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The concept of global environmental change evolved from

concerns about the sustainability of the Earth, which is

being transformed by human activities at an unprecedented

scale and pace. United Nations (UN) world population data

(http://www.un.org/esa/population) indicates that it took

about 150 years (1750–1900) for the world’s population to

more than triple from 0.7 to about 2.5 billion, whereas it

only took 40 years (1950–1990) for the population to

double again to 5 billion. It is estimated that more than

1 billion people were added to the world’s population

between 1995 and 2008. The unprecedented growth in the

human population in the last centuries translates to esca-

lated resource consumption, as manifested in relatively

high rates of agriculture and food production, industrial

development, energy production and urbanization. These

human enterprises lead to local land-use and land-cover

changes that, when aggregated, have a global-scale impact

on climate, hydrology, biogeochemistry, biodiversity and

the ability of biological systems to support human needs

(Foley et al. 2005; Sala et al. 2000).

Sustainability is the guiding principle for international

environmental policy and decision-making in the twenty-

first century. It cuts across several international agenda,

including the UN Framework Convention on Climate

Change, the United Nations Convention to Combat

Desertification, and the Convention on Biological Diver-

sity, among others. The sustainability principle obscures

the distinction between environment and development and

encourages the fusion of global change research and

sustainable development (Turner 1997). There is a grow-

ing international community of researchers working on

themes that are central to understanding land-use and

land-cover change as a major driver of environmental

change at local, regional and global scales. These scholars

work within the interdisciplinary field of land-change

science (LCS)—a scientific domain that seeks to under-

stand the dynamics of the land system as a coupled

human-environment system (CHES). A CHES is one in

which the social and biophysical subsystems are so

intertwined that the system’s condition and responses to

external forcing is based on the synergy of the two sub-

systems (Turner 2009). The Global Land Project, (GLP,

http://www.globallandproject.org) jointly established by

the International Human Dimensions Program on Global

Environmental Change (IHDP, http://www.ihdp.org/) and

the International Geosphere Biosphere Program (IGBP,

http://www.igbp.net/) is the foremost international global

change project promoting LCS for environmental sus-

tainability. The GLP is planned around three research foci

seeking to integrate a range of research questions towards

an improved understanding of the dynamics of land

change, the causes and consequences of land change, and

assessment of system outcomes, notably vulnerability and

resilience of land systems (GLP 2005; Turner et al. 2007).

These GLP-related efforts focus on sustainability issues

arising from changes and responses to the synergistic

operations of societal and environmental subsystems of

land. They provide an opportunity for international

scholars with different disciplinary backgrounds to address

these complex issues arising from human–environment

interactions that cannot be satisfactorily dealt with by core

disciplinary methods alone.
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This special feature documents progress in the funda-

mental components of LCS research. The issues addressed

range from the sustainability of smallholder agriculture and

urban systems to the impact of socioeconomic processes

associated with globalization on biodiversity and ecosys-

tem services supply. The first set of four papers exemplifies

how models of varying complexities can be used to unravel

the association between land-use and its spatial determi-

nants. Yin and Xiang combine remote sensing data with

social dataset to assess interactions between different facets

of agricultural land-use and their determinants. By devel-

oping and estimating a structural model of land-use using

spatially explicit longitudinal observations from the upper

Yangtze basin of China, they demonstrate that technical

change helps in supplying food where per-capita cropland

is limited. Technical change also helps to reduce soil ero-

sion, which then benefits grain production in the longer

term.

The relationship between environmental loads (green-

house gas emissions and farmland surplus nitrogen) and

economic benefits (income from agricultural production) is

addressed by Kimura et al. Eco-balance analysis for a

watershed in Northern Japan showed that rice and soybean

had high global warming potential (GWP), low farmland

surplus nitrogen (FSN) and yields relatively high income.

On the other hand, onion and vegetables had high FSN, low

GWP and moderate income, whereas wheat showed neg-

ative GWP for some years, and abandoned land had a

negative value. The study helps determine land-use com-

binations, where the iterative process always included

wheat and some abandoned land, that strike a balance

between increased farm incomes without increasing envi-

ronmental load.

Using the Action-in-Context framework, Wu et al.

developed a model to simulate future changes in sown

areas of paddy rice in Asia given a set of alternative crops

to land users and corresponding crop utility functions.

Though some regions will experience a decrease in rice

cultivated areas, the total rice-sown area in Asia in general

was predicted by the model to increase from 124 mil-

lion ha in 2005 to 144 million ha by 2035. According to

Wu et al., the different patterns among Asian countries

reflect variation in rice yield and price, which in turn

influence its cultivation in different cropping systems.

Adaptation options for regions where extreme events may

amplify uncertainties in crop yields are suggested.

Using Northern Massachusetts as a case study, Pontius

and Neeti compare two approaches to address the uncer-

tainty in the maps produced by land change scenario

models. One approach interprets the scenario storyline

concerning the quantity of each land-change transition, and

then considers the range of possibilities concerning the

value added by a simulation model that specifies the spatial

allocation of land change. The other approach estimates the

uncertainty of future land maps based on a validation

measurement with historic data. Results indicate that for

the former, there is a bounded range for the difference

between the raw scenario maps, whereas for the latter,

uncertainties can be so great that the output maps do not

show meaningful differences. Implications for land change

modeling and management are discussed.

Two papers in this special feature address the sustain-

ability of urban systems. The first paper by Fan and Qi

developed an urban sustainability index comprising eco-

nomic, environmental, and social factors. They further used

this index to characterize the evolution of the cities of

Urumqi and Guangzhou in China. The analysis highlighted

fundamental socioeconomic driving forces that have

caused spatial restructuring of these cities. The second

paper on urban systems by Drechsel and Dongus applies

the FAO framework for evaluating sustainable land man-

agement (FESLM) to assess the sustainability of urban

agriculture in some African countries. They observe that

whereas crop production in open space is largely market-

driven, the phenomenon is constrained principally by ten-

ure insecurity and competition for non-agricultural uses.

The viability of urban agriculture as a livelihood strategy

prompts the authors to call for its institutional recognition

and support so that environmental and health externalities

associated with urban agriculture might be adequately

addressed.

With globalization and increasing complexity in trade

in biological resources, various issues pertaining to equity

in transactions arise. Subramanian reviews the sustain-

ability issues associated with the supply route and value-

addition chain of commercially exploited biodiversity

resources. The results indicate that the complex sustain-

ability issues connected to biodiversity business, coupled

with inappropriate measures to address them, have enor-

mous consequences for ecosystem services derived from

biodiversity. The author concludes that sustainable use

and management requires a complete rethinking of current

production and consumption patterns, and a strong socio-

political will for biodiversity conservation at different

levels of governance.

The paper by Kasel et al. on drought frequency in Africa

highlights the dependence of farmers in West Africa on

rainfall, which has been fluctuating over the last few years,

and how such variability affects food production in the

Volta Basin. A historical analysis of drought events in the

Basin indicated a 10-year drought recurrence. Regional

drought analysis further reveals the temporal and spatial

patterns of droughts. The analysis brings into relief the

growing frequency of droughts since the 1980s, which,

coupled with growing populations, has huge implications

for food security in the region.
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The last paper by Rarieya and Fortun focuses on the

mediating roles of institutions in land change processes.

The authors first investigate the possible impacts of climate

change on agriculture and food security in Western Kenya,

and then outline possible uses of climate forecasts and

related information to reduce human vulnerability. The

arguments are built through a mix of literature reviews and

primary research involving narratives from various stake-

holders. To improve food security and environmental

conservation, a conceptual framework termed ‘agrocom-

plexity’, which captures the major drivers of change and

sustainable development, is introduced. The authors call

for increased capacity building for institutions, communi-

ties and policymakers, along with improved lines of

information dissemination to complement improved tech-

nologies for forecasting and adaptation.

The case studies presented in this special feature suggest

significant prospects for land systems research. However,

they also indicate that advancement in LCS in the coming

years vis-à-vis realizing one or more unifying theories of

land change that addresses the complexity of human–

environment relationships will still depend on the level of

cooperation amongst the relevant contributing core

disciplines.
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