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CHAPTER 25 

INTEGRATED LAND-CHANGE SCIENCE AND ITS RELEVANCE TO THE 
HUMAN SCIENCES 

B. L. TURNER II', EMILIO MORAN~, RONALD RIND FUSS^ 

'~raduate School of Geography and George Perkins Marsh Imtitute, Clark University 
Worcester, MA 01 61 0 
'Center for the Study of Institutions, Popularion and Environmental Change 
Indiana University, Bloomington, IN 47405 
3 Department of Sociology, University of North Carolina, Chapel Hill, NC 27599 

1 The Programmatic Origins of Integrated Land-Change Science 

What is and ought to be humankind's relationship with nature? This question has stood 
the test of time as an overarching intellectual and moral query confronting society and 
to which much research and pedagogy has been directed. The question can be traced to 
antiquity in western society (Glacken 1967), and has had no less profound thinkers in 
eastern societies. It has been recrafted in many forms following the Enlightenment, 
traced through such landmark concepts as nobsphere and biosphere (Vemadsky 1945; 
Lapenis 2002), human modification of the earth (Thomas 1956; Marsh 1965), and 
ecosystem and biosphere function (Worster 1977; Lovelock 1988; Moran 2000; Golley 
1992). These questions moved to the forefront of public concern in the 1960's 
American environmental movement, inspired in no small part by Rachel Carson's Silent 
Spring (1962), and led such initiatives as the International Biological Programme (IBP), 
which took advantage of the growing capabilities of computing to carry out large-scale 
ecosystem studies, including a "human adaptability" component examining the genetic, 
physiological, and behavioral adaptations that made it possible for human populations 
to thrive in environments considered to be extreme (Baker and Weiner, 1966; Odumi 
and Pigeon, 1970; Odum 1971; Baker and Little, 1976; Jamison et al., 1978). 
UNESCO's Man and the Biosphere Programme gave an even stronger role to the 
human dimensions of environmental concerns, especially as it has evolved today 
towards themes of sustainable development (www.unesco.org/mab). 

Subsequent concern with global environmental change elevated questions to 
the structure and function of the biosphere,' spurred in part by the incipient recognition 
of potential human-induced climate warming in the 1980s (e.g., Schneider 1989; 

' Global change science does not necessarily imply that all questions and analyses take place at 
the global or earth system scale. As Turner and colleagues (1990) noted, early in its development 
this science addressed both biogeochemical cycles operating in a globally fluid system and state 
changes, operating locally, that cumulatively reached a global magnitude. In either case, the 
critical causes and consequences are often highly localized and must be addressed accordingly. 
Subsequently, the global change and sustainability communities have amplified this last theme, 
seeking ways to insert "place-based" and other spatio-temporal scales of assessment onto the 
research agenda (e.g., NRC 1999a). 

G. Gurman er a/. (erlp.), Land Change Science, 43 1-447. 
E. 200-1 Ktrrlvclr ..lco(lp~~rk P~rbli.~hers. Prlrtred 111 the .Vprherlond~. 
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Houghton et al., 1990) and various assessments and stock takings demonstrating that 
the human impact on the biophysical systems of the earth had reached unprecedented 
conditions with profound implications for society worldwide (Turner et al., 1990; 
Steffen et al., 2003); humankind had entered the "anthropocene" (Crutzen and 
Stoermer, 2001) and a no analogue.state (Steffen et al., 2002). This recognition not 
only stimulated the Intergovernmental Panel on Climate Change (IPCC) to examine the 
reality and causes of human-induced climate change, but also its societal impacts 
(Tegart et al., 1990). In 1986, the International Council for Science created the 
International Geosphere-Biosphere Programme (IGBP) to examine the systemic 
dynamics between the land, oceans, and atmosphere (Steffen et al., 2002). In its early 
development, the IGBP focused overwhelmingly on questions and issues of earth 
system science, with scant attention to the role of human behavior. Other organizations 
sought to create a human dimensions of global environmental program: internationally, 
the International Social Science Council (ISSC) which in 1990 created the forerunner of 
the Human Dimensions Programme (www.ihdp.uni-bonn.de), and in the US, the Social 
Science Research Council's Committee for Research on Global Change and the 
National Research Council's Committee on the Human Dimensions of Global 
Environmental Change which issued Global Environmental Change: Understanding 
the Human Dimensions in 1992 (Stem et al., 1992). It subsequently became clear to the 
IGBP, especially to its land components, that understanding the "human drivers" of 
land change was a critical but missing element of its science, and the IGBP and ISSC 
determined in 1991 to develop a joint effort on Land-Uselcover Change (Turner et al., 
1991). This decision had profound implications for the social sciences because it 
inserted basic research on the human causes and consequences of land change into the 
global change agenda (IGBP-IHDP 1999) paving the way for subsequent coupled 
human-environment studies of various kinds, including NASA's Land Cover and Land 
Use Change (LCLUC) program: which taken together mark the emergence of 
integrated land-change science (Turner 2002).~ 

Such integrative interests continue to enlarge as global change science matures 
and expands to issues beyond climate change, including questions of ecosystem 
services and health, biotic diversity, land degradation, and coupled human-environment 
consequences (e.g., Daily 2000; NRC 2001; Balmford et al., 2002). This last theme, 
captured under the label of sustainability science, garners increasing attention as the 
science, policy, and public communities turn to the "so what" issue (Raven 1997; 

* Various parallel and complementary programs internally and in the US also place land change 
high on their research agenda (e.g., NRC 2001). Examples include Millennium Ecosystem 
Assessment (www.millenniumassessment.org), PLEC (Population, Land Management and 
Environmental Change, www.unu.edu/env/~lecl), National Science Foundation (US) program on 
Biocomplexity (www.nsf.gov), and the National Institute of Child Health and Human 
Development (NICHD) program on population and environment 
(http:Ngrants 1 .nih.gov/grants/guide/rfa-files/RFA-HD-95-002.html). 
' This science is not unidirectional in orientation. In addition to human influences on biophysical 
systems, biophysical impacts on human systems are also considered. These multidirectional 
orientations are variously termed "reciprocal relationships" by social scientists and "feedbacks" 
by biophysical scientists. Language aside, the important point to remember is that an integrated 
land-change science needs to encompass the effects of land-use change on human behavior. 
While mounting evidence exists that lkd-use changes contribute significantly to global warming, 
the ultimate effects of global warming on humans will take some time to sort out. 

Schellnhuber and Wenzel, 1998; NRC 1999a; 2002; Kates et al., 2001). Sustainability 
promises to engender research attention on coupled human-environment systems, 
promoting multi- and interdisciplinary programs and activities to the array of themes 
and issues dealing with the human-environment condition, its change and consequences 
(e.g., NRC 1999b; NRC 2001). As a concept, sustainability also extends beyond 
science per se, raising questions relating to values, policies, and competing interests, 
thus enlarging the sociological research side of sustainability. 

1.1 THE COUPLED SYSTEM 

Global environmental change science has improved our understanding of the dynamics 
of the biosphere and the consequences of human activity on the earth's  function^.^ 
Integrated environmental science or sustainability science is rapidly expanding the 
research agenda to questions of human impacts and policy (Lee 1993; Raskin et al., 
1996; NRC 1999a; Buttimer 2001; Kates et al., 2001; Raven 2002). This expansion of 
the problem demands that the synergies between the human and biophysical worlds, or 
the coupled human-environment system, not only be considered but actually frame the 
research approach. This approach, in turn, fosters another kind of coupling, that of the 
heretofore largely discrete, if networked research domains (i.e., biophysical, social, and 
policy sciences) into explicit integrative and synthesis activities akin to "integrated 
assessments" (Smil 1993; Risby et al., 1996; Ehlers and Krafft, 2001; Rotmans and van 
Asselt, 2001). 

Understanding the coupled system has long been recognized as a goal, if 
treated differently by different research communities. System-wide analysis has been 
hampered by various problems, however, ranging from the way in which research- 
pedagogy is organized to the paucity of coupled data to the inadequacies of 
computational and analytical techniques and tools. Improvements facilitating integrated 
research notwithstanding, an increasingly large community of researchers and decision 
makers realize that analysis of "coupled human-environment systems" cannot wait 
(Raven 2002), and considerable attention is being directed to the study of them (Moran 
2000; NRC 1999a; 2000). 

It is also important to remember that few social science data are truly global, and certainly not 
enough in terms of quality and concept-appropriate to sustain human-biophysical analyses and 
modeling at the global level. The availability of data on a country-by-country basis is related to 
factors that themselves are likely to affect global human-biophysical relationships. For example, 
more affluent countries tend to have more and better quality social science data than poorer 
countries. Countries with smaller populations (e.g. Norway) tend to have better data than those 
with larger populations. Countries whose political regimes that are outside mainstream 
international politics (e.g., North Korea) are likely to have poorer quality data, at least so far as it 
is available to the international research community. 

Further, the data that do exist at the global level commonly have severe comparability 
problems. Much of this problem can be attributed to the paucity of global groups responsible and 
paying for the collection and compilation of the data. Instead the hundreds of units at the country 
and sub-national level who are responsible for collecting data do so with no or at best, modest 
coordination across data collecting units. Even when there is an elaborate and intensive effort to 
coordinate across countries, such as in the European Family and Fertility Survey project, critics 
complain about the lack of comparability (Festy and Prioux 2002). 
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"Coupling" connotes several intersections and linkages that are not always so 
obvious. For example, the LCLUC program and other human-environment coupling 
efforts have focused overwhelmingly on immediate or proximate linkages between 
cause and impact, fostering research on those systems in which these linkages are most 
obvious. While tropical deforestation is significant to global change, land degradation, 
loss in biodiversity and ecosystem well being are more tangible dimensions of this 
process. Tropical deforestation is commonly generated at the proximate level by semi- 
subsistence agriculturalists in which production and consumption decisions are 
intertwined within the same social unit (e.g., household) and in which the responses to 
community institutions (rules) and state policies can be readily observed. Yet, a 
dominant socioeconomic trend globally has been the decoupling of production and 
consumption decisions, both hierarchically and spatially. This process, commonly 
labeled "globalization" (e.g., Dicken 1992), is not only the subject of large interest in 
the social sciences, with roots extending back to Marx and Durkheim (see Axin and 
Barber, 2003), it commands that part of the economy worldwide that engender the most 
environmental changes. The coupled system addressed in land change and beyond, 
therefore, needs to account better for these more obscure and distal linkages, and it 
must develop techniques and models that can handle them (Kasperson et al., 1995; 
Schellnhuber et al., 1997; Wilbanks and Kates, 1999; Kasperson and Kasperson, 
2001a). 

1.2 INTEGRATED LAND-CHANGE SCIENCE 

Integrated land-change science is pivotal to most, if not all, of the enlargement of global 
change and sustainability science. It seeks to understand the causes and consequence of 
land-change processes on the coupled system and subsystems through multiple ways of 
knowing (e.g., Buttimer 2001), but ultimately capable of understanding through 
modeling and other templates that speak to science and policy (Lee 1993; Schellnhuber 
and Wenzel, 1998). To achieve this goal requires a coupling of the biophysical, social, 
and GIs sciences into a common or integrative research framework.' 

The social sciences have long maintained various small-sized communities 
engaged in questions of the human-environment condition, ranging from resource 
economics and environmental policy to prehistory, and various subfields have claimed 
human-environment relationships are their subject of study (Turner 2002b). Despite 
this tradition, at least two facets of integrated land-change science have posed modest 
impediments to a larger social science entry into integrated land-change science. By 
definition, land-change science takes on problems that are enhanced by 
interdisciplinary, team-based research, whereas the social sciences commonly draw 
upon traditions promoting individual intellectual achievements; and but for a few 
exceptions, the social sciences have lagged behind the biophysical sciences in the use of 
satellite imagery and geographical information systems (GIs) for problem solving (see 
reviews in de Sherbinin et al., 2002; Liverman et al., 1 9 9 8 ) ~ ~  These circumstances 

GIScience refers to the use and development of spatial analysis through geographical 
information systems (GIs), including remotely sensed data (Goodchild 1992). 
The NSF felt so strongly about this last issue that it supports the National Center for Geographic 

Information Analysis, and the Center for Spatially Explicit Social Science (U.C. Santa Barbara), 
to enhance the use of GIs, and to a lesser extent, remotely sensed data, among the social sciences. 

appear to be changing, however. Large numbers of integrated research and teaching 
programs, both internationally within the US, are providing venues for social scientists 
and human-environment scientists to join biophysical and policy scientists in tearn- 
based, integrative studies, much of it land-change in kind (Turner 2002b). Moreover, 
junior social scientists are increasingly attracted to the use of GIs and remotely sensed 
data to assist in the problem solving, be it econometricians, demographers, political 
scientists, or agent-based modelers (Irwin and Geoghegan, 2002; Parker et al., 2002; 
Walsh and Crews-Meyers, 2002). For example, social scientists collaborated with 
biophysical and remote sensing1GIS scientists in generating the only official science 
documented presented by the United States to the Earth Summit in Johannesburg, South 
Africa, 2002, which was intimately linked to integrated land-change science (NRC 
2002). 

These developments notwithstanding, the usefulness of remote sensing data, 
especially that from satellite sensors, for the social sciences, especially in regard to their 
historic core concerns, remains problematic (e.g., Livennan et al., 1998; de Sherbinin et 
al., 2002; Rindfuss et al., 2003). This circumstance follows because the data in 
question reveal only some of the consequences of human decisions or socioeconomic 
structures, intentional or not, and their applicability for understanding the decision or 
structure in the first place has not been well demonstrated-not surprising given how 
recently these connections have been made between the data and tools provided by 
geospatial approaches and core questions of the social sciences. 

In the remainder of this chapter we attempt to categorize the classical core 
concerns of the social sciences and consider their links to land-change studies and the 
likelihood that they might be addressed, in part, through remotely sensed data. This 
assessment is undertaken through an examination of process-pattern linkages that 
illustrate some of the possibilities of LCLUC and integrated land-change research to 
inform social science concerns. We conclude with comments on the future of the 
LCLUC program to serve more filly the human component of the coupled hurnan- 
environment system of study. 

2 Dominant Social Science Interests 

Integrated land-change science stands outside or on the edges of the dominant or core 
concerns of the social sciences as they have emerged over the past century. The 
coupled human-environment system-a center piece of this science in which 
environment refers to the biophysical world-has not been addressed consistently 
throughout the social sciences for various reasons, including the negative impacts of 
late nineteenth and early twentieth century "environmental determinism" (see 
discussions in Moran 2000; Tuner 2002b) and the attempts by the social sciences to 
free themselves from explanatory templates with origins in or strong connections to the 
natural sciences. This last effort is attested by the many challenges to post-positivism as 
an adequate explanatory framework for the social sciences (Guba 1990). To be sure, the 
coupled system has been addressed by the human-environment subfields (i.e., human 
ecology) as practiced in geography and anthropology (Moran 2000; Tuner 2002), and 
various elements of the coupled system are examined in resource and environmental 
economics, especially among those subfields examining the human responses to natural 
hazards (White 1974 for work on natural hazards). The collective research of these 
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interests is substantial (e.g., Rayner and Malone, 1998), yet even a cursory examination 
of compendium of basic social science interests (e.g., International Encyclopedia of the 
Sociul and Behavioral Sciences) reveals this research comprises only a small portion of 
the overall attention. The overwhelming attention, of course, is cast to questions that 
resonate within and among such bioad issues as agency-behavior, societal structures, 
and meaning. 

Figure 1. Framework of Land-Change Dimensions Relevant to Social Sciences 
(Note: overlapping quadrants represent various research efforts that fuse or cut across the binary 
labels employed here.) 

Such core "human components" relevant to integrated land-change science can 
be framed in various ways. One way is captured in a three-dimensional matrix (Fig. 1) 
defined by the categories of cause-consequence (subject) on the X-axis, agency- 
structure (explanatory emphasis) on the Y-axis, and concept-application (orientation of 
contribution) on the Z-axis, the definitions of which are found in Table 1. Most social 
sciences enter environmental questions through concerns about the ways in which 
culture, economy, and political organization shape the perception and use of nature and 
the social consequences of interactions with nature. Land use and its human 
consequences are commonly explained by way of individual decision making and 
behavior (i.e., rational choice), political economic structures creating entitlements, 
opportunities, and constraints affecting decisions, or some combination of the two. A 
further division involves those practitioners focused on the origins of system properties 
or structures, and those concerned with functions of those structures. Regardless of 
which focus is taken, the underlying causes of land use-the factors affecting agency- 
behavior and structure-tended to mark the initial entry of the social science into land- 
change studies (e.g., Angelsen and Kaimowitz, 1999; Lambin et al., 2001; Ostrom et 
al., 2001; Geist and Larnbin, 2002).~ With the enlargement of sustainability and 
integrated assessment themes, however, social science directed to the consequences of 
land change has enlarged to incorporate themes of natural hazards and vulnerability 

Poststructuralist and posunodem perspectives largely deny a "metanarrative" that elevates the 
usefulness for agency-decision making or structures. Few practitioners of land-change science, 
however, adhere to these perspectives or attempt to incorporate them into modified 
"metanarratives" involving structures. 

(Dow and Downing, 1995; Kasperson et al., 1995; Burby 1998; Kasperson and 
Kasperson, 2001b; Turner et al., 2003a; 2003b). The combination of subject and 
explanatory emphasis may be directed to concepts, themes, and theories of basic social 
science research or to real-world application, as in shaping land-use policies, although 
this distinction may be dissolving somewhat given the fbsing of these orientations in 
sustainability science and integrated assessment. 

Table 1: Description of Categories in Framework 

Satellite data reveal much more about the consequences of land change than its 
causes, and speak less well to the questions of explanatory frameworks and concept- 
theory, than to various aspects of application. Recognizing these qualities, international 
agendas focused on land-change studies (e.g., IGBP-IHDP 1999) have reopened the 
pattern-process question: Are patterns of land change related to specific social 
processes and thus serve as indicators or measures of issues that strike to the core of 
social science interests (as noted above), either in regard to cause or consequence? 
Studies directed to this question under the label of "spatial geography" in the 1960s 
revealed that the same process could give rise to significant varieties of patterns, a not 
dissimilar outcome from the still earlier efforts of the culture-area approach in 
anthropology that found few correlations between biogeography and material culture 
(Kroeber 1939). With this caveat in mind, recent work hints that pattern-process 
relationships for certain bounded spatio-temporal land units exist (e.g., Brondizio et al., 
2002; Evans and Moran, 2002; Moran et al., 2002), and the search is underway to 
uncover the implications of these relationships for theory and models (Irwin and 
Geoghegan, 2002; Parker et al., 2002; 2003). It is noteworthy that these findings point 
to one of the important contributions of the social sciences to an integrative land-use 
science: the significant variation in the combinations of biophysical and human 
processes operating in different locales and regions that give rise to land-use and land- 
cover change and the different response capacities of the coupled human-environment 
system in those locales and regions. For example, a recent meta-analysis of 152 case 
studies of tropical deforestation concluded that distinctive but different regional 
patterns exist in the causes and consequences of tropical deforestation (Geist and 
Lambin, 2002). While it is possible to extract some broad, general lessons about land- 
use transitions across the world and across land-use systems (Lambin et al., 2001), the 
local to regional variations are sufficiently large that models miss their mark if the 
differences are not considered. The social sciences have led the way in global change 
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science in demonstrating the need to scale down from global to regional and local if the 
causes and consequences of environmental changes are to be understood (NRC 1999b). 

3 Pattern-Process and Satellite Data 

Remotely sensed data derived from satellite are a powerfbl source of information about 
the biophysical conditions of the biosphere, ranging from trace gas emissions to 
deforestation to urban expansion to the pathways that ENS0 events take across Africa 
(Steffen et al., 2002). The abundance of information involved and the explosion of 
spatial analysis software (GIs) that permit the integration and analysis of this 
information with other data (Liverman et al., 1998) have rejuvenated the assessment of 
biophysical factors in human activities and outcomes (Rindfuss and Stem, 1998; Moran 
and Brondizio, 2001; Fox et al., 2002). The distinctive patterns in land change found at 
local and regional scales, and the power added to explanations and projections of land 
change by incorporating environmental variables into analysis have resulted in 
approaches that characterize human-environment relationships as interactive and that 
no matter the agency and structure involved in land management strategies, biophysical 
variables often play a profound role in shaping decisions and outcomes of land uses. 
This realization is not new and has been part of the centerpiece of long-standing 
research endeavors that cut across different explanatory perspectives. For the most 
part, however, they have not been accorded "core" status within the social sciences, and 
have been variously labeled the human-environment sciences (Kates 1987; Moran 
2000; Turner 2002b).' The significance of biophysical processes for understanding the 
coupled human-environment system notwithstanding, in the remainder we focus on 
those themes that have attracted the core attention of the social sciences, as noted 
above. 

The social dynamics that affect land use and its change (e.g., land rents, 
zoning, globalization) and the societal consequences of land change (e.g., food 
shortages and security, land degradation and desertification, land tenure and 
concentration, and social unrest and justice) have long captured the attention of the 
social sciences, if not necessarily focused on the land-change question per se. What is 
more recent, and evident in the cases presented in this book and related work, is that 
some of these social dynamics and societal consequences can be inferred from the 
pattern-process connections revealed in satellite data (particularly when linked to 
appropriate social science data) and have been employed variously in research analysis 
and policy assessment (e.g., NRC 2002). Robust linkages require strong coupling to 
ground information, rigorous analytical assessment, and regular monitoring to c o n f m  
that the linkages in question remain operative or have changed. These caveats 
notwithstanding, the pattern-process understanding gained provides a powefil 
mechanism to address the spatial extent, magnitude, and rates at which certain social 

' Human-environment relationships are dynamic, changing as much for reasons that rest in shifts 
in social organization, political economy, technology, and wealth-poverty as in climate or other 
biophysical factors. Caution is raised among the social sciences in regard to those formulations 
of the relationship that focus only on the environmental factor or imply that stasis in this factor 
promotes stasis in the human consequences. 

process are operating and societal consequences experienced. This knowledge, in turns, 
informs concepts and theories, models and projections, and integrated assessment and 
policy. Below we provide various examples, partitioned by cause and consequence, in 
which "core" social science interests are addressed by way of linked ground and 
satellite data and analysis. 

3.1 SOCIAL DYNAMICS AFFECTING LAND CHANGE 

[I] Why do sheep and game "farms" in parts of the Karoo of South Africa display such 
disparities in the quality of their land cover (biomass), given the relative uniformity of 
soils there? Archer (forthcoming) employs various statistical techniques to separate the 
climate and land-use signals in fine-tuned temporal AVHRR for lands dominated by 
white large-holders who have lost government subsidies in the post-apartheid 
government. This output is linked to farm survey data, revealing that lower quality 
vegetative cover (determined by NDVI measures) is strongly associated with those 
stockers following holistic range management strategies and that these strategies tend to 
be followed by those stockers of Afrikaner ancestry and those with debt load inhibiting 
experimentation with alternative strategies that are less reliant on cash flow from 
livestock itself. In this way, not only the regional impacts of stocking strategies are 
determined, but some of the "root" socioeconomic determinants land-use decisions are 
linked to these impacts. 

[2] Various changes in the political economic structures of Mexico have significantly 
altered land uses and cover in the southern Yucathn, with potential impacts on the 
Calakrnul Biosphere Reserve and associated programs. The Southern Yucath 
Peninsular Region project (Turner et al., 2001; Turner, Geoghegan and Foster, 2003) 
links detailed imagery classification (Landsat TM) to reveal, among other factors, the 
patterning of lands under differing levels of use intensity. This information is linked to 
extensive and detailed household and other data to reveal the role of household land 
access on market involvement, and ultimately, on agricultural intensification and 
landscape consequences. For the most part, those communities with lower amounts of 
land per household are most strongly engaged in commercial cultivation, switching 
land-use strategies in which low-level capital inputs are attempting to follow a more 
permanent form of cultivation. The subtle landscape patterns detected from imagery 
analysis indicate where this economic orientation is taking place and its magnitude. 
Similar results have been demonstrated elsewhere in YucatAn (Sohn et al., 1999; Gurri 
et al., 2001; Gurri and Moran, 2002). 

[3] Do households in Arnazonia maintain constant rates of deforestation throughout 
their history? Studies of household lifecycles (demographic composition) in the 
Brazilian Amazon have been linked to satellite data revealing the role of gender and age 
structure of households in deforestation trajectories (McCracken et al., 1999; Moran et 
al., 2000; Brondizio et al., 2002; Evans and Moran, 2002; McCracken et al., 2002; 
Walker et al., 2002). Young households rapidly deforest their property (6%/annum) in 
their first five years of forest occupation as they seek to establish their fanns and 
provide subsistence for the household. They steadily reduce the annual rates of 
deforestation with length of occupation, shifting land uses to more permanent crops 
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(e.g., cocoa, sugar cane) and pasture. As the households progress in their life cycle, 
deforestation briefly increases as farms are consolidated in preparation for production 
systems that will characterize their later years as an aging household (20-25 yrs in 
residence)-managing their fallows rather than undertaking new deforestation. This 
trajectory is affected by the biophysical conditions on the property. Households with 
fertile soils developed a more diverse portfolio of crops than those with infertile soils 
who appear to be forced into a mostly planted pasture strategy (Moran et al., 2002). 

[4] Policy is invoked as the distal driver of land change, especially for tropical 
deforestation. Anderson (2000) demonstrates how the role of policy can be linked to 
Amazonian deforestation, determined by satellite data and ground surveys. In this 
region, policy directed to road building, credit, and fiscal incentives leads to initial 
deforestation-pushing the frontier-but subsequent, sustained deforestation is 
generated by local economic factors, including population growth on which policy has 
minimal impact. In short, the distal factor of state policy initiates deforestation but the 
control of policy vis-h-vis deforestation is soon lost to other, more local factors, such as 
community road building (also Walker et al., 1999). 

[5] What role might "globalization" play in land change? This question has been 
addressed in regard to foreign direct investment and the spread of urban land uses in 
southern China. Proxies for this investment, coupled with other data, indicate a strong 
correlation with urban expansion as observed through satellite imagery, but this 
relationship is mediated by the local or proximate conditions of agricultural land 
productivity (Seto and Kaufmann, 2003). Given that some of the agricultural-to-urban 
land conversions involve some of the potentially most productive crop lands in China, 
identification of those conditions that give rise to conversion sheds light on policy 
options that would amplify or attenuate the loss of crop lands. 

[6]  Scalar relationships profoundly affect most assessments of land change. Modeling 
remote sensing and other data relevant to tropical deforestation in the southern 
Cameroon reveal the role of spatial inertia of change processes in which deforestation is 
amplified in lands adjacent to recent deforestation, giving rise to spatial spread effect 
and permitting assessments of the trajectories (magnitude and direction) of change 
(Mertens et al., 1997; Mertens and Lambin, 2000). As well, examinations in Nang 
Rong, northeast Thailand, have shown that relationships between population and 
environment depend on the scale of analysis (Walsh et al., 1999; 2001). Using 
remotely sensed data to measure land cover and plant biomass, GIs derived measures 
of elevation, slope-angle, and soil moisture potential, and social survey data for 
demographic data, it was found that at small-scales or fine resolutions, the relationships 
between social variables and land cover are strong. When coarser scales/resolutions 
were used, biophysical variables tend to maintain a strong relationship. 

3.2 SOCIETAL CONSEQUENCES OF LAND CHANGE 

[I] Southern Quintana Roo and Campeche, Mexico, constitute a hot spot of tropical 
deforestation, a land change process that threatens the Calakmul Biosphere Reserve 
(Turner et al., 2001). Owing to this threat and the aim to modernize production on 
communal lands throughout the country, shifts to neoliberal economic policies seek to 

intensify extant cultivation and reduce the expansion of deforestation in the area. A 
state-sponsored, PROCAMPO provides direct payments to participating households 
based on existing cultivated lands maintained in crops and not permitted to return to 
forest. Household and community surveys, however, reveal that significant amounts of 
these payments are invested in clearing forest for pasture, in most cases absent livestock 
(Klepeis and Vance, 2003), and the total amount of land cleared for this purpose can be 
tracked by satellite data (Turner et al., 2001; Turner et al., 2003). The combined 
information suggests that this unintended, even perverse, consequence is prevalent 
among households and communities with "surplus" land, and appears to be undertaken 
as a means to lay claim to lands under conditions of tenure uncertainty and in hopes that 
state-led livestock programs will follow (Klepeis and Vance, 2003). 

[2] May land preservation policies have adverse consequences for people and the land? 
Yes, according to work undertaken in the "woodland" landscapes of Rajasthan, India. 
Linking Landsat data with discourse assessment, Robbins (2001) shows that the 
woodlands are transforming to hybrid or "quasiforests" complete with exogenous 
species that have proven difficult to control and which have significant production 
consequences for the local occupants-land users. The hybrid woodlands follow from 
state planners holding the view that reduced herding and other activities would reduce 
woodland degradation, when in fact the qualities of the woodlands that the state sought 
to preserve required land use. Absent an understanding of the coupled system 
dynamics but holding the capacity to regulate land use (Robbins 1998), state policy has 
apparently had negative consequences for the woodlands and the people. 

[3] As part of its international responsibilities to preserve endangered biota, China has 
established a Panda Reserve with the explicit aim of preserving the critical habitats that 
support this endangered species. Using Landsat data, Liu and his colleagues (1999) 
have demonstrated that the type of settlement pattern adjacent to or within the preserve 
has significant consequences for these habitats and, hence, the social aim of 
preservation. Surprising, even to some experts, was the finding that areas with the less 
dense but spatially dispersed settlements has a greater negative impact on panda habitat 
than areas of dense, concentrated settlement. This relationship appears to be related to 
the distances that local occupants are willing to travel to their fields and to collect wood 
fuel. This distance does not vary by settlement pattern, such that a dispersed pattern 
affects more of the critical panda habitat, while the dense pattern reduces the total 
habitat affected, even if its effect is more profound for the use area. The use of remote 
sensing data permitted an important, broad generalization that other methods would 
have been inadequate to grasp as quickly and as convincingly. 

[4] Can land-change agendas affect the well being of locale people? A strong case can 
be made that policies aimed at regulating landscape burning in Mali are linked in this 
way. Despite the antiquity of human-controlled landscape burning there and elsewhere 
in western Africa, desertification and related land degradation themes have resulted in 
policies attempting to reduce the activity. Laris (2002) links interviews and study of 
those actually setting fires with remote sensing data to examine the human-environment 
rationale for the activity and policy impacts in Mali. Intentionally set fires tend to be 
small scale and follow a seasonal rhythm that creates a landscape mosaic of biomass 
that is less likely to trigger a large-scale bum that threatens homes and fields alike. 
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State policy is seen as reversing this circumstance, endangering the well being of the 
occupants. 

[ 5 ]  Various examples from the health fields illustrate human consequences linked to 
land change and other environmental considerations. Seto and colleagues (2002), for 
example, join biophysical and remote sensing data to project the change in the 
magnitude and location of schistosomiasis in southern China that will follow from the 
Three Gorges dam on the Yangtze River. Linthicum and colleagues (1999) advance 
such assessments by linking historical records of precipitation and Rift Valley Fever in 
Kenya, linking outbreaks of the fever to abnormally high rainfall. They then link ocean 
warming with such rainfall fluxes and, with remote sensing techniques, to map its 
spatial dimensions across the country. These same techniques permit a five-month 
advanced forecast of the epidemic. Similarly, Landsat Thematic Mapper data have 
been used to identify human risk to hantavirus pulmonary syndrome by estimating the 
location and expansion of sites favoring the deer mouse in 1998, following an ENS0 
event (Glass et al., 2002). These cases, illustrate how satellite data are combined with 
other information to create forecasts and projections that guide policy and planners in 
regard to potential health hazards. 

4 Integrative Land-Use Science and Its Future with Remote Sensing 

Integrated land-change science seeks to forge a union among biophysical, 
socioeconomic, and remote sensing information and understanding to address the 
coupled human-environment system. Here we have focused on the socioeconomic- 
societal and remote sensing coupling as it contributes to the long-held interests of the 
social sciences. We have attempted to illustrate that these linkages help to reveal 
various characteristics of both the causes and consequences of land change as they are 
understood through both agency and structure to address conceptual themes and 
application. 

A frequently stated claim and concern speaks to the potential of remote 
sensing techniques generating and thus replacing traditional social science data, such as 
found in censuses, surveys, and face-to-face encounters with the people in question. 
Unless there are some startling breakthroughs in remote sensing technology, satellite 
data (and aerial photography) will never replace the data in question. Remotely sensed 
data can detect the physical characteristics of the landscape and the objects that 
comprise that landscape as well as various attributes of the objects (e.g., their 
dimensions and physical propel-ties). It is obviously unlikely that remotely sensed data 
alone would ever be able to determine the number of people occupying that landscape, 
including their age, sex, race, education, occupation or other standard demographic 
variables, nor will it provide information about their attitudes, decision-making 
rationales, and the guiding political economic structures and policies for the observed 
land unit. The data needs of integrated land-change science will never be fully met by 
remotely sensed data. 

Even though remotely sensed data will never provide the complete data needs 
of the land-use research community, the time is ripe to query the extent to which 
remotely sensed data can provide some variables that might be considered "social." 
Examples include indexing the land context around human settlements and using night- 

lights as a proxy of the measure of human occupational density. Judith Lessler once 
observed that in the early history of brick-making technology, bricks were made in the 
shape of stones - which is about where we are in using remotely sensed data to measure 
social science concepts. Just as brick technology advanced, however, we anticipate 
more creative uses of remotely sensed data to measure social science variables, but we 
suspect that these refinements will address the "physical" dimensions of those 
variables. While important, these dimensions and variables will be insufficient to 
address the coupled system of integrated land-change science. It is worth noting that, to 
date, a very small portion of global change research b d s  has been devoted to the 
collection and analysis of social science data linked directly to remotely sensed data. 
One result is that the proportion of projects in LCLUC and similar programs with a 
distinct and strong social science component remains regrettably small. Greater 
advances might be expected if investments commensurate with the importance of the 
human dimensions of global change were made. 

The data linkages notwithstanding, a truly integrative land-change science 
requires improvement in the way students are trained so that they are given the 
experience and excitement of engaging integrative research in the lab and the field. 
Those who have led in this domain need to ensure that the benefits of this integrative 
science fertilizes the social sciences and leads them more fully into critical local to 
global concerns captured in integrated land-change science. The burden of our current 
community is to demonstrate that the coupled human-environment system is of 
fundamental importance to understanding the human condition on this planet. The 
burden of the social sciences at large is to realize that beyond their traditional cores, the 
broader science communities have elevated the significance of understanding the 
coupled human-environment system in integrative ways, reinvigorating the "great" 
question with which we began this chapter and portending to change the partitioning of 
knowledge, otherwise known as the academy (Kates et al., 2001; Turner 2002b). 
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