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ABSTRACT

argely from the perspective of paleoenvironmental science, this chapter addresses the
tssue of how past records of human environment inferactions can provide valuable in-
tormation for deriving strategics for sustainable management of human-dominated land-
seapes. [t contrasts the different approaches to learming from the past in the sciences and
liamanities and suggests a simple typology of the different types of learning: trajectories
and baselines; spatiotemporal variability and scaling: process responses; and complex
system hehavior. Tt argues that there are three rescarch priorities requiring further effort
and intemational orgamzation: (a) the development and testing ot theory that pertains to
liuman: environment interactions; (b} the mtegration and regionalization of case studies
and tune series; and (¢) the simulation of future human environmental interactions using
tools and frameworks that allow testing against historical records. Key questions are
identilied and shown at the end of cach subsection.

Without a knowledge of vur history, we cannot understand our present
society, nor plan intelligently for the future (McCullagh 1998, p. 309).

INTRODUCTION

I'his discussion paper'attempts a brief review of the ways in which useful infor-
mation about human environment interactions can be gained by studying the
past. [ is essentially the personal view of an environmental scientist whose per-
spevtive has evolved through a career dealing with the reconstruction of past en-
vironnents from the analysis of sediments. Thus, while it attempts to cover
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diverse approaches (o the study of Earth and world systems, it is biased toward
the physical sciences. Its primary aim is to draw out a few categories of “learn-
ing from the past”™ for discussion, focusing particularly on common and con-
trasting modes ol fearning across disciplines. Key questions are identified at the
end of cach section. My starting point is to consider the different approaches
taken by the humanities and natural sciences in terms of dealing with history,
and henee past human environment interactions,

Nature of Truth

The natural scicotist reading essays and accounts of the philosophy of history
cannot {ail to be impressed with the tradition of ntense debate about the accu-
racy and completeness of historical information, and the striking influence that
certain historical theories have had on culture and politics. For some world phi-
losophics, such as Marxist and Poppertian, the central tenet is the value that can
be placed on historical knowledge itsell. In contrast, the philosophical debate
about the development ol the physical world appears to be far less. The eaviron-

mental equivalent ol the sociopolitical Grand Theories might exist in the fornyof

Darwinian evolution and Milankoviteh’s orbital cycles, but these are today far
Iess contested. Doces this diflerence essentially stem from the perceived subjee-
tivity or intractability of human views and actions contrasted with the objectiv-
ity of factual records of past environments? Is historical mformation about hu-
man actions intrinsically more unreliable and, thus, debatable? From the
perspective of the humanities, MeCullagh (1998) reviews methods and attitudes

of assessing the (ruth of historical information, considering the constraints of

cvidence, culture and language, cultural relativism, and postmodern insights. In
some ways the similarities between disciplines are clear. Both the historian and
the paleoccologist have to interpret raw materials: both need to know the con-
texts: there may be alternative interpretations. Further, each may arguc that the
material should not be viewed as aliteral record but one that is presented aceord-
ing to the authors” beliets, data and information sampling and availability, and
data processing. What perhups is different, and surprising (o some environmen-
tal setentists, is the degree of theorizing and philosophizing of approaches. For
example, Cothingwood’s constructionist theory of history (in Gardiner 1959), in
which the inadequacy of historical information demands (rejconstructions
rather than deseriptions, is viewed as not so much a theory in the paleoscicnees
but as a logical, rational, and dominant modus operandi. Clearly, there is general
acceptance that sometimes there is a need for different treatments ol truth, for
example as Ucoherence with existing belicts™ in the humanitics or as ““consensus
reached by rational enquirers”™ in both the humanities and environmental sci-
ences (McCullagh 1998). Are there, however, other reasons that divide attitudes
to histery than simply the different [evels of enthusiasm for philosophical
areament”
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Reductionism and Laws

One issue that may divide the disciplines is the level at which reductionism has
played a part in explaining phenomena and formulating laws. If the natural sci-
entist believes that factual records of past natural cnvironments are more reli-
able, ttmay be because there are generally aceepted laws for the movements of
particles, matier, and encrgy that allow coherence between findings and theory
to be established across a broad range of scales. Following Wilson (1998), we
nuy ask whether the problems of explanation in the humanities e with the in-
ability to seek explanations of human actions through reductionism to the same
low level as i the natural sciences (Figure 2.1). This is not to say that histori-
cally the humanities have not considered the possibility ol explaining human af=
fairs through discoverable laws- as exemphified by Hobbes™ Leviathan,
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Condorcet’s Sketch, or Tolstoy's belief that laws derive from the individual 1en-
dencies of humans—but to observe that this has not been generally successful.
What is apparent is that the more successful or common use of history in terms of’
application has been to suppose that history has “meaning” in the sense of preor-
dination or a hidden hand (i.c., historicism): in the sense of Hegel and Marx, to
ohserve acertain trajectory and to speculate upon its continuation into the future
(cf. Gardiner 1959). “Marxism™ and “hidden hands’ may be considered as out-
moded concepts but, as considered below, the science of complexity suggests
that we should not automatically dismiss cither the opportunity to find ““lz;ws of
society™ or the value of studying repeated patterns of emergent phenomena,
such as trajectories of civilivations (¢f. Friedman, this velume).

Application of Understanding

We mightalso analyze the difference in influence achicved by the application of
theories based on history. Political, social, and cultural theories based on history
have clearly allected the stracture and governance of nations, but what about th;‘
impact of scientific theory? One could argue that fewer people have been di-
rectly affected by Darwin’s biological theory of evolution than by the indirect
political ramifications of the derived social Darwinism. It certainly seems the
case that current projections of global climate change represent the first use of’
scientific theory based on historicalanalysis and testing that engages, largely via
the media, directly with the lives of a major proportion of the modern world pop-
ulation. Perhaps it is no coincdence that one of the most influential aspects of
the climate change argument is the “hockey-stick™ graph of reconstructed tem-
peratures over the past few centuries: utilizing the power of perspective to edu-
cate and mfluence. However, arguments for the vatue of learning front the past.
as opposed to merely knowing the past, are often not as clear as those pertaining
to the “hockey-stick™ graph or have been ignored. For example, MceCullagh's
(1998, p. 304) statement:

l I‘w unique value of history lies in explaining the origin and value ofall social in-
stitutions, cultural practices and technological advances we have inherited. . in
the past, il s indeed vital to recognize the conditions which enable them | institu-
tions 1o tunction as they did, in case those conditions exist today orhave changed.

implies thata full description and explanation of the past (i.e., knowledge of the
past) is sufficient in itself. Much rescarch, from social history to palcoécolom&
has been driven by the disciplinary debates—appropriate methodologies, n:*;v
techniques, and the alternative explanations —rather than the development of
theory about how humans interact with their environment. In fict, we may have
devoted more time and effort to describing the past than analyvsing it for the les:
sons to be gained. Where theory has energed. it has tended o take cither pro

dominantly cultural or physical Tine with Ltle attempt to noderstand tulls the
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true nature of interaction. Moreover, social and physical sciences have now em-
braced the implications of complexity science. As aresult, theories like environ-
mental determinism seem outmoded oversimplifications of reality.

Current global change shows accelerating trends in many social and physical
phenomena driven by demography, technology, culture, and climate. At every
point on the world's surface these drivers interact, usually in complex ways. As
a global scientific community we strive to provide realistic advice and guide-
lines as to the optimal strategies for adaptation and sustainable management.
What (0llows is a discussion about how we can learn about current and future
human--environment interactions from the past by adopting frameworks and ap-
proaches based on historical ecology (Crumley 2006). Itdoes not follow that un-
derstanding and explaining (he past means that we can predict the future, but it
does mean that we might be able to identify, justify, and rank alternative futures
(or humanity to work toward. Below T briefly review and exemplity different
ways that this might be done. While the following sections represent epistemo-
logical categories, they are mainly for convenience: in practice, they are often
combined,

TRAJECTORIES AND BASELINES

Our knowledge of world and Farth system history is highly variable in time and
space. All documentary, reconstructed. and instrumental records are, to ditter-
ent degrees, incomplete, discontinuous, and inaccurate. For Earth systems, the
crowth of modern science has not been matched by the monitoring of those en-
vironmental processes and conditions that are now seen as essential for generat-
ing strategies for sustainable environmental management. Meteorological
records for major regional stations and hydrological records for the largest
rivers are often available for the last 100 years but more locally, and for time se-
ries of other conditions such as vegetation cover, biodiversity, biogeochemical
eycles. phytoplankton populations, and atmospheric pollution, records are often
nonexistent or significantly shorter. Some long documentary records provide
Jdates of events, such as the famous phenological series from China, or semi-
quantitative information such as the Nile River flood height, stretching back into
antiquity, but these are exceptional. Environmental reconstruction of processes
and conditions can substitute for and extend many of these records (Oldfield and
Dearing 2003), but clearly, as in the case of erop yields, notall. The quality of our
docunmented and archacological histories of socielies and culture is similar, usu-
ally becoming more generalized and more speculative as we reach back in time.
Where the issue is about the sustainability of ccosystem processes and ser-
vices 1 the face of human pressures, past records are already being utilized to
sood elfect in order to demonstrate antecedent change. For example, Steffen et
A 000 summarize the acecleration of 20M-century changes i several sets off
Buman activotes and mpaces on the Farth svsteme s anadvsis has been



24 Jo A Dearing

extended through the Syndromic Approach (Schelinhuber et al. 1997; Lideke et
al. 2004} to delining functional patterns of regional human—environment inter-
actions, such as the Sahel, Dust Bowl, and Green Revolution syndromes. For
specific processes, particutarly for those that are important locally rather than
globally, a longer timescale may reveal strongly contrasting (rajectories. For ex-
ample, reconstructed erosion records over the past few hundreds of years show a
wide range of curve shapes: accelerating in Papua New Guinea, decliming in
southern Yucatin, and stationary following initial sharp rises in Michigan
(Dearing et al. 2006a). These records in themselves provide a basis for defining
a typology of current trends (in this case, for soil erosion) that can contribute to
any cvaluation of modern sustainable land-use practices. The reconstructed tra-

jectories forasingle region, southern Sweden (Figure 2.2), show the diversity of

human and environmental “parallel histories™ available froma rigorous analysis
of documentary, archacological, mstrumental, and sedimentary records
{Bergland 1991).

Perhaps the simplest application of studying trajectorics is to use past condi-
tions as a goal for the management of the present. This type of analysis has be-
come an mereasingly common part of environmental regulation, where there ts
often a demand to dentily and deseribe a “bascline™ or “pre-impact’ condition
that can be used as a reference condition or rehabilitation target. Such demands
commonly exist for air pollution, nature conservation, biodiversity loss, forest
management, lire suppression, and water quality {¢.g., BC Water Framework
Directive). The concept of “reference conditions™ is now particularly well-de-
veloped mstadics of fake water quality where the chentical and biological status
of'a lake prior to recent human impact can be inferred from the lake sediment re-
cord (Battarbee 1999). This approach is more difficult to apply in terrestrial cco-
systems. For example, Bradshaw ct al. (2003) review the paleoenvironmental
evidence for the role of grazing mammals on forest structure and conclude that
no pre-umpact baseline for contemporary managenment targets actually exists
within the Holocene period. One common, and sometimes controversial, con-
clusion from this kind of analysis is that selecting a pre-unpact or natural
condition is not straightforward; it may even be unrealistic.

Kevguestion: Canwe characterize the nature of change in a region by using the
trajectories of “paraliel histories™ to generate typologies of change in human
environmental states?

SPATIOTEMPORAL VARIABILITY AND SCALING

Ideally, reference to historical points should not assume static enviromments but
rather dynamic systems, Thus, one important type of ianalysis is to detine an en-
velope of spatal and tomporal variability, The paleoensyironmental sciences
routinely reconstroct past frequencey and magndude tme seties o compare st
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Figare 2.2 DParalic! histories: trajectories of human actions and environmental condi-
lions over the past 6000 years for southern Sweden (Berglund 1991)

modern conditions. For example, Nott and Hayne (2001) demonstrate that the
recurrence interval ol “super-cyclones™ along the Great Barrier Reel'is an order
ol magnitude shorter thaw had previously been caleulated, using the period of in-
drmnental measurements. Compiling separate time series from different sites
provides i alternative way of observing spatiotemporal variability. For exam-
ple. hstorcally reconstructed lire data are now routinely used to define opti-
mn e suppression staeses (Swetnan et al. 1999),
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However, the problem of scaling is one that Hes central to inking local case
studies to global processes. Ecological variability tends to increasc as spatial
and temporal scales become smaller, and our understanding of the controlling
factors on the variability 1s often significantly modified by the scale of observa-
tion {c.g.. Levin 1999). For time, there is the issue of defining the timescale that
is relevant to the problem of concern. Over what timescales are the eftects of soil
conservation measures observed? Which particular flood {requency in the past
resonates with elimatic variation and which with the history of deforestation? In
terms of space, the upscaling of cumulative focal changes (o the global system
and the downsealing of projected impacts at a continental scale (c.g.. Irom
global climate models to local environments) present some of the greatest chal-
fenges to Earth system science. Most of our knowledge about the past comes
from casc studies with little uniformity in terms ol spatial scale. It therelore
seems sensible to promote the integration ofhuman environmental responses to
“uniform™ impacts in case studies across spatial gradients in order to generate
new understanding about spatial scaling. For example, Dearing and Jones
(2003) compiled past lake sediment accumulation rates in a number of cateh-
ments to caleulate the elfects ol catchment size on the magnitude oferosional re-
sponsc to disturbance. Their data exhibit a spatial scaling control that seems (o
transcend other environmental factors, like climate. Stll, examples of this sort
of spatiotemporal scaling using paleodata are uncommon.

Kevgnestion: How best to integrate case studies witliin aregton in order to gain
new metadata for spatial and temporal controls on process responses?

PROCESS RESPONSES

Causation, explanation, and msight are often derived through inductive reason-
ing using corroborative, correlative, and converging lines of evidence from par-
allel sets of records. This may involve, for example, the use of instrumental and
documentary records to provide tndependent data for external forcings, like cli-
mate and human activities, and the use of palcocnvironmental or historical data
for response records. This also applies (o postulated human- environment inter-
actions from local to global scales. For example, the strength of Ruddiman’s re-
cent theory (2003) that global climate was affected by carly human impact rests
to a large extent on visual correlations between independent data for forest
regrowth driven by epidemics and minima in the CO» ice record. Learning from
the past in this context is ofien implicit: through past records we learn about the
functioning ol the system in question for which the present is simply the latest
point in time. An exception is the use of analogs, where it is assimed that a past
set of conditions closely resembles a present state, or projected future «tate,
Deevey (1909, po 40y stated that “where time s required for an experimient
there’s no substitute for history,” arpuimy that 1he poser of hetoread
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perspectives included learning from analogs of modern conditions. This line of
argument has also been convincingly used by archacologists and anthropolo-
gists to demonstrate the multidirectionsd nature of human-environment interac-
tions: the vulnerability of past human socicties and civilizations to natural cli-
mate change or events contrasted witl the self-imposed impacts on support
systems arising {rom unsustainable practices and positive feedback (c.g.,
Redman 1999; Diamond 2005). Such case studics ¢learly demonstrate the inter-
relatedness of human actions and biogeophysical processes, and can serve (o
dismiss the notion of absolute environmental determinism. They are strong con-
veyors of messages about unsustainable practices and the vulnerability of hu-
man socicty. However, we should be cautious in using them as analogs to mnform
the construction of mitigation or adaptation strategies to current and future
stresses because the decision-making processes in past case studies can usually
only serve as a basis for speculation. In this sense, Collingwood (in Gardiner
1959) saw history as a sequence of actions where the job of the historian was the
study of the “thoughts™ behind the actions. May (1973 took this idea lurther by
analyzing the role ot history on 20" century U.S. foreign policy from the docu-
mented viewpoints ol the crucial actors. He showed that foreign policy is often
mfluenced by what history apparently teaches or portends, but that it makes
wrong decisions because the past is an inappropriate analog (or the present.
Analogs are also used erroncously, as when trajectories are extrapolated into the
future without qualification, or used sclectively to support a moral judgment.
Overall, the task of understanding human environment interactions through
an inductive causc-and-effect paradigm may not be realistic simply because of
the inability to understand the cognitive processes behind individual human ac-
tons {Wilson 1998}, In this sense, the real value of inductive cause- effect “ex-
planations™ based targely on correlation lies with their generation of testable
hvpotheses.
Kev guestion: How can we maximize our understanding of human- environ-
ment interactions through analysis of parallel historical records?

COMPLEX SYSTEM BEHAVIOR

Atthough cause cffect explanations remain a dominant mode, the view from
complexity science argues against simple causative explanation. Open, dy-
namie systems are expeeted to behave nonlinearly with respect to extemnal
tforemgs and their internal organization (e.g., Phillips 1998; Levin 1999,
Schetfor ot al. 2001). External forcings may exert their influence through the
tansgression of thresholds, there may be time lags in a process response, and
peruaps most importantly a modern system is not separated easily from is past:
we should expect that it has been conditioned or sensitized by past events, or
hears the legacy ol past forcmypes and responses. Complexity seienee also
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predicts that systems may exhibit emergent phenomena: forms and structures
that have evolved merely through a network of process interaction within a set
of boundary conditions. Understanding the complexity of current systems in
these terms is a high priority if we are to avoid environmental surprises at local
and global levels (e.g., Amslerdam Declaration 2002).

If the formalization of complexity through mathematics is relatively new, the
ideas are certainly not. Throughout the history of philosophy, one common ob-
servation from critics of historicism is (heir frequent allusion to the need to un-
derstand interactions between individuals, thus rejecting holism. Popper (1957,
p. 18) argues that holistic studies of groups do not lead to an understanding of
culture, “for if social structures. ..cannot be explained as combinations of their
parts or members, then clearly itmust be impossible to explain new structures by
this method.” Similarly, Tolstoy states: “Only by taking infinitesimally small
units for observation (the differential ol history, thatis, the individual tendencies
of men) and attaining (o the art of integrating them (that is, finding the sum of
these infinitesimals) can we hope to arrive at the laws of history™ (in Gardiner
1959, p. 174). This raises the issuc of how to integrate Larth and world systems.
Essentially, do we have appropriate methodologies that can combine the natural
faws of the physical world with approaches to the study of society that have
largely excluded “historicism™ as a mode of explanation? One approach may be
to embrace more fully the new “physics of saciety ™ (Ball 2004) and utilize his-
torical records more imaginatively to help define Tolstoy's “laws of history.” In
this sense Ball (2004) presents an optimistic view on the application of network
“and complexity theory to understanding social change - from the aggregation
of individual actions to produce group behavior, through the emergence of
scale-free societal properties, to the modeting of colonization and political ac-

tion by national powers. The central point to be made is that long timescales of

observation often enable, uniquely. complex phenomena and nonlinearities o
beidentified  certainly for environmental systems perturbed by human actions
(c.g.. Tainter 2000). In some cases high-resolution environmental time series
(which include implicitly the actions of humans) may be anenable (0 mathe-
matical tools that identify certain kinds of system behavior, like self-organized
criticality {c.g.. Dearing and Zolitschka 1999).

The idea of historical contingeney has also been a common and long-running
theme in the humanities and natural sciences. Whether it is Tolstoy’s first
method of history, whereby a series of continuous events is selected and exam-
ined (“cven though there can be no beginning to any event™). Stephen ). Gould's
impassioned view on the unigueness of evolutionary paths, or the current web
site (httpr//www.cooperative rescarch.org/index.jsp) which describes the per-
ceived timeline ol actions and events that fed to the 9/11 errorists attacks (in the
view of the web compiler now stretching back to the Russian imvasion of A
chanistan in 1979), the idea that the present is conditioned by the pastsan en

dJuring vne. However, winle the potentad vadue of bistone s debinmy the

]
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importance and existenee of contingent processes is self-cvident, the approach
to be taken is not. Certainly, it seems sensible that we should not follow Chur-
chill’s view that ““the farther backward you can look, the farther forward vou are
likely to see.” Otherwise we should fall into the trap posited by Bertrand Russell
i his tongue-in-check argument (Russell 19343 for the cause of the Industnal
Revolution interms of the chain of world events that starts with the migration of
the Turks out of a desiceating Central Asia, and the fall of Constantinople. But
how far back do we look?

For recent studies of ccological systems in North America, Foster et al.
{2003} provide many cxamples ofhow modern ccosystems are a product of past
cultural history. In some, human actions from decades past still reverberate into
the present system; i others, the sensitivity of the present sysiem 1o current
foreings has inereased because of past impacts sinee the times of the Furopean
proneers. Three aspects of contingencey should be highlighted here. First, the
coneept of inertia, which deseribes a process that once underway will not be
hadted without conditions changing, like demographic growth, the atmo-
sphere ocean systeni, or forest succession. Second, amergence, describing the
appearance of a macroscale form from cocvolving mteractions operating at a
nucroscale  from local cultural landscapes, to regional and world social struc-
wres such as Friedman s (2000) cycelical hegemonies, and Tainter's (2000) orga-
nizational problem-solving. Third, condirioning, where a past change to a sys-
tem makes a particular impact more likely (c.g., detoresting fand makes the
Nuvial system more sensitive to the same amount of rainfall than it was previ-
ausly ). Anability to distinguish between these facets of contingencey and to de-
fme them for key environmental situations seems highly desirable.

Aevgaestion: How do we determine how tar back m time our studies should
caver inorder o capture the important elements of contingeney and cmiergence
that are relevant to understanding today’s socioenvironmental systems?

BEYOND MARX AND MILANKOVITCH:
DEVELOPING AND TESTING THEORY

Fenrning from the past should include the development of theory, as already
mentioned, but this secems quite deficient with respect (0 human-environment
mteractions, Homight be argued that separate elements and processes contained
sathim human environment interactions, such as calture, cconomices, climate
imd ecology. are already relatively well founded on theory. However, the oppos-
neearpument made here is that there is a fack of fundamental theory (i.e., that
hach penerites faws or axtoms) pertaining to the complexity of multidiree-
nonab mteractions betw een human spheres and the phvsical environment at all
cates AW hat should these theories eneapsulate and enable? Well! the whole is-
e ol detming sostiomable numaeement, melading svstem sensitn iy, impact
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assessments, and societal vulnerability scems to be a prime candidate. How do
the common properties and dynamics of real socioenvironmental systems trans-
late to the languages of energetics, complex system dynamics, and “the physics
of society™ How does the sensitivity of a socioenvironmental system change
with spatial scale? How does the pattern of networked interactions define stabil-
ity and resilicnce? What arc the relationships between real systems, operating
far from “natural” or “cquilibrivm™ states, and sensitivity to perturbations? How
do we embed the value of common property regimes for sustainability in theo-
retical terms? In developing new socioenvironmental theory, can we build on
and reconcile current research trends: the social theory ol adaptive capacity and
vulnerability {e.g., Pelling 2003); world system analysis (Hornborg and
Crumley 2006); ecological dynamics (¢.g.. Levin 1999: Pahl-Wostl 1995) and
the formal mathematical approach advocated in Earth system analysis (¢.g.,
Schellnhuber and Wenzel 1998)7

Historical information may provide the vital perspective and insight that in-
spires new theory, but it also serves to test theory and hypotheses. Therefore, ad-
vancing testable theory about balanced human- environment interactions rather
than about cither biophysical or social phenomena should notonly be viewed as
a scientific priority, but may also be the route to reducing the constraints im-
posed by methodological differences. Where paleoenvironmentalists have
worked together with environmental historians within an historical ccology
framework. the potential to support or refutte conjectures about the causes of en-
vironmental change is clear. Reconstructing parallel histories of soctal, climate,
and natural environmental change provides a methodology in which circular ar-
gument is minimized and deductive hypothesis-testing maximized. One exam-
ple of its success is in understanding the anthropogenic causes ol surface water
acidification. Surlace water acidification was recognized as a major problenm
the UK. and elsewhere from the carly 1980s. A lack of Tong-term instrumental
data for precipitation acidity and water quality meant that there were a number
of alternative theories as to its causes. These included industrial emissions, but
also the effects of forestry and long-term natural biogeochemical cyeling. Dif-
ferent lake records were compiled (Battarbee et al. 1985), which allowed post
hoe scientific control for certain variables, such as geology and the absence or
presence of coniferous plantations. These records showed that increased precip-
itation acidity caused by industrial emissions of sulfur and nitrogen oxide gases
aver 100-200 years was the only plausible explanation. These findings contrib-
uted significantly to government decisions in the U.K. and clsewhere to imtro-
duce sulfur emission reduction policies.

The improved development and testing of theory probably requires two new
initiatives: (a) the compilation, integration, and regionalization of existing
knowledge and data and (b} the continued development of dynanuc models for
the simulation of human  environment interactions, These are considered i the
final two sections.
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Kev guestion: How can we develop new testable theory for the behavior of
soctoenvironmental systems that helps guide sustainable management?

INTEGRATION AND REGIONALIZATION

Fhere are two dominant modcels for the integration of human-environment in-
teractions. The first comes from the environmental sciences and emphasizes in-
tegrative studies across natural systems. This approach (cf. Swetnamet al. 1999)
tries to encompass the full set of multidirectional interactions between human
activities and [Tuvial, ccological, gecomorphic, and climatic systems; effectively
treating human actions, like deforestation and dratnage, as stressors on a natural
cnvironment, not unlike climate, The objectives seek to find explanations of hu-
man actions interms of the wider political and cconomic climate, but the empha-
sis i on the description and reconstruction of parallel histories. Less emphasis is
placed on the changing nature of social and political organization, and the role of
distal cconomie drivers, technology. discase, and climate feedback (e.g..
Jrought and extreme cold) are essentiadly implicit or speculative. The Ystad
Project (Berglund 199 1) exemplifies this approach, describing the cultural Land-
scape insouthern Sweden over the past 6000 years through historical and scien-
tific reconstructions at a number of sites (Figure 2.2). It describes changes in so-
ciety and the landscape inorder (o understand human environment mleractions
better through time and to provide a sound foundation for the managementol'the
matural environment, cultural landscapes, and ancient monuments, It poses
quustions about the effects and spatial patterns of human influence on vegeta-
non change set within a broad hypothesis that argues for the development of
agrarian landscapes driven by technology, population, and environmental carry-
g capacity. The second approach treats humans in past natural environments,
exphicitly, as octors rather than stressors. This type of itegration s imphcit
within the aimis o IGBP Core Projects (e.g., LAND and LUCC) and the wider
Farth System Science Partnership, but entails more ambitious integration that
bridges the gaps between world systems, social science, historical ccology, and
-arth system science. In this respect, the Mappae Mundi project (de Vries and
Goudsblom 2003) provides a narrative that places the sustainability of humans
and their habitats moa long-term socioecological perspective, as well as a foun-
Jdation for future studies.

Aconsiderable amount ol historical and paleoenvironmental information al-
readyexasts for many parts of the world, yet rarely s it compiled and analyzed in
aorm that maxiizes our learning of human environment interactions beyvond
the develalthe case study (for an exeeption, see van der Leeuw 2005). One ma-
for task s theretore to produce syntheses at either national levels or for common
coossstemns and lindscapes that capture the current understanding of long term
PHOD 102 vearsi ccosvstem dyiamires. A new imtiative in the [IGBP Core Project

Pt Global € lungees aPANGES) wil artempt (o do thas chitpr www liviae uk/
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geography/PAGESFocus5/). PAGES Focus 5 encourages paleoscience and en-
vironmental history communities o interact more effectively in order to provide
a fuller understanding of landscapes and environmental systems. These integra-
tive syntheses will act as mventories of information that can help inform con-
temporary studies of these ccosystems (ideally linked to other IGBP Core Pro-
jecets, such as LAND, or the Long Term Ecological Research Network). A draft
scheme tor organizing regional syntheses shows a two-dimensional matrix de-
fined by zonal and azonal geographical regions, and simple measures of the in-
tensity and duration of past human impact (Figure 2.3). Such a scheme will al-
low us to catalog regions where suflicient information and data already exist,
and (o prioritize new regions where new records and syntheses are required
threatened human landscapes,™ and “highly

e

(c.g., “fragile human landscapces,
valued ccosystems™).

~«—— Human land-use impact ———
Ecosystem type Low Medium-High
Recenl (last 1-2 ka)| Ancient (last 1-2)
Temperate mixed forest Rhine / Eifel
Mediterranean SW Turkey
E Temperate grassland UppeUr.l\SA.ig\‘Nest
Tropical moist forest Mesoamerica
Boreal forest Peace River, Canada
Large oceanic islands “g\:vmzleszla?:r?d
_ Mountains W Alps
g Large river floodplains Murray Darling Lower Yangtze
2 Coastal zone, peatlands, etc. Netherlands
Lake systems SW Scotland

Figure 2.3 An cxample of an organizational matrix for the regionalization of global
casc studies within PAGES Focus 5. Each cell represents a zonal region or azonal system
for which high-quality (well-dated, high-resolution) multi- and interdisciplinary
paleoenvironmental data (including sedimentary, archacological, instrument. and docu-
mentary data as appropriate/available) alrcady exist and where synthesis of information
for ditferent environmental systems (c.g.. lakes, fluvial) and/or atdifferent scales 1s fea-
sible. Blank cells could be targeted lor new studies, with priorities sctby eriteria such as
bigh biodiversity status; (ragile and/or degraded regions: projected climite and or hu
man impacts: pollution loadimgs: and regrons comerdent swaith other [GRP Core Projects
(Dearing 2005: Dearing ¢t al. 2006b)
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Two further aspects of international environmental change research would
be addressed by these syntheses. First, a full inventory of past environmental
processes and human—environment interactions within a region could make ma-
jor contributions toward ranking subsystem sensitivities to particular combina-
tions of past climate and human impact, and help to underpin other attcmpts to
characterize functional human--environment units (Ladeke et al. 2004: LLambin
ctal. 2001) where crucial long-term trajectories may be lacking. Success may
require new methods for ranking the sensitivitics of modern ecosystems based
on long-term Iistories, utilizing, for cxample, system encrgetics, “distances™
from pre-impact states, and rates of change in key process variables (c.g.,
Dodson and Mooney 2002). Second, improved ability to scale-up local case
studies through coordinated regionalization will allow generalization or transfer
of findings across larger geographical arcas and ecosystems, giving compatibil-
ity with the scale of real and modeled environmental drivers (¢.g., administra-
uve arcas, downscaled GCM outputs). An example of where this has alrecady
heenattempted is the biomization of pollen diagrams (Prentice et al. 1996) used
to produce global vegetation/biomass maps for chosen time periods (e.g..
BIOME 6000). For some processes, it may provide the means to upscale to the
clobal scale in order to compute new global process records, such as a Holocene
record of global deforestation or sediment 1Tux to the global coastline.

Kevguestions: How do we prioritize which regions or ccosystems need new
and dedicated research programs to establish historical perspectives? How do
we move from viewing humans as “stressors” to viewing them as “actors™ in re-
constructed environments?

SIMULATING FUTURE HUMAN-ENVIRONMENTAL
INTERACTIONS

However powertul the insights gained from history, there will always remain
~aps in the record and uncertainty with regard to navrative description and ex-
planations. However detailed and penetrating, a full analysis of available past
records will not be able to generate alternative and testable strategies for sustain-
1ble management. Enhanced levels of confidence in understanding human—cn-

nonment system behavior are therefore most likely to come through mathe-
matcal simulation modeting. A key measure of the quality of our theoretical
niderstanding of soctoenvironmental systems has to be the extent to which we

mesimnlate reality. Simulation modeling is therefore a key complement to em-
prorcal studies of human environment interactions and may be used together
Suh hnstoncal and paleoenvironmental data in different ways. For example,
nodel data comparisons are often used to isolate an individual forcing by con-
velbie Tor other varables This s a0 particularly valuable approach in
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human-interaction studies where a common issue is how (o “isolate™ the effect

of land-use or land-cover change, forced by human actions, from the impact of

climate change. However, sutficient empirical evidence now exists to show that
human -enviromuent interactions are complex and essenptially nonhinear, char-
acterized by the growth of relatively long-hived emergent phenomena at all
scales: social institutions, social structures, ecosystems, and geomorphic forms.
Thus, ideally, new simulation maodels should allow complex and macroscale
emergent phenonena to arise from microscale mteractions within an evolution-
ary framework. Such models would be run forward from the past and be vali-
dated aganst historical time series before simufating future systems under dif-
ferent scenarios of climate, environmental, and socictal change: a methodology
utilized in disentangling the individual and combined roles of alternative cli-
mate drivers of 20%-century global warming.

One promising approach would be (0 build on recent developments in spa-
tially explicit cellular automata-type models (Dearing 2006). These models can
be classified according to the level of Tunctional rules used. the means by which
and the timescales over which the model is validated, and the extent to which the
activitics of human agents and decision making are made explicit. As with inte-
grating case studies, there is a logical dichotomy of approaches depending on
how human actions are captured, For example, biophysical celiular models in
catchment hydrology use low-level rules (Figure 2.1), fong timescales ranging
frontdecades to millennia, but with limited inclusion of human agents. Environ-
mental changes are expressed as sequential maps or as time series of outputs
from the whole catchment. In such examples, human agents are brought into
play mainly as stressors to set future seenarios for hard engineering options or

Jland-use change. In contrast, the inclusion of humans as agents makes use of

high-level rules and often a restricted hustory. Limitations of cellular avtomata
modeling include the constraints imposed by the simplicity of celiular models
and how this simplicity has to be compromised to accommodate action-at-a-dis-
tance social processes. Beyond these problems, there are ongoing developments
that are likely to see improved cellular-based modeling, through integration
with GIS, macrolevel models and, in ¢cology, developing individual-based ap-
proaches. A recent variant of the cellular antomaton approach provides a com-
pelling spatiotemporal simulation of the global population through the Neolithic
transition (Wirlz and Lemmen 2003), with validation through the archacologi-
cal record. Perhaps most headway toward the development of integrated

soctoenvironmental models has been gained through the development of

agent-based models (ABMs), particularly among the international fand-cover
and land-use community (e.g., Parker etal. 2001). The emphasis in ABMs tends

to be on social and economic drivers of land use rather than the coevolution of

interactions between humans and environmental processes, and validation has
largely come through sequential maps of fand cover derived fromsatellie imag-
ery sinee the 1960s, For example, projections ol plobal Lund use (or different
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soctoenvironment scenarios by the Millennium Ecosystem Assessment (2005)
utilize observed changes in global crop and forest areas since 1970 with
modeled socioenvironmental scenarios until 2050, Thus, while these ap-
proaches are of great value in strategic planning, they have yet (o exploit the
fully reconstructed history of human environment interactions that is often
available.

Aeyquestion: How do we improve the integration of sociaecanamic and biagea-
chemical processes within the same dynamic simulation madeling framewaork?
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