, the levels of precipitation in this region of the world are highly variable temporally and spatially and
typically fall below the minimum needs of many domesticated crops (especially
maize, the primary cultigen). The potential “hazards” of low precipitation and
uncertain timing of precipitation can create conditions of famine whose timing can be uncertain. But the experience of potential hazards—whether they
are realized and experienced as hazardous conditions—depends on a variety of
social factors, from population size to the forms of physical infrastructure and
social institutions. People address climatic challenges such as low and variable
precipitation in various ways, from diversifying their use of resources and using
a range of environmental settings, to building infrastructure (such as irrigation
systems) to control the distribution of water, to settling in areas of high natural
water table, which are rare (Spielmann et al. in press).
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Sometimes humans build social systems that exacerbate rather than mitigate these potential “hazards” or that actually prevent people from responding
to them effectively. In this chapter we examine three lessons to be learned from
understanding long sequences of human-environment interaction. The first
examines how diversity in food systems influences the vulnerability of human
societies to food shortages as a result of low precipitation in this arid to semiarid region. The second examines how irrigation infrastructure both mitigates
variability in the temporal and spatial patterns of precipitation and creates new
vulnerabilities. The third emphasizes the role of social action in creating conditions of rigidity that exacerbate the potential for climate “hazards” to impact
people. These studies are published fully elsewhere (Anderies, Nelson, and
Kinzig 2008; Hegmon et al. 2008; Nelson et al. 2010). All have applications to
the way we think about hazards in today’s world, which we address in the final
section of this chapter.
The archaeological cases we explore and compare in our studies are
from the southwestern United States and northern Mexico. They include the
Zuni area in northern New Mexico, the Salinas area in central New Mexico,
the Mimbres area in southwestern New Mexico, the Mesa Verde area in the
Four Corners of the southwestern United States, the Hohokam area in southcentral Arizona, and the Malpaso Valley (occupation focused on the site of La
Quemada) in Zacatecas, Mexico (figures 8.1, 8.2). All of these areas are in arid
to semiarid settings* and, during the periods of study, are agriculturally based,
non-state societies. They vary considerably in population size, social configurations, agricultural strategies, and social-environmental histories. Thus they
provide a diverse set of cases, all situated in environmental settings that offer
the same kinds of “hazards” of low and spatially unpredictable precipitation. In
this chapter we discuss all except the Salinas case.
Although study of the past might appear divorced from contemporary
concerns given globalization and the rapid technological change that characterize today’s world, archaeology provides a long-term, historically contextualized view of many social-ecological changes, some more dramatic than others
(Redman and Kinzig 2003; van der Leeuw and Redman 2002). While the cases
do not help us predict the future, they do provide natural experiments by which
we can come to better understand relationships between vulnerabilities and
change and examine assumptions used to make contemporary decisions about
managing for change versus managing for stability. Furthermore, most of the
cases we explore are what archaeologists refer to as middle-range societies—

* Average annual precipitation levels range from a low of about 200 mm (8") in the
Hohokam area to a high of about 450 mm (18") in the higher portions of the Mesa
Verde area.
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8.2. Images that illustrate each case area. Compiled by Margaret Nelson.

they have weakly developed institutionalized hierarchies. In the contemporary
world, millions of people who live in what are effectively non-state societies
are faced with a variety of “hazards”—from those such as earthquakes, whose
causes are purely environmental, to those that are largely social, which is to say
generated by human interactions (e.g., ethnic strife), to those in which human
actions have environmental consequences. Our research is relevant to those
experiences.
Contribution 1: Diversifying Maize-Based Subsistence

The first example addresses the role of subsistence or dietary diversity in the
capacity of systems to cope with climate “hazards” of low precipitation and
variability in precipitation. This study is more fully developed in an article by
John Anderies, Ben Nelson, and Ann Kinzig (2008).
The “common wisdom” or “rule of thumb” that diverse portfolios are
advantageous in uncertain or variable environments is widespread. This strategy is certainly pervasive in today’s stock market, where investors are advised
to maintain a diverse set of stocks or mutual funds. It is also what drives the
propensity to establish trade relationships between and among cultural groups
residing in different bioclimatic zones, both in the past and the present. For
investments and exchange networks, the nature of the diversity matters in
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8.3. Map of Mexico, with La Quemada indicated. Map by Will Russell.

addressing vulnerabilities—elements of a portfolio should have a somewhat
uncorrelated performance. The higher the probability that one element (crop,
trading partner, mutual fund) of the portfolio will perform well when another
is performing poorly, the higher the buffering against risk. On the other hand,
it is well-known that in simple feedback systems there are consequences associated with a given choice of a portfolio aimed at coping with a particular range
of variability; that choice can also reduce the capacity to cope with variability outside the target range (Anderies et al. 2007). As such, general “rules of
thumb” might not be all that generalizable or transferable between different
“experiments.”
To explore this tradeoff, we analyzed the consequences of diversifying
crops in prehispanic northern Mexico, focusing on conditions in the Malpaso
Valley area around the prehispanic center of La Quemada (figures 8.1, 8.2, 8.3).
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Specifically, we asked when and under what climatic circumstances would the
addition of a second cultivated plant—agave—to a maize-based subsistence
system allow farmers to persist in locations that might otherwise be untenable.
By implication, we were interested in the conditions under which such diversification does not address the “hazard” of low and variable precipitation and
may even increase vulnerability.
By 500 CE, inhabitants of the Malpaso Valley area (figure 8.3), within the
modern state of Zacatecas, Mexico, subsisted on a classic Mesoamerican diet
of maize, beans, and squash (Turkon 2004). If ethnographic equivalents shed
light on the proportions of each, maize provided over 50 percent of the calories
for this complement of crops (López Corral and Uruñuela y Ladón de Guevara
2005). During the period 500–900 CE, people spread north from population
centers in central Mexico, aggregating at unprecedented scales in widely separated arable patches along the foothills of the Sierra Madre Occidental (Kelley
1971), including the Malpaso Valley. Various hypotheses have been advanced
for these movements, including a diaspora following the breakup of the great
city of Teotihuacan ( Jiménez-Moreno 1959), climatic changes that allowed
central Mexican lords to more profitably exploit the land and labor of northern Mexico (Armillas 1964), mutually beneficial alliances between the lords of
central and northern Mexico ( Jiménez-Betts and Darling 2000), or the pursuit of rare mineral resources (Weigand 1977). There are as yet no published
paleoenvironmental data with which to evaluate these propositions.
Vulnerability to famine was almost certainly an issue for early northern
Mexican maize farmers (Armillas 1964; Gunn and Adams 1981; Sauer 1963).
The northern territories had lower annual precipitation, greater inter-annual variability in rainfall, and therefore greater probability of extended drought than the
central regions of Mexico in which maize cultivation had originated. The abandonment of the northern regions in 900 CE has been attributed to this vulnerability to drought (Coe 1994); even today, farmers in the region report that they
can only depend on good maize yields in two years out of ten (Nelson 1992).
Carl Sauer (1963) and Jeffrey P. Parsons and Mary P. Parsons (1990) point
to agave cultivation as a potential buffer against famine events introduced by
persistent drought, and we know agave was cultivated in prehispanic central
and northern Mexican settlements (e.g., McClung de Tapia et al. 1992). This
crop diversification is by no means the only possible risk-buffering strategy;
other (not mutually exclusive) strategies include concentrating water resources
through irrigation or terracing (e.g., Fisher, Pollard, and Frederick 1999;
Howard 1993), food sharing (e.g., Hegmon 1996), mobility (e.g., Nelson and
Anyon 1996), and crop storage (Seymour 1994). Moreover, agave may have
been produced for reasons extending beyond subsistence—for instance, the
alcoholic beverage pulque, produced from agave, was used in culturally important feasts (Clark and Blake 1994).
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Given that agave is a perennial plant, with maturation times ranging from
a few years to decades for the different species, and maize is an annual plant,
the a priori arguments for cultivating agave in addition to maize as a risk reduction strategy in this arid and highly variable environment seem strong. But the
general rule of thumb for diversifying in uncertain environments is unsatisfying. Climatic structures can vary significantly from place to place, with fundamentally different relationships between annual averages and inter-annual
variability, for instance. Is agave equally useful in all variable environments? If
not, when is it most useful? When is it least useful and potentially not worth
the added costs of managing a diverse crop portfolio?
These are the questions we attempted to answer with simple models of
maize and agave production and maize storage under diverse climatic conditions. Both maize and agave production are assumed to be water-limited.
Variability in annual precipitation was taken to be either 20 percent or 50 percent of the mean precipitation. Mean annual precipitation ranged from levels at which maize crops would regularly fail to those at which maize yields
would be maximized (yields would plateau with respect to increasing rainfall,
likely because some other resource such as nitrogen or phosphorous becomes
limiting). In a second set of simulations, mean annual rainfall was pegged at
70 percent of the level at which maximum yields would saturate, and interannual variability was allowed to range from 20 to 90 percent of this mean.
Our measure of the risk-buffering potential of agave was the reduction in the
experience of famine events, particularly those of long duration (three years or
more) (see Anderies, Nelson, and Kinzig 2008 for further details of the model
and results).
Our initial instinct, based on “common wisdom,” was that agave would be
most useful in relatively harsh environments (low rainfall, where maize would
be expected to fail with some regularity) with high inter-annual variability in
precipitation. Our results contradicted those instincts. Specifically, agave contributed most significantly to maize farmers’ ability to survive drought (avoid
famine events) when both the mean and variability of rainfall were “intermediate”—that is, rainfall was somewhere between levels that would guarantee
either crop failure or maximum yields, with intermediate inter-annual variability. When variance was high, regardless of the mean rainfall, agave did not confer significant benefits. When variance was low, the most significant benefits to
agave cultivation accrued in intermediate to high average rainfall conditions.
Thus diversity is shown not to be an inherent good, regardless of local conditions, but rather is a conditional benefit that must be weighed against the cost
of building that diversity. In this case, diversifying the cultivated resource base
did not hedge against the vulnerability to famine resulting from low and variable precipitation, one of the primary hazards of farming in this area. As noted,
agave may have been cultivated for entirely different reasons having to do with
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its value in making a fermented beverage for ceremonial use. If that motivation
accounted for its cultivation, it would have been present in the rare circumstances when it might have contributed to reducing the risk of famine.
Contribution 2: The Role of Irrigation Infrastructure
in Vulnerability to Climate Conditions

The social benefits of technological innovations, especially those leading to
increases in food production, are plainly evident in the short term. This second
contribution takes the development of irrigation agriculture as an example to
explore how the potential vulnerabilities that can accompany this innovation
may play out in the very long term (intergenerationally).
In arid and semiarid environments, some form of irrigation is nearly
always necessary for agriculture, and agriculture is necessary to support anything more than the extremely low population densities that can persist with a
hunting-and-gathering adaptation. Irrigation agriculture enormously increases
the number of people who can be supported in a given area and enhances the
robustness of that population to high-frequency spatial and temporal variability in precipitation. It does this by delivering precipitation to fields that is captured over a much larger area and—in the case of irrigation from rivers fed by
snowmelt—over a much longer time. That increase in robustness, however, is
accompanied by potential vulnerabilities.
1. The physical infrastructure of water-control systems may be vulnerable
to destruction by rare climatic events, such as a major flood, which may
make irrigation agriculture impossible for an extended period of time or
render it useless when floods scour stream beds and become entrenched
below the former floodplain.
2. Residents of settlements that depend on irrigation may be resistant to
relocation because of their material and labor investment in the irrigation infrastructure. These place-focused long-term occupations can
severely deplete local resources such as soils, animals, and plants.
3. Although productivity of irrigation agriculture makes population
growth possible, long-term population growth may eventually outstrip
the productive capacity of local resources, including those enhanced by
the water-control infrastructure, leading to food shortages.

This second contribution (presented in more detail in Nelson et al. 2010)
examines tradeoffs of robustness and vulnerability in the changing social, technological, and environmental contexts of three long-term prehispanic sequences
in the US Southwest: the Mimbres area in southwestern New Mexico (650–
1450 CE), the Zuni area in west-central New Mexico (850–1540 CE), and
the Hohokam area in central Arizona (700–1450 CE) (see figures 8.1, 8.2).
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8.4. Periods of extremely low precipitation in Mimbres and Zuni areas and stream-flow
discharge patterns in the Lower Salt River in the Hohokam area. By Scott Ingram.

In all three of these arid landscapes, people relied on agricultural systems that
depended on physical and social infrastructure of irrigation to deliver adequate
water to agricultural fields. Across the cases, the scale and the nature of the
investments in infrastructure varied, as did local environmental conditions.
“Mimbres” refers to an archaeologically defined region in southwest
New Mexico (see figures 8.1, 8.2). The subsistence economy of the Mimbres
sequence is characterized by small-scale farming supplemented by hunting and
gathering. Mimbres fields were primarily watered by small-scale canals feeding
floodplain fields. This small-scale irrigation system increased the productivity
of floodplain fields, as did the stone terracing systems on hill-slope and alluvial
fan fields, ensuring more directed and abundant water and nutrient flow to
field locales. Although many periods of severely low precipitation were experienced during the temporal interval discussed here, most were not associated
with social transformations that are evident in the archaeological record (figure
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8.4). However, an extended period of extremely low precipitation around 1130
CE coincides with the depopulation of nearly all the large villages, with emigration of the population to small settlements (Hegmon, Ennes, and Nelson 2000;
Nelson 1999). Within a half-century, however, the local population and immigrants had again aggregated into new villages in the region (see “Contribution
3” below for more discussion of the Mimbres).
In the Mimbres case, the major transformation around 1130 CE was associated with a coincidence of all three vulnerabilities. Population had been growing for centuries, probably pushing (but not exceeding) the occupied areas’
sustaining capacity by that time (Schollmeyer 2009). The investments in infrastructure and a focus on floodplain farming led to a place-focused residential
pattern that, by the 1100s, resulted in depletion of soil (Sandor 1992), plant
(Minnis 1985), and animal resources (Schollmeyer 2009). The increasing vulnerabilities associated with these long-term social and environmental processes
were realized with the occurrence of a high-frequency event—an extended
period of low precipitation about 1130 CE. In this case an agricultural strategy
aimed at increasing robustness to high-frequency climatic variation eventually
ran afoul of long-term vulnerabilities and thus engendered a transformation
to a new phase of development. Vulnerabilities to resource depletion and low
precipitation led to reorganization, but practices of managing fields in diverse
settings may have tempered the changes brought on by those vulnerabilities.
Our examination of the Hohokam of central and southern Arizona (see
figures 8.1, 8.2) focuses on the people who lived along the Lower Salt River in
what is today the Phoenix metropolitan area (for more on the Hohokam, see
“Contribution 3” below). The prehistoric residents flourished in the Phoenix
basin for a millennium, occupying some of the largest and longest-lived settlements in the ancient US Southwest and developing the largest network of irrigation canals in Precolumbian North America (figure 8.5). The period 800–
1450 CE encompassed a cultural florescence characterized by a regional system
of ceremony and exchange, followed by a collapse of the regional networks and
prevailing social institutions and a long slide toward total residential abandonment (Abbott 2003, 2006; Doelle and Wallace 1991; Doyel 2000).
The large-scale irrigation technology of the Hohokam was sustained for
over a millennium. Its great capacity to supply agricultural surpluses contributed to the creation of a regional-scale economy that was highly robust to local
fluctuations in rainfall. But this robustness came at the cost of increased vulnerability to social and ecological perturbations at specific localities, which,
because of the crosscutting interdependencies, could be felt across the region.
Although people were place-focused, for centuries they acquired a wide array
of resources through an extensive regional exchange network. The ca. 1070 CE
collapse of the regional system and the depopulation of much of the surrounding area resulted in a dramatic increase in the Phoenix basin population (Doelle,
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8.5. The Hohokam irrigation system as mapped in the 1920s and a cross-section of an
irrigation canal excavated by Jerry Howard. Map is from Omar Turney (1929).

Gregory, and Wallace 1995; Doyel 1981; Teague 1984; Wilcox 1991) and a
consequent depletion of local resources. With the replacement of the regional
network with balkanized local networks, many exchanged resources were no
longer available (Crown 1991) and the social relations that supported the
canal systems were changed. Extreme climate events in the late 1300s—including two years of river flows higher than had been seen for 500 years (see figure
8.4)—were probably devastating to the irrigation infrastructure (Graybill et al.
2006: 117). Occurring in a context of population pressure, depleted resources,
and institutional disarray, these events may well have contributed to the longterm slide toward near-total depopulation of the region; potential vulnerabilities were realized, people suffered, and institutions collapsed. We discuss this
collapse more fully under “Contribution 3.”
The Zuni area (see figures 8.1, 8.2), which spans the Arizona–New Mexico
border along the southern margin of the Colorado Plateau, is one of only three
areas in the Southwest continuously and densely occupied from the early centuries CE, through the Spanish Conquest, and up to the present (Ferguson and
Hart 1985). From 850 to 1200 CE, settlements were relatively small and shortlived and the population was widely distributed (Peeples and Schachner 2007).
By the end of the 1200s people had aggregated in large towns that, until the
late 1300s, were concentrated in the eastern portion of the Zuni area (Kintigh
1985, 1996; Kintigh, Glowack, and Huntley 2004). As the long-term hydraulic conditions changed in the mid-1200s (see figure 8.4), an early reliance on
small floodplain and sand-dune agricultural fields watered by groundwater and
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floodwater gave way to an agricultural strategy heavily reliant on small-scale
runoff farming that, after 1300 CE, was augmented by ditch irrigation from
large springs. By 1400 the entire population had moved to long-lived towns
with canal-irrigated fields set on broad floodplains adjacent to the Zuni River
(Kintigh 1985).
The Zuni case illustrates how social and physical changes together kept
potential vulnerabilities from being realized. The water delivery infrastructure
in the Zuni region was much smaller-scale and more dynamic. Farming strategies were altered with shifts in climate, hydrology, population density, and
social institutions. Despite considerable investments in physical infrastructure
(villages and fields), Zuni villagers did not become place-focused until the end
of the prehistoric sequence when they had developed social institutions that
could sustain the aggregated populations. The area’s population seems to have
leveled off by the late 1200s, and people in the proto-historic settlements evidently lived within their productive means. In this context, potential vulnerabilities to extended droughts seem not to have been realized.
For arid-land farmers, physical infrastructure that captures or directs water
for agriculture ameliorates short-term temporal and spatial variability in precipitation and improves productivity. It makes town and village life possible
in many places where it would not otherwise have been. Comparisons across
these cases allow us to understand the interactions of social, technological, and
environmental factors that promote the vulnerabilities that accompany irrigation agriculture and influence resilience in specific contexts. These comparisons help us understand, in social terms, why people experienced changes in
climate in different ways. Looking across these cases, it is clear that any relatively short-term view (e.g., fifty years) would not allow us to understand the
complex dynamics or predict their outcomes; a long-term view is essential.
Contribution 3: Rigidity Traps in Social-Ecological Systems

Intellectual traditions from Marxism to Buddhism understand a basic truth
that is also central to resilience thinking: change is inevitable. Change is also
the basic subject of historical inquiry, including archaeology; however, in
studying many historical trajectories in the US Southwest, we are struck by
the varied nature of changes. In some cases archaeologists and anthropologists
document considerable continuity in traditions over long time spans in the
context of other changes. In other cases, such as those discussed in this section, cultural traditions come to an end, sometimes with great loss of life. In
this research we asked why some changes are so much more traumatic than
others, why people do not address the disturbances that confront them. More
specifically, we examined the hypothesis that resistance to change, described by
a concept known as a rigidity trap in resilience thinking, contributes to sever210
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ity of change when it (inevitably) comes. Rigidity traps prevent people from
effectively responding to deteriorated conditions.
A rigidity trap is described by C. S. Holling and colleagues (2002: 96)
as a situation in which there is a high degree of integration and the system
can persist “even beyond the point where it is adaptive and creative . . . [with]
efficient methods of social control whereby any novelty is either smothered
or sees its inventor ejected.” Did rigidity traps make change more difficult
or traumatic among farming societies in the ancient Southwest? To answer
this question, we undertook a comparative study of three cases of transformation—Mimbres, Mesa Verde, and Hohokam (see figures 8.1, 8.2). For each
case we assessed:
1. The nature and severity of the transformations: How many people were
affected and how were they affected? Did they leave their homeland? Is
there any evidence of physical suffering?
2. The degree of rigidity: How integrated was the society? How hierarchical? Is there conformity, indicative of some kind of social control?

The original presentation of this research (Hegmon et al. 2008) details
how these concepts were assessed in terms of a series of archaeologically measurable variables and describes the extensive data sources. Here we simply summarize each transformation and evidence for rigidity in each case.
The Mimbres region in southwest New Mexico is known for its beautiful
pottery (figure 8.6), made mostly during the Mimbres Classic period (1000–
1130 CE). The end of this period saw the end of this pottery tradition and
the movement of many people out of their farming villages. Because archaeologists had defined the period as marked by village life with a certain type of
pottery, its end had been interpreted as a collapse. But our research (see also
Nelson et al. 2006) showed that the transformation itself was fairly mild. A
few thousand people did leave their villages, moving both north and south of
the Mimbres region, but some of them simply resettled a short distance from
their former villages in what had been their temporary field houses, where they
started importing and possibly making other kinds of pottery. It was a flexible
strategy that exhibited no evidence of hierarchy, mild integration, and little
rigidity overall.
The Mesa Verde region of southwest Colorado was occupied by tens of
thousands of people in the early 1200s CE, and by 1300 CE it was virtually
empty (Varien et al. 2007). After decades marked by competition and hostilities, including a village massacre (Kuckelman, Lightfoot, and Martin 2002),
many of the people moved to northern New Mexico (Ortman 2009). This
large-scale and traumatic transformation was associated with considerable
rigidity, created in this context by increasingly aggregated settlements with
large public architecture and some indications of hierarchy.
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8.6. A Classic Mimbres black-on-white painted bowl from 1000–1130 CE. Courtesy,
Eastern Mimbres Archaeological Project, Arizona State University, Tempe.

As discussed in the previous section, the Hohokam region in central and
southern Arizona is known for the largest prehispanic canal irrigation system
in North America (see figure 8.5). That system, which was enormously successful for centuries, went out of use sometime in the late fourteenth to the
fifteenth century. Tens of thousands of people depended on it, but few were
still in the area at the time of Spanish contact; the population seems to have
died out, moved away, or both. This was an enormous and traumatic transformation, and it was preceded by a long period of rigidity, described in the book
Centuries of Decline (Abbott 2003). There is evidence of social institutions that
in this context were not responsive to changing conditions: hierarchy, public
architecture that excluded many, and strongly aggregated settlements. In some
settlements serious health problems were caused by poor diet, yet, unlike in
the Mesa Verde region, people stayed and apparently suffered, possibly for
generations. In the Hohokam case the irrigation that had worked so well to
manage change and variability in precipitation and stream flow and to boost
the productivity of this desert environment was part of a rigidity trap. People
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committed to this way of life were left with no options; their rigidity trap kept
them in deteriorating conditions until the inevitable collapse that included
tremendous population loss, in some cases through mortality resulting from
poor health.
This research on rigidity in social systems demonstrates that humans unintentionally construct traps that both create vulnerabilities and prevent people
from acting in their own interest to address changed conditions. These unintended consequences of development and commitment to stability have implications for the human experience of “hazards.” The concept of a “hazard” is as
much a product of human construction as of the conditions of the environment (e.g., Burton, Kates, and White 1993). One lesson from analysis of these
cases is that the rigidity of social configurations, however they are constructed
by people, can create conditions that exacerbate the influence of “hazards” of
all sorts.
Future Research, Lessons for the Present

This research has several important implications for resilience thinking with
regard to vulnerability in social-ecological systems. It shows that resilience concepts can be assessed systematically in the archaeological record and thus pave
the way for more research on long-term processes relevant to contemporary
decisions about vulnerability and resilience. It shows how an understanding of
relatively small-scale societies in the ancient past can provide insights relevant
to our world today. Nuanced thinking about the costs and benefits of diversity, the tradeoffs in vulnerability resulting from investments in infrastructure,
and the role of humans in constructing rigidity traps is important in managing
toward reductions in the impacts of various disturbances or hazards. We offer
a few specific thoughts for future consideration; they apply well beyond our
thinking about the human experience of hazards.
1. Diversity has costs as well as benefits. In the subsistence realm it may
be examined more productively in terms of the responsiveness of plants
to varied climate conditions than as a simple function of the number
of kinds of plants. What kind of diversity we promote in today’s world
may be more important than the simple value of diversity.
2. Addressing vulnerabilities in one domain or at one scale can create new
vulnerabilities in other domains or at other scales. Absolute resilience is
not a reasonable goal. Rather, the best we can do is seek to find a balance
among vulnerabilities that reduces the cost of experiencing disturbances
or disasters; in resilience terms, we must develop adaptive capacity to
manage inevitable yet often unpredictable disturbances (including
those that may be known hazards for which timing and intensity are
unpredictable).
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3. Isolation can contribute to rigidity and eventually to the severity of
collapse and transformation. That is a lesson worth keeping in mind in
today’s world as we grapple with global connections.

Archaeologists have much to offer to modern policy making through
explorations, over long timescales, of the key concepts employed in efforts to
build resilience in modern social-ecological systems.
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Understanding Hazards, Mitigating Impacts, Avoiding Disasters

Statement for Policy Makers and the Disaster Management Community

Humans sometimes build social systems that exacerbate rather than mitigate
potential climate “hazards” or that actually prevent people from responding
effectively to them. In this chapter we examine three lessons to be learned
from understanding long sequences of human-environment interaction. The
first examines how diversity in food systems influences the vulnerability of
human societies to food shortages as a result of low precipitation in the arid
to semiarid region of the southwestern United States and northern Mexico.
The second examines how irrigation infrastructure both mitigates variability
in the temporal and spatial patterns of precipitation and creates new vulnerabilities, emphasizing the reality that there is no “absolute resilience or
robustness.” The third emphasizes the role of social action in creating conditions of rigidity and the extent to which rigidity, however it emerges in modern systems, may exacerbate the potential for climate “hazards” to impact
people. Decision-making about sustainable practice that can promote resilience requires nuanced thinking about the costs and benefits of diversity, the
tradeoffs between resilience and vulnerability that can result from the nature
of our investments in infrastructure, and the role of humans in constructing
rigidity traps. These are important factors in managing toward reductions in
the impacts of various disturbances or hazards.
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Social Evolution, Hazards, and Resilience:
Some Concluding Thoughts
Timothy A. Kohler

The study of accident in history implies that of necessity.
—LeRoy Ladurie (1977: 115)

Hazards are everywhere. Somewhere in the world there is always some kind of
environmental disaster at hand—and often many at once. Most of these disasters have an obvious social dimension: a forest fire in the suburbs gets a lot
more attention than one in the wilderness.
Less obviously, the kinds of impacts a “natural” disaster has on a society
depend not only on the nature of the disaster but also to some extent on how
that society is organized, as several of the preceding chapters point out. In this
chapter I provide a necessarily brief and selective review of the ways the organization of societies has changed over very long spans of time (I’m an archaeologist, after all!). The typical hazards societies confront probably affect these
long-term processes of social and political evolution, since—over long enough
periods of time—well-functioning societies tend to change in directions that
neutralize the hazards they currently face.
Archaeologists and other anthropologists have long recognized that
societies have become more complex in a variety of senses, as the majority
of the earth’s peoples moved from hunting-and-gathering ways of life in the
Pleistocene (a 2.5-million-year epoch of repeated glaciations ending about
12,000 years ago) to become mostly farmers and herders in the Holocene
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and eventually the kings or slaves, craftswomen or shopkeepers, and priests or
police of the highly differentiated societies that began to appear a little over
5,000 years ago.
Simply identifying these general trends was a major preoccupation of mid–
twentieth-century anthropology, aided considerably by a worldwide increase
in the quantity and quality of archaeological research fortified by the then-new
chronological framework provided by radiocarbon dating. Archaeologists,
especially in North America, began to see themselves as scientists. As various
regional chronologies became firmly anchored in time and their gaps filled in,
archaeologists could more clearly perceive regularities through time within the
huge diversity of the worldwide human experience.
Their fellow anthropologists could also recognize some similarities
between ethnographically known societies and various past societies investigated by archaeologists. This allowed them to propose models for the social
and political organization of ancient societies, based on the organization of
various small-scale societies that were still, or recently had been, in existence.
Among the most widely used of these models were the stages proposed by
Elman Service (1962, 1975) and Morton Fried (1967). Related influential
work was also published by Leslie White (1959) and, more recently, by Allen
Johnson and Timothy Earle (1987).
That Old-Time Cultural Evolution

Anthropologists in this “cultural evolutionary” or “neo-evolutionary” tradition saw their work as a way of putting social and political flesh on the
bones and stones provided by the archaeological record. Elman Service, for
example, suggested that during the long Paleolithic era the world was populated mainly by patrilocal bands made up of a few nuclear families—ordinarily fewer than 100 people overall—with no specialized occupational groups,
economic institutions, or classes; no institutions governing political or legal
affairs; and no religious system separate from the constituent families. (Since
the mid–nineteenth century, archaeologists have used the term Paleolithic
to describe the societies and technologies of humans during the Pleistocene
epoch.)
In the post-Pleistocene world, where plant and animal domestication
offered significantly higher productivity and perhaps a “much more stable,
consistent productivity than [existed] at the hunting-gathering level” (Service
1962: 112), tribes that were several times larger than bands emerged from
bands. Tribes, according to Service, could avoid disintegrating into bands
because of the invention of integrating organizations—“pan-tribal sodalities”
such as clans, age-grade associations, and societies for warfare, curing, and so
forth. Because of these sodalities tribes had many more social statuses than
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bands, but these statuses were not marked by differences in influence or power
except within very restricted spheres.
Next in this series of idealized social types, which Service unabashedly
referred to as levels or stages in a progressive sense, are chiefdoms, which are
larger social groups than tribes. They are marked, according to Service, by
centers coordinating economic, social, and religious activities within the society. Service considered redistribution of goods and labor to be an especially
important central activity of the chiefdom, and he thought the responsibility
and judgment this activity required, in turn, gave rise to permanent leadership.
Although chiefdoms are commonly larger (usually much larger) in numbers
of people and possibly geographic area than tribes, what most importantly
separates them from the fiercely egalitarian bands and tribes are the differences
in social power within a chiefdom: “chiefdoms are profoundly inegalitarian”
(1962: 150). Quite possibly, this was the most important single transition in
the evolution of human societies.
Finally, states (whose appearance Service considered in detail in his 1975
book) are ordinarily larger again than chiefdoms, in terms of both population
and the space they occupy. They differed from chiefdoms not only in size but
more essentially, Service believed, in having increased institutionalization of
the centralized leadership and, eventually, a hereditary aristocracy that grew
out of that leadership.
In the 1980s and 1990s, stage theories such as those of Service came under
criticism for a variety of reasons, including what some considered the implicitly Colonial placement of the Western European or American types of political organization at the apex of a long evolutionary ladder. Then, too, many of
us recognized that some archaeologically known societies may be nothing like
societies that still happened to exist in the nineteenth or twentieth century. It
was widely felt that archaeologists had spent altogether too much time trying to
classify their societies using these categories rather than figuring out how socie
ties actually operated and why they changed. Around this time many archaeologists simply became more interested in other topics such as identity, symbols,
and meanings. Even archaeologists who remained interested in evolutionary processes were moving on to different kinds of models and approaches (see reviews
in Kohler 2008; Shennan 2008). Yet despite all this, some researchers retained (or
are returning to) a focus on long-term, comparative social evolution while keeping 1960s-style stage theories suitably at arm’s length. Examples include a recent
book by Norman Yoffee (2005) and chapters in books edited by T. Douglas Price
and Gary Feinman (1995) and Kevin Vaughn and his colleagues (2010).
Here I want to couple my own interest in long-term comparative social
evolution with the materials presented so far in this book. What implications might sudden environmental change have for the long-term processes of
increasing social scale identified by Service and many others?
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Social Construction Processes

To answer this question, we have to dig some new foundations. I would like to
replace the aged and ambiguous term cultural evolution with social evolution.
Social evolution is the long-term tendency for the largest group with which people identify and regularly coordinate their activities (whether by choice or necessity) to become larger in both numbers of people and spatial scale. Everything
important about social evolution centers on groups. I contend that the principal
motor for increases in group size has usually been inter-group competition1 and
that those physical and cultural capacities that differentiate us from our various
last common ancestors with related creatures, moving backward in time along
our phylogenetic tree for at least the last 2 million years, are the result of selection within our lineage for the ability to live successfully in ever larger groups.
Full defense of this thesis is not possible here; I outline some of my reasons for
this position in Kohler (2004).2 Consider briefly how exquisitely designed are
just two of humanity’s defining features—culture and language—for communicating knowledge and norms within groups but how, at the same time, both
tend to create barriers between and variability among groups. Over the roughly
200,000 years modern humans have existed, our success has been such that our
societies have grown in size from family units or bands to states and empires.
The long-term tendency for groups to increase in size is a result of the
fact that (all other factors equal) when two groups are in conflict, the larger
prevails. (This has been formalized as Lanchester’s Square Law; see Lanchester
1916.) This is most obvious for the case of armed conflict and can result in
cultural group selection: the replacement or absorption of one cultural group
by another (Bowles, Choi, and Hopfensitz 2003). This is called cultural group
selection because it refers to a process in which people do not necessarily perish
but their culture disappears or changes profoundly. But larger cultural groups
can also have more subtle advantages and need not be in armed conflict with
other groups in order to prevail; larger cultural groups have an advantage over
smaller cultural groups that would not be as true for, say, groups of other animals in which cultural traditions are of little or no importance. This is the case
because larger human societies can accumulate and maintain more complex
technologies and skills (Henrich 2004; Powell, Shennan, and Thomas 2009),
including social technologies and skills; to the extent that these technologies
and skills improve the group’s quality of life, this in turn will make them a target for selective immigration from other groups (Boyd and Richerson 2009),
further increasing their size. This process (also called payoff-biased migration,
or voting with your feet) can even cause group-beneficial behaviors to spread
so long as there is acculturation and certain other conditions are met. Cultural
group selection probably explains why practices that should be discouraged by
individual-level selection—such as young males’ willingness to risk their lives
for their social groups—can instead proliferate.
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So if larger groups have such great advantages, why weren’t there any Paleo
lithic empires? Of course, there are very important counterbalancing forces
that prevent groups from becoming ever larger. Robert Carneiro (1987) and,
more recently, Matthew Bandy (2008) have emphasized the strong tendency
for groups to fission because of “scalar stress” (internal dissension) once they
reach a certain size. Bandy, for example, suggests that “only the development
of novel institutions of social integration at a suprahousehold level [Service’s
intra-tribal sodalities come to mind] could make possible the emergence of
villages larger than [a] critical population threshold” (2008: 341). Small-scale
human societies have a strong egalitarian ethos that also resists the development of internal inequalities, and they regularly employ public opinion and
“punitive moral sanctioning to ensure that alpha-dominated hierarchies could
not form” (Boehm 2000: 213). Also, large groups that are relatively sedentary
may degrade their local environments more than did their less numerous, more
mobile ancestors. Environmental degradation surrounding newly large and
sedentary populations therefore presents another common barrier to growth,
as Meredith Matthews and I (Kohler and Matthews 1988) argued for some
early villages in the US Southwest.
I use the phrase social construction work for all those social and political
processes that allow groups to grow larger, overcoming the probability of fission
and the difficulties of cooperation and communication within ever larger groups
and avoiding the environmental degradation that accompanies growth. Social
construction processes are what people use to build and maintain groups.
What do these processes include? Very small groups can be built on the
ancient biological (genetic) logic of inclusive fitness (or kin selection): we are
genetically programmed to be biased toward helping those to whom we are
related. But such motivations decay quickly as groups expand beyond just a
few households; I’m much more likely to help my brother than help my third
cousin. Kim Hill and colleagues (2011) have recently shown that contemporary hunter-gatherer bands are composed of mostly unrelated people, though
they often include adult brothers and sisters. If this was also true of ancient
foragers, then the logic of inclusive fitness plays only a very small part in the
story of how we evolved to cooperate so efficiently.
As we move in size beyond the scale at which inclusive fitness can be effective, myriad potential mechanisms for inducing and sustaining cooperation
within groups have been suggested by economists, political scientists, physicists, and game theoreticians. A partial list includes mutualism, conditional reciprocity, indirect reciprocity, “strong reciprocity,” and reputation management,
including signaling. These mechanisms interact in complicated ways with levels
of selection, for example, if they rely—as many do—on the existence of underlying norms or institutions whose existence might depend on prior (cultural)
group selection or if they tend to be effective in stabilizing those same norms.
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So much work is being done in these areas that we are beginning to see a series
of papers just trying to systematically define and classify the competing and
often partially overlapping approaches and disentangle the difficult semantic
issues that accompany them (e.g., West, Griffin, and Gardner 2007). I strongly
suspect that this multiplicity of pathways represents real complication in the
social world and that within-group cooperation can be achieved in a variety
of ways.3 It is also important to remember that all of these are mechanisms for
bottom-up coordination and that they may play only minor roles in societies
in which one subgroup has achieved an ability to coerce the behaviors of other
subgroups. In what follows I refer to cooperation induced from the top down
as political coordination, using coordination as a general term to include both
bottom-up and top-down processes. Political coordination may be structured
in a variety of ways, but in the early states most of interest to archaeologists,
ritual, ceremony, and ideology (i.e., “symbolic capital” in Yoffee’s [2005: 197]
nice phrase) may have been especially important, though they must have been
backed up by the possibility of coercion.
Social Evolution, Hazards, and Resilience

The mid–twentieth-century cultural evolutionists generally believed that
greater productivity per unit land area and also stable, consistent productivity were important in creating conditions conducive to transitions between
stages. This implies that a general absence of hazards or disasters might have
been important. The foregoing chapters, however, suggest to me slightly different conclusions. First, the effects of hazards on social evolution depend on
their spatial severity, areal scope, and predictability and the way these interact with the most prominent mechanisms stabilizing within-group coordination. Moreover, some kinds of hazards might have been more or less irrelevant. Finally and most significant, I argue here that the evolutionary tendency
toward increase in scale and hierarchy is in itself a response to the hazard of
being absorbed or displaced by neighboring groups.
Ben Fitzhugh (chapter 1) finds that the unpredictable and occasionally
large but highly localized volcanic eruptions in the prehistoric Kurils had little
discernible effect on the human societies in the area. More or less the same
thing can apparently be said about earthquakes and tsunamis, although in that
case site locations at higher-than-expected elevations may be attributable to a
defense against these hazards. Perhaps this apparent lack of impact results from
the fact that the spatial scope of these events was small compared to the size of
areas across which specific groups would commonly range. It is interesting that
Fitzhugh considers one of the greatest hazards for the small-scale societies in
this area to have been incorporation into the states that eventually bordered
them on both sides.
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Fitzhugh’s chapter left me wondering, though, whether the “failure” of
Kuril inhabitants to develop the sort of complex hunter-gatherer societies evident on the North American Northwest Coast or in southwest Florida or even
nearby on Honshu is a result of the relatively high periodicity of the disruptions he notes or whether it is more a matter of the relatively low productivity
that limited human population sizes. Or, to put it another way, if the Kurils
existed without volcanoes and tsunamis, would complex hunter-gatherer societies have developed there? A science of comparative human social evolution
wants to know. I’ll have more to say about such counterfactual speculations
later.
Payson Sheets presents a well-developed framework for understanding the
differential consequences of volcanic impacts on ancient societies of Central
America and Mesoamerica. In my view it is particularly important to try to
quantify the degree of disruption of various impacts—as he can do with volcanoes using the Smithsonian’s Volcanic Explosivity Index—but, of course, such
quantification is not the whole story, since small VEI events can still cause a
great deal of damage locally and even large ones may have beneficial effects for
people who are far enough away.
I also think Sheets is absolutely right to emphasize population density
and carrying capacity considerations in his explanations for why some disruptions had no apparent effects and others did. About Arenal he says, “In spite
of carefully examining the cultural inventory (artifacts, features, architecture,
subsistence, economy, political organization, and pattern of settlement) for any
evidence of volcanically induced change, we could find none. And that was not
because of a paucity of eruptions.” Sheets contrasts this with the (admittedly
much larger) eruption of Ilopango, which brought down the entire Miraflores
branch of Maya civilization. Presumably this was not only a result of the size of
the event but also of its impact on all levels of the social and political hierarchy,
not just on one corner of a polity.
In general, in assessing the effects of disasters, it would be helpful if we
could predict what the population and settlement patterns in an area affected
by such disasters might have been in the absence of these hazards. In the case
of Arenal, for example, is the absence of change an effect of interest in a larger
framework of comparative social change? Such questions are at present idle
speculation, but it is not impossible that we will someday have the means
to address them. Computer simulation models will be necessary to advance
this strategy of investigating “counterfactuals.” Margaret Nelson and her colleagues, in their chapter, discuss a model of “what might happen” in systems of
mixed maize and agave cultivation as rainfall changes in its annual mean and
variance. Similarly, with a group of colleagues, I have been developing models
of subsistence and settlement for the northern US Southwest (e.g., Kohler et
al. 2007) that ask, for example, what the population size through time in our
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study area would have been if only high-frequency (annual and decadal) variability in temperature and precipitation affected productivity and people had
no ability to immigrate into or emigrate from our study area.
I’ll restrict my specific comments to one more chapter—the only one for
which I can claim any specific expertise. Nelson and her colleagues present a
number of provocative thoughts and suggestions in their discussion of potential
hazards to ancient societies within the southwestern United States and northern Mexico and their differential vulnerability to those hazards. For example,
they contrast the Mimbres and Hohokam, on one hand, and the Zuni, on the
other, in their investigation of the role of irrigation infrastructure in vulnerability. The first two cases led to collapse, at least in some senses of that word,
whereas the Zuni showed remarkable robustness and continuity. The authors
suggest that these differences resulted from, at Zuni, a smaller-scale and “more
dynamic” water-delivery system, an absence of population growth after the late
AD 1200s, and what might have been in some sense a more appropriate pacing
between the development of social institutions (what I’m calling social construction) and the appearance of large-scale aggregates (the late prehispanic towns).
This all seems plausible to me, but the points also beg for explanation.
We know that one of the difficulties for the Hohokam system was the arrival
between AD 1250 and 1350 of large numbers of Pueblo immigrants from the
north, exacerbating social tensions and contributing to a shift to aggregation
(Hill et al. 2010). The Zuni area appears to have grown across this century
as well, but why were the ultimate results so different? Couching these questions in terms of “vulnerability” and “resilience” has the advantage of helping
us identify interesting contrasts, but it doesn’t necessarily get us any closer to
explaining the differing underlying causal chains that appear to have different
ultimate results.
Much the same can be said for the concept of rigidity traps. My own analysis of the causes for the depopulation of the thirteenth-century Mesa Verde
region in southwestern Colorado (Kohler 2010) emphasizes the importance
of high-frequency drought and low-frequency cold conditions in depressing
maize production, as well as the generally depleted nature of the landscape after
two centuries of very dense populations. But there are also important senses
in which something like “rigidity traps” probably contributed to the depopulation (Bocinsky and Kohler in press). First, depletion of deer populations
meant that most people were getting their high-quality (meat) protein from
turkey, which was fed corn (Rawlings and Driver 2010), so populations were
ultimately dependent on the success of maize farming for both their calories
and their protein.
Second, Mesa Verde region societies appear to have been hanging on to a
style of social organization in which households and lineages (or clans) retained
a great deal of power, likely including landownership. Given the structure of
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potential production across these landscapes, the most consistently productive agricultural lands were likely monopolized by senior and more powerful
lineages residing in some of the most advantageously placed villages. Despite
this, walled, densely packed villages with new forms of ceremonial structures
were constructed during the last three decades of occupation, suggesting that at
the same time, increasing interdependence existed among lineages and sodalities within the largest villages. Such interdependence probably means that all
the occupants of a village had to be pulling together to make a village work
properly.
The regional context also needs to be considered: these societies were in
contact and competition with societies in the northern Rio Grande, which
were developing social organizations in which lineages and households apparently held less power. Some of this power seems instead to have been given up
to pueblo (town) elders, and agricultural lands in particular may have been held
and distributed at the level of the pueblo, as was common in the last century
in these societies. The social chaos that Nelson and her colleagues allude to,
which accompanied the final year(s) of occupation in the Mesa Verde region,
probably pitted haves against have-nots, within villages but especially between
them. Given the general untenability of local agriculture, especially in the suboptimal fields available to them, the have-nots were on their way south. I think
they made sure that the haves weren’t coming along; we know of at least two
village-wide massacres from this period (Kuckelman 2010).
So, was the Mesa Verde area depopulated because of rigidity traps? If this
analysis (which includes informed intuition and some speculation) is correct,
that is indeed part of the story. And yet, while calling the particular binds confronting these societies “rigidity traps” may be useful as recognizing a class of
problem, it is no more explanatory than calling a society a tribe. I am certainly
not accusing Nelson and colleagues of mere taxonomizing; many explanatory
details for the studies they summarize here are presented in other publications.
I do worry, though, that just as past archaeologists reified the ideal types of
the neo-evolutionary sequence a little too enthusiastically, thereby concealing
their internal heterogeneity, future archaeologists may become so enamored
of these concepts that their analyses stop with classification. (Paulette makes
similar points in his chapter.)
Conclusion

Societies grow in size in part to overcome hazards, and one of the principal
ones—little discussed elsewhere in this volume—is the danger of being absorbed,
displaced, or destroyed by neighboring societies. Inevitably, this growth requires
social construction work, and new hazards then present themselves as a result
of the greater populations now to be supported and the possibility that the new
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social roles will cause internal schisms to develop within the group along lines
of contrasting interests.
In this chapter I emphasize how societies evolved toward larger sizes and
increasing hierarchical control because in more hierarchical societies the effects
of disasters seem to be related to which social and political levels are affected, as
well as to how widespread destruction is within a territory. As Paulette demonstrates in his discussion of the world’s first cities and states in Mesopotamia, it is
not simply a matter of saying that states are more (or less) resilient than smallerscale societies. States vary in their institutional forms and in their capacity (and
willingness) to respond to suffering caused by disaster among segments of their
populations. Polities may even exploit environmental disasters to spread or
cement their control; for example, the rapid growth of Teotihuacan around
AD 200 may be linked to the eruption of Popocatepetl (70 km to the south),
as noted by Emily McClung de Tapia. Paulette demonstrates boom-and-bust
cycles in early Near Eastern states, but Nelson and her colleagues demonstrate
these cycles for the smaller-scale societies of the US Southwest as well.
Another reason these long-term trends in social evolution are important
to a volume such as this is that they emerge precisely from the response to the
hazard of being overtaken by one’s neighbors. But this response eventually
raises other kinds of hazards by requiring social construction work that may
not be entirely successful in alleviating intra-group stress that, in turn, can be
greatly magnified by disasters. At the same time, ignoring for the moment the
way humans divide themselves into groups, regional populations also tended
to grow as new and more productive subsistence systems were developed or
in response to temporarily better production as a result of climatic variability.
Population growth packs the landscape with ownership rights and therefore
limits mobility, which was humanity’s original and best response to local environmental downturns. Under these conditions a disaster—or even locally deleterious climatic variability—might lead to partial emigration if that is possible
(which might look like collapse if the remaining, smaller groups abandon the
social construction mechanisms they no longer need), complete emigration,
or death.
As long as population levels were sufficiently low, death (by this mechanism
at least) should have been rare and mobility common. Therefore, as Payson
Sheets notes in chapter 2, population growth has been, and continues to be,
one of humanity’s greatest traps, since it quickly absorbs the fruits of previous
technological advances and social construction efforts and hungrily demands
new ones—which, in turn, invariably present new hazards whose spectra can
be only dimly glimpsed.
Most of us archaeologists study periods when the world was inhabited by
only a few million people. Even if there were hundreds of millions, they were
so disconnected that effectively their numbers were much lower. Only archae232
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ologists working on the nineteenth and twentieth centuries have had to think
about the possible effects of 1 billion increasingly connected people. Today
the world has nearly 7 billion people, and most estimates call for at least 2 billion more by 2050. Is anything archaeologists have learned about how societies
work over long periods, in what today looks like an almost empty world, still
valid for understanding the pressing issues we face today?
The fundamental things apply. There will always be competition between
social and political groups. Humanity will never escape some limits on its numbers and its achievements, imposed by the natural world. But can archaeologists
draw more precise lessons from the long sweep of history by finding the level of
abstraction appropriate to that task? We need to try, and I hope that books like
this are a step in that direction. More than three decades ago Emmanuel LeRoy
Ladurie wrote of the dangers of doing social science without considering the
effects and lessons of (pre)history:
History . . . surprised the social sciences at the swimming hole and made off
with their clothes, and the victims had not even noticed their nakedness . . .
Everybody, by now, has been forced to admit the obvious: it is not possible
to construct a science of man without a temporal dimension any more than
it is possible to construct a science of astrophysics without knowing the age
of the stars and the galaxies. (1977: 135–136)
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Notes
1. Since we have been discussing them, I should acknowledge that some neo-evolutionists recognized the centrality of inter-group competition. Service (1962: 113),
for example, proposed that “the competition of societies in the neolithic phase of cultural development seems to have been the general factor which led to the development
of integrating pan-tribal societies.” Or: “The fact that there is frequently a contiguous
belt of chiefdoms suggests the possibility that the cycle of expansion by incorporation
and subsequent disintegration is a common cause of the origin and spread of many
chiefdoms. It is also possible that just plain warfare between a chiefdom and adjacent
tribes could lead tribes to remake themselves politically, copying the salient features of
a chiefdom, in order to resist incorporation more effectively” (ibid.: 152).
2. This position implies that human groups themselves became important units of
selection. For selection at this level to be important, however, these groups would also
have had to have been fairly homogeneous internally but quite variable from group to
group.
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3. The relative underrepresentation of anthropologists in this literature has had
the result that for groups of intermediate size, the role in social construction of one
of our group’s favorite topics—kinship—has been slighted. Early on, Marshall Sahlins
(among many others) recognized that kinship provides the model for political relationships in small-scale societies (e.g., 1961: 333)—indeed, it is the political system. But
kinship, too, eventually fails as a construction principle as groups increase in size.
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Global Environmental Change,
Resilience, and Sustainable Outcomes
Charles L. Redman

It is increasingly clear that change is as “normal” a condition as stability when
considering the condition of social-ecological systems. It is equally clear that
knowledge of those systems must rely not just on the characteristics of the elements of the systems but equally on an understanding of the interactions among
those units and the interactions of that system with forces and entities external
to it. Moreover, there is deepening recognition that the world is extremely complex, that even the best scientific research on it comes with great uncertainty,
and that many processes that govern it behave in a nonlinear fashion. All of this
makes understanding and managing the world around us and our place within
it extremely challenging, yet doing so remains fundamentally important to our
collective future. We all must face living with the dangers of sudden environmental change. The chapters in this volume provide a new perspective on this
problem by analyzing how past societies attempted to understand the hazards
they faced, mitigate their impacts, and each in its own way avoid disasters.
Each chapter is an analysis of regional archaeological data to learn about social
responses to the threat and actuality of environmental hazards engendered by
sudden and not so sudden but significant environmental change. Despite their
limitations, archaeological data provide a new and potentially useful source of
insight into how human groups adapt to the threat of environmental changes
and how they respond to environmental changes that do occur.
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The new insights archaeological case studies offer are particularly welcome
in that global environmental change is one of the primary threats to society in
the twenty-first century. Because the impact of climate change can be expected
to be a gradual process that, on average, may not change as much as interannual or interregional variability, most global changes will not be obvious to
the casual observer. However, predictions are that we will best sense the effects
of anthropogenic climate change through the occurrence of more frequent
and extreme “natural events.” For example, the gradual increase in atmospheric
temperature will not be noticeable on a year-to-year basis (or at least separable
from normal inter-annual fluctuations), yet it is likely that the frequency and
intensity of heat waves impacting cities around the world will increase and significantly affect their populations. Heat waves are already the natural disaster
responsible for the greatest number of fatalities worldwide, and we can expect
that number to grow in the coming decades. Climate change will also alter
regional precipitation patterns, leading to more frequent and intense flooding in some regions and more frequent and intense droughts in others. These
changes, in turn, will exacerbate patterns of erosion and be responsible for
mudslides, dust storms, and other hazards. It is expected that as ocean waters
warm, storms such as hurricanes will increase in intensity, leading to greater
wind damage and coastal flooding.
The impacts of global climate change will most likely be experienced as
the kinds of natural hazards that have been happening regionally since prehistoric times, but they can be expected to occur more frequently and to be
more intense. Hence, the way people have organized themselves in the face
of regional natural hazards or sudden environmental changes in the past provides insight into what the key variables will be in organizing ourselves to
recognize and deal with global environmental change in the future. Several
observations reported in this volume’s chapters have revealed patterns in the
past that should help structure contemporary thinking. A theme that runs
through almost all of the chapters is that environmental change and natural
hazards are not disasters in themselves. As Jago Cooper points out, the recognition and impact of hazards on local societies are culturally contingent
and are very much shaped by the ecological knowledge of members of the
society. Several of the authors indicate that the way these hazards are culturally constructed and conveyed is directly related to their frequency of occurrence and impact in the recent past. More frequent and more sudden hazards
are often prominently encoded in local knowledge and are more likely to be
acted upon in precautionary ways Cooper and Payson Sheets describe in the
volume’s introduction.
Geography is also a key factor in understanding human attitudes and adaptations to potential natural hazards. Although volcanic activity is not usually
associated with anthropogenically caused global environmental change, it is
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certainly a natural hazard and also an excellent “laboratory” for understanding
human preparations and responses to sudden environmental change. As both
Ben Fitzhugh and Sheets point out, the direct impact of each form of volcanic
activity has a spatial signature that is different from others, depending on the
distance and direction from the epicenter. In some areas destruction and fatalities are so complete that avoidance may be the only safe adaptation. In other
situations there is a warning; serious impacts can be avoided through mobility, and the locality can be reoccupied relatively soon. Fitzhugh found that
settlements were not in the locations that would have been most vulnerable to
destruction from tsunamis, perhaps not because of recognition of that danger
itself but more likely prompted by the more frequent and sometimes devastating ocean storms. This avoidance of vulnerable areas was more possible in the
Kuril Islands because of their low population density and the relative mobility
of their settlements, allowing residents to avoid and reoccupy areas relatively
soon after hazards hit. In fact, in both regions (and in the US Southwest as
well) the authors suggest that for some localities the long-term effect of volcanic activity is positive because it improves agricultural potential and even
increases usable land surface in coastal or island situations.
Geography sometimes acts to draw settlements into vulnerable areas
because of its potential advantages. As Margaret Nelson and colleagues suggest for the arid US Southwest, Daniel Sandweiss and Jeffrey Quilter for the
deserts of coastal Peru, and Tate Paulette for Mesopotamia, settlement along
river courses through otherwise arid terrain allows for irrigation agriculture
that could have supported large populations and advanced societies. To take
advantage of the potential of river water at the scale each of these societies did,
major investments in infrastructure were required to divert the water from the
rivers and distribute it across the fields. As Nelson and colleagues point out,
this made these societies “place-restricted” so that moving their settlements was
not easy to do; hence they were more or less “trapped” by their food-producing
technology. This caused them to be vulnerable to floods that would periodically
destroy much of the irrigation infrastructure, imposing a major reconstruction
cost on society. Some major floods, as in the Peruvian case, carried such sediment loads that entire settlements could be destroyed; in extreme situations
the actual course of the river would change, leaving many major settlements
without their primary source of sustenance—as is hypothesized to have happened in early Mesopotamian history. In other situations, as Emily McClung
de Tapia describes for Teotihuacan in central Mexico, the presence of a growing
city whose residents were originally attracted by environmental resources often
depletes those resources as its population and footprint grow. Hence the deforestation surrounding Teotihuacan made it more vulnerable to flooding and soil
erosion, while at the same time the spread of the city itself consumed optimal
agricultural land, leading to a dual vulnerability in the long term.
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Just as geography may have acted as a positive attractor to settlements and,
later, put the settlements at risk, so did social institutions develop that were
designed to take advantage of the situation but eventually created a rigidity
that stifled adaptive responses. Many of the authors report on situations that
reflected this phenomenon. Andrew Dugmore and Orri Vésteinsson relate that
the long-distance administration that had contributed to the establishment
and periodic success of Icelandic society was also unresponsive to environmental changes and inhibited necessary restructuring of adaptations. Similarly, in
Mesopotamia, hierarchically distant administrators had little awareness of or
concern for the changing local conditions that undermined agricultural productivity. Both Sheets for Central America and Nelson and colleagues for the
Southwest identified key cross-scale interactions in which the environmental
changes gradually undermined the adaptive capabilities of the central government, stifling change and making it less able to cope with subsequent shocks.
Sheets and Cooper reflect the range of the chapter authors’ ideas by suggesting in their introduction six “tools” prehistoric (and perhaps contemporary) societies used to cope with sudden environmental change: settlement
location, household architecture, food procurement strategies, reciprocal
social networks, education, and disaster management planning. I would like
to generalize this one level further and consider these and other strategies as
examples of four basic problem-solving strategies people have used to cope
with all sorts of challenges they have faced. The four domains of adaptive strategies societies have employed throughout time can be summarized as follows
(Redman 1999):
1. Locational flexibility and mobility
2. Ecosystem management
3. Built environment and other technologies
4. Social complexification

What makes many of the strategies in all of these domains so challenging to
either endorse or condemn is that each of them appears to have emerged because
it had very positive results for the communities involved. Yet many of the strategies introduced new vulnerabilities that, over time, may have undermined
those same communities. For example, locational flexibility and mobility as a
key element of a settlement system dominated much of early human prehistory.
However, the advantages of sedentism in terms of investing in more substantial
facilities and productive infrastructure led increasing numbers of communities
to adopt a more place-restricted settlement pattern. Similarly, with ecosystem
management, many immediate advantages would accrue by practicing deforestation to open landscapes for cereal production, introducing non-native species for food production, and redirecting local hydrology for irrigating fields.
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However, each of these practices also introduces vulnerabilities that may not be
apparent until a substantial period of time has passed or the region experiences
what would not otherwise be a disastrous environmental stress.
Humans are probably best known as creators of new technologies and
built environments to meet the challenges they face. Terraces to improve
agriculture on slopes, levees to keep modest rises in river levels from flooding homes and fields, and the more recent use of chemicals to combat pests
and competing plants all produce clear advantages but also lead to unintended
consequences. For example, terraces require continual labor inputs and inhibit
mobility, levees allow more construction in floodplains that may be disastrous
in extreme events when the river overtops them, and the heavy use of formerly
effective chemicals can either have deleterious side effects or cause the pests
to evolve into chemical-resistant strains. This is an important lesson for those
currently considering technological versus social solutions to the threats posed
by accelerating climate change. Finally, what may be the most subtle contradictions arise from the establishment of social institutions—both informal rules
and more formal organizations—to take advantage of, and continue to manage, environmental opportunities and threats. The case studies point out how
various institutions that emerged to derive benefits from local environmental
conditions often stagnated or were at an inappropriate scale to continue as a
positive force once the environment and society had changed.
The objective of recategorizing these adaptive strategies is to situate
the insights that have emerged from the case histories of particular human
responses to sudden environmental changes as reflective of the more universal
issue of human decision-making as it led to the success or failure of societies.
There are any number of specific reasons societies have stagnated, diminished,
or ceased to exist as a cultural unit; but, as Jared Diamond suggests, all of these
cases had one common thread: a failure within the decision-making process.
Diamond sees four basic reasons for these failures that can also be seen in the
case studies reported here: failing to anticipate the problem, not recognizing
the problem, not trying to solve it, and, if recognizing the problem and trying
to solve it, not responding in a timely or appropriate manner (2005: 221).
From the case studies, two other insights can be added. First, many human
responses to environmental changes are intended to introduce adjustments or
buffering that allow the society to weather the more frequent smaller-scale and
smaller-intensity events that must be confronted on decadal or more frequent
timescales; by doing so the responses often introduce serious vulnerabilities
to the less frequent but devastating extreme events. Second and related to the
first, most human decision-making appears to be designed to enhance shortterm opportunities and minimize risks to frequent or short-term threats, with
little attention to the long-term implications of these actions or to how to deal
with opportunities and threats that only become apparent after a long time. It
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is easy for an archaeologist who focuses on long-term phenomena to suggest
that the panacea for a society is to reverse this priority or at least put long-term
planning and management in the forefront. I would like to do this, but I also
recognize that, in this competitive world, for a society to “reach” the long term
it has to be successful in a series of short-term situations. Hence this is not a
simple tradeoff; rather, one must discover long-term positive actions that are
also positive in the short term. History has demonstrated that many societies
are not able to find solutions that achieve both goals.
Diamond presents another way to conceptualize this fundamental trade
off. He sees many of these decisions coming down to a social group or a society
having to decide in the face or threat of environmental change which of its
normative beliefs, practices, and institutions to hold on to and which to give
up. It is not a trivial matter that one should be expected to effectively “adapt”
to the new conditions by giving up traditional ways of doing things because
many of these traditional ways of doing things may be the essence of the group’s
social identity or other functioning. Diamond retells how the late Medieval
Norse of Greenland held on to their agrarian ways instead of switching to their
neighboring Inuits’ mobile hunting strategies; this allowed them to retain their
social identity but led to their complete demographic collapse (Diamond 2005:
248–276; McGovern et al. 1988). This is not just a historic issue, of little contemporary significance. Thomas Friedman suggests in The Lexus and the Olive
Tree (1999) that how to maintain traditional values while adopting efficient
foreign practices is a basic conundrum facing much of the modern world.
We can go further in linking the insights from the case studies to two
related conceptual frameworks: vulnerability and resilience theories. Nelson
and colleagues and several other authors have already started this, and I am
building on their foundations. A system’s vulnerability is related to three
primary factors: magnitude of the stress or shock, exposure of the system to
the stress or shock, and the system’s sensitivity to the stress or shock (Adger
2006; Turner et al. 2003). Concerning hazards such as volcanoes, hurricanes, droughts, and floods, it is unlikely that action by the social group to be
impacted could significantly change the external input of the hazard. This does
not deny the long-term impact cumulative, local mitigation strategies might
have on diminishing the level of anthropogenically induced global environmental change, only that the results of these effects will not be apparent in a
short time. However, mitigation and adaptation strategies aimed at reducing
the system’s exposure to the stress and strategies aimed at reducing its sensitivity to the stress can have significant effects on reducing the impact. Minimizing
exposure through settlement location and mobility, enhanced architectural
precautions, and a diversity of food sources can reduce the vulnerability to
associated environmental changes. Equally important are efforts to strengthen
the system against the adverse impacts of hazards it will be exposed to, such as
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building social networks to provide aid and shelter to those affected. We have
also recognized in recent years that hazards differentially impact the weaker
segments of society and that building their capacities would disproportionately
lower the overall vulnerability of the system.
Related to efforts to reduce system vulnerability by lowering the sensitivity
of the system is building its resilience to stresses and shocks. The resilience of
a social-ecological system is defined as its ability to experience external stresses
and shocks and maintain its core functioning and characteristics (Folke 2006;
Holling and Gunderson 2002). Nelson and her colleagues as well as Paulette
relate their case studies to ideas from resilience theory. Several key concepts
resonate with the situations described in the case studies. First is that change
is to be expected and welcomed rather than feared and resisted. The goal is
to experience change in a “graceful” way that does not damage the system in
an undesirable way. Resilience theorists have created a metaphor figure shaped
like a figure 8 to represent the stages of the adaptive cycle of a system experiencing change (Holling and Gunderson 2002: figure 2.1). The adaptive cycle
emphasizes the opportunity for positive growth to result from stress-induced
system change.
F. Stuart Chapin and his colleagues (2009: 324–328) have suggested four
domains of strategies that would enhance social-ecological resilience: fostering
biological, economic, and cultural diversity; fostering a mix of stabilizing feedback and creative renewal; fostering social learning through experimentation
and innovation; and adapting governance to changing conditions. Among the
strategies they recommend, several are particularly appropriate here. Renew the
functional diversity of degraded systems after the hazard or sudden change has
occurred. Foster retention of stories that illustrate past patterns of adaptation
to change (eco-knowledge as described in Cooper’s chapter). Subsidize innovations that foster economic novelty and diversity. Foster stabilizing feedbacks
that sustain natural and social capital. Allow modest disturbances that permit
the system to adjust to changes in underlying controls. Broaden the problem
definition by learning from multiple cultural and disciplinary perspectives and
facilitating dialogue and knowledge coproduction among multiple groups of
stakeholders. Provide an environment for leadership to emerge and trust to
develop. Foster social networking that bridges communication and accountability among existing organizations.
Sudden environmental change has characteristically been viewed with horror. Its unpredictability, enormity, and devastating impact on numerous people
contribute to its being seen as a terrible calamity. There is no question that
both modern and ancient natural hazards have caused significant loss of life
and property and adversely affected many people. Unfortunately, the course of
modern history seems to have made these patterns worse, not better. Damage
could be reduced and loss of life minimized, and in many cases positive results
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could emerge in the aftermath of many of these phenomena. It is laudable that
this volume brings forward case studies from the past and endeavors to reanalyze them so that we might learn how to minimize our vulnerability to these
hazards, build our social-ecological system’s resilience against their unavoidable occurrence, and seek ways to gracefully experience them and emerge with
newly reformed and, it is hoped, improved societies.
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