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Chapter 25

25.1 Introduction

Human transformations of ecosystems and landscapes
are the largest source of environmental change on Earth,
affecting the ability of the biosphere to sustain life
(Steffen et al. 2004; Vitousek et al. 1997). As a species,
humankind has become ever more adept at appropriat-
ing and altering the Earth’s resources for human needs.
Intensification and diversification of land use and ad-
vances in technology have led to rapid changes in bio-
geochemical cycles, hydrologic processes, and landscape
dynamics (Melillo et al. 2003). Changes in land use and
management affect the states, properties, and functions
of ecosystems. In turn, these consequences affect human
well-being. There is a need for improved understanding

of how human actions affect natural processes of the ter-
restrial biosphere, and an even greater need to evaluate
the consequences of these changes (Kates et al. 2001; NRC
1999). The research goal of the Global Land Project (GLP)
is to measure, model, and understand the coupled hu-
man-environmental system (Fig. 25.1) as part of broader
efforts to address changes in Earth processes and subse-
quent human consequences (GLP 2005).

Early ecologists had already pointed out that the eco-
system concept originally included human actions and
needs explicitly. Nevertheless, until recently humans were
largely treated as exogenous to ecosystems in many stud-
ies of the effects of global change on the terrestrial bio-
sphere. For example, ecosystem responses to changes in
atmospheric CO2, plant invasions, or fire were evaluated
with a given scenario of disturbances that did not take into
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Fig. 25.1.
GLP analytical structure (GLP
2005)
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account the socio-cultural factors leading to disturbance, or
feedback between ecosystem function and decision-mak-
ing by individuals and institutions. However, decision-mak-
ing, ecosystem processes, disturbance, and ecosystem ser-
vices are inextricably intertwined, and a consideration of eco-
systems as coupled human-environment systems is a criti-
cal next step in understanding the changing Earth System.

Global environmental changes affect the coupled hu-
man-environment system differently in different regions
of the world. Biophysical alterations, such as increased
atmospheric carbon dioxide concentrations or enhanced
erosion of soils, and social forces, such as globalization
of markets, generate different responses in Northern vs.
Southern hemispheres, urban vs. rural environments, and
developed vs. developing countries. These changes, in
turn, affect local land-use decisions and the delivery and
maintenance of ecosystem services. Links between deci-
sion-making, ecosystem services, and global environ-
mental change define important pathways of coupled
human-environment activities at the local and regional
scale to and from global scales (Fig. 25.2).

The focus of the Global Land Project is largely land-
centric which includes the people, biota, and natural re-
sources (air, water, plants, animals, and soil). In addition,
critical feedbacks and interactions between the land and
the atmosphere, and between the land and oceans will
be researched (GLP 2005). This research strategy is de-
signed to bring together elements resulting from over
10 years of research of the individual IGBP and IHDP
core projects, Global Change and Terrestrial Ecosystems
(GCTE) and Land-Use and Land-Cover Change (LUCC),
and assessment efforts such as the Millennium Ecosys-

tem Assessment (Mooney 2003). From a programmatic
sense, the GLP is the evolution of the GCTE and LUCC core
projects into a new phase of more integrated research and
coupled developments between natural and social sciences.
This legacy of research and recent efforts in integrated
environmental research have opened the opportunity to
undertake a more integrated human-environment sys-
tem set of studies in ways not possible in the past.

Given this focus on the human-environment system,
the research activities need to be formulated to account
for place-based differences and to consider the time and
spatial scale of changes in human-environmental
properties. The human-environment system approach
provides a context to better understand the cultural
landscape in which changes in the land environment are
taking place and the manner in which regional differ-
ences in social structures at multiple scales affect bio-
geochemical cycles, biodiversity, and biophysical pro-
cesses. The development of the research activities will
require the joint efforts of scientists from various com-
munities, including the social, economic, and environ-
mental sciences.

25.2 Research Objectives

The Global Land Project has three objectives that pro-
vide the framework for the research:

� to identify the agents, structures and nature of change
in coupled socio-environmental systems on land and
quantify their effects on the coupled system;

Fig. 25.2.
The continuum of states re-
sulting from the interactions
between societal and natural
(GLP 2005)



315

� to assess how the provision of ecosystem services is
affected by the changes in the coupled socio-environ-
mental system;

� to identify the character and dynamics of vulnerable
and sustainable coupled socio-environmental LAND-
SYSTEMS to interacting perturbations, including cli-
mate change.

Three thematic research areas define the Global Land
Project research framework: (1) Dynamics of Land-Sys-
tems; (2) Consequences of Land-System Change; and
(3) Integrating Analysis and Modeling for Land Sustain-
ability. These research themes are depicted in Fig. 25.1,
and additional research areas are indicated related to
(a) factors affecting decision making, (b) the implemen-
tation of land-use management, (c) the effects on eco-
system and environmental dynamics, (d) the provision-
ing of ecosystem services, and (e) the evaluation of the
coupled human-environmental land system’s vulnerabil-
ity to global environmental changes.

25.3 Emergent Concepts

The scope of the Global Land Project includes research
on the effects of atmospheric, climatic, and land-use
change on ecosystems, but in addition, several emergent
concepts provide new directions for land research. These
emergent concepts are associated with a greater focus
on the social and environmental aspects of land system
decision making, the valuation and provisioning of eco-
system services, and factors affecting vulnerability and
sustainability of the coupled human-environment sys-
tem. The following section provides a brief overview of
these emergent concepts.

25.3.1 Land-Use Decision Making
and Adaptive Management

Our increased understanding of the decision-making
process related to land management provides a basic
foundation for evaluating the interactions between hu-
man activities and their impacts on ecosystem struc-
ture and function. In this context, the decision making
processes affecting land management are of particular
interest in understanding how the range of settlement
patterns, extraction of natural resources and produc-
tion practices, land conversion methods, and conserva-
tion practices affect ecosystem dynamics.

The turn of the century has been marked by political
and economic processes labeled globalization. The term
refers to the worldwide reach and dominance of market
institutions, engendered by the virtual instantaneous
delivery of information, whose spread carries with it

political and cultural implications (Stiglits 2002). These
changes, associated with demographic and labor-flow
trends, are occurring concurrently with climate change,
CO2 effects, and N deposition across different regions
around the world. One outcome of globalization is the
increasing separation of places of consumption from
places of production, such that land systems often can-
not be adequately understood without considering link-
ages to decisions made elsewhere (Blaikie and Brookfield
1987; Kasperson et al. 2001). For example, commodity
crops throughout Africa are directly contracted from
Europe (Bassett 2001) and large-scale deforestation in
Borneo is driven by Japanese timber and pulp wood in-
dustries, although the translation of the demand to land
systems is typically mediated by local policies and in-
stitutions (Angelsen and Kaimowitz 1999). In either case,
the dynamics in question are embedded within and of-
ten directly tied to decisions made halfway around the
world or processes operating globally.

Research is needed on the ways in which the socio-
economic forces of globalization are tied to specific land-
use practices and the role of institutions in mediating
their outcome, including their impacts on ecosystem ser-
vices. Analysis of economics, institutions, and the role
of multiple stakeholders in land-use decision-making
in regions undergoing socio-economic and environmen-
tal change is critical for various kinds of land change
models. This research will provide insight into what
types of coping strategies might be utilized at the local
and regional scale. An area of emphasis will be socio-
economic and political changes resulting in the reloca-
tion of significant numbers of people, both between re-
gions, and within them. Understanding these interac-
tions and how they affect ecosystem services (which are
in many cases altered by changing land-use practices)
will facilitate the development of coping and mitigation
strategies to offset further perturbations.

Demographic factors, including growth, density, fer-
tility, mortality, age, and sex composition of households,
are known to be important factors influencing land-use
and cover change. Research in the past decade has shown
that while population growth is strongly related to land-
cover dynamics, such as deforestation (Allen and Barnes
1985), this relationship is mediated by many other fac-
tors, such as land settlement policies and market forces
(Geist and Lambin 2002). A key aspect of demographic
dynamics is human migration, including shifts to and
from rural and urban areas, and migratory flows linked
to globalization processes. While urban areas continue
to draw labor from rural agricultural areas, global labor
markets induce the movement of large numbers of
people across countries and continents (Massey 1998).
Meanwhile, large-scale planned re-settlement continues
in Amazonia and Indonesia, where land-use patterns
have been found to depend on household composition,

25.3  ·  Emergent Concepts
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income, soil fertility, distance to markets, and the dura-
tion of tenancy (Pichon 1997; Perez and Walker 2002).
Land tenure itself can affect fertility decision-making
at the household level, with more secure tenure, ceteris
paribus, resulting in lower fertility rates (Moran 1993).
Establishing the generality of such findings is an im-
portant research challenge.

25.3.2 Ecosystem Services

Interactions between ecosystem structure and function,
and with society, have consequences for the provision-
ing of ecosystem goods and services. There is much
progress to be made in explicitly linking ecosystem pro-
cesses as they have been traditionally evaluated and the
services that ecosystems provide to society. Because of
this focus on ecosystem services, it is essential that natu-
ral and social scientists develop reasonable sets of met-
rics of these services. Recent research has heightened
awareness among scientists, policy makers and the pub-
lic of the vital role of ecosystem services not only in the
provisioning of key economic goods but also in the ser-
vices that sustain, regulate and support life on Earth
(Constanza et al. 1997; Daily 1997; Daily et al. 2000;
Mooney 2003). Human well-being depends on a wide
array of goods and services that terrestrial ecosystems
provide. Whereas consumptive goods provided by land
systems, such as grains, animal protein, and fiber and
wood products, are typically valued through well devel-
oped markets, the contributions to human well-being and
ecosystem functioning of the ‘underpinning’ services
provided by ecosystems often remain ‘invisible’ and un-
valued (or undervalued).

The array of such services is broad, from those ser-
vices that regulate critical human-environment processes
(e.g., climate, disease, flooding, detoxification) to services
that support economic activity (e.g., soil formation, pri-
mary productivity, nutrient cycling, pest control, polli-
nation). Indeed, our reliance on ecosystem services ex-
tends well beyond economic welfare, encompassing in-
come, assets and capabilities, to health, security, food and
nutrition, as well as, cultural identity, aesthetics and spiri-
tuality. Changes in land systems (in land-use practices
and land cover) can disrupt the provisioning of services,
degrade the quality of ecosystem services, and reduce
the ability of ecosystems to maintain delivery of essen-
tial services upon which human well-being depends. One
major feature of coupled human-environment systems
is the notion that ecosystem services are not indepen-
dent from each other, and that any change results in posi-
tive and negative outcomes depending on services con-
sidered, i.e., on the trade-offs.

Changes in the delivery and the maintenance of eco-
system services are also being affected by modifications

of ecological systems through alterations of community
composition or structure brought about by human ac-
tivities. Inadvertent or sometimes purposeful actions
by humans have led to creation of new ecosystems with
unique combinations of organisms under modified en-
vironmental conditions. Examples of these emergent
ecosystems can be found along a range of conditions
ranging from urban environments to more natural set-
tings. Examples include invasive species introduced
in South Florida which have altered fire and hydrologi-
cal regimes (Ewel et al. 1986) landscape alteration of
hedge row communities in agricultural landscapes of
Europe affecting predator-prey and pollinator commu-
nities, and salinization of Australian woodlands due to
hydrological shifts resulting in changing forest dynam-
ics (Hobbs et al. 2006). These “emergent ecosystems”
may lead to modification of ecosystem structure and
function in novel ways. However, management regimes
can change abruptly as a result of environmental and/
or human perturbations. For example, expansion of ag-
ricultural lands due to market or local demands for food
production, sudden changes in prices of agricultural
inputs (e.g., oil prices), policy shifts which alter envi-
ronmental valuation of certain ecosystem properties,
or political crises can result in rapid transitions in
land management regimes. This set of examples point
out the need to develop an analysis of the ways in which
ecosystem processes are affected in terms of changes
in biogeochemical cycles, biodiversity characteristics,
and biophysical properties along urban-wildland con-
tinuums.

25.3.3 Vulnerability and Sustainability Science

The interaction of the coupled human-environment sys-
tem with global change effects determines the vulner-
ability or the ability to take advantage of opportunities
emerging from global change and access to markets and
technologies. Vulnerability is the degree to which a sys-
tem is likely to experience harm due to exposure to a
hazard (Kasperson et al. 1995, 2001; Turner et al. 2003a).
Resilience refers to the ability of a system to recover to
a reference state following a disturbance and/or its ca-
pacity to maintain certain structures and functions de-
spite disturbance (Carpenter et al. 2001; Gunderson
2000; Gunderson and Holling 2002; Harrison 1979).
Emerging from risk-hazard studies and ecology, respec-
tively, vulnerability and resilience have been incorpo-
rated in frameworks applicable to land systems (Down-
ing et al. 2001; Kasperson and Kasperson 2001; McCarthy
et al. 2001; Turner et al. 2003a,b; Watson et al. 1997).
These frameworks evaluate how hazards-disturbances
and exposure to them affect the sensitivity and resil-
ience of the land system, including the consequences of
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adjustments and adaptations resulting from the hazards.
Their applications have shown, for example, how the
changing political economic structures in Mexico due
to economic liberalization interact with drought to
change the vulnerability of land systems on ejidos (com-
munal lands) in different parts of the country (Turner
et al. 2003b).

Vulnerability-resilience assessment is central to the
Global Land Project for at least two reasons: (1) land sys-
tems are exposed and respond to hazards and distur-
bances, with the resulting mechanisms sustaining the
systems or placing them at risk of change; and (2) the
identification of those components of the land system
most at risk and the mechanisms that enhance risk miti-
gation are central societal concerns. Information asso-
ciated with these two reasons will be useful to decision
makers. Most vulnerability-resilience work to date, how-
ever, has not addressed the land system per se. Risk-
hazards approaches have focused on human vulnerabil-
ity hazards (e.g., hurricanes) or on natural resources (i.e.,
the provisioning component of ecosystem services). Re-
silience research, in turn, has focused on ecosystem func-
tioning. Recent work indicates that a more integrated
approach is needed and the coupled human-environ-
mental system perspective provides a framework to
evaluate these linkages between ecosystem services and
society (Adger et al. 2000; Luers et al. 2003).

Multiple perturbations and stresses operating at dif-
ferent spatio-temporal scales affect goods and services,
challenging the science community to develop methods
and metrics to achieve effective vulnerability analysis.
Vulnerability involves more than the exposure of the sys-
tem to a hazards, such as drought. It also includes the
coupled human-environment system’s sensitivity to the
exposure and its resilience to the consequences. Resil-
ience involves the copying capacity, adjustments, and
adaptation of the system. Vulnerability analysis, there-
fore, must be holistic and integrative in design, and ow-
ing to the complexity and variation of coupled human-
environment systems and their impacts on environmen-
tal goods and services, should be placed-based but ex-
plicitly linked to other places, drivers, and consequences
to which it is connected.

25.4 Research Framework

The research approach of the Global Land Project is de-
signed around the challenges of integrating the social
and biophysical sciences. Three major themes have been
developed to enable the research community to better
engage in different facets of the research framework. The
following section provides an introduction to this re-
search which is being implemented through a network
of research activities.

25.4.1 Theme 1:
Dynamics of Land System

Research Questions

� How does globalization and population change affect
regional and local land-use decisions and practices?

� How do changes in land management decisions and
practices affect biogeochemistry, biodiversity, bio-
physical properties, and disturbance regimes of ter-
restrial and aquatic ecosystems?

� How do the atmospheric, biogeochemical and bio-
physical dimensions of global change affect ecosys-
tem structure and function?

Understanding of global change is dependent on bet-
ter understanding of the role of human activities in al-
tering the structure and functioning of terrestrial and
aquatic ecosystems, and the effect of changes in the Earth
System on coupled human-environment systems oper-
ating at smaller scales. Increased understanding of the
decision-making processes related to land-use manage-
ment provides a foundation for evaluating the interac-
tions between factors influencing human activities and
feedbacks within the coupled human-environment sys-
tem. Particularly dramatic are the impacts of land-use
decision-making on the human use of land and the con-
sequent changes in land cover and ecosystem dynamics.

This theme contributes to understanding the mecha-
nisms by which human activities and global environmen-
tal changes affect terrestrial and aquatic ecosystems. The
research undertaken for this theme will develop and syn-
thesize knowledge on the proximate and underlying
causes of land-use change, and hence ecosystems, with
particular attention to the role of broader social, demo-
graphic and economic forces in shaping land-use deci-
sions. The effects of land-use practices (e.g., agricultural,
silvicultural, and pastoral systems) and global change
effects on ecosystem services and the resulting feedbacks
to the Earth System have not been well studied or quan-
tified. Particular attention is given to the effects of hu-
man domination of landscapes, as these effects relate to
urbanized areas, habitat management, increasing impact
of invasive species, and other environmental character-
istics. Likewise, this theme seeks a deeper understand-
ing of the functioning of ecosystems within the context
of global environmental change, assessing the effects of
changes in atmospheric composition and physics on hy-
drological and biogeochemical cycles, biodiversity, and
ecological disturbance regimes (Box 25.1). The greatest
challenge, then, is the integration of this knowledge to
forge an understanding of the combined and interactive
effects of land-use and broader global environmental
change on ecosystem structure and function.

25.4  ·  Research Framework
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25.4.2 Theme 2:
Consequences of Land-System Change

Research Questions

� What are the critical feedbacks from changes in eco-
systems to the coupled Earth System?

� How do changes in ecosystem structure and function-
ing affect the delivery of ecosystem services?

� How can ecosystem services be linked to human well-
being?

� How do people respond to changes in ecosystem ser-
vice provision, considering the various scales and con-
texts of decision making?

Land ecosystems, both terrestrial and aquatic, provide
a multiplicity of ecosystem services that are vital to hu-
man well-being. Agricultural systems, for example, both
rely on and contribute to services, such as, soil forma-
tion and fertility renewal, freshwater, genetic crop re-
sources, and pollination that result from agro-ecosystem
processes. Changes in the availability of ecological ser-
vices affect the viability, productivity and stability of the
coupled human-environmental systems upon which hu-
mans rely for sustenance and economic livelihood.

Decisions about land management often result in
trade-offs in the delivery of different ecosystem services.
A number of factors may change through time which
can affect the decision-making process and the evalua-
tion of particular ecosystem services. A first objective
of the research for this theme will be to identify these
trade-offs, their causes, and the consequences they im-
pose on land management in the context of global

change. An effort will be undertaken to quantify how
reductions in ecosystem services caused by changes in
disturbance or management regimes may provoke shifts
in land productivity by modifying physical inputs and
economic returns.

Theme 2 addresses the consequences of changes in
ecosystems brought about by land-use and global envi-
ronmental changes studied under Theme 1. These con-
sequences include feedbacks to the people within an eco-
system, and to the broader Earth System. Feedbacks to
people are understood as changes in the delivery of a
broad range of ecosystem services, such as agricultural
productivity, clean air, potable water, and many others.
Feedbacks to the broader Earth System occur through
biogeochemical cycles, biodiversity, and natural distur-
bance regimes (Box 25.2). Finally, Theme 2 examines the
combined effects of such ecosystem feedbacks, along with
the effects of broader social, demographic and economic
forces, in shaping local land-use decisions.

25.4.3 Theme 3:
Integrating Analysis and Modeling
for Land Sustainability

Research Questions:

� What are the critical pathways of change in LAND-
SYSTEMS?

� How do the vulnerability and resilience of LAND-
SYSTEMS to hazards and disturbances vary due to
changes in human and environment interactions?

� Which institutions and policies enhance land sustain-
ability?

Fire and pest outbreaks have been part of the natural cycle of
many forested ecosystems world wide. Fire has often a neces-
sary component of a forested ecosystem to reset the successional
cycle of these ecosystems. However, recently studies have indi-
cated the frequency of pest outbreaks have increased due to

Fig. 25.3.
a Pine forest in Eastern
Oregon, two years after the
catastrophic fires of 2002.
Note the lack of regeneration
in detrimentally burned soils.
Provided by Kathy Hibbard.
b Pine beetle damage (pro-
vided by Kathy Hibbard);
with inset showing mountain
pine beetle (provided by
USDA Forest Service)

Box 25.1. Fire and Pests

increased growing season temperatures resulting in large ar-
eas of dead or damaged trees (Logan et al. 2003). These ex-
panded areas of insect damaged forests have the potential to
enhance the fire extent and intensity under these climate al-
tered conditions.
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Theme 3 seeks to integrate the dynamic interactions
of human and environment subsystem characteristics
(i.e., integrated land-change science) for assessment of
vulnerability, resilience, and adaptation towards sustain-
able land systems and to provide this understanding in
ways that are meaningful to decision making and policy
(Box 25.3). To accomplish this goal, Theme 3 integrates
findings from Themes 1 and 2 of the Global Land Project.

The sciences addressing complex systems have re-
vealed the roles of emergent and path-dependent prop-
erties of coupled human-environment systems, and the
thresholds in these systems that change their structure
and function (e.g., Berkes and Folke 1998; Holling 1978;
Levin 1998; Schellnhuber and Wenzel 1998). The sciences
addressing vulnerability, resilience, and ecosystem ser-
vices have demonstrated the nature of threats to land
systems, especially in regard to the provisioning of food,
fiber, and water (Daily et al. 2000; Dow and Downing 1995;
Folke et al. 2002; Kasperson et al. 1995; Raskin et al. 1996;
Rosenzweig 2003; Turner et al. 2003a,b). Studies of so-
cial learning and decision making have improved under-
standing of how coupled human-environmental systems,
including land systems, are sustained or cope with forces
of change (Cash et al. 2003; Kates et al. 2001; Lubchenco
1998; Mooney 2003; NRC 1999; Raven 2002). Recent ad-
vances in agent-based and other integrated modeling
permit these complex factors to be treated systematically
and holistically, providing land-based outcomes and
near-term projections (e.g., Parker et al. 2001, 2003). The
complexity of land systems, the variability in the forcing
functions acting on them (e.g., Berkes and Folke 1998;
Lambin et al. 2003; Lambin et al. 2001; Levin 1998) and
the synergy of the human and environmental subsystems
(Schellnhuber et al. 1997) enhance the need for place-
based analysis (e.g., production unit, ecosystem, land-
scape) to address vulnerability, resilience, and sustain-
ability (Cutter et al. 2000; Cutter 2001; NRC 1999; Wilbanks

and Kates 1999). Yet, profound scalar dynamics (Parker
et al. 2003; Schellnhuber and Wenzel 1998; Steffen et al.
2004) in land systems and the multiple needs of science
and society regarding these systems also require that in-
tegrative analysis and assessment address multiple
spatio-temporal resolutions to the problem.

25.5 Implementation Strategy

The GLP will engage in a variety of approaches to achieve
its research goals. Working groups and networks of re-
searchers will serve a fundamental role in the implemen-
tation of the science plan. The guiding principle associ-
ated with the GLP is that studies will (a) be place-based
research studies, (b) require the establishment of inter-
disciplinary teams, (c) be cognizant of the need to be
able to scale up and down and across disciplines, and
(d) define the relationship of the research to the broader
coupled human-environmental framework.

The research activities will include:

� case studies, manipulative studies and comparative
studies

� networks of experimental and case studies across gra-
dients of land systems

� long-term observations/experiments (remote sensing,
sites, cross-site analysis)

� process models (e.g., vegetation/ecosystem, agroeco-
system, agent-based models)

� land-use meta-analyses
� integrated analytical tools, not only models but also

advances in field techniques
� decision-making models
� integrated regional studies
� interdisciplinary database development and archival

systems

Just as most ecosystems on Earth are now influenced by
human activities, human dominated land systems such as
cities remain influenced by ecological processes, including
plant and soil biogeochemistry. The Biosphere-Atmosphere
Stable Isotope Network (BASIN) organized within IGBP uses
isotopic tracers to detect the influence of ecosystem processes
on the atmosphere and how these processes are modified by
global change. In this figure from Pataki et al. (2003), measure-
ments of CO2 isotopes in Salt Lake City, Utah, USA were used to
separate nighttime CO2 concentrations into a biogenic compo-
nent originating from respiration of the urban forest and an-
thropogenic components originating from fossil fuel com-
bustion. The results show that despite the large influence of
fossil fuel emissions on the urban atmosphere, biological
processes are easily detectable. These processes contribute to
the urban carbon cycle and provide a variety of services for
urban residents, including carbon sequestration, removal of at-
mospheric pollutants, and the cooling effects of transpiration
and altered albedo.

Fig. 25.4. Partitioning of 2002 night time carbon dioxide con-
centrations for Salt Lake City, Utah (Pataki et al. 2003)

Box 25.2. Urban Carbon Dioxide

25.5  ·  Implementation Strategy
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Initial implementation Steps

Taking advantage of existing case study examples and
initiatives, e.g.:

� On urban-rural gradient, linking GLP efforts to stud-
ies of the effects of conversion of rural to urban land
on ecosystem functioning, and the subsequent effects
and feedbacks related to ecosystem services.

� On arid lands to address dryland problems in a com-
prehensive an integrative way.

� On mountain ecosystems providing opportunities for
comparative regional studies and for analyses of re-
gional differentiation of environmental change pro-
cesses in fragile ecosystems threatened by both sys-
temic and cumulative human impacts.

� On managing the carbon cycle by contribution to the
assessment of carbon sequestration potential; this is
of the potential gain in carbon stocks in biomass and
in soils within a given land area resulting from a
change in land use, land cover or land management.

� On agricultural land, responsible for growing food,
fiber and energy as primary provisional services for
humankind, and the impact of global environmental
change on agricultural production.

� On aquatic ecosystems, which closely interact with
terrestrial ecosystems in providing habitat for diverse
flora and fauna species, transport of nutrients and
sediments and numerous other elements, and support
diverse biogeochemical activity.

25.6 Summary and Conclusions

The Global Land Project (GLP) represents the joint,
land-based research agenda of two major global change
science programmes: (i) the International Geosphere-
Biosphere Programme (IGBP), which originally focused
mainly on biophysical processes in the Earth Sys-
tem through its Global Change and Terrestrial Eco-
systems (GCTE) core project, and (ii) the Interna-
tional Human Dimensions Programme through its core
project on Land-Use and Land-Cover Change (LUCC).
The focus of the new project includes people, biota,
and other natural resources (air, water, and soil). The
strategy presented here critically emphasizes changes
in the coupled human and environmental system,
which is an extension of the ecosystem concept to
explicitly include human actions and decision-making.
The research planning builds upon the extensive
heritage of global change research including the re-
search discussed in the other chapters in this volume.
The Global Land Project is designed to promote greater
integration of social and biophysical sciences to meet
the current challenges to coping and adapting to global
change impacts the world is facing today and the
near future. The sustainability of the coupled human-
environment system and of ecosystem services is highly
vulnerable to global change impacts as we move to-
ward Earth System dynamics not yet faced by our
societies.

Determining and examining linkages between vulnerability and
resilience with reference to LAND SYSTEMS and among the
varying perspectives of the participating sciences remains an
exciting challenge.

The vulnerability theme emerged from the social and appli-
cation sciences dealing with risk-hazards. It invariably addresses
the characteristics of individuals or groups in terms of their ca-
pacity to anticipate, cope with, resist, and recover from the im-
pacts of a hazard (Blaikie et al. 1994), natural hazards for LAND
SYSTEMS. Resilience, implying the opposite of vulnerability, is
used in the wider ecological community (e.g., Folke et al. 2002)
to understand how components of an ecosystem are configured
to enable it to rebound after a perturbation of stress (for vulner-
ability, both are hazards). To date, natural systems are transpar-
ent in most vulnerability assessments, while ecosystem resilience
focuses primarily on the biophysical processes in question.

The vulnerability and resilience of LAND SYSTEMS is de-
termined by complex interactions among ecosystem and a suite
of political, economic and social conditions and processes. Not
only do shocks or perturbations (e.g., war, conflict, and climate
change) and ‘every day’ stressors (e.g., economy, land use, and
nutrient cycling) affect the environmental and human compo-
nents of the LAND SYSTEM, but the consequences on either
component interact in ways that change vulnerability-resilience.
LAND SYSTEMS are coupled human-environment systems that
require their vulnerability-resilience to be treated in an inte-
grated manner. The vulnerability and resilience of land sys-
tems must be studied in an integrated manner: a research chal-
lenge for GLP.

Fig. 25.5.
The linkages between
perturbation and system
response encapsulated in
the concept of vulnerability
(GLP 2005)

Box 25.3. Vulnerability
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