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Developing an Integrated History and Future of People on Earth (IHOPE): Research Prospectus

&
%:_ Background

Historical narratives are traditionally cast in terms of
wars, the rise and fall of civilisations and specific human
achievements, leaving out the important ecological and
climate contexts that shaped and accompanied such
events. It is now widely recognised that current Earth
system changes are strongly associated with changes in
the coupled human-environment system, making the
integration of human history and Earth system history a
timely and important task. Until recently, however, there
have been few attempts to integrate historical informa-
tion across fields of study, and separate methods of
investigating and describing these histories have emerged
due to a lack of interaction between academic communi-
ties. Bridging these communities and their findings will
be an essential step towards understanding the factors
contributing to global change and towards developing
coping and adaptation strategies for the future. (Fig. 1)

The overarching goal of the Integrated History and
Sfuture Of People on Earth (IHOPE) project is a rich

understanding of the interactions between environ-
mental and human processes over the past hundred

or so millennia on Earth. Our main objective is to use
new and existing data sources to produce an integrated
historical account of changes in climate, atmospheric
chemistry and composition, ecosystem distribution,
material and water cycles, species extinctions, land-use
systems, human settlement patterns, technologies,
patterns of disease, patterns of language and institu-
tions, conflicts and alliances, and other variables. To
achieve this ambitious goal, it will be necessary to create
a framework that can be used to integrate perspectives,
theories, tools and knowledge from a variety of disci-
plines spanning the full spectrum of social and natural
sciences and the humanities.

A key step toward the development of such an
integrated history took place in June 2005 at the
IHOPE-Dahlem conference in Berlin, Germany.

IHOPE-Dahlem assembled an interdisciplinary group

Natural Forcings
Solar

Climate
Tectonics \

Ecosystems Ecosystem | HUmMan Society
Form/process Services Population
Biogeochemical Economy
Resources Human Technology
. Impacts
Services/Goods Culture

Figure 1. Integrating research across a broad range of disciplines and communities is an essential step towards understanding
the factors contributing to global change and towards developing an integrated history. Reprinted from Dearing et al., (2006)



Developing an Integrated History and Future of People on Earth (IHOPE): Research Prospectus

of 40 top researchers from a range of natural and social
science disciplines, with the goals of identifying how
humans have responded to and impacted their environ-
ments over millennial, centennial and decadal scales, as
well as providing a glimpse of the future of the global
human-environment system. Results from IHOPE-
Dahlem are now published in a book, Sustainability or
Collapse? An Integrated History and Future of People on
Earth, from MIT Press (Costanza ez al., 2007) (Fig. 2).
The overall conclusion from IHOPE-Dahlem was that
human societies respond to environmental (e.g., climate)

signals in a variety of ways, including coping, adaptation,

collapse or failure, migration and creative invention
through discovery. Extreme drought, for instance, has
likely triggered both social collapse and the develop-
ment of ingenious water management and irrigation
systems.

Following the IHOPE-Dahlem Conference, an inter-
national symposium on the Sustainability of Islands
and Resource-Recycling Societies was sponsored by the
Japanese Ministry of Environment and Technology in
October 2005 through the Environment, Economies,
Civilization and Global Change Program (EECGP).
The participants explored sustainability challenges to
Mayan, Monsoon Asia, Pacific Island and Atlantic
Island civilisations, future models for sustainable living
and potential technologies for resource recycling.
Several participants from IHOPE-Dahlem, as well

as experts in island-nation archaeology from Europe,
India, the US and Asia contributed to this symposium.

Finally, this research plan is the product of several
IHOPE participants who convened at the Swedish
Academy of Sciences in Stockholm (participants listed
at the end of this document). Long-term goals as

well as overarching research questions and an imple-
mentation strategy were mapped out with further
contributions solicited from a broader community
including the international programmes (e.g., the
International Human Dimensions Programme (IHDP)
and the Past Global Changes (PAGES) project of the
International Geosphere-Biosphere Programme (IGBP).

SUSTAINABILITY ©OR COLLAPSE?

AN INTEGENTEI WIS TORY AN LY
FUTURE A PROPLE ON RARTN

Figure 2. Book cover of “Sustainability or Collapse? An

Integrated History and future Of People on Earth”, by R.
Costanza, L. Graumlich, and W. Steffen (eds.), published
by The MIT Press (2007).
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g ## Long-Term Goals of the IHOPE Project

The IHOPE project identifies three long-term goals: include the past 60,000 years, and in southern
Europe, the past 20,000 years could cover
1. Map the Earth’s integrated record of biophysical colonisation since the Last Glacial Maximum
and human system changes over the past (LGM). (Fig. 3, Table 1)
millennia. Higher temporal and spatial resolution
will be possible in more recent periods of analyses 2. Test human-environment system models
(e.g., 100-2000 years before present (YBP)). The against the integrated history to better under-
range for longer-term analyses will depend on the stand the socio-ecological dynamics of human
region. For example, Australian history might history. How well do various models of the

Figure 3. Mulga woodlands of Australia can exist in a grass-rich state that supports sheep herding (left), or a shrub-
dominated state of no value for sheep grazing (right). Either state can be resilient depending upon management. From
Folke et al., (2002). Photos: D. Tongway

Ecosystem type Alternative state 1 Alternative state 2
Clear water Turbid water

Freshwater svstems Benthic vegetation Blue-green algae

Yy Olgotrophic macrophytes and algae Cattails and blue-green algae

Game fish abundant Game fish absent
Hard coral Fleshy algae

Marine svstems Kelp forests Urchin dominance

Y Seagrass beds Algae and muddy water

Fish stock abundant Fish stock depleted

Rangelands Grass structure Shrub structure
Pest outbreak No pest

Forests Pine trees dominate Hardwood plants dominate
Birch-spruce succession Pine dominance

Arctic systems Grass dominated Moss dominated

Table 1. Examples of documented shifts in states in different kinds of ecosystems. Adapted from Folke et al. (2002).
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relationships between climate, agriculture, tech-
nology, disease, language, culture, war and other
variables explain the historical patterns of human
settlement, population, energy use and Earth
system cycles described by global biogeochemistry?

3. Project, with more confidence and skill, options
for the future of humanity and Earth systems.
These projections will be based on models that have
been tested against the integrated history and with
contributions from the full range of participants.

(Fig. 4)

Figure 4. Amoeba diagram
of complexity with which
Integrated Global Models
(IGMs) capture socio-
economic systems, natural
systems, and feedbacks.

Figure reprinted from
Costanza, R., Leemans, R.
Boumans, R. and Gaddis, E.
Integrated global models. p
417-446 in R. Costanza, L.
Graumlich, and W. Steffen
(eds.), Sustainability or
Collapse? An Integrated
History and Future of People
on Earth, MIT Press (2007).

MODEL COMPLEXITY
0 = Not addressed in model.
1 = Exogenous input to model.

2 = Endogenous w/o feedback in model

3 = Endogenous w/ feedback (mid-complexity)

4 = Endogenous w/ feedback (very complex)
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%9 IHOPE in the Global Change Community

=4

ITHOPE has strong links with the international global
environmental change community, and in particular
with different projects of IGBP and IHDP, such as
AIMES, PAGES, and the Global Land Project (GLP).
The Analysis, Integration and Modelling of the Earth
System (AIMES) project is improving understanding
and quantification of biogeochemistry and biophysi-
cal processes in global climate system models, and
integrating human processes into a new generation of
coupled human-in-environment Earth system models
(Fig. 5). AIMES is currently hosting the administra-
tive function for IHOPE, with co-sponsorship from
PAGES and IHDP, through an International Project
Office (IPO) based in Stockholm, Sweden. (www.

stockholmresilience.org/ihope)

PAGES, an IGBP core project, focuses on regional-scale
climate variability of the past 2000 years and beyond
(e.g. PAGES Focus 2: Regional climates and modes of
variability) and addresses the long-term interactions
between past climate, other ecological processes and
human activities in Focus 4 (Past Human-Climate-
Ecosystem Interactions). An emphasis of this PAGES
component lies in comparing regional-scale reconstruc-
tions of ecological and climatic processes, from natural
archives, documentary and instrumental data, with
evidence on past human activity derived from historical
and archaeological records.

Strong connections also exist with the Global Land
Project co-sponsored by both IGBP and IHDP, and
with themes of the entire IHDP programme itself.
IHOPE will work to maximise the synergies with

these and other global change projects. IHOPE is thus
an activity of the entire global environmental change
(GEC) community, including the Earth Systems
Science Partnership. In addition to the existing global
environmental change communities, IHOPE reaches
out to several additional research communities,
including environmental historians, archaeologists,
sociologists, psychologists and others, which have not
thus far been involved in GEC research. Thus, the broad
range of IHOPE implies that many different approaches
to science, data and knowledge will have to be integrated,

and the inherent normative features of this problem will
have to be acknowledged and dealt with (cf. Costanza,
2001), presenting an exciting opportunity for [HOPE be
a shared activity of the entire global change community.
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Figure 5. The challenge: sustainable management
of an ever-changing planet. Figures adapted from

Millennium Ecosystem Assessment, 2005
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Human systems and Earth systems are intimately linked

The Research Need

in ways that we are only beginning to appreciate (van
der Leeuw, 1998; Redman, 1999; Steffen et /., 2004;
Diamond, 2005; Kirch 2005). An integrated history

from IHOPE will provide a rich picture of how (and

why) the planet and human societies have changed over
time (Fig. 6). IHOPE seeks to unravel Earth system
changes to understand, in one direction, the importance
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Figure 6. Human and environmental change/interactions have always occurred together and some of these parallel
developments are illustrated in the figure (independent datasets; causation is not specifically discussed). The figure
shows that the development of civilisation has occurred against a background of constant environmental variability.
The environment and its dynamic processes are always a factor in human decision making and the evolution of
societies. The challenge for IHOPE is drawing the correct conclusions about the reciprocal impacts of the evolution of
human and environmental systems from the historical and palaeo environmental narrative.
Reprinted from Costanza R, Graumlich LJ, Steffen W, Crumley C, Dearing J, Hibbard K, Leemans R, Redman C, and
Schimel D. (2007) Sustainability or Collapse: What Can We Learn from Integrating the History of Humans and the
Rest of Nature? AMBIO: A Journal of the Human Environment: 36:522-527.
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Figure 7. Greenhouse effect from human activities may have warded off a glaciation that otherwise would have begun
about 5000 years ago. Early human agricultural activities produced enough greenhouse gases to offset most of the
natural cooling trend during pre-industrial times (yellow), warming the planet by an average of almost 0.8 degrees
Celsius. That early warming effect (a) rivals the 0.6 degrees Celsius (b) warming measured in the past century of rapid
industrialisation (orange). Once most fossil fuels are depleted and the temperature rise caused by greenhouse gases
peaks, the Earth will cool toward the next glaciation - now thousands of years overdue. Ruddiman (2005).

Figure credit: Lucy Reading-lkkanda for Scientific American Magazine

of environmental dynamics on human life and the evo-
lution of society and, in the other direction, how human
activities contribute to the observed changes in Earth
system dynamics (e.g., chemical, physical, biological)

as seen in the geological record. Initial development of
IHOPE histories will begin with local- and regional-scale
interactions between humans and their environment and
lead up to global-scale issues. The integrated history will
be used initially as input for analysis of the impact that
the coupled human-environment interactions have had
on regional and global dynamics. It will also be used as
a core data set to test integrated models of humans in
natural systems at multiple time and space scales, from

regional to global.

The IHOPE activity will provide a mechanism to test a
broad range of hypotheses about human-environment
interactions. For example, Ruddiman (2005) suggested
that departures from average methane concentrations
in the Vostok Ice Core (Petit ez al., 1999) since the
most recent interglacial period were anomalous when
compared to previous interglacial periods and were
primarily the consequence of the rapid increase in

global rice cultivation. Other palacoscientists argue
against Ruddiman by challenging the analogy with
data from previous interglacials and through carbon
cycle budgeting and modelling work (e.g., Joos ez al.,
2004; Broecker and Stocker, 2006). The insight, data
and models generated from the IHOPE activity by
environmental historians, archaeologists, ecologists,
modellers and palaco-environmental and palaeo-
climate scientists will allow the testing of such
hypotheses. It will also allow the calibration and
testing of integrated global Earth system models
that contain a range of embedded hypotheses about
human-environment interactions. (Fig. 7)

On the following pages, we have summarised a list of
general and specific questions that IHOPE intends to
address. This is followed by a set of operating principles,
strategies to address the questions, existing barriers to
the activity and methods for overcoming the barriers.
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4 #® Overarching Questions for IHOPE

Consistent with the long-term goals mentioned above, three overarching questions

have been identified for the IHOPE project.

1. What are the key socio-ecological interactions from an integrated history that
provide insight into future options?

2. What are the complex and multiple interacting processes and scales that steer
the emergence, resilience, sustainability or collapse of coupled socio-ecological
systems? A part of this question is to understand, derive and quantify the relative
contributions of humans as causal agents.

3. What is needed to evaluate alternative explanatory frameworks, specific
explanations and models (including complex systems models) against
observations of highly variable quality and coverage?
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%4 Specific Questions for IHOPE

Building on these overarching questions, several can be handled through mechanisms that buffer the
specific questions are outlined below to serve as system from collapse. Resilient human systems, partly
examples of the kinds of questions that could be as a function of their “social memory,” have the capacity
addressed through ITHOPE. to make use of change for renewing and evolving
(Gunderson and Holling, 2002; Berkes ez al., 2003).
1. What are the resilience characteristics The mechanisms and processes of resilience in the
of social—ecological systems that lead ecological domain are fairly well understood at local
to either sustainability or collapse? and regional scales (Scheffer ez al., 2001; Folke ez al.,

2005). In addition, recent work has begun to elucidate

What makes social-ecological systems
resilient or brittle at various points in
their evolution?

interrelationships between the social and the ecological,
involving knowledge systems, technologies, institu-
tional responses to environmental change and adaptive

capacity (Costanza ez al., 1993, 2001; Berkes et al.,

Resilience is the capacity to absorb change, reorganise 2000; Carpenter et al., 2001; Adger er al., 2005). (Fig,
and continue to develop. In a resilient social-ecological 8) The interactions between variables operating at dif-
system, disturbance, change, uncertainty and surprise ferent speeds and spatial scales, and their implications

Direct drivers

Indirect drivers

Ecosystem |
services 6|0D3

Figure 8. The

Millenium Assesment
conceptual framework,
modified to illustrate connec-
tions among local, regional, and

global scales for a few processes. Light

blue arrows indicate actions that are amena-
ble to policy interventions.

Figure credit: from
Stephen R. Carpenter, et al.
Science 314:257 (2006).
Reprinted with permission from AAAS.

www.sciencemag.org.
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for failures and successes in resource and ecosystem
management, have also been highlighted (Holling and
Mefte, 1996; Fraser, 2003; Allison and Hobbs, 2004).

Research is advancing concerning the role of structural
features and governance regimes of different societies
in relation to resilience. There are insights emerging on
cross-scale interactions (Holling and Meffe, 1996), on
the dynamics of social and economic drivers of change
(Lambin ez al., 2001; Cinner, 2005) and on gover-
nance systems that allow for learning and responding
to environmental feedback and change (Dietz ez a/.,
2003). The interplay between the individual (e.g.,
leadership), the emergence of organisational structure,
institutional dynamics, and the power relations glued
together in dynamic social networks are examples of
features that seem critical in governance that allows for
ecosystem management and for responding to envi-

ronmental feedback (Folke ez al., 2005).

To date, these insights related to resilience are predom-
inantly based on observations spanning the past 10-50
years. A decadal-scale focus will miss trends requiring
a larger temporal window, so-called creeping changes,
and the acceleration of system dynamics. There are
huge gaps and a lack of coherent observations of
relevant features in societies over historical time. One
key question is whether or not multi-level governance
becomes too slow to respond to the speed, frequency
and unpredictability of environmental signals. Such
shifts or changes in the biophysical environment
change human perceptions of environmental dynamics
and therefore social responses. Homogenisation of the
environment alongside increasingly complex societies
enhances the vulnerability on both sides.

One possibility is that societies tend to lose resilience
(or become “brittle”) as they expand in space or
become more complex in structure. The same environ-
mental stress that could be handled easily in earlier,
less complex stages of a society’s development can thus
become sufficient to cause collapse if the society has
become brittle. THOPE will assemble data to test this
hypothesis.

10

2. How do societies respond to
resource limitations? Can
technology create new frontiers
indefinitely?

A common characteristic of human-in-environment
development is extraction and consumption of natural
resources. A typical response to the exhaustion of

these resources has been to move to new regions where
continued extraction and consumption is possible.
These migrations have led to colonisation of new areas,
conflict and displacement of indigenous populations,
introduction of new species, and so on. Only quite
recently in human history has the ability to occupy new
lands become limited by geopolitical constraints. New
frontiers are now associated with technological advances
that are used to overcome local constraints of resource

availability.

When used properly, advances in technology can meet
human needs while also allowing for restoration and
conservation of ecosystem services. That is, technolo-
gies intended for the advancement of sustainable use
can provide new methods for increased extraction of
limited resources, opening of new sources of resources,
and recycling of resources. For example, some recent
technological developments are bio-cycling to increase
efliciencies, bio-mimicry (using examples from nature
to provide solutions to reduce pollution and degrada-
tion of resources), nanotechnology, and blending
traditional techniques in novel ways to improve modern
technologies. Integrated data from IHOPE can be used
to address the hypothesis that technologies are a long-
term solution to overcoming resource constraints.

3. What is the role and path of
technology in the evolution of
socio-ecological systems?

Never before in history has a good understanding of
the nature, shape and role of human impact upon the
natural processes of the planet, and vice-versa, been of
greater importance. And among the factors governing
the dynamics of this interplay between society and the
environment, technology is key.
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Technology is not a homogeneous entity or process. It
consists of a suite of activities, practices and capabilities
that cover the technical realm in the narrow sense (e.g.
tools, machines, knowledge systems), but also social
arrangements (such as institutions, legal frameworks,
economic incentives) in a wider sense. Technological
innovations often impact the environment, but they
also affect socio-environmental-cultural spheres and
directly influence the techniques (in the narrow sense)
used by a society. Moreover, impacts of technology
often cascade forward in time through direct and
indirect effects (2nd, 3rd, 4th order, and so on).
Capturing these effects in space and time will be a
significant challenge.

The following factors will be key in guiding the IHOPE
community toward an integrated view of the interplay
between technology, society and environment:

1. The context of the trajectories of the technological
systems (or part-systems) involved. These contexts
depend on a variety of external societal and
environmental factors, all acting as historically
defined constraints on the system’s dynamics.

2. In particular, it is important (and often neglected)
to study the role of society’s institutions and how
they operate. Institutions that have a direct impact
on the specific technologies used, or on environ-
mental dynamics must be given more attention.

3. All technological changes trigger — or are triggered
by — changes in know-how. Such changes have
their own (cognitive) dynamic, driven by the
interactions between problems, observations, and
inventions. To truly understand the evolution of a
technology, these components and their
interactions have to be analysed.

4. In the course of a trajectory, there occur sudden
shifts in the use of resources (substitution), but
also societal changes that create new conditions
for (among other things) technology. Thus, the
evolution of technologies, and their impact on the
environment, is “path dependent”. Unfortunately,
it is not always possible to understand or predict
these sudden changes, and they may be predicated
on systemic “choices” that involve very complex sets
of interactions on multiple spatio-temporal scales.

To successtully study the interactions between these
different aspects of technological dynamics, one needs
to create dynamic models of the relationships between
problems and solutions involved, and then study the
behaviour of such models under different circumstances
(institutional, environmental, etc.). This involves the
study of materials and other resources, the constraints
and opportunities they offer, the feedbacks and feed-
forwards that constitute “technological systems”, and
their impact on the environment and society at large.

4. What causes socio-ecological
systems to be more or less successful
in adapting to decadal and longer
changes (e.g., land use, climate,
disease)? Are some types of environ-
mental stress inherently more likely
to cause collapse than others?

This question focuses on the nature of environmental
stresses, and on the ways in which societies perceive
change and deal with it. For example, it is often
assumed that societies are better able to adapt to
environmental stresses that are predictable than to those
that are more erratic. Since environmental stresses have
different degrees of predictability, a crucial question
is the extent to which reduced predictability leads to
problems in adaptation or to collapse.

We are currently facing the challenge raised by a slow,
almost imperceptible change to an environmental
variable (atmospheric carbon in the case of climate
change), which upon reaching a certain threshold may
lead to rapid changes that are dramatically out of
proportion to the rate of change of the driving force. In
such cases, it is ultimately the society’s ability to perceive
the nature and time scale of the environmental stress
that determines whether successful adaptation can be
implemented. Exploring the nature of environmental
stresses that have caused societies to collapse in the past,
and the nature of stresses that societies have recognised
and coped with, may give important clues as to how
modern societies may (or may not) be able to deal
effectively with climate change and other changes to the
global environment.

11
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5. What might have been the long-
term human contributions to
changes in the rates and
composition of Earth processes?

During the post-glacial period of the past 10,000 years,
environmental and human systems have changed radi-
cally. With the retreat of the ice-sheets, coastlines and
landforms were exposed, water bodies and wetlands
were formed, and ecosystems moved across landscapes.
Plants and animals were re-dispersed over these land-
forms. Evidence of these changing landforms and biotic
assemblages is reflected in regional and global biogeo-
chemical cycles and Earth system dynamics captured in
sediments, ice and other natural archives.

Human expansion occurred during this same time
period, and the impact of human activities increased
in intensity during the past 10,000 years. As human
activity intensified resource use and domestication of
animals, the impact on Earth system cycles became
increasingly apparent and was captured in natural
archives around the world. The superimposed signals
of past human activities and natural environmental
variations complicate the isolation of one component.
However, studies that integrate multiple evidences,
methods and regions can distinguish between natural
and human perturbations. The attribution of human
and environmental changes that affect the Earth system
can be carried out for the past 10,000-year period, and
this ability to partition the differential effects of human
and natural perturbations will provide greater under-
standing of the coupled system.

6. Historically, what are the effects
of humans on the dispersal of
other species (i.e. diseases, invasive
species) and vice-versa?

Many species interact and have direct or indirect effects
on each other. Because of the distinctive features of
human behaviour, cultural practices and movement
patterns, as a species we have had a disproportion-

ate role in modifying global patterns of interactions
between other species. For example, through agri-
cultural practices involving the domestication and
cultivation of plants and animals, humans have altered
vast regions of the world.

12

These alterations have directly affected land cover
and indirectly impacted soils, hydrology and histori-
cal biodiversity. Similarly, humans have purposely

or inadvertently transplanted species into regions
where they had not previously existed or have caused
species to go extinct. Often these transplantations
had little or no effect, but in some cases the impacts
have profoundly changed ecosystem processes, to the
extent that local biotic systems have been displaced to
alternative stable states.

Conversely, many organisms have significantly affected
the dispersal of human populations, including diseases
that predominate in certain regions (e.g., tropics) or
under certain circumstances (e.g., mycotoxogenic fungi
in stored foods). In some cases, these interactions have
affected the evolution of cultural practices that deal
with the harmful properties of pathogens. Settlement
patterns of humans can also be disrupted by preda-
tion, either directly on humans or on their prey items
or livestock. The nature and scope of these reciprocal
interactions exhibit patterns that have explicit contexts
in space (from local habitats to continental scales)

and time (e.g., airplane technology has accelerated
mobility). The intersection of these associations has
had profound effects on humans and their role in the
biosphere.

7. How can we use our understanding
of past socio-ecological interac-
tions to help map modern spatial
variations in resilience, system
trajectory and sustainability world-
wide, thus allowing classification
and ranking of the state of world
systems at different scales?

Integrating past social and ecological records will provide
the means for understanding the nature of change that
underlies modern environments. In some instances,

the methods required for this are already available,

but the application of theory and the development of
appropriate models over long timescales are still at an
early stage. For example, theoretical constructs such as
“socio-ecological syndromes” (Lideke ez a/., 2004) and
“resilience theory” (Gunderson and Holling, 2002) have
been applied to modern systems and their recent pasts,
but not over long timescales. (Fig. 9, Table 2)



Developing an Integrated History and Future of People on Earth (IHOPE): Research Prospectus

aw

'

SAHEL e
I DUST BOWL e O FAVELA
I OVEREXPLOITATION GREEN REVOLUTION I ARAL SEA |:| ASIAN TIGER

Figure 9. Global distribution of seven syndromes. Syndrome names are given in the legend. Simultaneous occurrence
of more than one syndrome in a spatial map unit (2 degrees of latitude by 2 degrees of longitude) is symbolised by a
chequered pattern combining the colours of the syndromes involved (the finest original resolution for a single syn-
drome is 0.5 by 0.5 degrees). The light grey land areas are either syndrome-free with respect to the seven investigated
syndromes, or potential syndromes could not be identified because of significant gaps in data availability. While the
indication of the Dust Bowl, the Green Revolution and the Asian Tiger Syndromes has global coverage, some gaps
exist for the other four syndromes due to absent or unreliable data. This refers, for example, to all four syndromes with
respect to Russia, to the Aral Sea and Sahel Syndromes in some regions of Africa and the Overexploitation Syndrome

in parts of Central America. Reprinted from Lideke et al. (2004)

Syndrome name

(abbreviation) pattern

Underlying functional

Syndrome
description

Disposition
factors

Reproduction-oriented

Downward spiral by mutual reinforcement of

Marginal land (Sd1);

SAHEL (S) smallholder agriculture. resource degradation and impoverishment no alternative income sources (Sd2).
Profit-oriented Soil and environmental degradation due to Profitable soil or pasture conditions
capital-intensive capital-intensive, profit-oriented overuse and (Dd1);
agriculture. extensive application of chemicals; decreasing accessibility by train/road/ship (Dd2).

labour intensity and/or induced land pressure on
small holders.

GREEN Ensuring food self- Environmental degradation and growing socio- Malnutrition (Gd1);
sufficiency in developing economic disparities due to non-adapted cereals a relevant fraction of

REVOLUTION countries. agricultural techniques (high-yielding varieties) national diet (Gd2).

G) introduced by governments.

Extraction of renewable
resources.

Vegetation and soil degradation due to profit-
oriented overuse of renewable resources, mainly
forests; policy failures with regard to stopping or
regulating the exploitation.

Accessibility and usability of forests
(Od1).

National dependency on wood export
(Od2).

Centrally planned large-
scale water schemes.

ARAL
SEA (A

Environmental degradation, Socio-economic
problems, and (international) conflicts caused by
dams and irrigation schemes.

Tendency towards top-down project
planning and purely technological
solutions

ASIAN Rapid economic growth Severe pollution and health problems due to rapid World market accessibility (Td1);
in developing or newly industrialisation without regard for environmental pronounced work ethic.
TIGER (T) industrialising countries. standards
FAVELA (F) Unplanned urbanisation Pollution and health problems in rapidly growing Absence of rural development.
in developing countries. urban areas due to lacking infrastructure
O development.

Table 2. Seven syndromes of global change, along with their respective underlying functional patterns of human-
nature interaction and their disposition factors (conditions under which the respective syndrome occurs).

13
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At certain spatial scales, such applications are also them according to long-term vulnerability to soil
hampered by a lack of data. IHOPE will provide the erosion or overuse of water. One might also apply the
databases of socio-ecological information that will allow socio-ecological syndrome approach at regional and
the extension of such theories to longer timescales and sub-national scales, or identify the pace and position
over a wider range of spatial scales. In the future, we of the socio-ecological system on an “adaptive cycle”
would expect to query the IHOPE databases in novel (Gunderson and Holling, 2002) or “trajectory of
ways, such as analysing world regions and ranking vulnerability” (Messerli ez al., 2000) for a single region.
(Fig. 10)

The transition from Nature-dominated to
Human-dominated Environmental Change

Human
——p{ Natural P  dominated

ecosystem
y ecosystem
[ Local characteristics | Regional to global impacts |
Atmosphere
WA
Insolation
biggteis 30,
iRas o,
DI o, Biosphere
T gy e T H
‘-—-l_"' Hydfosph ere | P’Edﬂ‘sphE‘rE :,11:';: r‘. ;I'.E
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[ SRR e,
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Figure 10. The time-line of environmental changes (Ganssen, 1965: Schreiber, 1980, Messerlli, 1986): natural ecosystems
are characterised mainly by locally adapted and integrated processes in contrast to “urban-industrialised ecosystems”,
which have a growing and far-reaching impact on air, water and soil on a regional to global level.

Reprinted from Quaternary Science Reviews, Vol 19, Bruno Messerli, Martin Grosjean, Thomas Hofer, Lautaro Nufiez and

Christian Pfister, “From nature-dominated to human-dominated environmental changes”, p.460, Copyright (2000), with
permission from Elsevier.
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Operating Principles

Given the unique goals of IHOPE and the general and
specific questions listed above, we believe that there are
certain general operating principles that are particularly
relevant to this project.

Multiple Time and Space
Scales

IHOPE acknowledges that the interpretation of socio-
ecological interactions and changes through time is

in part dependent upon the scales of observation and
study. A major issue is therefore to appreciate the role
of scale in determining socio-ecological interaction
through comparative studies and modelling. IHOPE
syntheses will seek to identify and model cross-scale
interactions in time and space. Spatio-temporal scale
analyses in [HOPE will embrace the entire long-term
record of human environmental interactions with

an emphasis on the last glacial cycle (120,000 YBP).
As the resolution of archaeological, anthropological
and historical records increases with biophysical and
environmental proxies, the IHOPE lens will zoom in
on human activities since the Holocene. In essence,
IHOPE endeavours to embrace timescales of human
interactions with the environment since early societies
began modifying their environment.

ITHOPE will develop a special focus on regional analyses
and changes since the Holocene (11,600 YBP) through
to the present and into the future. For the near past
(e.g., 100-200 YBP) and contemporary time domains,
a regional focus maps onto the geographical scale of the
majority of human activities, governance and decision-
making through history (e.g., globalised networks and
international treaties). A regional focus will incorporate
and require up-scaling of many local case-studies and
will allow subsequent translation to the global level to
produce global time series and input into the modelling
of global dynamics.

Complexity and Causality

IHOPE acknowledges that socio-ecological systems are
complex and the concept and identification of causation
may prove problematic. Complex systems may exhibit
multiple interactions between apparent drivers and
responses where the direction and strength of interac-
tion are not necessarily explicable in terms of simple,
direct and linear causative links; there may be internal
dynamics that drive system changes. IHOPE studies
therefore encourage the use of concepts from complex-
ity science, including linear and nonlinear dynamics,
feedback, thresholds, emergence, historical contingency
and path dependence, and the application of nonlinear
simulation tools, spatially explicit and agent based
models to simulate relevant phenomena.

Approaches to Evaluate
Alternative Explanatory
Frameworks (AEFs)

IHOPE studies need to adopt a range of alternative
explanatory frameworks (AEFs), embracing con-
ventional scientific positivist approaches as well as
discipline-specific protocols. However, a key issue for
IHOPE is the evaluation of explanations and the real-
istic appreciation of uncertainty. The type and range of
data sources, the different disciplinary conventions and
the nature of conceptual and predictive models used
imply that there is no single method to determine the
quality and certainty of explanations. In some contexts,
it may be possible to utilise a hypothesis-testing
approach, but in others the ability to falsify hypotheses
may be severely restricted. In many historical studies,
the use of approaches that argue from the perspective
of mutual internal consistency or weight of evidence
may be more appropriate. For some disciplines, it may
be necessary to construct an agreed set of interpretative

protocols for IHOPE studies.
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Challenges to Implementation

Several potential obstacles to implementing IHOPE are
listed below along with potential mechanisms to meet

their challenges.

World View Perspectives

To develop an integrated history of the human and Earth
system, various disciplinary perspectives will require
careful reconciliation. This includes resolving differ-
ences between quantitative and qualitative information,
and among knowledge sets from different disciplines.
IHOPE will be challenged to create a framework and
shared conventions to interconnect these diverse views
and to harmonise different perspectives to achieve the
integrated history of human-environmental systems.

The IHOPE community will develop shared conventions
between the biophysical and social science communities.
To determine what factors and principles jointly affect

coupled human-environment system dynamics, [HOPE
studies will involve resolving scale issues of time and
space (as mentioned in the previous section), conciliation
of impacts and drivers among different components of
the coupled system, and alternate views of the

analytical framework. Recent examples of resolving
these challenges can be found in the Millennium
Ecosystem Assessment and sustainability science.

Data: An IHOPE Research
Information System (IRIS)

IHOPE will develop a community-driven, distributed
research information system to advance its goals.(Table
3) The IHOPE Research Information System (IRIS)
will provide a flexible structure that allows input,
visualisation, analyses and interpretation from a wide
breadth of scholarly and scientific cultures. Recognising
the need for both simultaneous, long-term collaboration

Syntax

Data to Knowledge

Data Information Knowledge
Basic Elements :Bytes Numbers- Models Facts
Services :Ingest Archlve : B Vlsuahze : Inf.er: : Understand Predlct
Storage :Flle Database HDF EOS GIS/MIS N Ontology Mlnd :
Interoperability Syntactlc OPeNDAP WMS/WCS Semantlc |
Volume/Density High/Low Low/ngh :
Statistics :Checksum Moments Descriptlve: Inferentlal .
Analysis . ‘Fourier - Wavelet - - EOF - - SSA - .
Methodology Exploratory-analysns- 1. Model based-—mlmng

Semantlcs

Table 3. The progression from data to knowledge across a range of aspects of computer systems.
Rob Raskin, NASA JPL, OPeNDAP Developers Meeting, February 2007. Figure courtesy of S. Aulenbach.
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and exploratory independent research, IRIS will facili-
tate multiple points of entry and levels of participation
within the IHOPE community. Lacking a single point
of political control, the community’s information system
will encourage self-management when desired but still
facilitate group participation and long-term curation

of the varied data resources that [HOPE will produce.
The goal for RIS is a data system that provides multiple
paths for data analysis and interpretation.

An IRIS framework will help build trust among the
many interacting groups of data users and providers.
For instance, data providers will be able to annotate
data sets or flag suspect relationships between variables
(e.g., although water withdrawals may be correlated with
human disease, water use does not uniquely cause disease).
The provider will also be able to provide expert insight
into variable relationships (a log and blog concept) and, if
desired, be available as a potential collaborator. (Fig. 11)

Through the IRIS, tools such as data flags and annota-
tions, providers will be able to document caveats to
proper data usage, and users can thus be forewarned
about non-supported hypotheses or important factual
considerations involved in testing new hypotheses.

The intent is to build trust between data providers and
users by rewarding data providers for their participation
and contribution of their data, and giving future users
a solid understanding and appreciation of their col-
leagues’ contributions. Data providers will be credited
and their insight will translate into data attribution and
provenance.

Designed to be an interactive community resource, IRIS
will also serve to guide and integrate IHOPE research,
providing appropriate academic checks and restrictions
on user communities. (Fig. 12) IRIS will not be hosted
or controlled by a single domain, but will be a distributed
data system with individual investigators maintaining full
control over data visibility. Initial establishment of IRIS
has been initiated through the National Center for
Atmospheric Research (NCAR), however, it is antici-
pated that NCAR will serve simply as a conduit for
scholars and scientists to post, browse and query IHOPE
data. The IRIS data system would be flexible enough to
allow data providers to vet new datasets for internal peer
review as well as promote them to wider communities.
This way, scholars and scientists could communicate with
the data provider, oftentimes supplying an additional
pair of eyes or “reality check” on work-in-progress. In

IRIS Data
(Access
Participating IHOPE
and Public
Data Portals)

IRIS Inference
(Inference Engine
Analytical and
Modelling Tools)

Figure 11. IRIS facilitates integration of data access, dis-
covery, and inference. Figure courtesy of S. Aulenbach.

addition, by providing variably mature datasets, the
providers are able to augment their own research through
contributions from outside usual disciplinary channels.

IRIS will preserve, curate and archive harvested data
streams and ensure continued use of data as a freely
available resource. Much of the data will be sparse in
time and space and heterogeneous in nature (from
narratives to numerical), requiring distinct and unique
data interpretation. As such, IRIS will provide an open
forum where negative or unfounded interpretation of
data will generate lively community discussion and

the development of data proxies and/or surrogates. As
mentioned earlier, experts in a field of study have a
strong working understanding of the quality constraints
on their data and this understanding is not often or
easily communicated across disciplines. The IRIS
system will communicate the full range of data quality
— from statistically valid estimates to informed guesses
— in a variety of formats, from historical narratives to
computer simulations.

In summary, an IRIS will provide an infrastructure

to host data, allowing multiple distribution points.
However, it will be organised so that providers can
control how their data is used and who can use it.
Providers will have the option to manage their own
datasets or to use readily available community resources.
(Fig. 12)
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Figure 12. IRIS
facilitates integration
across disciplines
and communities.
Figures courtesy of
S. Aulenbach.

Browse, Request,
Retrieve, Analyse,
Corroborate, Publish

IHOPE Information
Research System (IRIS)

Anthropology
Archaeology

Archaeology

Anthropology, Archaeology catalogs to IRIS

IHOPE Information
Research System (IRIS)

Climate catalog to IRIS

Economics . _
Anthropology conomics

Archaeology Climate

‘ - h‘
Economics?
Yes

Archaeology

Related Climate data?

Economic catalog <" =~ Yes

Anthropology, Archaeology catalog

IHOPE Information

Climate catalog Q - IRIS
uery :

Economics Y
Anthropology
Archaeology

Climate *

Climate

18

What is related for thi‘s time period?




Developing an Integrated History and Future of People on Earth (IHOPE): Research Prospectus

Multidisciplinary Approaches
to Analysis, Synthesis and
Modelling

One of the central aims of IHOPE is to use a wide
variety of datasets, tools and information. Cross-
checking and testing hypotheses using multiple lines

of evidence can be performed with a complementary
suite of models and observations. However, various
disciplines use models that represent differing views of
historical information and operate on different temporal
and spatial scales. Conflicting goals across disciplines
must be addressed to appropriately interpret and
analyse disparate observations and to effectively model
solutions. For instance, different disciplines have various
means of tracking time. Archaeologists have mutually
agreed-upon methods (e.g., erosion signals, sediment
burial) applied within discrete temporal windows,

whereas the atmospheric and palaco-environmental
communities use a wide range of archives, which

are often spatially restricted (e.g., lakes, glaciers) but
temporally continuous (e.g., sediment cores, ice cores).
IHOPE collaborators would have a unique opportunity
to generate creative solutions to the challenge of
synthesising interdisciplinary datasets. (Fig.13)

Creating consistency across disparate data sets is an
essential and non-trivial challenge for IHOPE. Data
and historical narratives will be contributed in non-
uniform and often incomplete formats because of the
breadth of communities contributing to the effort.
Consistency across palacological records and proxies as
well as historical, archaeological and anthropological
records, will require careful methodologies for visualisa-
tion and analysis. In particular, generating scenarios or
meta-analyses based on simple correlation and causation
methods will often be misleading.

Eartam oside mrasmm b

O 7, Pueudscrin regill

Figure 13. IHOPE will combine data that comes in many different forms, varies in quality, and comes from many different

sources. Figures courtesy of S. Aulenbach.
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Several constituent communities will be involved with
IHOPE, and all have very different cultures around data
collection, modelling, analysis, storage, archival and
formatting strategies. To name a few, these include:

1. Archaeologists, who study what happened to
human societies;

2. Anthropologists, who study how the structure of
societies change;

3. Scholars from the humanities (e.g., historians),
who analyse written accounts of the past;

4. Palacoscientists (including palaco-ecologists), who
study the climate and environment of the past
(e.g., Dearing ez al., 2006a and b);

5. Geographers, who analyse environmental and
societal data over various temporal and spatial
scales;

6. Earth system scientists, who analyse how human
and biological-physical processes interact;

7. Modellers-scientists-scholars in all of the above
fields who seek to capture processes and interactions
in quantitative frameworks that reflect the
knowledge, theories, conventions and questions
of their area

To facilitate the participation of various communities,
IHOPE will foster an open and collaborative philosophy
in the analysis and interpretation of data and support
the development of regional centres for data collection,
modelling and analysis. At these centres, local experts
will oversee regional analyses and contribute to global
synthesis activities.

20

Institutional Issues

A major issue in implementing inter- and transdiscipli-
nary research is the reward system built into the current
academic enterprise. Scholars are often given credit

in promotion and tenure decisions only for work in
their academic discipline, and often only for work for
which they are the first author. This reward structure
runs exactly against the goals of IHOPE, which require
broad interdisciplinary collaboration, group work, data
sharing and research in interstitial areas not covered by
any one academic discipline. However, there is a new
trend in academia toward developing interdisciplinary
schools, centres and networks, thus implementing alter-
native reward structures more consistent with IHOPE’s
agenda. These are discussed later.
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Several short-term and longer-term strategies and
projects have been identified to implement the IHOPE
project. Below we identify three such strategies that
could be applied in the near term.

Authentic Engagement Across
Disciplines

The success of IHOPE will depend heavily on multi-
disciplinary, interdisciplinary and transdisciplinary
efforts. This means that different scientific cultures,
biases, jargons and methodologies must be bridged and
connected. This is a major challenge, but there are many
successful examples of such integration, and many of
these have focused on developing models.

A recent example of successful integration across
disciplines is the Millennium Ecosystem Assessment
(Millennium Ecosystem Assessment, 2003; Reid ez 4/,
2005). Here economists, ecologists and other natural
and social scientists assessed the past, current and future
state of species, ecosystems, ecosystem services and human
well-being. The main objective was to provide guidance
to national governments, non-governmental organisations
(NGOs), the private sector and international conventions
on how to respond to emerging threats. The assessment
began in 2000 and was completed in 2005. Early on in
the process, the working group recognised two impor-
tant ways to ensure the relevance of the assessment.
First, continuous adjustment to the evolving user needs
was considered essential. This was established through

a formal consultation process with representatives of
the users and the relevant conventions and resulted, for
example, in a detailed assessment of the Millennium
Development Goals that were adopted at the World
Summit on Sustainable Development (WSSD) in
Johannesburg in 2002. Second, a common concep-

tual framework (CF) and acceptable terminology was
needed because at the earliest design meetings many
were confused by the breadth of the assessment and all
the different perspectives that had to be included. This
led to a smaller working group that developed a highly
aggregated CF depicting the relationships between
drivers and responses, and among species, ecosystems,

&5; Implementation Strategies

ecosystem services and human well-being. The CF made
the linkages between different scales and actors explicit.
Together with state-of-the-art multidisciplinary review
of major concepts (e.g., ecosystem services, human
well-being, ecosystem valuation, drivers and scale) the
CF was published (Millennium Ecosystem Assessment
2003) and provided essential guidance throughout the
whole assessment process.

One of the important lessons learned through the
Millennium Assessment was to avoid a rigid, detailed
framework, but rather design one that is general enough
to incorporate new insights and approaches. Developing
and documenting a CF facilitates the mutual exchange
and learning between disciplines.

Within IHOPE, a similar interdisciplinary process must
be established. The first steps were taken at the Dahlem
conference in 2005 (Costanza et a/., 2007) but many
gaps remain. Additional workshops should be organised
that, for example, focus on how to integrate the different
spatial, temporal and societal dimensions of the various
natural, social and economic drivers of change. At the
same time, common and distinctive properties of the
human-environment system have to be defined. These
can, for example, be based on demographic, economic,
ecological and physical variables, specific indicator
values or series of aggregated indicators.

Integrated Human-Environment
Timelines

One of the first steps in the IHOPE project is to
assemble carefully selected chronologies of indica-

tors that describe human numbers and activities in
concert with indicators of environmental variation at
continental scales. Our overall objectives in this task
are to observe synchrony or lack thereof, to pose better
questions and to generate refined hypotheses regarding
human-environment interactions. In the past decade,
important research questions about the workings of
the Earth system have been generated by compar-

ing time series of global biogeochemistry, land cover

and climate (e.g., EPICA, 2004) (Fig. 14). Similarly,
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Comparison of EPICA Dome C
data with other palaeoclimatic
records.

a Insolation records.
Upper blue curve (left axis), mid-July insolation at 65° N;
lower black curve (right axis), annual mean insolation at 75°S,
the latitude of Dome C.

Insolation (65° N) (W m2)

b oD from EPICA Dome C (3,000-yr averages). Vostok dD (red) is
shown for comparison1 and some MIS stage numbers are
indicated; the locations of the control windows (below 800-m
depth) used to make the timescale are shown as diamonds on
the x axis.

(%)

8D

¢ Marine oxygen isotope record. The solid blue line is the tuned
low latitude stack of site MD900963 and ODP6773; to indicate
the uncertainties in the marine records we also show (dashed
red line) another record, which is a stack of seven sites for
the last 400 kyr but consisting only of ODP site 677 for the
earlier period. Both records have been normalized to their
long-term average.

380-marine (%o)

d Dust from EPICA Dome C.

Figure 14. From EPICA Members 2004:
timelines and global climate/biogeochemistry.
Reprinted by permission from Macmillan
Publishers Ltd: Nature Vol. 429 “Eight glacial
cycles from an Antarctic ice core” EPICA
community members, copyright 2004.
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timelines depicting the increase over the past several
hundred years in a suite of indicators of human impacts
on the Earth system have argued powerfully that we
have entered a new geological era, the Anthropocene
(Crutzen and Stoermer, 2000; Steffen ez al., 2007). (Fig.
15, Table 4) The timing and nature of human perturba-
tions to the Earth system are less well known as we look
back in time, yet they are critical to our understanding
of human-environment interactions (e.g., Ruddiman,
2005). Developing timelines of human and environ-
mental events and variability on time scales ranging
from decades to millennia will serve IHOPE goals by
assessing the availability of data on key variables describ-
ing the state of human-environment interactions during
the past and projecting these into the future.

The IHOPE activity builds on recent progress in devel-
oping global indicators of human and environmental
variability over the Holocene (Steffen ez 4/., 2007). Such
global-scale analyses will play a key role in characteris-
ing the human imprint on natural variability during

the Holocene. Regional IHOPE analyses will examine
co-variation of the human-environment system at con-
tinental scales. These analyses will allow us to assess data
availability and quality at a regional scale, and enhance
our understanding of the reliability of chronological data.
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Care will be required when interpreting a collection of
human and environment chronologies, as such time-
lines could generate misconceptions as well as insights
(see Synchronization and Consistency under Challenges
to Implementation above). In particular, correlation does
not imply causation, and leads and lags may represent
system dynamics or artefacts of the choice of variables.
In consultation with experts who generate the primary
data, it is anticipated that the observed synchrony and
lack of synchrony between human and environmental
data will yield researchable questions for the IHOPE
project. For example, a lack of synchrony may imply
that human dynamics dominate the system and the
culture is resilient to environmental disturbances.

Spatially Explicit Global
Databases

Recent advances in the development of Earth system
models have incorporated aspects of terrestrial interac-
tions with the climate system, primarily through the
carbon cycle and dynamic vegetation. Components of
the land dynamics include the processes of production,
respiration and decomposition as well as disturbances
such as fire. Human contributions to Earth system
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Figure 15. The change in the human enterprise from 1750 to 2000. The Great Acceleration is clearly shown in every
component of the human enterprise included in the figure. Either the component was not present before 1950 (e.g.,
foreign direct investment) or its rate of change increased sharply after 1950 (e.g., population). From Steffen et al.
2007; Figure 2: Global indicators: Timelines. Reprinted from Steffen W, Crutzen PJ and McNeill JR (2007) Ambio

36(8), p. 617.
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Atmospheric
Year/Period o
ear/Ferio concentration
(Pppmv)’
250,000 - 12,000 years BP?
Range during interglacial
periods 262-287
Minimum during glacial periods 182
12,000 - 2,000 years BP 250-285
Holocene (current interglacial)
1000 279
1500 282
1600 276
1700 277
1750 277
1775 279
(Anthropocene Stage | begins)
1800 283
1825 284
1850 285
1875 289
1900 296
1925 305
(Anthropocene Stage Il begins)
1950 311
1975 331
2000 369
2005 379
1 The CO, concentration data were obtained
from: (a) http://cdiac.ornl.gov/trends/trends.htm
for the 250,000 — 12,000 BP period and for the
1000 AD - 2005 AD period.
2 The period 250,000 - 12,000 years BP
encompasses two interglacial periods prior to
the current interglacial (the Holocene) and two
glacial periods. The values listed in the table are
the maximum and minimum CO, concentration
recorded over the two glacial periods. According
to mtDNA evidence, the first appearance of fully
modern humans was approximately 250,000
years BP.

Table 4. Atmospheric CO, concentration during the
existence of fully modern humans on Earth. From
Steffen et al. 2007; Table 1: Global indicators: Timelines.
Reprinted from Steffen W, Crutzen PJ and McNeill JR
(2007) Ambio 36(8), p. 617.
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dynamics such as deforestation, cropping and manage-
ment of ecosystems are not yet fully represented in
global models except through prescribed land cover

or fire parameterisations. Similarly, many ecosystem
models contain detailed components of biogeochemi-
cal cycles or changes in plant functional types due to
disturbance, but evaluation of these models (for spin-up
and historic reconstruction) has been difficult, except
for recently observed events. Through IHOPE, we
plan to develop spatially explicit global palaco-climate,
archaeological, anthropological and ecological data-
bases, providing modellers with a reference for both
model development and testing of biophysical and
linked socio-ecological hypotheses.

It is important for IHOPE to juxtapose human
history with environmental history. Reconstructions
of the evolution of landforms since the Holocene,
and their comparison with observations and modelled
changes in climate, ice mass, coastal zones and
biogeochemistry are available from various sources
such as the Cooperative Holocene Mapping Project
(COHMARP). Over the past 20 years, the palaco-climate
community has been combining palaco-climate and
dynamic vegetation models through the Paleoclimate
Modelling Intercomparison Project (PMIP http://
www-Isce.cea.fr/pmip/; Harrison, 2000), which

is jointly sponsored by the PAGES and Climate
Variability (CLIVAR) projects.

Regional to global syntheses of 6,000 — 21,000 YBP
include the BIOME 6000 reconstruction of palacoveg-
etation (Prentice and Webb, 1998), the ICE-5G global
ice sheet reconstruction (Peltier, 2004), the Global
Lake Status Data Base (GLSDB), which contains
assessments of lake level or relative water depth

(lake status) through time (30,000 YBP to present),
the Dust Indicators and Records of Terrestrial and
Marine Palacoenvironments (DIRTMAP) database,
which contains records of dust accumulation rates

and properties targeted from 150,000 YBP to present
(Mahowald ez al., 1999), a database for snowline
reconstructions during the LGM from the tropics

and sub-tropics (Mark ez a/., 2005) and a Multiproxy
Approach for the Reconstruction of the Glacial Ocean
surface (MARGO; Kucera ez 4., 2005) (Fig. 16).
Ongoing and planned regional and global syntheses
include changes in fire regimes through charcoal,
wetland extent and improved vegetation. While these
and other databases are spatially and temporally
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incomplete, changes in the areal extent of coastal
zones, ice sheets and landforms through time should
ideally be reconstructed at the same spatial resolution as
the current global system models (e.g., 0.5 degrees) with
various model formulations. Although it is not possible
in all regions, IHOPE will strive for dense spatial and
temporal reconstructions.

Historic and geologic observations of vegetation
changes due to alterations in regional climate, coastal
and continental landforms, and disturbance patterns
will help constrain models of the biogeochemistry

of terrestrial and ocean ecosystems. Archacological
observations of human distributions across landscapes
will provide information on the spatial distribution of
local activities related to deforestation, fire, animal hus-
bandry, cultivation and other human activities. We can
then begin to tease out the interactions among human
expansion, the intensity of land use and impacts on the
terrestrial system over the past several thousand years.

While complete global coverage of human activities
such as land use and emissions is not immediately
feasible, a short-term product of a historic global
database using available observations of land use will
enable both regional and global analyses and hind-
casting. For instance, strong data constraints on Earth
system dynamics are imposed by recent analyses of

ice cores and global atmospheric methane and CO,
concentrations (Petit ez 2/, 1999; Indermiihle ez a/.,
1999; Spahni et al., 2005). These types of data can be
used to test, for example, the expansion of domestic
ruminant livestock populations, cultivation of rice,
and the importance of fire through modelling exer-
cises. Other hypotheses can be tested to improve our
understanding of the consequences of shifts in climate
(including extreme drought) and the failure of societies
(such as the Maya) to deal with them. Simple correla-
tions, however, with climate events may be necessary
but not sufficient to account for changes in human
activities. Social and archaeological disciplines provide

Distribution of MARGO Last Glacial Maximum SST proxy records

¢ Diatoms
A Dinoflagellates
O Foraminifera

VvV Radiolaria
Mg/Ca
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Figure 16. The location of proxy records of LGM SST included in the MARGO reconstructions. The alkenone data are
from Roseli-Melé et al. (2004). Reprinted from Quaternary Science Reviews, Vol 24, Kucera M, Rosell-Melé A, Schneider
R, Waelbroeck C and Weinelt M, Multiproxy approach for the reconstruction of the glacial ocean surface (MARGO), p.16,

Copyright (2005), with permission from Elsevier.
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insight into societies that may be undergoing political
and institutional stresses. For instance, models that
link social pressures with scenarios of extreme drought
in the past (e.g., the Maya or the dust bowl of North
America in the mid-20th century) will contribute to
understanding and projecting how social and environ-
mental systems may respond to future stress.

Regional Case Studies

Recent rapid developments in distributed data manage-
ment, data mining and modelling enable us to build
the kind of data system needed to achieve IHOPE’s
goals. Intellectually, however, IHOPE must ensure that
(a) the relevant questions have been identified, (b) all
the data to be collected are relevant to the questions
investigated and (c) these data are in a form ready to be
used. IHOPE will develop experimental designs to test
data that have been collected at different spatial and
temporal scales, and within disciplines with different
epistemologies, in response to different questions, using
different metrics and with variable levels and degrees of
detail.

IHOPE’s goals will be implemented through analyses
of data from regional coordination activities. These
data will result from research in various disciplines,
and represent the diversity of data to be collected at the
global scale. Regional analyses will be framed through
the coupled processes and transitions of the human-
environment system, for example, the colonisation of
pristine landscapes by hunter-gatherers in Australia,
the colonisation and abandonment of landscapes by
hunter-gatherers in the Sahara during the Holocene,
recolonisation of Europe by early humans after the
deglaciation, transitions to settled agriculture in the
Middle East and the Viking Landnam colonisation of
inhabited regions. In this way, IHOPE can experiment
with a range of Alternative Explanatory Frameworks
(AEFs), design and implement the datasets required to
enable each AEF to ask the relevant questions, experi-
ment with different metrics, and try out various model
validation and evaluation methods. At the same time,
by comparing the socio-environmental dynamics in
these different areas, we could design a meta-language
about socio-environmental phenomena that will allow
us to compare the systemic behaviours underlying
different instantiations of socio-environmental interac-
tions. Below we describe a few possible regional analyses

for IHOPE.
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Africa

Bordering the Mediterranean with a land bridge to
Asia, Africa is a prominent continent in the history of
humankind. Not only have the oldest human ancestors
been discovered there, but there is also now clear
evidence that our own species (H. sapiens) made its first
appearance there (200,000-100,000 YBP), spreading
subsequently to Asia and Europe. More recently (10,000
YBP), North Africa was one of two places in the world
where cattle were domesticated. Cattle domestication
was followed by pastoralism, which came to characterise
the subsistence economy of many African countries. By
8,200 YBP, sheep and goats, along with wheat and barley,
were introduced from South-west Asia to Egypt and
from there to Eastern Africa. However, archaeological
investigations in both East and West Africa reveal indig-
enous domestication of native cereal grasses and tubers.

These events were not independent from the influ-
ences of climatic changes and dramatic environmental
transformations of the Africa landscape. Although
North Africa is now a barren desert, palaco-environ-
mental investigation indicates that the desert was a lush
savannah habitat before the Last Glacial Maximum
when it became a hyper-arid zone, only to become less
arid with increasing summer precipitation. Preliminary
studies now suggest that a wet front associated with
the Intertropical Convergence Zone (ITCZ) moved
up to 800 km north of its present position. There are
also indications of a retreat of the wet front beginning
around 6,100 YBP. Abrupt climatic events seem likely
to have forced populations to migrate, ideas to spread
and innovations to emerge.

Retrieval of archaeological and palaco-environmental
and environmental data will make it possible to provide
more appropriate models of how societies interact with
environmental changes. These models would uncover
how societal actions lead to significant ecological trans-
formations, instead of providing superficial, synoptic
grand narratives that fail to contend with regional
specificity and the dynamics of social strategies during
ecological stress or economic prosperity. Africa provides
rich archaeological resources and an array of palaco-envi-
ronmental proxy-archives at different time scales. Deep
and shallow lakes, accessible and well-exposed playa
deposits, sequences of fluvial deposits, coastal deposits,
faunal remains, well-preserved records of diatoms,
ostracodes, pollen and spores, and tree records in dif-
ferent ecological settings from the Atlantic to the Red
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Sea and from the Mediterranean to the Sahel provide a
remarkable opportunity for detailed reconstructions of
environmental history over the past 10,000 years. These
will provide the basis for solid socio-dynamic interpreta-
tions of cultural developments that were significant in
the history of humanity at large, such as the origins of
Egyptian and other African civilisations.

Future work may proceed from hypotheses concerning
specific “situations” that may have been triggered or
facilitated by strong climatic signals. These include the
initial domestication of cattle in response to frequent
climatic fluctuations in the first phase of post-glacial
warming, the spread of cattle and the emergence of
pastoralism independently in the Sahara and East Africa
from 8,200 to 4,200 YBP under the influence of abrupt
climatic events, and the spread of domestication from
South-west Asia in response to droughts. Additional
situations involve the convergence of desert popula-
tions in the confined space of the Nile Valley from
7,800 to 6,100 YBP as conditions were becoming
intolerable in the Sahara and the southern Levant, and
the impact of climate-driven change in Nile floods

on the course of Egyptian civilisation, especially at its
formative stage and at 4,200 YBP, when centralised
government collapsed after a period of stability that
lasted nearly five centuries. The historical data over
the past 1,300 years along with annual records of Nile
floods would support a high-resolution examination of
environmental change and social dynamics.

Australia

Much research has been carried out on Australia’s
palaco-environment and on the evolution of human
society in Australia, including the abrupt transition
from indigenous to European-dominated cultures

in many parts of the continent (Flannery, 1994,

2006). Some attempts have been made to link human
activities with past environments (e.g., mega-fauna
extinctions, Flannery, 1994), although there is not

yet a consensus on these interpretations. Near-term
climates are sufficiently predictable using El Nifo
Southern Oscillation (ENSO) forecasting of seasonal
and interannual climate variability and is routinely used
by farmers and ranchers in the region. On the longer
term (e.g., millennial changes through the Holocene
and last glacial), the maritime nature of the continent
provides a muted response to climate change relative to,
for example, northern hemisphere regions. Given the
amount of existing information on the environmental,

archaeological and historical aspects of Australia, an
initial synthesis would be useful in generating questions
and hypotheses for further study. Australia offers an
outstanding opportunity to study some unique aspects
of socio-ecological systems because of its continental-
scale cultural isolation from roughly 65,000-200 YBP:
It has an uninterrupted culture that experienced the
coldest periods of the last ice age, the (geologically) rapid
transition to the Holocene, the temperature maximum
at the mid-Holocene, and the slowly cooling climate
since then (up to the 1700s). Finally, the Australian
continent has seen an abrupt transition from a hunter-
gatherer culture to an industrialised European culture
over the past 200 years.

The Mediterranean

The Mediterranean region has one of the best-studied
human histories on Earth (e.g., van der Leeuw, 2005).
Over some 10,000 years, environmental, archaeological,
written historical and instrumental data testify to the
complex interactions among the atmosphere, geosphere,
biosphere and a range of successive societies. The basin
has been studied at different scales, from local to sub-
regional to regional, and by researchers in disciplines
such as atmospheric studies, tectonics, geomorphology,
biology and economics, and various social sciences such
as history and geography. Moreover, social systems of
various sizes and forms have both emerged and col-
lapsed in this region. It is therefore ideal for a case study
of the kind proposed here: multi-scalar, multi-disciplin-
ary and based on many different kinds of data.

What kinds of questions can be uniquely approached in
this area? On one hand, we have detailed, multi-scale and
long-term data on the growing connectedness of societal
and environmental dynamics, which leads to increasing
disturbance-dependency of the environment on society.
This is followed by societal control over the environment,
and the “accident waiting to happen” that humans are
experiencing at present.

On the other hand, we have dense data on how this long-
term process occurs in different ways in different areas,
and therefore on which environments are more or less
vulnerable to specific phases of the process. This includes
information on how the various societies in question
shape their own environment, and their own fate. Hence,
the Mediterranean region lends itself particularly well to a
comparative study of the different ways people have inter-
acted with the same set of global environmental dynamics.
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The Maya Area

In the Maya area, an important, highly complex, and
relatively well-known civilisation made a major geograph-
ical shift from one terrestrial environment (the mountains
of Guatemala, Belize and Chiapas) to another (the level,
karstic area of lowland Yucatin). The climate in this
region is different from all other areas chosen, as water is
not the main constraint to the system, and the chronol-
ogy is well-established through the presence of many
stelae with calendar dates that are known to modern
researchers. Through these stelae, we have a developing
sense of the political dynamics at the local/regional scale.
The geographic shift from highlands to lowlands could
have been due to environmental degradation, but socio-
political stresses may also have been important.

In particular, this area is expected to yield an important
contribution to the IHOPE project because it concerns
a culture that is comparable in complexity to those of
the Near East and the Mediterranean, but that has a
completely different technology (no wheeled transporta-
tion), a different kind of agriculture (maize rather than
wheat, barley and other such cereals), a different kind of
social organisation, and a different kind of (low-density)
urbanism.

China

The historical record of China is rich in sources

and detail. The vast documentary record of China’s
environmental history is gradually being compiled and
made accessible (Elvin, 2004). Palacoenvironmental-
archaeological studies continue to reconstruct regional
climate (Wang ez al., 2005), local human activities
(Yasuda, 2002), vegetation change (Yu et a/., 2000) and
catchment-scale interactions among human activities,
climate and environmental processes (Shen ez /., 2006).
China’s immense geographical scale, ranging from the
subtropics to the northern cold deserts, has provided

an unmatched level of ecological diversity within a
more or less consistent polity. Its long and dynamic
history of changing governance, war and technological
development suggests a great diversity of past socio-
ecological interactions. Perhaps the earliest are described
by archaeological studies in the middle Yangtze basin
where rice phytoliths suggest a centre of cereal cultiva-
tion existing as early as 10,000 YBP (Yasuda, 2002).
Even on the relatively isolated Yunnan plateau,
measurable effects of human activities on forest cover
and hydrology are recorded from at least 7,000 YBP.
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On the northern loess plateau, in the catchment of the
Yellow River, the socio-ecological history of soil erosion
over seven millennia encompasses early warfare, popula-
tion migration, climate variability, the inner wars of the
1930s, the Cultural Revolution and recent soil conser-
vation schemes (He ez /., 20006). Large-scale hydraulic
modification and linking of the natural waterways (e.g.,
the Grand Canal) over at least 2,000 years is probably
unrivalled worldwide, and much of China’s agriculture
has depended upon the successful management of
irrigation systems, a situation that remains today (Elvin

and Ts'ui-jung, 1998).

The link between China and IHOPE can thus be
viewed from two perspectives. The historical archive of
a country that, for much of antiquity, has represented
20-30% of the world’s population provides crucial
input into both Asian and global analyses. But also,
today’s population pressures, coupled with the tensions
between the needs of subsistence agriculture and
economic development, demand that environmental
management in China is founded on the highest
possible level of understanding of past, present and
future socio-ecological interactions.

The US Southwest

Over the past 3,000 years, the US Southwest has seen

a succession of very different adaptations to extreme
climatic circumstances. Initially, these were based on
resilience due to the high degree of mobility of its popu-
lations (Nelson and Hegmon, 2001). But, in contrast

to Australia, the population of this drought-ridden area
did eventually settle in larger groups and establish both
dry and irrigation-based farming. The range of adapta-
tions to the environment in this region is therefore
considerably wider than elsewhere.

The relevance of this area to IHOPE efforts lies in

(1) the particular (extreme) environmental circum-
stances and the diverse ways the regional societies have
dealt with them over the last 10,000 years, (2) the
dominance of water availability as the central factor

in sustaining the regional human systems and in the
socio-ecological system as a whole, (3) the temporal
precision with which the dynamics can be monitored,
thanks to the availability of long tree-ring sequences that
allow us to make detailed reconstructions of fluctua-
tions in annual average precipitation and temperature,
and assign precise dates to the wealth of archaeological
evidence, and (4) the fact that this area has thus far
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provided the best, and most detailed, dynamic (multi-
agent) models of socio-environmental interaction over
thousands of years.

The above regional case studies would lay a framework
for many additional regional activities that IHOPE
endeavors to embrace and are not meant to exhaustively
represent past, present and future human and environ-
mental interactions. As IHOPE develops and matures,
global analyses will increasingly be generated through
comprehensive regional studies.

Transdisciplinary Networks
and Centres

As regional case studies are developed, it will be useful
to draw from the regional case studies and ongoing col-
laborative work to:

a. Quantify global population numbers and density
through time;

b. Quantify and map areas affected by specific

settlements and/or populations;

c. Develop and apply objective schemes to assess
human impact on natural vegetation (extension of
the “biomisation method”) (Prentice and Webb,
1998);

d. Quantify and map timings of expansion and
migration events;

e. Synthesise environmental reconstruction of
regional changes covering the relevant periods of
interest;

f. Map the land geography through time.

The implementation of the IHOPE research agenda
will require contributions from scholars around the
world. This research plan outlines a strategy with regard
to regional studies and deliverables as described above.
A networking approach will be essential for IHOPE’s
success, and we envision at least two types of networks.
First, regionally based networks of scholars from a wide
range of disciplines must undertake the case studies

in an integrated fashion. Complementing these will

be regional and global networks defined by discipline,
which will further develop and test information-
gathering methodologies for particular aspects of the
IHOPE agenda and create specific simulation tools for

the analysis and integration phases of the project. As
integration across disciplines is central to IHOPE, the
growing number of interdisciplinary research centres
worldwide will provide an infrastructural underpin-
ning to the effort. Examples of such centres include the
Global Institute for Sustainability and the School for
Human Evolution and Social Change at Arizona State
University, the Gund Institute for Ecological Economics
at the University of Vermont, the consortium of
Stockholm-based society-environment research units
(Centre for Transdisciplinary Environmental Research/
Stockholm University/Stockholm Environment
Institute/Beijer Institute for Ecological Economics), the
National Center for Ecological Analysis and Synthesis
(NCEAS) in Santa Barbara, California, and the

Centre for Resource and Environmental Studies at the
Australian National University.
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&5; Governance

IHOPE focuses on the generation and synthesis of a
broad range of ideas and datasets to provide new insights
into human-environment relationships over long periods
of time. IHOPE was initiated and is currently managed
by the Analysis, Integration and Modelling of the Earth
System (AIMES) Core Project of the International
Geosphere-Biosphere Programme (IGBP). It now has its
own International Project Office. It is co-sponsored by
AIMES, the Past Global Changes (PAGES) Core Project
of the IGBP, and the International Human Dimensions
of Global Environmental Change Programme (IHDP).
The responsibility of the cosponsors is to monitor the
scientific progress of IHOPE. For this purpose, IHOPE
will submit an identical annual report to all three
CO-SpONSOTs.

Scientific Steering Committee

The IHOPE Scientific Steering Committee (SSC) is the
governing body of IHOPE. It consists of 10-12 members
that are selected to form a balanced representation with
respect to discipline, geography, gender and age of the
different communities involved in the activity. The
members of the SSC are recommended by the IHOPE
Executive Committee (IEC — see below) and approved

by the co-sponsors. They serve 3 year, once renewable,
staggered terms. The IHOPE SSC is not required to
physically meet, but may do so when a convenient oppor-
tunity presents itself. Communication from the [HOPE
Executive Committee to the SSC and within the SSC will
be through regular tele conferences and/or videoconfer-
ences. The responsibility of the SSC include: (1) providing
leadership and assistance into developing and implement-
ing IHOPE activities; (2) helping with raising funds; (3)
facilitating and coordinating activities in IHOPE regional
nodes; (4) assisting in the development of an IHOPE
Research Information System; and (5) ensuring that
IHOPE functions in accordance with the guidelines of
the sponsoring international programmes.

IHOPE Executive Committee

Daily activities of IHOPE are overseen by an IHOPE
Executive Committee of 5 members, chosen from
among the members of the SSC. They serve in an
executive capacity for 3 years, with staggered terms
(e.g., to ensure continuity, the entire Executive
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Committee does not rotate at the same time), renew-
able once. The IHOPE Executive Committee includes
representatives from AIMES, PAGES, and IHDP, who
are responsible for reporting IHOPE activities to these
co-sponsors. The Executive Committee divides among
its members the roles of Chair, 2 Vice-Chairs, Secretary
and Treasurer as appropriate. It oversees the execution
of the strategies outlined by the SSC, and is responsible
for its activities to the latter.

Executive Officer

The Executive Officer of IHOPE is chosen by the
Executive Committee, in consultation with the sponsors,
and is appointed by the SSC. He/She serves a 3-year,
renewable term, and is responsible for the execution of
the strategies outlined by the SSC. The Executive Officer
is an ex- officio member of the Executive Committee and
SSC to ensure continuity of IHOPE goals, aspirations and
legacy. The Executive Officer also has a research role in
terms of facilitating, coordinating, and sometimes leading
IHOPE research and synthesis activities.

Network and outreach

IHOPE includes institutional and individual partners
and affiliates; their suitability is determined by the
Executive Commmittee.

Institutional Partners and Affiliates
Institutional Partners to IHOPE are institutions that
provide in-kind or financial support to IHOPE func-
tions and/or infrastructure. In many instances, they will
be the institutions that employ Principal Investigators
of component research projects of IHOPE. In other
instances, they will be institutions that provide support
to the IHOPE infrastructure. Institutional Affiliates
are those institutions that desire to be a part of IHOPE
through relevant activities but do not contribute finan-
cial or in-kind support to IHOPE operations.

Individual Partners and Affiliates

Individual Partners to IHOPE are those individuals

who are engaged in IHOPE activities and contribute to
IHOPE operations through financial or in-kind support
in ways that are not tied to their institutions. Individual
Affiliates to IHOPE provide scientific contributions, data
and leadership to IHOPE activities.



IHOPE

IHOPE is co-sponsored by the Analysis, Integration
and Modelling of the Earth System (AIMES) project
and the Past Global Changes (PAGES) project, both
core projects of the International Geosphere-Biosphere
Programme (IGBP) and The International Human
Dimensions Programme on Global Environmental
Change (IHDP). IGBP is an interdisciplinary body of
the International Council for Science (ICSU).

More information on the project sponsors can be
obtained from:

IGBP: www.igbp.net
AIMES: www.aimes.ucar.edu

PAGES: www.pages.unibe.ch
IHDP: www.ihdp.unu.edu/

ICSU: www.icsu.org
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