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Editorial
Anette Reenberg, Tobias Langanke 
and Lars Jorgensen, GLP-IPO

In 2010, the major engagement of GLP was our first
Open Science Meeting.

Being approximately in the middle of the projects
expected lifetime, the SSC found it timely to bring
together substantial parts of the international research
community working on land systems science issues, to
showcase ongoing research, facilitate communication,
and catalyze review, theory building and extrapolation.

The GLP-IPO and the University of Copenhagen were
pleased to collaborate with the School of Geographical
Sciences and Urban Planning as well as the School of
Sustainability at Arizona State University on the imple-
mentation of this major event. Having the OSM in the
United States specifically enabled us to consolidate and
enhance GLP’s contacts to some of the leading interna-
tional land systems science communities in this particu-
lar part of the world. Moreover, this collaboration made
it possible for GLP to fully benefit from the huge insight
in, and contacts to, the land systems science communi-
ties that Professor Billie Turner II from ASU represents.

Obviously, the planning of the conference has taken
up most of the IPO capacity in the past year, but the
investments were returned in the format of a very rich
conference, which was well received by participants.

Many novel lines of thought were presented and dis-
cussed, which will certainly help the GLP-SSC to priori-
tize the work towards the synthesis phase of GLP in the
years to come.

We have devoted this issue of GLP news to provide a
taste of the outcome of the OSM. Needless to stress, this
can only be a very limited glimpse of the wealth of
research ideas and results that were put forward during
this very stimulating week in October 2010.

We hope you will enjoy reading it.

Frontpage

Monument Valley, Arizona/Utah
(Photo: Lars Jorgensen).
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The recent GLP Open Science Meeting (OSM), held on the
campus of Arizona State University, Tempe, USA on Oct. 17-19th
2010 was important for GLP, and the field of Land Systems
Science overall, in a couple of ways: It was the first event of
that size organized by GLP, bringing together large parts of
the GLP community. The meeting was also the first OSM
jointly organized with GLP’s ‘sister’ project UGEC
(Urbanization and Global Environmental Change).

Judging from a wealth of feedback and our own impres-
sion, the Conference was a real success with high level and
engaging keynote speakers, interesting and varied parallel
sessions and discussions, a friendly and relaxed atmosphere
and a real sense of community building and exchange. You
can find summaries of some of the parallel sessions, some of
the keynote presentation slides, videos of all the keynotes and
some photos on our Conference website www.glp2010.org 

The GLP OSM served to link leading researchers working
on diverse issues such as: urban land-change, global LULC
datasets, modelling land systems, biodiversity and land-
change, bioenergy production and land change, ecosystem
services and tradeoffs, institutions and governance in land
change, and vulnerability and resilience of land systems. Other
main issues were of a regional (Latin America, Asia, Eastern
Europe), or methodological (modelling, remote sensing,
improving case-study based research etc.) nature.

The local support through the School of Geography, GIOS
and especially the UGEC International Project Office (IPO) was
invaluable. We greatly appreciate particularly the engagement
of GLP SSC member Billie Turner II and the UGEC IPO. 

Regional Distribution of Participants
GLP made a real effort to give this conference a ‘grassroots’
and inclusive character, by both keeping the conference fees
affordable, keeping the parallel sessions open for a wide vari-
ety of topics, and by providing opportunities for a fully funded
participation. With the generous support of NASA, NSF,
NOAA, INPE (the Brazilian Space Research Institute) and
Wageningen University we were able to support a consider-
able number of young scientists/developing country scientists
and leading senior scientists. 

We all know that much of the all-important (but difficult to
measure and document), networking, exchange of ideas, and
making first personal contacts to future collaborators, hap-
pens at meetings like this one. What is more; it often happens
in the social context of a shared coffee break or drinks recep-
tion, a walk back to the conference hotel or in a spontaneous
side-meeting. GLP made sure to provide a large number of
such opportunities, and we are confident that they were used. 

We would like to thank all participants, keynote speakers
and presenters for their commitment, and hope they enjoyed
the event as much as we did!

Community building, priority setting, scientific exchange
– the GLP 2010 Open Science Meeting: 
‘Land Systems, Global Change and Sustainability’  

Number of participants

The conference in numbers

close to 340 participants for the GLP part, about 250 for the UGEC part, and  around 550 

on the shared day.

Number of fully funded participants 60 fully funded participants - mostly young and developing country scientists.

Combi-tickets 60 combi-tickets sold (participation in both conferences).

Gender distribution about 37% female, and 63% male participants.

Regional distribution around 50% from US, 21% Europe, 13% China, Taiwan and Japan, 7% Latin America, 3% 

Africa, 3% Central & Southern Asia, 2% Australia, NZ and Pacifi c, 1% SE Asia.

External funding US federal funding through NASA, NOAA and NSF (total of 140,000 US$ - shared with 

UGEC), plus contributions from Institute for Space Research (INPE), Brazil, University of 

Wageningen and GLP IPO (total of 40,000 US$).

Composition of sessions 6 plenary sessions with 24 keynote presentations (including Arizona State University Presi-

dent Michael Crow and 8 US-National Academy of Sciences members), and 58 parallel 

sessions with 295 presentations. 37 posters.

Special activities GLP: workshop of 6 (F.S. Chapin, A. Kinzig, D. Tilman, C. Perrings, S. Polasky, K. Smith) pre-

paring special publications on valuing ecosystem services.
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Feeding and fuelling the world 2050 – a new perspective
on the food versus fuel debate 
Helmut Haberl, Karl-Heinz Erb
Institute of Social Ecology, Alpen-Adria University Klagenfurt, Vienna, Austria
Corresponding author: helmut.haberl@uni-klu.ac.at

Global bioenergy potentials have been intensively discussed in recent years. A topic that received much attention were the poten-
tially detrimental impacts of ambitious bioenergy policies on food prices and food security, as production of both resources
requires the same inputs (productive land, water). We here summarize recent research on the interrelations between agricultur-
al technology (food, livestock feeding efficiency), diets and bioenergy potentials in the year 2050. Using a global biomass-balance
model (11 regions) based on a ‘food-first’ approach, we show how strongly changes in yields, feeding efficiencies and diets affect
global bioenergy potentials from energy crop plantations and agricultural residues.

The surging demands of a growing and increasingly affluent
world population are confronting global land systems with
mounting pressures. Human use of the earth’s land for agri-
culture, forestry, infrastructure and other purposes is degrad-
ing the ability of many ecosystems to deliver vital services to
humanity. While agricultural technology change has resulted
in rapid increases in yields and efficiencies, it has also caused
significant and widespread negative environmental effects.
The research summarized here (for details see Erb et al. 2009,
in press, Haberl et al. 2010) aims to contribute to one of
humanity’s grand challenges: assessing how we can feed and
fuel the world sustainably, fairly and humanely in the future. 

Based on several large and consistent databases for the year
2000, a biomass-balance model was developed that calculates
the balance between global biomass demand (food and fibre)
and global biomass supply from cropland and grazing land for
11 world regions, 11 food categories, seven food crop types and
two livestock categories as well as a global bioenergy potential
from cropland and grazing areas. Forestry is beyond the scope
of this study. We looked into the possible effect of climate
change on yields using a coupled plant growth and water bal-
ance model (LPJmL) to calculate the effect of climate change
on cropland yields, thereby modelling both the inclusion and
exclusion of the poorly understood CO2 fertilization effect.

A consistent set of assumptions was developed to analyze the
situation in the year 2050. The study used the United Nations
medium population forecast (9.16 billion in 2050) to project glob-
al demand for infrastructure areas and to calculate total food
demand. FAO projections of world agriculture in 2050 were used
as a crop intensification scenario in which crop yields are forecast
to grow by 54% on average and cropland area grows by 9%. This
is compared with two other crop production scenarios: ‘wholly
organic’ crop production and an ‘intermediate’ crop yield sce-
nario, reflecting a mix of farming systems that create a mean
yield between the ‘FAO intensive’ and ‘organic’ crop systems. 

Four different diets were assessed. These ranged from a
‘high meat – high calorie’ diet (3,171 kcal/cap/day) rich in ani-
mal protein (44% of protein intake) to a nutritionally sufficient
‘less meat’ diet with 2,800 kcal/cap/day, sufficient protein and
fat and low in animal protein. Three different livestock rearing
systems (‘intensive’, ‘free range’, and ‘organic’) and two esti-
mates of cropland expansion (+9%, +19%) were defined. This
results in 72 scenarios, each of which was classified as ‘feasible’
if calculated cropland demand was 95% or less of the cropland
available in 2050, ‘probably feasible’ if cropland demand dif-
fered from available cropland by less than 5% and ‘unfeasible’
if cropland demand exceeded available cropland by 5% or
more.

Results suggest that feeding the world with organic crops
and an organic livestock system would probably be feasible.
This would require a growth in global cropland area by
approximately 20% and the adoption of a diet with on average
2,800 kcal/cap/day and 20% of protein from animal sources.
While this diet is nutritionally sufficient, a high degree of
equality in food distribution would be required to avoid mal-
nutrition. The ‘high meat – high calorie’ diet outlined above
would also be probably feasible, but providing so much food
would require a cropland expansion of 20%, high yields as
forecast by the FAO and the highest possible feeding efficien-
cies in livestock production. The diet in 2050 that would result
from a continuation of current trends was found to be ‘prob-
ably feasible’ in combination with +9% cropland expansion,
‘intermediate’ yields and ‘organic’ as well as ‘humane’ livestock
rearing systems.

The study suggested that the potential for producing bio-
mass for bioenergy production in 2050 ranges from 58 to 161
EJ/yr or 11-32% of current global Total Primary Energy Supply
(TPES). This is much lower than the bioenergy potentials
reported in many previous studies that suggested technical
bioenergy potentials of up to 100-200% of current TPES. 
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Rape methyl ester (RME) from rape seeds are promoted as a renewable
energy source in many parts of Europe. Such policies may, however, inad-
vertently cause detrimental social, economic and ecological effects, rang-
ing from food price increases, reduced food security, high greenhouse gas
emissions, and negative impacts on ecosystems and biodiversity. An inte-
grated land-systems approach is needed to optimize food and energy sup-
ply and to minimize the risk of such adverse effects 
(Photo: © Helmut Haberl, 2006).
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Climate change could have a positive or a negative impact

on the global food and bioenergy system: In the absence of a
CO2 fertilization effect, climate change could have a significant
negative impact on food and bioenergy provision, whereas the
effect could also be positive if the CO2 fertilization effect is
fully taken into account. 

The study found that future global bioenergy potentials
depend strongly on the choice of diet. Irrespective of agricul-
tural yields and feeding efficiencies, high meat – high calorie
diets result in a low bioenergy potential, whereas a large range
of possibilities exists if environmentally less demanding diets
that rely less on animal products are chosen. In that latter
case, increases in yields and feeding efficiencies lead to high-
er bioenergy potentials and vice versa. 

Future bioenergy potentials will therefore strongly depend
on diets as well as on changes in land-use intensity. An inte-
grated optimization of food and bioenergy production strate-
gies based on an integrated land-system approach is required
in order to avoid or at least mitigate the possibly severe
adverse effects (e.g. food price hikes, increased malnutrition
and food insecurity, as well as negative impacts on ecosystems
and biodiversity) that might result from overambitious, poorly
designed bioenergy strategies.

References
Erb, K.-H., Haberl, H., Krausmann, F., Lauk, C., Plutzar, C.,

Steinberger, J.-K., Müller, C., Bondeau, A., Waha, K. and Pollack, G.
(2009). Eating the planet: Feeding and fuelling the world sustain-
ably, fairly and humanely – a scoping study. Social Ecology
Working Paper No. 116, Vienna, Potsdam. Available from:
http://www.uni-klu.ac.at/socec/downloads/WP116_WEB.pdf

Erb, K.-H., Mayer, A., Krausmann, F., Lauk, C., Plutzar, C., Steinberger,
J.-K. and Haberl, H. (in press). The interrelations of future global
bioenergy potentials, food demand and agricultural technology.
In: Gasparatos A. et al. Bioenergy. Cambridge University Press,
Cambridge.

Haberl, H., Beringer, T., Bhattacharya, S.C., Erb, K.-H. and Hoogwijk,
M. (2010). The global technical potential of bio-energy in 2050
considering sustainability constraints. Current Opinion in
Environmental Sustainability 2(6): 394-403.

GLP07NYY_GLP_NY  3/31/11  2:11 PM  Page 6



The GSB Project seeks to bring needed clarity to the pressing
issue of reconciling large-scale biofuel production with other
land-use priorities. The project is evolving based on a three-
stage plan: 
1) Continental workshops to identify partners and develop

scope, as summarized by Lynd et al. in an upcoming spe-
cial issue of Interface Focus,

2) Coordinated analyses to test the hypothesis that bioenergy
has the capacity to sustainably meet a substantial fraction of
future energy demand while simultaneously feeding
humanity and maintaining other ecosystem services, and

3) Recommendations for transition paths and policies in light
of Stage 2 results.

Researchers are investigating factors that affect bioenergy
potential, including diet, double cropping, improved efficien-
cies (animal feed) and marginal lands. To support this process,
ORNL is leading analyses of constraints related to crop mod-
els, climate data and land use/land cover data that all need to
be addressed in order to test the GSB Project’s working
hypothesis.

The current state of energy crop models is being reviewed
by a team composed of Stan Wullschleger, Shujiang Kang and
Wilfred Post of ORNL, and Cesar Izaurralde of the Joint Global
Change Research Institute of Pacific Northwest National
Laboratory (PNNL). The authors identify 13 energy crop mod-
els that have been developed for cellulosic biomass from
woody and herbaceous energy crops. Their analysis describes
inputs, outputs, validation, applications, and documentation
associated with each model. The current state of the art is
assessed, and leading institutions associated with energy crop
modeling are identified. A case study using the Environmental
Policy Integrated Climate (EPIC) model to estimate switch-

grass yields across the United States is applied to determine
whether current models might be capable of simulating ener-
gy crop production across a large region (Fig. 1). The team
found that while models such as EPIC can be up-scaled, this
effort will require extensive calibration and validation proce-
dures. They cautioned that additional field trials and model
development are needed, particularly for arid land crops to be
incorporated into regional and global analyses, and pointed
out that all models will require refinement as more spatial
analyses are performed and empirical data become available.

Climate is a key factor affecting the current global distribu-
tion and yields of suitable energy crops, and climate change
has the potential to influence landscape suitability for energy
crops around the world. Therefore, availability of and access to
climate data are necessary for the parameterization of energy
crop models. Benjamin Preston of the ORNL Climate Change
Science Institute (CCSI) describes the state-of the-art in an

Collaborators welcome - 
Global Sustainable Bioenergy Project
Keith Kline1, Esther Parish1, Nagendra Singh1, Stan Wullschleger1, Benjamin Preston1, Martin Keller1, Lee Rybeck Lynd2

1Oak Ridge National Laboratory (ORNL), Oak Ridge, Tennessee, USA
2Thayer School of Engineering, Dartmouth College, Hanover, New Hampshire, USA
Corresponding author: klinekl@ornl.gov 

Many organizations are uncertain about the role bioenergy could and should play in a renewable energy future and what
 policies are needed to ensure an appropriate, sustainable result. Initiated in 2010, the Global Sustainable Bioenergy (GSB)
Project seeks to develop a collaborative research approach that can apply the best available data and modeling to identify
opportunities for reconciling bioenergy with food production and other ecosystem services. An interdisciplinary team of
researchers at the Oak Ridge National Laboratory (ORNL) is contributing to GSB analysis in the areas of climate modeling,
crop modeling and land availability. 

Fig. 1: EPIC model results showing simulated potential 30
year average switchgrass yields for lowland and upland
ecotypes with one harvest per year. Figure from Thomson
et al. 2009 and used with permission from the authors.
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Fig. 2: A comparison of global cropland area by agro-eco-
logical zone (AEZ). Parameters such as class definitions,
fusion and aggregation method, boundary definition, and
spatial resolution of cells, can lead to different results.
Combining data from different sources can propagate
error and uncertainty in modeling. Analysis by Nagendra
Singh of ORNL.

analysis that summarizes the climate data requirements of the
current set of energy crop models, historical data products
that are available as model inputs, and the current and future
climate scenarios developed through the Intergovernmental
Panel on Climate Change’s (IPCC’s) Assessment Reports. His
analysis highlights issues associated with use of historic and
projected climate data including time span, spatial and tem-
poral resolution, and the management of uncertainty. He con-
cludes that, although the energy crop modeling community
seems to be well-versed in working with climate data, it will be
critical for the community to ensure consistency in the sourc-
ing and application of climate data, particularly if the model-
ing efforts will be distributed across global regions.

Simulation results from climate models, economic models,
and energy crop models are sensitive to baseline land data.
Differences in spatial and temporal resolution and classifica-
tion can lead to significant differences in baselines (Fig. 2).
This is one reason why policymakers have encountered such
variability in the estimates of potential bioenergy supplies and
corresponding land-use effects, particularly when uncertain
data on current status are combined with different future sce-
narios. Perceived land constraints create obstacles for the
development of successful bioenergy policies, industries and
markets. Different assumptions about availability (current
use), potential productivity, future competing uses, and causa-
tion factors lead to wide-ranging estimates of indirect land-
use change and food security effects. When land data and sce-
narios are carefully analyzed, it is possible to be informed
rather than paralyzed by divergent assessments. 

Planners and policy makers need reliable data and appro-
priately calibrated and validated models to address land-use
concerns. Researchers around the globe are collaborating to
assess and improve the land-cover and land-use data sets
required to improve bioenergy modeling. 

Monitoring and classification systems are needed to sup-
plement traditional ontology (grassland, cropland, forest) with
data that track carbon stocks (above and below ground) and
flows (greenhouse gas flux) over time and space.

The GSB Project welcomes participation from all interested
collaborators. 

For more information, please visit 
http://engineering.dartmouth.edu/gsbproject/

References
Lynd, L., Aziz, R., Brito Cruz, C.H., Fabian, A., Chimphango, A., Cortez,

L.A.B., Faaij, A., Greene, N., Keller, M., Osseweijer, P., Richard, T.L.,
Sheehan, J., Chugh, A., Wielen, L. van der, Woods, J. and Zyl, W.H.
van (in press). A global conversation about energy from biomass:
the continental conventions of the global sustainable bioenergy
project. Interface Focus. Theme Issue on biorenewables. The Royal
Society, London.

Thomson, A.M., Izarrualde, R.C., West, T.O., Parrish, D.J., Tyler, D.D.
and Williams, J.R. (2009). Simulating Potential Switchgrass
Production in the United States. Technical Report PNNL-19072. US
Department of Energy. Available from:
http://www.pnl.gov/main/publications/external/technical_reports/
PNNL-19072.pdf
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Representation and mapping 
of ecosystem goods and services
Richard Aspinall, Carol Ann Stannard
The Macaulay Land Use Research Institute, Craigiebuckler, Aberdeen, UK
E-mail: r.aspinall@macaulay.ac.uk, c.stannard@macaulay.ac.uk

Methods for representation and mapping of ecosystem goods and services (EGS) are increasingly needed to meet growing
societal recognition of the wide range of goods, services, and associated benefits derived from environmental systems.
Representation and mapping are needed not only for inventory and recording of EGS, but also for valuation. Geographic
Information Systems (GIS) provide a mechanism for supporting representation and mapping of EGS but the specific nature
of EGS, including spatial relationships of production and consumption and the ‘whole system’ nature of many EGS, present
conceptual and methodological challenges which GIS currently do not address. 
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Challenges to representation and mapping are conceptual and
methodological. Conceptual challenges include: 
1) Understanding individual and groups of EGS as realisa-

tions of the operation of different interacting human and
environmental systems and management activities; this
includes understanding the source of particular EGS as
products of processes based on geographic location and
context,

2) Understanding the contributions and role of biodiversity as
a driver of ecosystem function and process and in relation
to different EGS,

3) Relating production (supply) and consumption (demand) of
EGS through a complex suite of natural and socio-techni-
cal processes, and developing representations that accom-
modate the spatial and temporal aspects of production,
consumption and processes, and

4) Developing systems for relating description of EGS with
valuation (economic and non-economic) and human well-
being. 

Methodological challenges include:
1) Measurement, analysis and representation of specific EGS,

including as stocks and flows,
2) Management and representation of spatial and temporal

relationships and dynamics of EGS and their use, including
multi-scale and hierarchical relationships,

3) Linking representation of quantity and quality of EGS with
approaches for evaluation and analysis of benefits and out-
comes of EGS provision, including economic valuation,
analysis of trade-offs, evaluation of scenarios, managing
uncertainty, and communication, and

4) Linking a wide variety of spatial and systems models with
GIS for model-based measurement and representation of
EGS.

Conceptual challenges reflect difficulties associated with
describing EGS, which are multi-dimensional in nature and
derive from the complex operation of whole coupled human-
environmental systems. Existing taxonomies of EGS can be
understood across a range of spatial, temporal and organisa-
tional levels. The Millennium Ecosystem Assessment (MEA)
taxonomy of supporting, regulating, provisioning and cultur-
al services is widely used. It includes characteristics of the
operation of whole ecosystems (supporting and regulating
services), as well as individual provisioning and cultural servic-
es arising as products generated by particular characteristics
and qualities of ecosystems and environmental functions. 

Although the MEA taxonomy is useful for understanding the
nature of EGS, it needs further development for effective repre-
sentation, measurement and mapping of specific services. The
taxonomy can be extended to include the form of specific EGS
based on how they might be defined, measured and represent-
ed using location. Two main classes of EGS are important: EGS
that are related to a quantity at a location (a stock) and EGS that
are realised as the result of the system relationships, interac-
tions, and processes operating across a set of connected loca-
tions (a flow). To understand use and benefit of EGS it is also
necessary to add a further distinction based on locations of pro-
duction (supply) and consumption (demand). 

Mapping EGS as stocks is straightforward with established
GIS methods provided suitable data exist.  Measurement and
representation of a stock show the distribution of that service.
This usually focuses on production (supply) of services. Often
stocks will be represented by proxy variables. For example, the
amount of carbon stored in soil can be measured and mapped
through use of soil data combined with field measurement
and/or models. The resulting map represents the stock of car-
bon which can be related to nutrient cycling and climate reg-
ulation services. 

9
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The context-dependent nature of EGS arising from flows is
more complex and presents significant methodological chal-
lenges. For example, although quantity and quality of water
stored can be measured at a location, the movement of water
through landscapes via hydrological pathways requires a dif-
ferent representation to capture or measure water quality reg-
ulation as an EGS. This is because water quality regulation is a
function of processes that are integrative across landscapes,
not the point value of water quality measured at individual
locations in space. Flow-type EGS often have to be measured
with models. Hydrological models may be used with GIS to
represent and model water quality regulation and water sup-
ply services. Similarly models of wind transport may be used
to represent and measure air quality or noise regulation.
Other models used may not be spatial. For example, interde-
pendencies within agricultural production enterprises and
supply chains used to produce food are not necessarily spatial

but can be described in systems diagrams. A challenge is to
use existing GIS tools, or develop new ones, to represent these
services. 

Consideration of flows of ecosystem services also focuses
attention on demand for services and the locations in which
they are consumed. Tracing movement of services from pro-
duction to consumption gives insight into the connections
between people, communities and environmental systems
through EGS. Given that the pattern of demand for many
services reflects the distribution of people any attempt to
identify flows can be valuable in extending discussion of EGS.

A stocks and flows approach to representation of EGS pro-
vides a basis for a better understanding of the interactions
between habitats, biodiversity, human uses of the environ-
ment and services provided by the environment at a range of
scales. 

The grassland, savannah and forest gradient in North Dakota
and northern Minnesota runs from the Missouri River to Lake
Superior. It provides an excellent analytical laboratory for
exploration of the dynamics of ecosystem change, effects of
change on ecosystem services and approaches to development
of scenarios and ecosystem futures for the region. The rem-
nant grassland and oak savannas are a fraction of the original
pre-settlement areas and exist in fragments scattered the
length and breadth of the central USA (Fig. 1). 

The framework for this research (Fig. 2) leads from the pre-
settlement landscape, through historical change to the pres-

ent landscape, the characteristics of ecosystem function, the
provision of ecosystem services and the development of
ecosystem scenarios and futures. The research is made up of a
range of sub-projects that address different approaches and
methods, and are located both within the region and in collab-
orations outside the region that include the grassland and
savannah systems at their western (Alberta, Canada) and
southern (east Texas, USA) extremities.

The major analytical goals are: assessments of changes in
ecosystem function arising from land cover and land use
change; analysis of ecosystem services and human-environ-

GLPGLPP

Dynamics, Metrics, Services and Scenarios for Ecosystems
in North Dakota and Northern Minnesota, USA
Michael J. Hill
Department of Earth System Science and Policy, University of North Dakota, Grand Forks, USA
Email: hillmj@aero.und.edu

Grasslands and savannahs face continual pressure from agricultural conversion and livestock grazing since they occupy lands
with high potential for food production. The prairies and savannah-forest transition zone on the Great Plains of North America
have experienced these pressures for more than 100 years. In the northern plains, North Dakota and northern Minnesota rep-
resent the transition from prairies to forest (Fig. 1), and contain examples of complete conversion and almost undisturbed
wilderness. This research program seeks to examine the dynamics, and metrics of these changes, the consequent effects on
ecosystem services in these landscapes, and create a basis for development and examination of global change scenarios and
futures for the region.
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ment trade-offs; and assessment of potential global change
impacts. 

In order to address these goals, one group of projects is
concerned with characterizing the grassland and savannah
ecosystem through:
• Application of hyperspectral and multi-spectral remote

sensing, and analysis of historical aerial photos, to assess-
ment of naturalness, fragmentation, productivity and sea-
sonal dynamics of grassland and savannah, and

• Reconstruction of landscape-scale pre-settlement vegeta-
tion cover across North Dakota and northern Minnesota,
development and selection of metrics of landscape func-
tion, and assessment of change in ecosystem function
resulting from land cover/land use change.

A second set of projects is concerned with approaches to the cap-
ture of metrics and measures of ecosystem change and function
from multi-sensor, multi-resolution remote sensing data:
• Translation of state and transition model frameworks

derived for rangeland vegetation communities to broader
application with multi-resolution remote sensing data in
more diverse landscapes.

• Decomposition of time series signals of spectral indices
calculated from MODIS reflectance data to form metrics of
ecosystem function that could be used in multi-criteria
assessments of ecosystem services.

Finally, the third set of projects aims to take much of the pre-
ceding analysis and methodology and use it, in conjunction
with some process modelling to assess ecosystem services and
examine landscape change scenarios and futures:
• Assessment ecosystem services for Grand Forks County

(North Dakota) using spatial data and a spatial multi-criteria
analysis shell (MCAS-S) – using literature and knowledge to
‘infer’ services and associate them with spatial properties and
land cover.

Fig. 1: Global ecoregions spanning North
Dakota (ND) and Minnesota (MN).

Rare wet/saline tall grass prairie (near Grand Forks, North Dakota) and
post oak (Quercus stellata)/little bluestem (Schizachyrium scoparium)
savannah (near Palestine, Texas). The latter is representative of the highly
fragmented and altered oak savannah stretching from Texas to Canada in
North America (Photos: M.J. Hill).
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Fig. 2: Research framework for projects
focussed on the grassland-savannah-forest
transition zone in North Dakota and north-
ern Minnesota. This framework is linked to
grassland and savannah research led by col-
laborators in Alberta and Texas.

GLPGLPP

• Application of process modelling to ecosystem services
assessment in the Northern Great Plains – there are many
ecosystem services such as water quality and supply, biodi-
versity, meso-scale climate regulation and carbon balance
that require capture of complex processes with modelling.

• Development of global change scenarios for North Dakota
and assessment of various potential trade-offs involving
energy, agricultural, biodiversity and grassland conservation.

The projects outlined above are in progress at various stages.
I expect that initial publications from many of these will be
submitted and appear in 2012-2013.
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Challenge of International Long-Term Ecological
Research network (ILTER) for Socio-Ecological Land
Sciences
Hideaki Shibata1, Patrick Bourgeron2

1Field Science Center for Northern Biosphere, Hokkaido University, Japan
2INSTAAR, University of Colorado at Boulder, USA
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The International Long-Term Ecological Research network (ILTER) is a network of networks of scientists engaged in long-term,
site-based ecological and social-economic research, with over 40 member networks across the globe. It provides a unique
research platform for understanding local-to-global ecosystem changes by scaling up and synthesizing knowledge gained at
site/landscape levels in a variety of ecosystems with different environmental and economic drivers across the globe. During
the 2010 GLP Open Science Meeting, we discussed two facets of the ILTER Ecosystem Services Assessment Initiative that
address the linkages between ecosystem patterns and processes, ecosystem services, and human outcomes and behaviour. 

Ecosystems deliver many services essential to human wellbe-
ing. Land-use and land-cover change, air pollution, climate
alteration, and other environmental changes impact ecosys-
tem patterns and processes at multiple scales, often causing
dramatic changes in the delivery of ecosystem services (ES).
Changes in ES and their delivery affect human outcomes and
behaviors, resulting in feedback to ecosystem structure and
function. Coupled social-ecological systems (SES), with their
associated patterns, processes, resilience, and tipping-points,
are quite diverse as a function of variation in biophysical and
socio-economic factors.

In the Long-Term Socio-Ecological Research and Land-sys-
tem Science session of the GLP Open Science Meeting 2010,

we presented and discussed two facets of the ILTER network
ES initiative. ILTER provides a unique research platform for
understanding local-to-global ecosystem changes by scaling
up and synthesizing knowledge gained at site/landscape levels
in a variety of ecosystems with different environmental and
economic drivers across the globe. The ES initiative is the first
ILTER network-level science to address the linkages between
ecosystem patterns and processes, ES, and human outcomes
and behavior, and how they influence each other in biomes. 

The general objective of the study is to address the extent
to which cultural differences in the perception and use of ES
constrain the resilience of SES. This objective is met by com-
paring the use of ES as a function of perceived changes in

Fig. 1: Integrative Science for Society and
the Environment (ISSE) framework to
understand the inter-relationship and feed-
back loops between human and ecosystem
(modified from Collins et al. 2007).
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their delivery among and within biomes, and in different cul-
tural settings.

Nineteen sites in 17 ILTER member networks were selected
to implement as well as test components of the conceptual
framework for social-ecological research developed in the
strategic research initiative ‘Integrative Science for Society and
the Environment’ (Collins et al. 2007, in press). This framework
is iterative, with linkages and feedback between the biophysi-
cal and social sciences, integrating the disciplines via six broad
questions (Fig. 1). The work comprised four steps:
• Development of selected site-specific feedback models, 
• Identification of six critical ES, directions of change, and

primary drivers of change,
• Identification of threshold interactions between environ-

mental and socio-economic dynamics at multiple scales
and forecasting the effects of these interactions on ES, and

• Synthesis of results. 

Results include both site/landscape level and a synthesis
across all sites/landscapes on critical ES, their trends, and
trade-offs. For example, the implementation of the first two
steps in the North Hokkaido Experimental Forests (a forest
ecosystem located in northern Japan and a Japan LTER core
site) indicated that changes in key ES, such as carbon seques-
tration and water quality regulation, under timber production
are strongly regulated by a unique ecosystem structure char-
acterized by dense Sasa dwarf bamboo as the understory veg-
etation (Photo below, Fukuzawa et al. 2006, Takagi et al. 2009).
Globalization of the timber market also drives the temporal

pattern of timber provisioning services through changes in
the timber prices; there is also an associated decline of local
forestry activities with depopulation of the rural region. The
decline of timber production in the forest watershed has
accelerated the expansion of Sasa dwarf bamboo, which affects
ecosystem function and services in this region. Understanding
these linkages between ecological processes and socio-eco-
nomic factors is one of the challenges in predicting future
sustainability in land systems regionally and globally.

When synthesizing results across all study sites, we
observed that crossing a single threshold between alternative
regimes often leads to a ‘cascading effect’ in which multiple
thresholds may be breached across multiple scales. The impact
of such changes on ecosystem structure and function –
including the creation of new stable states – extends to ES,
their interactions, and trade-offs. Trade-offs in ES have
changed across space and time due to changes in socio-eco-
nomic conditions. Moreover, they often result in multiple ES
being compromised for the benefit of a solitary ecosystem
enhancement. Although trade-offs vary among sites and bio-
mes, patterns emerge in trends, scale/domain interactions,
and degree of reversibility. 

Such synthesis of site-based knowledge about socio-eco-
logical dynamics and corresponding modeling/mapping
analyses is challenging, but would constitute an important
contribution to the implementation of GLP’s science agenda,
especially for understanding the sustainability and resilience
of coupled human-natural systems. The ILTER, with its global
site networks and array of scientists, can make a valuable con-
tribution to the on-going communication, discussion, and
synthesis needed among ecologist, geographers, and social
scientists involved in GLP and global sustainability science.
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Previous intensive timber production with slow recovery of natural forest
enhanced the dense coverage of Sasa dwarf bamboo as understory vege-
tation, a key driver of ecosystem structure, functioning and services such
as carbon sequestration and water quality formation in northern
Hokkaido, northern Japan.
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Long Term Socio-Ecological Research (LTSER) across
Temporal and Spatial Scales
Simron Jit Singh, Helmut Haberl
Institute of Social Ecology, Alpen-Adria University Klagenfurt, Vienna, Austria
Corresponding author: helmut.haberl@uni-klu.ac.at 

The emerging interdisciplinary field of Long-Term Socio-Ecological Research, abbreviated LTSER, aims at observing, analyz-
ing, understanding and modelling changes in coupled socioecological systems over long periods of time. LTSER is an exten-
sion of Long-Term Ecological Research (LTER), a strand of global environmental change research that is currently challenged
to transgress disciplinary boundaries in order to help guiding society towards a more sustainable development.
Contemporary sustainability concerns are not only ‘ecological’ but ‘socioecological’ since the effects of society’s interaction
with its environment do not only affect ecosystems but also human wellbeing and society at large. We here discuss concep-
tual basics of LTSER.
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It is widely acknowledged that contemporary environmental
problems are a consequence of how society interacts with its
environment. Indeed, the magnitude of the problems we now
face is an outcome of a much longer process, accelerated by
industrialisation since the nineteenth century. There is evi-
dence that ecosystems are increasingly challenged by coping
with human demands and that costs and benefits of the use of
nature’s bounty is unequally distributed socially and geo-
graphically, inducing great potential for conflict. 

In this sense, the present problems are not only ‘ecological’
but ‘socioecological’ since the effect of how societies interact with
their environment has a bearing not only on ecosystems but also
for social systems and human wellbeing. It is precisely these con-
cerns that have led to the development of a new field of inquiry
under the label of ‘sustainability science’ that acknowledges the
delicate relation between society and nature, and in the sustain-
able and equitable access to natural resources and ecosystem
services for current and future generations. Interdisciplinary and
global outreach programmes such as the International Human
Dimensions Programme (IHDP) and the International
Geosphere Biosphere Programme (IGBP) articulate these con-
cerns, as does the Millennium Ecosystem Assessment 2005.

By including long-term monitoring, historical research,
forecasting and scenario building, empirical and conceptual
research as well as participatory approaches, LTSER aims at
providing a knowledge base that helps to reorient socioeco-
nomic trajectories towards more sustainable pathways. To this
end, it is necessary to observe societies, natural systems, and
their interaction over time, asking the following questions:
1) Which changes do socioeconomic activities cause in

 natural systems? 
2) Which socioeconomic forces drive these changes, and what

can we do to alter them? 

3) How do changes in natural systems impact on society and
how, if at all, can society cope with the changes it has set in
motion? 

4) How can the distribution of nature’s services be more equi-
tably socially and geographically?

LTSER is an extension of Long-Term Ecological Research
(LTER), a strand of research that has gained prominence in the
last decades among scholars in Europe and North America
concerned with questions of global environmental change. It
is acknowledged that several relevant questions can only be
answered by monitoring and analyzing ecosystem changes
with respect to patterns and processes over long periods of
time. For example, collecting evidence on the impacts of cli-
mate change on ecosystems requires a long-term approach,
not only because many variables are changing slowly, but also
because spatial and temporal variability of some of these vari-
ables (e.g. seasonal temperatures) make it difficult to distin-
guish the signal of climate change from the background
noise. The classical LTER approach is thus often focused on the
consistent monitoring of a large number of variables that
characterize patterns and processes in ecosystems over long
periods of time in an area no larger than a couple of hectares
with little direct human influence.

If classical LTER is to contribute to finding solutions to
socio-ecological problems (that is, sustainability problems) it
must go beyond its focus of monitoring ecosystem processes
and patterns, to include an understanding of socioeconomic
activities that actively use and change ecosystems. Towards
this end, we require a shift in disciplinary approaches to sup-
port a healthy fertilization of concepts from natural and social
sciences. LTSER requires an understanding of society-nature
interactions at multiple scales and the cumulative affects of
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each to illuminate emergent properties that can shed light on
broader approaches to global environmental change. In
undertaking LTSER studies, scientists are confronted with a
complex interplay of various ecosystemic and societal dynam-
ics. Important insights are gained when these dynamics are
captured and analysed over long periods of time and their tra-
jectories mapped. Although this entails considerable chal-
lenges and efforts (conceptually and methodologically) in
dealing with this complexity, it has important benefits. 

In recent years, efforts to strengthen and bring together the
LTSER community in the United States and Europe have
become more visible. Bringing together active scholars from
natural and social sciences alike, the LTSER session at the GLP
Open Science Meeting 2010 was one step in this direction.
Another attempt manifests itself in the nearly finished edited
volume on LTSER by key scholars from both continents (under
contract by Springer). This volume brings together several
interdisciplinary research traditions and case studies that
appear promising in addressing conceptual and methodolog-
ical challenges in LTSER. Contributing scholars represented in
this volume are from social and human ecology, archaeology,
industrial ecology, sociology, environmental history, human
geography and anthropology. Last but not least, the coordina-
tors of the LTSER-Europe network are actively trying to bring
together academics from both continents and European
LTSER platform managers to address conceptual, method-
ological, legal and socio-political challenges related to LTSER
goals (the next workshop is in Helsinki, 14-16 June 2011). 
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A heuristic model of society-nature
interaction used here for conceptual-
ising long-term socio-ecological
research (LTSER) in relation to classi-
cal LTER.
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VOLANTE – in brief
VOLANTE aims to provide an interdisciplinary scientific basis
to inform land use and natural resource management policies
and decision-making in Europe. It will achieve this by advanc-
ing knowledge of land system science and using this knowl-
edge to develop a Roadmap for future land resource manage-
ment. This will entail design of new methodologies and inte-
grated models to analyse human-environment interactions
and feedbacks in land use systems, hotspots of land use tran-
sitions and identification of critical thresholds in land system
dynamics (Fig. 1).

Hence, the approach of VOLANTE is based on an integrated
framework to understand local-to-global processes of land sys-
tem change comprising four major research clusters that will:

• Analyse human-environment interactions empirically and
historically,

• Test hypotheses about land system functioning using inte-
grated modelling,

• Explore how our understanding of land system science can
inform the choices and trade-offs that society has about
future landscapes, and

• Develop a ‘Roadmap’ for future land resource management
in Europe.

The VOLANTE research is guided by three major research
questions (cf. Fig. 2):
• What are the socio-economic and ecological processes that

shape land use transitions in Europe?
• How can bottom-up and top-down modelling tools be

improved and used in a comprehensive way to assess criti-
cal thresholds for resource management with reference to
land use change and ecosystem services?

• Which innovative visions can be formulated for future sus-
tainable resource management and land use policy devel-
opment under a range of environmental and management
conditions across Europe?

The VOLANTE contribution to knowledge
The VOLANTE research will address the grand challenges for
land systems research as identified by the Global Land Project
Science Plan.  Two major challenges in studying the links

The GLP mindset in action: New EU-FP7
project VOLANTE develops visions for
future land use transitions in Europe
Anette Reenberg1, Bas Pedroli2, Mark Rounsevell3
1Department of Geography and Geology, University of Copenhagen, Denmark
2Land Dynamics Group, Wageningen University, the Netherlands
3School of GeoSciences, University of Edinburgh
Corresponding author: ar@geo.ku.dk

This short communication presents a major new interdisciplinary research project funded within the European Union’s 7th
Framework Programme (EU-FP7). The ambition of the project is to build on the insight and experience of the land system sci-
ence community within Europe and through international networks such as the Global Land Project, to develop a Roadmap
of pathways to sustainable land resource management in Europe. The starting point for the VOLANTE (Visions Of LANd use
Transitions in Europe) research is the recent advances in integrated land use modelling, analysis of interactions and feed
backs in coupled human-environmental systems, land use transitions and critical thresholds in land system dynamics. The
project combines the capacity of 14 European research groups, active within the Global Land Project and in the LANDSCAPE
EUROPE Network, and will be carried out over the coming four years. 
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between human transformations of land systems and the
changing role of land systems in Earth System functioning
are: 
a) Up-scaling of local and regional process understanding to

achieve global process understanding, and 
b) Integrating the societal and environmental dimensions of

the land system problem. 

This implies, among other things, that land system research
has to adopt the substantial mission of multi- and interdisci-
plinarity to bridge the nature-society divide.

The VOLANTE ambition is to conduct land systems
research which goes beyond the state-of-the art. We have
specifically noted a number of currently unresolved issues that
will be addressed in the course of project. Briefly summarized,
the issues are: 
• Current research has not successfully integrated the socio-

economic and environmental dimensions of land system
change across spatial and temporal scales.

• The interplay of decision-making processes of various
actors and institutions at different scale levels that shape
land-system change is insufficiently understood.

• Little empirical evidence has been provided for the effect of
policy on land use. Cause-effect relationships are easily
obscured by other drivers of change such as local land con-
ditions, changing social structures or global markets.

• Drivers of European land use transitions at broad spatial
scales are poorly understood.

• Little is known about possible cross regional analogues of
patterns and processes of land use transitions.

• Few studies are capable of synthesizing the complex rela-
tionships between causes and effects of land system

change into comprehensive information.
• Assessments are commonly made on one specific time

scale while short term policies may have long term conse-
quences. 

• Feedbacks within the land system are often ignored, and
the land use change processes consequently poorly under-
stood. 

• Agent-based models of land use change are strong in test-
ing theoretical hypotheses, but not well adapted to applica-
tion to real-world problems, and there is considerable
scope for further development in this area.

• The global context of European land use is often ignored.
• Currently, we have no structured knowledge about the con-

trasting and overlapping visions of stakeholders with an
interest in European land and land use management.

• Existing foresight techniques in environmental change
assessment fail to identify critical pathways for land man-
agement and policy.

The VOLANTE approach
VOLANTE unites researchers with experience and expertise in
land use processes and modelling at multiple spatial and tem-
poral scales from different scientific disciplines. Close interac-
tion will be established with relevant decision makers at
regional and European levels, to enhance the evidence-based
and problem oriented science-policy interface. A structured
approach will be taken to incorporate the views of a broad set
of stakeholders at all stages of the project to inform land use
planning and natural resource management policies and deci-
sion-making, setting dynamic targets for ecosystem and
resource management.

Empirical analysis of human-environment interactions
VOLANTE will provide specific insights into socio-economic
and ecological processes that shape land use transitions based
on empirical analysis of past and present land-use change.
This builds on the premise that contemporary landscapes are
contingent outcomes of past and present patterns, processes
and decisions. Socio-economic and ecological interdependen-
cies in the land system will therefore be explored across spa-
tial and temporal scales, through case studies and syndrome
approaches, in order to provide a strong empirical basis for the
development or refinement of land use models and future
visions.

Modelling land system dynamics
Models have so far played a major role in land system science
in undertaking structured analysis of complex interactions
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within the land system. Where real-life experiments are not
possible, models allow artificial experiments to explore system
behaviour, i.e. as a computational laboratory. VOLANTE will
build on current land use modelling strategies (cf. Fig. 3) by
including the leading land system modelling groups in
Europe covering the range of economic to geographic and
global to local expertise. Combining agent-based (bottom-up)
models and an integrated (top-down) approach capturing
macro-level dynamics is expected to provide better under-
standing of the interactions and critical feedbacks within the
land system. At the same time, the representation of land use
will be extended from a focus on (agricultural) land cover
towards an evaluation of integrated land management
futures.

The ecosystem service concept and evaluating trade-offs
Published studies of ecosystem service mapping make the
fundamental assumption that land

cover or land use can be mapped to ecosystem service val-
ues, i.e. a unique value for a given ecosystem service is
assigned to a land use/land cover type and ecosystem services
maps are directly derived from land use/cover maps. While
there is value in such an approach, especially at large scales
where information beyond land cover is lacking, this also lim-
its our capability to understand mechanisms that drive ecosys-

tem service delivery. Ecosystem functioning may not be uni-
form across a land use/cover class due to biophysical drivers
(e.g. topography, soil type) or management (e.g. agriculture
inputs, grazing intensity, logging practices). VOLANTE will
build on recent experiences of evaluating land use functions in
the EU-FP6 SENSOR project, incorporate a software module
developed in the EU-FP6 project EFORWOOD for MCA that
targets stakeholder interactions for eliciting preferences and
weights, and develop a coherent method for assessing sci-
ence- and value-based ecosystem service trade-offs and syner-
gies suitable for identification of desired and undesired con-
sequences of land management decisions.

Visions of the future
Scenarios are used increasingly in environmental change
assessment as a means of exploring uncertainties about the
consequence of human actions on the environment. Much of
this effort has been driven by concern about climate change,
as an exemplar of human-change (IPCC). Most foresight
analysis methods in environmental change have used explo-
rative storylines to provide scenarios of alternative plausible
futures. Normative scenario methods, describing pathways to
desired future outcomes, or visions, potentially have greater
policy relevance. VOLANTE will employ a roadmapping tech-
nique, which explicitly incorporates the uncertainties associat-
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Fig. 3: Combination of models in VOLANTE.
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ed with long-term projections, identifying sustainable path-
ways to reach plausible and desired visions of future land use.
This will be done by investigating the gaps between explo-
rative scenarios that identify possible future land use, and nor-
mative visions that identify desired land use futures. 

VOLANTE organisation
The VOLANTE project is coordinated by Bas Pedroli (Alterra
Wageningen UR) and a Project Management Team further
consisting of Mark Rounsevell (dep. coordinator, UEDIN),
Helmut Haberl (UNIKLU), Anne Gravsholt Busck (UCPH),
Peter Verburg (VUA), Hermann Lotze-Campen (PIK), Marc
Metzger (UEDIN) and Marcus Lindner (EFI) (see consortium
overview below). 

For more information, please visit 
www.volante-project.eu
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Spatial Land Use Change and Ecological Effects 
at the Rural-Urban Interface - SLUCE
Daniel G. Brown
University of Michigan, School of Natural Resources and Environment, Ann Arbor, USA
E-mail: danbrown@umich.edu

Project SLUCE, a collaboration of researchers at the Universities of Michigan, Waterloo, Edinburgh, and Twente, seeks to
understand and model interactions between decisions about land-use change and land management by residents and devel-
opers in a residential landscape, and the trajectory of carbon storage in vegetation and soil. The empirical focus is on exur-
ban developments in southeastern Michigan, USA over the past 50 years, but the broader aim is development of a general
structure for modelling these interactions. Because of the broad range of processes represented in the model, the project
engages ecologists, economists, geographers, landscape architects, and computer scientists.

A key challenge in land-change science is representation of
processes in land-change models. Non-stationarity in land-
change dynamics, e.g., due to changes in the social or natural
environments within which those dynamics exist, together
with non-linear dynamics resulting from feedbacks, heteroge-
neous agents and interaction structures, limit the ability of
statistical trend projections to either predict land changes or
reveal causes or possible intervention strategies for sustain-
able land use. Building on previous efforts of project collabo-
rators, Project SLUCE aims to build land-change models that
represent processes related to:
a) Land-market transactions among land owners, developers

and residents,

b) Land-management strategies, and
c) Carbon dynamics in soils and vegetation.

Our aim is to better understand how, and how much, eco-
nomic incentives and behavioural change might affect
increases in carbon storage in residential areas, where lot sizes
are relatively large (e.g., > 0.5 ha). 

Land-change processes necessarily include mechanisms
related to both biophysical stocks and flows and human
actions and interactions. Because they have been developed
within different disciplinary frameworks, models have rarely
represented interactions and feedbacks among these compo-
nents. We are implementing a computational framework (Fig. 1)
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that brings together previous efforts to represent the process
of land exchange through market transactions (Filatova et al.
2009), land-cover change as a result of alternative residential
landscape designs (Brown et al. 2008), and biogeochemical
processes governing carbon uptake and storage in vegetation
and soil (Robinson et al. 2009). To better understand the impli-
cations of human activity for carbon storage, and the possibil-
ities for increasing carbon storage in residential landscapes,
we are also explicitly identifying and representing decisions
about land management that affect carbon, including plant-
ing, fertilizing, irrigating, mowing, clearing, etc. Agent-based
modelling serves as the key framework for our representation
of human actions and interactions, and we are using Biome-
BGC to represent biogeochemical processes. 

A key challenge in building process models that can be
used to understand land change and its implications for envi-
ronmental or social outcomes of interest, is balancing their
empirical plausibility with a level of generality that provides for
extension of findings in one setting to a wider range of con-
ditions. Our approach has been to develop formal descriptions
of the processes hypothesized to be most important in a given
context, then to seek data that might help us constrain our
representation of those processes within plausible bounds. To
date, our team has collected and analyzed survey data on res-
ident and developer preferences for landscape characteristics,
interviews with residents about their land management activ-
ities, real estate transactions with prices and assessed values to
help us understand market patterns, and variations in micro-
climate within canopies of fragmented forests and soil and
vegetation biogeochemistry to parameterize the biogeochem-
ical model. Additionally, we are using observations of system
level outcomes, in particular about remotely sensed patterns
of land-use and land-cover change at multiple scales to devel-
op a set of spatial and temporal metrics that we can use to
compare model outcomes with land dynamics in specific parts
of the southeastern Michigan region.

Previous findings from the project have demonstrated the
sensitivity of land-change processes and outcomes to feed-

backs, dynamics, and heterogeneity in the agent interactions
(e.g., feedbacks between agent preferences, land-markets
transactions, and land-change patterns), and the potentially
non-linear nature of the resulting dynamics (e.g., Brown et al.
2005). Our on-going work aims at evaluating the potential for
interventions into this complex system that might specifically
increase carbon sequestration in a landscape that is both
dynamic and a product of intense human intervention.

While our aim is a generalizable framework, and instantia-
tions of that framework, that will be an exemplar for process-
based land-change modelling, our focus on a specific region
and type of land change limits our models relative to the glob-
al challenges that land change can pose. An on-going challenge
for this community will be to continue to work towards general
frameworks that might represent key land-change processes
within multiple systems for the purposes of comparative mod-
elling and, ultimately, scaling process-based understanding of
land-change systems to regional and global scales.

For more information, please visit
www.cscs.umich.edu/sluce/
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Fig. 1: Computational framework of SLUCE.
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Proambiente, a social and environmental development pro-
gram for smallholders in the Amazon, was adopted as part of
a federal policy for development in Brazil. It was articulated
through the rural unions, in order to provide incentives to
support environmental services and sustainable production.
Facilitating REDD programs to benefit the poor remains a hot
topic among the global environmental change research com-
munity (Fearnside 2008). Proambiente offered a unique PES-
type scheme because it was initially envisaged and defined by
local communities and other stakeholders. It was adopted as
part of Brazilian Federal policy in 2003 as a means to be
REDD-ready for post-2012 United Nation’s Framework
Convention on Climate Change (UNFCCC). In Acre (far west-
ern Brazil), 400 families participated in Proambiente, which
promised to provide technical and logistical support of house-
hold production activities as well as half a minimal salary per
month (~$95 USD) for environmental services (Hall 2008).
Proambiente has suffered, however, from organizational, dis-
tributional, communication, legal, and funding problems
(Bartels 2009).

My primary research focuses on land change dynamics
among rubber tappers in the Chico Mendes Extractive Reserve
(Vadjunec et al. 2009, Vadjunec and Rocheleau 2009), which
involves collaboration with a local NGO, the Group for
Research and Extension in Agroforestry Systems in Acre
(PESACRE), in charge of the first phase of Proambiente (see
Gomes et al. 2008). Working in a technical field support and
research capacity, some lessons learned regarding
Proambiente are reviewed here. Drawing on baseline data col-
lected in the field between 2003-2005, two Proambiente com-
munities in the Chico Mendes Extractive Reserve were later re-
surveyed in 2008 (16 households), in order to evaluate the per-
ceived social, economic and environmental impact of the pro-
gram on extractivist households five years after the start of the

program. Additionally, 18 in-depth key informant interviews
were completed with local and state government officials, and
other key social actors involved in the program.

Impacts of the Proambiente
PESACRE operated out of the city of Rio Branco; visited par-
ticipating communities monthly; and worked alongside local
municipal offices to provide regional technical and education-
al support. It also kept a sustained presence in communities
through local agents that visited households regularly.
Individualized household management plans doubled the
treatment of water among households, fostered a waste dis-
posal program among the majority of participating house-
holds, and assisted in the protection of river beds and the
preservation of forests near water bodies. Households
received training and related supplies in local reforestation,
agroforestry, and green manure projects through community
‘exchange’ programs (Fig. 1). 

As a result, for example, the use of green manure among
Proambiente households tripled (Fig. 2). PESACRE estimated
that during this time over 500 ha’s of forest were not deforest-
ed, an additional 600 ha’s were cultivated without the use of
fire, and over 100 ha’s were in either recuperation or afforesta-
tion (pc. C. Borges PESACRE 2008). Proambiente also provid-
ed modest health and nutrition education and agricultural
support, the doubling of smallholder access to rural credit
lines, and the marketing and certification of non-timber forest
products (NTFPs).

Problems with Proambiente, however, were also numerous.
Funds were frozen at the national level because Brazilian law
needed to be reworked in order to give currency to avoided
deforestation and other environmental services. Households
received only two ‘in good faith’ payments for environmental

Proambiente: Initial Lessons From an Environmental
Service Program in the Brazilian Amazon
Jacqueline M. Vadjunec
Department of Geography, Oklahoma State University, USA
E-mail: Jacqueline.vadjunec@okstate.edu

Payment for Environmental Service Programs (PES), such as Reducing Emissions from Deforestation and Degradation
(REDD), promise to deliver ecosystem services, such as preserving forests, reducing degradation, protecting watersheds and
biodiversity, among other things. Such programs, it is hoped, will also provide a means of sustainable development for tra-
ditional people and other smallholders throughout the tropics. This preliminary study provides some practical lessons
learned in Acre, Brazil, while working with local stakeholders of Proambiente, a social and environmental development pro-
gram for smallholders, which was adopted in 2003 as part of a federal policy for development in the Brazilian Amazon.
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Fig. 2: Example of inter-community exchange pro-
gram run by PESACRE where household heads from
one Proambiente community visit another
Proambiente community to learn about using green
manure technologies (Source: PESACRE 2005).

Fig. 1: Perceived benefits of Proambiente between households (n=16) and officials (n=18).
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services totaling approximately $325 USD (Hall 2008). Due, in
part, to budget constraints, monitoring was also sporadic.
Furthermore, state and local agencies were left to cover the
financial burden in periods of frozen capital, resulting in
divergent perceptions regarding the success of the program
(Fig. 3). Proambiente continued on the ground despite frozen

federal funds by 2008, getting back to its social movement
roots and receiving modest funding from Acre state and other
agencies. Even without the monthly payment, most house-
holds involved in the program recognized the many benefits
provided by Proambiente and remained in the program. More
recently, the state of Acre has created new legislature in order
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to provide a State System for Environmental Services (SISA)
(Government of Acre 2010).

Lessons learned
The experiences of households involved in Proambiente reveal
some important lessons to be learned for future PES and
REDD type programs as noted:
• The importance of local participation. The strength of

Proambiente lies in its history as a grassroots social move-
ment-developed, articulated, conceptualized, and support-
ed by local actors.

• Payments for environmental services should be decided by
those most directly affected. Direct economic payments
may make households more economically vulnerable to
glitches in the program. Participants argue that they prefer
indirect payment benefits, such as help with marketing and
certification of their own products.

• Proambiente was initially derailed by legal issues and the
lack of sustained funding, which increased the vulnerabili-
ty of participating households. For REDD to be successful,
appropriate proper legal structures (institutions) and finan-
cial backing need to be in place.
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Fig. 3: Perceived satisfaction of Proambiente between
households (n=16) and officials (n=18).
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as a dominant cause of land change
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Land change scientists have traditionally focused most of their attention on the local scale variables causing land-use/cover
change. International trade in agricultural and wood products, global-scale information and capital flows, human migrations,
and transnational social and political institutions might well become the dominant causes of land use change. The land
change scientific community must rethink its definition of system boundaries, data collection protocols, and analytical tools,
to represent the flows of goods, people, and capital connecting local land systems with global scale factors.

Mechanisms linking globalization with land
change
A central challenge for sustainability is how to preserve forest
ecosystems and the services that they provide us while
enhancing food production (DeFries and Rosenzweig 2011).
This challenge confronts the force of economic globalization,
which seeks cropland that is shrinking in availability and trig-
gers deforestation. Absent major policy and technological
innovations, and shifts in demands for fiber, fuel, and food, an
increased competition between different land uses is likely to
exhaust the reserve of productive land over the coming
decades (Lambin and Meyfroidt 2011). Four mechanisms – the
displacement, rebound, cascade, and remittance effects – that
are amplified by economic globalization accelerate land con-
version in tropical developing countries (Lambin and
Meyfroidt 2011). International displacement of land use via the
trade in agricultural and wood products reduces the global
benefits of national policies to protect forests and promote
reforestation (Meyfroidt et al. 2010). Through the rebound
effect, efficiency gains in agriculture can increase its profitabil-
ity and stimulate the demand for crops, leading to an expan-
sion of agricultural land rather than sparing land for nature.
Cascade or indirect land use effects occur when an initial
change in land use triggers multiple crop substitutions and
land conversion in places distant from the initial production
site, thus leading to additional environmental effects that are
not immediately measurable. Remittances and outmigration
may facilitate the reconversion of family members at home to
the rural nonfarm economy, thus decreasing pressure on land,
favor investments in mechanization and agricultural intensifi-
cation, or lead to an expansion of land use. 

Global forest transition
Despite these vexing mechanisms, global rates of tropical
deforestation have decreased over the decade 2000-2010. A
handful of tropical developing countries have recently been
through a forest transition – a shift from net deforestation to
net reforestation – while increasing their agricultural produc-
tion. Forest transitions occur through different pathways that
are contingent upon the local socio-economic and ecological
contexts, and influenced by global economic forces. The recent
forest transition countries have relied on various mixes of
intensification of agriculture and wood production, land use
zoning, forest protection, afforestation campaigns, increased
reliance on imported food and wood products, creation of off-
farm jobs, foreign capital investments, and remittances. The
ecological value of forest transitions depends on multiple fac-
tors, including the residual deforestation of old-growth
forests, the proportion of natural regeneration of forests ver-
sus tree plantations, their location, and spatial patterns.
Likewise, the effects of forest transitions on local livelihoods
vary greatly depending on the socio-political context.

As we better understand the causes and ecological impacts
of historical and recent forest transitions, the next big research
question is to evaluate the prospects for a global forest transi-
tion and the policy options that could facilitate it (Meyfroidt
and Lambin in press). This endeavor confronts a paucity of
data on reforestation extent and characteristics, due to the lack
of sampling designs dedicated to systematically measure for-
est regrowth by remote sensing. Initial evaluations suggest
that a combination of technological innovations, sound land
management policies, adoption of more efficient land use
practices, and changes in consumption patterns hold the
potential to significantly affect the worldwide supply of and
demand for wood and agricultural products, and promote a
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global restoration of forests. However, these changes cannot
be taken for granted (Meyfroidt and Lambin in press).

Global land scarcity
A major challenge for a global land use transition reconciling
forest conservation and enhanced food production in the
coming decades is the looming scarcity of productive land.
About 400 Mha of suitable land for cropping was non-cultivat-
ed, non-forested, non-protected, and with low population
densities in 2000 (The World Bank 2010). This land reserve is
mostly concentrated in Latin America’s cerrados and grass-
lands, in African savannas, and in former Soviet Union
Republics. Although it is not forested, converting this land to
agriculture will generate environmental and social costs as it
is generally rich in biodiversity and used, for example by agro-
pastoralists. The land actually accessible for agricultural expan-
sion will largely depend on future prices for agricultural prod-
ucts. Different land uses will be competing for the available
land: cropland to grow food, animal feed, or the feedstocks for
the current generation of biofuels; pasture areas; urban and
peri-urban areas; forestry plantations; and protected areas.
Land degradation and climate change will affect land produc-
tivity and make some land unsuitable for cultivation. It was
estimated that the current land reserve could be exhausted by
2050 (Lambin and Meyfroidt 2011). However, global market
responses associated with land scarcity are likely to stimulate
the future adoption of more efficient land management prac-
tices and promote innovation in agriculture and forestry.
Absent such innovations, humanity could inadvertently cross a
threshold where annual increments in global food production
beyond yield increases would lead to an accelerating conver-
sion of natural forests, with detrimental environmental
impacts, and to cropland expansion on unsuitable lands,
there fore requiring a larger area for any increment in produc-
tion.

New causes of land use change
New factors including eco-consumerism, corporate environ-
mental responsibility (e.g., certification schemes, fair trade,
moratoriums, roundtables), pressures from the civil society,
and new consumer preferences have an increasing influence
on land use change, the fate of forests (Dauvergne and Lister
2010), and the production of certain crops for the global mar-
ket (e.g., oil palm, soybean, coffee, cocoa). New forms of regu-
lation to harness globalization for increasing land use efficien-
cy and sustainability rather than leading to uncontrolled land
use expansion need to be explored. Land systems should be
understood and modeled as open systems with large flows of

goods, people, and capital that connect local land use with
global scale factors.
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Restoring forests at home can lead to 
deforestation abroad
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Reducing deforestation is an international priority, given its impacts on carbon emissions and biodiversity. However, our
study found that in many developing countries forest restoration at home has been accompanied by the outsourcing of land
use abroad. Strengthened forest-conservation policies and economic expansion increased the demand for imported timber
and agricultural products, which contributed to deforestation abroad. This dynamic could have significant implications for
ongoing efforts to protect the world's remaining forests. 

Exporting deforestation
This study analyzed the relationship between reforestation at
the national scale and the international trade in forest and
agricultural products between 1961 and 2007, focusing on six
developing countries – China, Chile, Costa Rica, El Salvador,
India and Vietnam – that underwent a shift from net defor-
estation to net forest expansion during that period (Meyfroidt
et al. 2010). Other countries – Brazil, Cameroon, Indonesia,
Peru, and France – were used as comparison cases. Quantities
of traded goods in the agricultural, livestock, and forestry sec-
tors extracted from the FAOSTAT and COMTRADE databases
were converted into the areas needed to produce those com-
modities based on yields and other characteristics of produc-
tion systems in the producing country. 

In five of the six reforesting countries (India being the excep-
tion), the return of native forests was accompanied by an
increased demand for imported wood and agricultural products,
partly due to a reduction in domestic timber harvests and/or new
farmland and partly due to increases in consumption (Fig. 1).

For every 100 ha of forest expansion in these countries, they
imported the equivalent of 74 ha of forest products. Taking
into account their exports of agricultural products, the net bal-
ance amounted to 22 ha of land used in other countries.
During the last five years of the study period, the net land-use
displacement increased to 52 ha of imported agricultural or
forestry products for every 100 ha of new forests. That is, for
every hectar of forest increase, a half-hectare was used else-
where, including countries like Brazil and Indonesia, which
together accounted for 61% of deforestation in the humid
tropics between 2000 and 2005. 

These land use trade dynamics varied, sometimes dramat-
ically, from country to country.  Chile’s large wood exports

more than compensate for its imports of agricultural products
in terms of land use, while China’s imports, among which
wood are the highest, offset more than half of the area of
restored forest in the country. In Costa Rica, efforts to promote
environmental sustainability took place at the cost of reducing
beef exports. In Vietnam, agricultural exports also decreased,
and the policies restricting forest exploitation, combined with
the rapid development of the wood processing industry and
the exports of wood products, led to an increase in legal and
illegal imports of timber (Meyfroidt and Lambin 2009). 

Synergies between forest conservation 
and trade policies
If local forest protection merely shifts forest-conversion pressure
to natural forests elsewhere in the world, there will be no net gain
for nature at a global scale. Among the countries under study
here, net gains in forest did occur despite the increased trade and
offsetting increases in logging and agriculture in other countries.
More generally, these findings suggest that we need to move
beyond national boundaries in accounting for the environmen-
tal impacts of nations. To this end, countries could: 
1) Reinforce international cooperation on issues related to

deforestation and land use.
2) Integrate trade data into international negotiations on envi-

ronmental issues, such as the REDD+ mechanism under
the UNFCCC. These multilateral environmental agree-
ments should include provisions to ensure that participat-
ing countries do not decrease their rate of deforestation by
exporting it overseas. Note however that, under certain
conditions, cross-border displacement of land use that
moves production to more productive lands and improves
efficiency of land use can be favourable for global forests.
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Fig. 1: Historical change in forest and agricultural area and in net displacement of land-use demand for the 12 countries studied. (A)
Total net displacement/absorption across the three sectors, compared with forest cover and agricultural area. For visual representa-
tion, these two areas are represented as change in ha’s compared with a base year that depends on the country. (B) Net displace-
ment/absorption for the three sectors: crop, animal, and wood products. Reproduced from Meyfroidt et al. 2010. Copyright: P.
Meyfroidt, T.K. Rudel and E.F. Lambin.
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3) Promote certification systems that provide businesses and
consumers with reliable information about sustainable for-
est products. Governments have important roles to play in
organizing the monitoring and enforcing compliance of
partners to these schemes. To be fully effective, such
schemes need to encompass a significant share of the
global supply and demand, include all major agricultural
and wood products, and account for possible displacement
of deforestation from certified production systems to other
places or sectors. 

In sum, national strategies aimed at forest protection and sus-
tainable use of forest resources can, in an era of globalization,
have unintended effects abroad that need to be assessed along
with their effects at home. 

We need to better understand under what conditions cross-
border displacement of land use is beneficial for forest ecolo-
gy and human communities living in forests, and which poli-
cies are likely to produce forest transitions with minimum (or

beneficial) displacement. Countries that experienced a forest
transition after the beginning of systematic collection of trade
data could provide us with good examples about how dis-
placement occurs and changes through time.
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Landscape of reforestation and
paddy rice, Tay village, Northeast
Vietnam (Photo: Patrick Meyfroidt,
2008).

Secondary forest (~15 years) established
on old shifting cultivation fields, Northeast
Vietnam (Photo: Patrick Meyfroidt, 2008).
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The Scaling & Governance Investment Program is initiated by Wageningen University and Research Centre (Wageningen UR)
and was presented at the GLP Open Science Meeting 2010 in Tempe, Arizona. The program’s objective is to gain new insights
and to develop new methods for scaling and governance interactions. The program is funded by the Board of Wageningen
UR, the Dutch Ministry of Economic Affairs, Agriculture and Innovation, and participating research schools. In order to get to
transdisciplinarity, that is to say, cooperation between scientists from different disciplines as well as policy makers and citi-
zens, vigorous communication between scientists from the natural science and the humanities is needed. 

Introduction
Policies have many unforeseen impacts on (agro)ecosystems at
different levels of spatial and temporal scales. For example, it
has been argued that the EU decision to stimulate biofuel pro-
duction leads to competition of fuel- and food-crops causing
an increase in global food prizes affecting local poor popula-
tions in underdeveloped countries. Apart from these direct
links between policy and (agro)ecosystems at different spatial
scales, often unexpected and unforeseen temporal conse-
quences in (agro)ecosystems exist which find their origin in
the multi-scale interactions within (agro)ecosystems. This
observation fits well within a long history of disappointments
in policy and management related to our environment and
indicates that scale sensitive policies and governance struc-
tures are required to take into account instance spatial and
intertemporal externalities. One of the main unresolved prob-
lems policymaking has is the step from scale issues to gover-
nance and vice versa. What is good for a lower level like a
region or location might be considered undesirable at a glob-
al scale or intertemporal effects in which current behaviour
influence future possibilities. 

Scale can be defined in many ways, but most definitions
refer to the spatial, temporal, quantitative dimension of a phe-
nomenon. Related to scale is the notion of levels, which are
seen as units of analysis that are located at different positions
on a scale continuum. It is thus essential to differentiate
between scale and level, following a plea for recognition of
scale dependency and governance. Scale dependency leads to
changing observed empirical relationships when data is
aggregated and analysed. In this contribution we will show the
added value of connecting scaling and (economic) governance
for policy making in the context of agro-ecosystems (see
Veldkamp et al. 2011). 

Integrating scaling and governance research
Scaling and governance may not seem to represent new issues
in need of intensified research attention. For in separate stud-
ies, they have both been labeled as ‘buzzwords’ or even ‘growth
industries’. We strongly believe, however, that governance and
scaling issues deserve more attention as a combination, not
just in separate studies. We look at this integration as a major
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challenge for both the social and the natural sciences, in which
policy makers need to be engaged as well. In order to get to
transdisciplinarity, that is to say, cooperation between scien-
tists from different disciplines as well as policy makers and cit-
izens, vigorous communication between scientists from the
natural science and the humanities is needed. 

The shift towards more integrated theory and practice with-
in scale related research was initiated by the inclusion of the
human factor. As a result, levels of organization became more
clear, system became more complex, and interdisciplinarity a
necessity. This culminated in a new research paradigm that
advocates cross-scale, integrated methods – including stake-
holders, accepting an irreducible complexity of the system
with humans and powerful actors that can and possibly should
influence the system under study. A particular type of gover-
nance that has been thriving research since the 1990s in the
policy sciences, public administration, political science and
geography is ‘multi-level governance’. Under this and similar
banners, the multi-level or multi-scale character of societal
problems and the corresponding need to address these prob-
lems at multiple levels is accentuated. The shift is mostly
explained in terms of changes in the relations between gov-
erning levels, which do not any longer represent a hierarchy.
From an institutional economic perspective governance is also
linked to (transaction) costs for different modes of governance
like markets or long term contracts. It is recognized that gov-
ernance structures are linked to higher levels like the institu-
tional environment which encompasses the rules in which
cover laws, polity, judiciary, and bureaucracy.

The need for multidisciplinary work
There are two distinct vocabularies: one with regard to scaling
and one with regard to governance. In each of these domains
we noted a shift which had recently left its marks on the ori-
entation within the domains (see Buizer et al. 2011). With
regard to scaling there has been a shift towards including the
human factor as integral part of the system, which material-
ized into theories related to social ecological systems, and new
methodologies that emphasized stakeholder participation,
transdisciplinarity, and cross-scale interactions. With regard to
governance there has been a paradigm shift from thinking in
terms of state steering and governmental practices towards
the analysis of multi-actor, multi-level and multi-sector gover-
nance. Levels of social analysis are recognized by economists
who work in the tradition of new institutional economics.
These shifts have a number of commonalities because both
acknowledge the growing important of multi-level interac-
tions; both stress the need for enlarged multi-disciplinarity,
and both address the need for increased stakeholder participa-

tion. Integrating scaling and governance will allow to benefit
from these commonalities and help to improve policy making.
This also raises the challenge of more effectively including
non-scientists in the debate. A transdisciplinary arena is
required where the concepts of scale and governance are
framed such that a broad variety of stakeholders can join the
debate and/or the decision making process.
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Land use and land cover change in coupled human-environment systems has become a substantial research area of land
change science, and lies at the core of studying global environmental change. Based on remote sensing data of land use
change with a spatial resolution of 1×1 km on a national scale and with a five year interval, this paper suggests a new dynam-
ic regionalization map. The spatial pattern of land use change and its driving forces were investigated in China in the early
21st century. 
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Land use and land cover change exerts major impacts on the
regional ecosystem and environment, and consequently influ-
ences the global environment. In the early 21st century, China
underwent a speedy socio-economic development, modifica-
tion of industrial structure, and acceleration of industrializa-
tion and urbanization. A series of development strategies,
including ‘Western Development’, ‘Revitalization of
Northeast’ and ‘Rising of Central China’ were implemented
across the nation which resulted in remarkable changes and
modifications in the spatial distribution of China’s land use.

In order to quickly and accurately capture the pattern of
land use change, we investigated the dynamics of land use in
2000-2005 in a computer-aided interactive way. In contrast to
the field work, the overall identification accuracy was over 95%
(Fig. 1). A new technique was developed that converts vector
data into a series of grid data with a 1×1 km resolution with-
out destroying the acreage information. Based on these data a
land use dynamic classification map was generated (Fig. 2). 

With point of entry in this new dynamic regionalization
map, this paper aims to understand the spatial pattern and
main drivers of land use changes on a national scale. And, we
try to provide valuable scientific information for other
researches who works with regional and global environmental
changes.

General and regional characteristics and spatial
pattern of land use change
1) The area of cultivated land decreased by 68.65 ×104 ha2 . This

change mainly occurred in traditional farming regions such
as the southeastern coastal area and the Huang-Huai-Hai
Plain. 

2) The built-up land increased by 170.53×104 ha2, concentrated
in eastern China, which was the most dominant conver-
sion. 

3) Woodland increased by 23.48×104 ha2, mainly in Guizhou,
Chongqing, Shaanxi, Ningxia and the southwestern moun-
tains of Inner Mongolia.

4) Grassland decreased by 118.61×104 ha2, in the central steppe
of Inner Mongolia, the oasis in the desert of Xinjiang, the
farming-grazing transitional zone of the Loess Plateau as
well as Guizhou and Chongqing in western China. 

5) Water bodies increased by 16.22×104 ha2, mainly in the
Huang-Huai Plain and middle and lower Yangtze River
Plain, and especially in the Dongting Lake Basin.

6) The unused land category decreased by 19.18×104 ha2, con-
centrated in northern China.

Above all, land use change during the five years showed
regional variations. The results indicated that the built-up
areas expanded significantly in the Huang-Huai-Hai Plain,

GLPGLPP
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Fig. 1: Land use interpretation map of China
in 2005.

Fig. 2: China’s land use change and its dynamic
regionalization map in the early 21st century.
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southeastern coastal areas and Sichuan Basin, where most
(~75%) built-ups were converted from high-quality arable land.
However, arable land was returned to woodland and grassland
in mountainous areas of North China, Loess Plateau, Qinling
Mountains and the farming-grazing transitional zone in Inner
Mongolia. Grassland was reclaimed into arable land in eastern
Inner Mongolia, the northwestern arid area and the edge of
the traditional oasis agricultural region. In the Qinghai-Tibet
Plateau, only minor changes in land use had occurred, except
regional expansion in watershed areas.

Driving forces of land use change in China
1) In the early 21st century, a series of national macro land use

strategies were implemented, and the proportion of urban
population increased from 36.22% in 2000 to 42.99% in
2005. GDP also increased by nearly 100%. As a result, new
spatial patterns on land use and regional development
appeared.

2) The implementation of ecological restoration policies, such
as the ‘Western Development’ policy, and natural forest
protection projects, such as the ‘Grain for Green’ project in
western China, caused an increase of woodland area and
the improvement of regional land cover conditions.

3) Suitable farmland moved northward due to climate warm-
ing and consequently accumulated temperature increase,
and large areas of grassland were reclaimed in northern
China driven by agricultural policies as well as agronomic
technologies.

Discussion and conclusions
This study is fairly critical not only to better understanding the
mechanisms contributing to land use changes, but also to fur-
ther integrate the researches on ‘processes’ and ‘patterns’ in
geographical sciences.
1) In the first five years of the 21st century, land use changes

were characterized by highly intensified and accelerated
alterations and significant spatial variations as well,
induced by regional exploitation strategies and rapid socio-
economic development. Land use changes are moving
from human-dominated exploitation, such as reclamation,
built-ups sprawl etc., to equally important influences of
development and ecological conservation.

2) The general trend of land use change at national scale dur-
ing 2000-2005 was the reduction of arable land area; built-
up area increased rapidly and occupied large areas of high-
quality cultivated land. To some extent woodland areas also
increased, this as a result of the ‘Grain for Green’ project
whereas grassland decreased due to conversion from

grassland to cropland.
3) The implementation of a series of socio-economic and

regional development policies resulted in accelerated
growth of the economy and hence caused considerable
changes in land use. 

4) This study helps to distinguish causes and regional process-
es of land-use change, and it can also provide the scientif-
ic basis for land resources optimization and ecological envi-
ronmental renovation across China.
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Rapid land use change has happened along with the rapid
development of the Chinese economy during the last decades,
especially since the implementation of the program of eco-
nomic reform and opening. Existing research indicates a sig-
nificant increase of cropland in the 1990s. The increase at
country-scale was mainly caused by the reclamation of forest
and grassland in Northern China.

As an ecological zone, where agriculture, grassland and for-
est ecosystems co-exists (Fig. 1), Eastern Mongolia has under-
gone dramatic land use change especially in the past decades.
A significant warming trend is observed in the region, while
the precipitation record shows large variability in spatial and
temporal distribution. Another trend in the region shows
shifting cultivation due to population pressure and climate
change. 

The following research questions are relevant in this con-
text:
• What were the characteristics of land use and land cover

change especially regarding the processes of land reclama-
tion and cropland abandonment? 

• Was land reclamation the dominant process since the
1980s? 

• Were the ecological restoration projects effective? 
• What should be the next step for ecological restoration

projects? 

First, we looked into the processes of land use and climate
change, using remote sensing data, and historical meteoro-
logical data. In a second step the trend and intensity of land
use change were analysed, and the effects from ecological

restoration projects were assessed. A habitat suitability model
was adopted for the rationality assessment of agricultural land
use change. A comparison of before and after 2000 was made

Dramatic agricultural land use change in Eastern Inner
Mongolia, China: Responses and implications 
to ecological restoration projects
Jiyuan Liu1, Jinwei Dong1,2, Huimin Yan1, Wenhui Kuang1

1Institute of Geographic Sciences and Natural Resources Research, CAS, Beijing, China
2Department of Botany and Microbiology, Center for Spatial Analysis, University of Oklahoma, USA
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In Eastern Inner Mongolia, ecological services such as ecological regulating and provisioning functions have been potential-
ly affected by land use change, with substantial implications for human well-being. Eastern Inner Mongolias underwent
 continuous land reclamation and cropland abandonment processes that fuelled desertification in the past decades and now
a series of ecological restoration projects are underway in the region. We carried out a series of studies focusing on the region
to access land use dynamics and its effects on ecological vulnerability, in order to assess the response to restoration projects
and understand the mechanisms in coupled human-environment systems better. Here we introduce some preliminary
 conclusions, which could provide a background for future ecological restoration projects.

Fig. 1: The location of Eastern Inner Mongolia, China and its land cover in
2000, indicating that the area represents a typical crossing zone of agri-
cultural, forest and grassland ecosystems. 
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Fig. 2: Land reclamation and cropland abandon-
ment trends in Eastern Inner Mongolia, China
before and after 2000. A: forest reclamation, B:
grassland reclamation, C: reclamation of built-up
land, D: unused land reclamation, E: cropland to
forest, F: cropland to grassland, G: cropland to
built-up land, and H: cropland abandonment.

in order to find the possible effects of the Grain For Green
(GFG) Project in agricultural land use pattern. The GFG Project
was initiated around 2000 and was a national campaign to
convert low-yielding or unsuitable cropland into forest or
grassland with the aim of ecological restoration.

Dramatic land use change process
The remote sensing based monitoring of land use change (the
late 1980s, 1995, 2000, and 2005) was based on a human-aided
interpretation of Landsat TM images, and conducted by the
Chinese Academy of Sciences. We found that in Eastern Inner
Mongolia, land reclamation was more important than crop-
land abandonment during 1990-2005, and the total area of
cropland increased from 64,954.64 km2 in 1990 to 76,258.51 km2

in 2005. However, the speed of reclamation decreased since
1995, and especially after 2000 due to the GFG Project. Land
reclamation reduced rapidly from 14,037.25 km2 in 1990-2000
to about 4,500 km2 in 2000-2005. Meanwhile, the areas of
abandoned cropland increased from only 670.01 km2 in 1995-
2000 to 3,136.30 km2 in 2000-2005. The GFG Project was very
effective in restricting land reclamation, although cropland
area still increases due to the pressures from a growing pop-
ulation and food demand.

We found that the area converted from cropland into forest
or grassland was 1,446.67 km2 (1,310.22 km2 to grassland and
136.45 km2 to forest). Cropland conversion rates to forest and
grassland in 2000-2005 were larger than for the five years
before 2000. This indicated that the GFG Project played an
important role in the conversion of low quality cropland (Fig. 2).
The conversion from cropland to grassland or forest was an
expected effect of the GFG Project, so the remote sensing may
over-estimate the actual effects of the project to some extent;
however, we still find the significant effects of the project.

Effectiveness and problems 
of ecological restoration policies 
Habitat suitability for cultivation was assessed by considering
climatic, terrain, and soil factors. Annual accumulated temper-
ature above 10°C, annual precipitation, slope and soil fertility
were selected as indicators. The total suitability level for crop-
land in the study area was relatively low; however, the cropland
suitability improved due to the project, as low quality crop-
lands were converted to some extent. Croplands classified as
either highly suitable or unsuitable levels were very limited,
whereas the moderately and marginally suitable croplands
were abundant. Among all the physical factors, climate condi-
tions seemed to be the main control factors affecting land
suitability for cultivation. 

The habitat suitability for cultivation is of significant impor-
tance for the GFG project. Cropland in unsuitable and mar-
ginally suitable locations should be abandoned or converted
firstly. However, the results showed that the GFG Project was
also carried out partly in highly suitable cropland. Actually, the
topographical slope was taken as a common index in the oper-
ation of the GFG Project while other factors were ignored to
some extent in a long time. 

Implications
Extensive reclamation was the dominant type of land-use
change, and the conversion was predominantly into rain-fed
cropland. Regional climate warming, for example the accumu-
lated temperature increase, made the previously marginal
crops suitable in some areas. However, the water availability
tended to become a problem with the increasing drought.
Land reclamation may not lead to increases in crop produc-
tion, because the crop yield of newly reclaimed areas with a
low suitability was very low. While the total amount of crop-
land increased the highly suitable cropland category hardly
increased. The conversion sequence of cropland in the project
could be determined according to the suitability levels.
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Session F7, moderated by Gerald Nelson (International Food
Policy Research Institute, Washington) and Tobias Langanke
(GLP IPO) at the GLP Open Science Meeting discussed and
explored the potential for cooperation between the GLP com-
munity of land-change researchers and the emerging Climate
Change, Agriculture, and Food Security (CCAFS) program, now
a ‘Mega-Program’ of the CGIAR System. Given the large inter-
est in this topic, and GLP’s networking role, below some key
issues and outcomes of the session.

Key issues and outcomes of the session
Gerald Nelson introduced CCAFS in the context of CGIAR and
discussed potential synergies between CCAFS and GLP com-
munities. Some of the possible synergies mentioned were:
• Design of standardized ‘household’ survey elements
• Easy data sharing
• Lobby for better public sector data collection and sharing
• Use global perspective to guide funding allocation for local

analyses
• New modeling techniques 
• Identify technologies/systems that ‘work’ (e.g., cost-effec-

tive, poverty reducing)
• Clarify role(s) of local and national institutions 

Ruth DeFries (Columbia University) contrasted some of the
science needs for implementation of CCAFS with the realities
of current research in the land-change community as follows:

Finally Bob Scholes (CSIR, South Africa) outlined some priori-
ty issues in land research as follows:
• Find the range of ‘sustainable intensity’ for all agroecosystems

(argument for an ‘intelligent and adaptive optimization’)
• Do the ‘right’ things in the ‘right’ places
• Maximize adaptive capacity

Bob Scholes then discussed a table that caricatures the two
cultures or communities (CGIAR and Global Environmental
Change (GEC) research). 

GLP and CCAFS: 
Potential for cooperation between scientific communities

Coordinated place-based studies in 

designated regions with consistent 

questions and methods

Piecemeal case studies with investigator- 

driven questions and methods

Agricultural output with climate 

mitigation/adaptation as model output

Land use as model output

Research designs targeted at the spatial 

and temporal scales required to capture 

flows of agricultural inputs and outputs

Studies at either global or local scale 

without mechanisms to connect

Identifying which agricultural 

management practices are most resilient 

to climate variability

Studies that label ‘cropland’ without 

differentiation of management practices

RealityNeed

WSSSSSSSWWWWWWWWWWS

37

GLP NEWSPPP NNNGLPP WSNEWSLETTER OF THE GLOBAL LAND PROJECT INTERNATIONAL PROJECT OFFICE

NO. 7   MARCH 2011 – GLP NEWS

The designation of habitat suitability for cultivation in this
study provides a platform for the project. The cultivation of
low suitable croplands give an impetus to land degradation,
and then land abandonment is likely to happen again. The
change is largely caused by increasing population pressure
and raising food demand. A vicious circle is evident here.
Overall, although the ecological restoration projects have had
some effects in slowing down land use change processes and
improving ecological protection, the agri-pastoral zone still
faces a huge threat with continued population growth and cli-
mate change.
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The following discussion and conclusions from the session
can be summarized as follows:
• The communities of GEC researchers including the GLP

community are normally not very well defined and organ-
ized, but instead constitute loose and ever changing net-
works of scientific volunteers with very limited structures
and institutions.

• However there is a considerable interest in the GLP communi-
ty and the GEC research community in a wider sense in coop-
eration with the emerging CCAFS program and vice versa.

• Any real cooperation has to take into account differences in
objective, outputs, success metrics, funding, focal scale and
approach (see table above).

• The research community urges CCAFS to consider the dif-
ferent institutional setting of university academics in the
design of call deadlines and input requirements. 

• As a practical suggestion to improve communication and
interaction CCAFS is urged to consider the mechanism of
Open Science type meetings. 

• The GLP community urges CCAFS to consider mechanisms for
consultation and input in the planning/research design phase
before a call text is published in order to be, in some cases, able
to influence the nature of the proposed research.

• The GLP international project office offers to keep the GLP
community informed and updated on CCAFS developments
and if possible, and requested, to facilitate interaction.

For more information about CCAFS, please visit 
www.ccafs.cgiar.org

Update February 2011

In early Feb. 2011 the GLP IPO met with Bruce Campbell (the 

Director of the CCAFS Coordinating Unit) in Copenhagen for 

information exchange and to discuss future cooperation. The IPO 

considers to draft a joint-session proposal for the 2012 ‘Planet 

Under Pressure’ Conference, see: 

http://www.planetunderpressure2012.net/ 

A workshop between invited representatives of the ESSP (Earth 

System Science) research community, and CCAFS to increase and 

coordinate cooperation between the communities, and set 

priorities, will be held in June 2011 in Bonn.

CGIAR GEC research
Objective Poverty relief Earth system knowledge

Outputs Agricultural innovations Research papers

Success metric User adoption Peer acceptance

Institutions 16 large physical centres Networks

Funding $ billions $ millions, but leveraged

Focal scale Local Global

Approach Commodities Systems
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Changes in staff members 
Dr. Xiangzheng Deng, a research fellow of Beijing Nodal
Office, was elected as a member of the scientific steering com-
mittee of UGEC in Oct. 2010. In Jan. 2011, Dr. Deng was pro-
moted to full professor by the Institute of Geographic Science
and Natural Resources Research (IGSNRR) of the Chinese
Academy of Sciences. Also in Jan. 2011 Dr. Erfu Dai, an associate
professor working on land use and ecosystem interactions in
the IGSNRR of the Chinese Academy of Sciences, joined Beijing
Nodal Office as a research fellow. 

Workshop and Meeting reports
Report from the ‘7th BMBF Forum for Sustainability’, Berlin,
Nov. 2-4, 2010.

Invited by the Federal Ministry of Education and Research
Germany (BMBF), Dr. Lin Zhen attended the ‘7th BMBF Forum
for Sustainability’. The aim of the forum was to discuss current
research initiatives, cooperation efforts among politics, business
and research communities and future research priorities. The
forum focused on the themes of the new framework programme
‘Research for Sustainable Development’ (FONA) released in Feb.
2010 by BMBF. Nearly 400 international experts attended the
forum and presented in-depth discussions on projects, ideas and
approaches for sustainable development in about 20 sessions.
The objectives of the forum were to present best-practice exam-
ples, to explore solution-driven opportunities and to advance
international networking of the research community. The topics
of the forum covered international cooperation, climate and
energy, water and resources. 

On behalf of GLP Beijing Nodal Office, Dr. Lin Zhen specifi-
cally attended the ‘Concept Expert Panel of the 7th BMBF Forum
for Sustainability’, which aims to make policy/sustainability
impact assessment valuably for sustainable development.
Through detailed discussion, it made clearly that impact assess-
ment requires scientific and governmental attention and support
in order to meet the objectives of sustainable development. In
response to the questions raised by the moderator and audi-
ences, Dr. Lin Zhen introduced China’s objectives for sustainable
development and the approaches of the state of the art applied
in the emerging sustainability impact assessment in China. She
also presented an outline of the challenges and opportunities for
undertaking sustainability impact assessment and for policy-rel-
evancy and political integration of research results of the sustain-
ability impact assessment within a Chinese context.

Research project
Impacts of large-scale land use changes on global climate 

PI:：Prof. Jiyuan Liu, IGSNRR of the Chinese Academy of Sciences
and GLP SSC member.
Funding Source: Ministry of Science and Technology of the People’s
Republic of China (2010.7-2015.6).
International Collaborators: University of Oklahoma, University of
Auburn, and many more.

The overall aim of this project is to clarify the spatial and tempo-
ral patterns of land use/land cover (LUCC) process in China and
its typical comparative international countries, and to reveal the
driving forces of LUCC and its regional heterogeneity. To gain a
deep understanding of the impact of major human land use

GLP Nodal Office on Land Use and Ecosystem
Interactions, Beijing
Institute of Geographical Sciences and Natural Resources Research (IGSNRR),
Chinese Academy of Sciences, Beijing, China
Executive Officer: Dr. He Qing Huang; E-mail: huanghq@igsnrr.ac.cn
Deputy Director: Dr. Lin Zhen; E-mail: zhenl@igsnrr.ac.cn
Internet: http://www.glp-beijing.org.cn

The Beijing Nodal Office assists GLP IPO in promoting and coordinating research on Land Use and Ecosystem Interactions.
The Beijing Nodal Office is based in the Institute of Geographical Sciences and Natural Resources Research of the Chinese
Academy of Sciences. To address the complex interactions at local to global scales in an efficient and coherent manner, this
office aims to set up a platform for scientists across the world to collaborate, communicate, and coordinate research projects
on land system dynamics, impacts of land change on ecosystems induced by human activities, feedbacks of ecosystem
changes in human-environment coupled Earth systems, and response options for developing a harmonized man-nature rela-
tionship.
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activities and urbanization on regional climate, this study will
reveal bio-geophysical mechanisms of large-scale land use
change on climate, and quantitatively analyze and predict impacts
of large-scale land use changes at regional to global scales. The
main research topics of the project are: 
1) Simulation of LUCC dynamics in typical areas of China,

important comparative nations and the whole land surface
of Earth system to reveal the temporal and spatial process
of LUCC, driving mechanisms and regional differences, 

2) Analysis of mechanism of impacts of major human land
use activities on surface water heat processes and ecologi-
cal processes that are related to climate change through
developing a LUCC coupled bio-geophysical process
model,

3) Analysis of mechanism of climate effects of LUCC on typi-
cal regions based on global and regional climate models
through building a simulation system for analyze climate
effects of LUCC; and

4) Developing an integrated platform for LUCC and
climate/ecological models, and simulating, assessing and
predicting impacts of large-scale LUCC on ecosystems and
climate change. 

Up-date January 2010-December 2010
1)  On behalf of Beijing Nodal Office, Prof. Lin Zhen present-

ed a keynote speak at the workshop of ‘Ecosystem Services
Management’ organized by the GLP Sapporo Nodal Office
at United Nations University Japan during Feb. 25-26, 2010. 

2) Representing the Beijing Nodal Office, Prof. He Qing
Huang attended the 1st Scientific Council meeting of the
3rd International Conference on ‘Water, Ecosystems and
Sustainable Development in Arid and Semi-arid Regions’
with experts from France, Iran and China during Feb. 24-28,
2010 in Paris, France. At the meeting, detailed discussions
were also made on co-organizing the international confer-
ence in 2011.

3) ZALF (Leibniz Centre for Agricultural Landscape Research),
IGSNRR and GLP Nodal Office Beijing co-organized a
workshop on ‘Impact Assessment of Land Use’ March 17-19,
2010 in Münchberg, Germany. Profs. He Qing Huang, Lin
Zhen and several research fellows and students presented
talks at the workshop and attended technical training. As a
consequence, CGCIA (Chinese-German Center for Impact
Assessment) was established with Prof. Lin Zhen as direc-
tor on the Chinese side.

4) Representing Beijing Nodal Office, Prof. Huang attended a
workshop on ‘Water Research’ and presented a talk on
‘Land Use and Water Management in the Pearl River Delta’

on May 3, in the Dutch Pavilion ‘Happy Street’ of 2010
Shanghai World Expo. 

5) The jointly organized 6th International Conference on
‘Environment and Sustainable Development in Mongolian
Plateau and Surrounding Regions’ took place on Aug. 26-27,
2010 in Ulaanbaatar, Mongolia.

6) On behalf of Beijing Nodal Office, Prof. He Qing Huang
gave an introduction to GLP at the workshop on ‘Integrated
Studies of Environmental Changes and Climate Adaptation
Responses in the Tibet-Himalayan Region’ during Sep. 13-
15, 2010, in Kathmandu, Nepal.

7) A delegation of around 20 scientists from China attended
the GLP Open Science Meeting held at Arizona State
University, USA during Oct. 17-19, 2010.

8) On behalf of Beijing Nodal Office, Prof. He Qing Huang
attended the 2nd Scientific Council meeting of the 3rd

Participants of the workshop on ‘Impact Assessment of Land Use’ during Mar.
17-19, 2010 at Münchberg, Germany. 

Participants of the workshop on ‘Integrated Studies of Environmental
Changes and Climate Adaptation Responses in the Tibet-Himalayan Region’
during Sep. 13-15, 2010 in Kathmandu, Nepal.

40

WSSSSSSSGLP NEWGLP G WWWWWWWP N WEWSENEWSLETTER OF THE GLOBAL LAND PROJECT INTERNATIONAL PROJECT OFFICE

GLP NEWS – NO. 7   MARCH 2011

GLPGLPP
GLP07NYY_GLP_NY  3/31/11  2:11 PM  Page 40



International Conference on ‘Water, Ecosystems and
Sustainable Development in Arid and Semi-arid Regions’
with experts from France, Iran, USA, Japan and China on
Oct. 25-27 in Beijing. At the meeting, decisions were made
for co-organizing the international conference in Paris May
30-June 2, 2011.

9) Invited by the Federal Ministry of Education and Research
Germany (BMBF), Dr. Lin Zhen, representing Beijing
Nodal Office, attended the ‘7th BMBF Forum for
Sustainability’ in Berlin during Nov. 2-4, 2010.

10)Prof. He Qing Huang co-chaired the international work-
shop on ‘Sandstone Landforms’ Nov. 9-11, 2010 at
Zhangjiajie Global Geopark, China.

11) Invited by Monsoon Asia Integrated Regional Study
(MAIRS), Prof. He Qing Huang attended a workshop
organized by the Land-Atmosphere Interactions in China
(LAIC) project on Nov. 25-26, 2010 in Beijing, China. During
the workshop, Prof. Huang organized a special session with
a team of scientists from Wageningen University led by
Prof. Pavel Kabat and discussed the progress made on the
study of land use and water management in the Pearl River
Delta under the effects of climate change and sea-level rise.
After the workshop, a collaborative field investigation with
Dutch scientists was made in the Pearl River Delta during
Nov. 27-30. 

12) On behalf of Beijing Nodal Office, Prof. Lin Zhen attended
the China-Germany Workshop on Environmental and
Ecological Technologies in Beijing, China on Dec. 6, 2010.

Planned activities
Future activities include:
1) Invited by the Center for Sustainability Science, Hokkaido

University in Sapporo, Japan, Assis. Prof. Luguang Jiang, a
research fellow in Beijing Nodal Office, will attend the
Asian Forum on Carbon Update 2011 during Mar. 14-18,
2011 in Bandung (West Java, Indonesia). He will give a pres-
entation on ‘The Update of Climate Change Program and
REDD+ on China’. 

2) Profs. He Qing Huang and Lin Zhen will lead a delegation
to attend the 3rd International Conference on ‘Water,
Ecosystems and Sustainable Development in Arid and
Semi-arid Regions’ May 30 to June 2, 2011 Paris, France. 

3) In collaboration with the University of Wageningen,
Netherlands and the Pearl River Hydraulic Research
Institute of China, the GLP Beijing Nodal Office will co-
organize a Sino-Netherlands workshop in June 2011 in the
Netherlands. The workshop will be followed by a field
excursion in the Rhine River drainage basin.

4) A field investigation will be organized for understanding
how land use affects fluvial processes and stream health in
the upper drainage basin of Huang He (the Yellow River)
during Aug. 2011. Scientists from Australia, Germany, New
Zealand and USA are expecting to participate.

5) The 7th International Conference on ‘Environment and
Sustainable Development in Mongolian Plateau and
Surrounding Regions’ will be jointly organized in Sep. 2011
and a field excursion will follow in the Mongolian Plateau
region.
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Staff Changes 
After close to four years of at the helm of
affairs, Prof. Ademola Braimoh resigned as
the Executive Officer of the Sapporo Nodal
Office in Aug. 2010 to take up a Senior
Natural Resources Management position at
the World Bank in Washington DC. Earlier,
in Apr. 2010, Dr. Kikuko Shoyama joined the
Terrestrial Ecosystem and Land Use Modelling Team at the
National Institute for Environmental Studies, Tsukuba in Japan.
We thank these pioneering staff for their invaluable contribution
in advancing Land Change Science in Japan and beyond.

Prof. Teiji Watanabe is currently the Executive Officer of the
Sapporo Nodal Office. Teiji is a full professor of geography at the
Faculty of Environmental Earth Science, Hokkaido University in
Sapporo. Teiji Watanabe obtained his PhD from University of
California Davis in 1992. His main research interests include
mountain geoecology, landscape changes in high mountain
areas, geodiversity, sustainable use and management in moun-
tain protected areas/national parks, and trail erosion in mountain
areas. Currently, he is doing research in Karakorum, Nepal
Himalaya, Pamir, Swiss Alps, and Hokkaido. 

Update January 2010-December 2010
Advanced Institute in Ecosystem Services Valuation 
and Mapping
With funding from the Global COE programme ‘Establish -
ment of centre for Integrated Field Environmental Science’
(IFES-GCOE) of Hokkaido University the Sapporo Nodal

Office organized training for young scientists on techniques
for valuing and mapping ecosystem services. The institute
held from Aug. 9-13, 2010 at the Faculty of Environmental
Earth Science, Hokkaido University in Sapporo, Japan featured
30 fellows from 14 countries in Asia, Africa, Australia, Europe
and the United States. The overall goal of the institute was to
enable fellows identify and apply appropriate techniques for
representing and modelling ecosystem services on the land-
scape. 

Prof. Gil Pontius (Clark University) covered the philosophy
and practice of land change modelling with extensive practical
on model calibration and validation. Prof. Akiko Satake
(Hokkaido University) taught modelling forest management
decision-making from the perspective of developing a theory
of coupled human-environment dynamics and advancing
solutions to environmental problems. Prof. Takenori Takada

GLP Nodal Office on Vulnerability, Resilience and
Sustainability of Land Systems, Sapporo
Hokkaido University, Sapporo, Japan
Executive Officer: Dr. Teiji Watanabe
E-mail: info@glp.hokudai.ac.jp
Internet: http://www.glp.hokudai.ac.jp

The GLP Sapporo Nodal Office is currently supported by the IFES-GCOE programme of Hokkaido University funded by JSPS, 
the Japan Society for the Promotion of Science 

The Sapporo Nodal Office assists GLP IPO in promoting and coordinating research on Vulnerability, Resilience and
Sustainability of Land Systems. The vulnerability of coupled human-environment systems is a major element of sustainabil-
ity research. Vulnerability results not only from exposure to biophysical and social perturbations, but also resides in the sen-
sitivity and adaptive capacity of the system experiencing such stresses. Thus, land system vulnerability is studied from an inte-
grated perspective. The overall goal is to improve the understanding of the causal processes of vulnerability, the quality of
coping capacity linked to different perturbations, and the role of governance in bolstering resilience.

Prof. Teiji Watanabe

Cross section of participants at the Advanced Institute (Photo: Sarah Liu).
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(Hokkaido University) treated advanced Markovian models of
land-use change. Prof. Runsheng Yin (Michigan State University)
covered economic techniques applicable to various ecosystem
services ranging from provisioning, regulating, and cultural to
supporting services before examining payment for ecosystem
services as an environmental conservation tool. Insights for
design of payment for ecosystem services and certifications
schemes were also provided. Prof. Ademola Braimoh lectured on
multivariate statistical techniques and application to ecosystem
services management and multifunctional land use modelling.
There was a general consensus that the institute helped to
resolve difficult issues in the fellows’ research, and that the
knowledge gained will significantly enhance their research out-
puts. A Google group was instantaneously set up to enable fel-
lows to continue to interact on these topics. 

International Summer School 2010 for PhD students
The GCOE-INeT International Field Summer School 2010
‘Cascading interactions among ecosystems’ was held at
Akkeshi Marine Station 19 June-1 July, 2010. Akkeshi Marine
Station is a core site in the ‘Japan Long-Term Ecological
Research’ (JaLTER) network. This programme was supported
by the IFES-GCOE. As the theme of the programme was rele-
vant for the GLP science agenda, Hideaki Shibata (GLP SSC
member) and Takashi Kohyama (Committee member of GLP
Sapporo Nodal Office) were involved in the organizing com-
mittee of this programme in close collaboration with the
Sapporo Nodal Office. Twenty one graduate students from 16
countries including Asia, Europe, America and Africa partici-
pated in this programme. The goal of this summer school was
to give students experience in international and interdiscipli-
nary research projects in the field of environmental science.
Field stations and the long-term ecosystem monitoring sys-

tem of Hokkaido University provided useful settings for this
training. The programme included field trips, a poster session,
lectures, development of a research proposal, and final pre-
sentations. The summer school focused on interactions
among ecosystems, including forests, agricultural land, rivers,
wetlands, brackish waters, and ocean, and also effects of land
use on downstream ecosystems. For a detailed report of this
programme, please see:
http://gcoe.ees.hokudai.ac.jp/inet/?page_id=523&lang=en

Synthesis of findings for ECOSMAG project
A synthesis meeting of the ECOSMAG (Ecosystem Services
Management in Asia) project endorsed by the GLP was held at
the United Nations University Institute of Advanced Studies,
Yokohama in Feb. 2010. The meeting deliberated research
findings to date, as project partners shared concrete results on
ECOSMAG and related activities in Asia and discussed out-
standing research implementation challenges. The ECOSMAG
project was successfully completed in the summer of 2010. A
policy report ‘Climate and Human-related drivers of
Biodiversity decline in Southeast Asia’ from this project was
launched at the Biodiversity COP10 meeting in Nagoya, 2010.
A full synthesis report of the project is also available from the
Asia Pacific Network for Global Change Research (APN) web-
site, please see: http://www.apn-gcr.org/newAPN/activities/
ARCP/2009/ARCP2009_06CMY_Braimoh/PolicyReport.pdf.

Publications
The Sapporo Nodal Office co-edited the United Nations
University book titled ‘Designing our future – Perspectives on
bioproduction, ecosystems and humanity bioresources’. The
volume focuses on society at the local and regional levels and
on a scenario in which human beings coexist harmoniously
with nature. This ideal society is examined in terms of the rela-
tionship between villages or towns and their natural environ-
ment and how these villages and towns can achieve local or
regional independence in the face of pressures toward central-
ization and globalization. With economic globalization spear-
heading a trend toward standardization and uniformity in
human values, the book highlights the importance of develop-
ing a society in harmony with nature through the networking
of diverse communities to promote and achieve local inde-
pendence. 

Another paper, ‘Analyzing about sixty years of land-cover
change and associated landscape fragmentation in Shiretoko
Peninsula, Northern Japan’ written by Kikuko Shoyama and
Ademola Braimoh was published in Landscape Urban
Planning doi:10.1016/j.landurbplan.2010.12.016. The paper
detected and quantified the dominant land cover changes inParticipants collecting sample from the brackish waters (Lake Akkeshi).
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Update January 2010-December 2010
Representation at Meetings and Conferences
Carol Ann presented at the Ecology Science Group of the
Macaulay Land Use Research Institute Seminar session in Jan.
2010. The presentation was entitled ‘What is the Global Land
Project’.

Richard Aspinall presented invited paper on ‘Habitat
Modelling’ at LANDMOD 2010 conference on ‘Integrative
Landscape Modelling’ in France – Feb. 2010. GLP SSC mem-
ber Dawn Parker and former GLP SSC member Tom Veldkamp
also attended the event.

Aberdeen Nodal Office hosted a workshop on 19-20 Mar.
2010 on ‘Representation of ecosystem services in the model-
ling of land systems’. The workshop explored measurement
and representation of ecosystem services in land systems and
models for application in policy and practice. The presenta-
tions are on the Nodal Office website.

Carol Ann attended the AIMES SSC Open Session in
Edinburgh in May 2010 and presented a poster entitled
‘Meeting the challenges of modelling coupled human-envi-
ronmental systems’. Based on this poster at the AIMES meet-
ing Carol Ann submitted a paper to the Procedia
Environmental Science online journal.

GLP Nodal Office on Integration and Modelling,
Aberdeen
Macaulay Institute, Craigiebuckler, Aberdeen, UK
Chief Executive: Richard Aspinall; E-mail: r.aspinall@macaulay.ac.uk
Executive Officer: Carol Ann Stannard; E-mail: c.stannard@macaulay.ac.uk
Internet: http://glp.macaulay.ac.uk/index.php

The Nodal Office in Aberdeen assists GLP IPO in promoting and coordinating research on Integration and Modelling, and is
a joint initiative between The Macaulay Institute and The University of Aberdeen. The office will achieve integration and mod-
elling through focused international workshops and conferences (as GLP community research initiatives), by acting as a clear-
ing house for relevant initiatives and activities, through the publication of scientific and policy-related material and through
the development of funding proposals that address the GLP scientific agenda.

the human dominated landscape using cross-tabulation
matrices. The anthropogenic influence on the spatial patterns
of the landscape was also assessed using fragmentation
indices.

Lastly, a paper from the Sapporo meeting on ‘Dynamics
and pathways of land system change’ was published in
Ecology and Society. The paper, ‘Complex land systems: the
need for long time perspectives to assess their future’ address-
es evolutionary, site-specific system properties including
trends and trajectories, frequencies, thresholds and alternate
steady states, slow and fast processes, and legacies and contin-
gencies. The paper was authored by John Dearing, Ademola
Braimoh, Anette Reenberg, Billie L. Turner II and Sander van
der Leeuw, please see:
http://www.ecologyandsociety.org/vol15/iss4/art21/

Planned activities
The international summer school for PhD students on
‘Understanding coupled natural and social systems: feedback
loops between land-use and ecosystem change’ will be held
from June 27-July 8, 2011 at Hokkaido University. Funding for
the summer school has been secured from the IFES-GCOE
programme of Hokkaido University. Other programmes on
sustainability science education will be implemented in coop-
eration with the Center for Sustainability Science of Hokkaido
University (CENSUS). Sapporo Nodal Office also hopes to also
carry out a synthesis of the office’s activities. We hope that
these synthesis efforts will be carried out in collaboration with
the other two GLP Nodal Offices. 
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Richard Aspinall was an invited keynote speaker from the
GLP at the international conference ‘Global Change and the
World’s Mountains’, Perth, Scotland, 26-30 Sep. 2010.  His
paper ‘Finding the high ground in global change research’ was
the final paper in the synthesis session ‘Emerging themes for
global change research and sustainable development’. A paper
authored by the speakers in this synthesis session is currently
in preparation for the journal Mountain Research and
Development.

Both Richard and Carol Ann attended the GLP Steering
Committee Meeting in Brazil in May 2010. At this meeting
Carol Ann presented the Nodal Office Aberdeen annual report
to the committee.

Carol Ann represented the GLP IPO at the Global Carbon
Project Scientific Steering Committee meeting on 15-17 June
2010. Carol Ann gave a presentation entitled  ‘GLP: An intro-
duction and update’ to the committee. An informal report was
sent to the IPO summarising the meeting and possibly areas
within the GCP research agenda where GLP could look to col-
laborate in the future.

Richard and Carol Ann also attended the GLP Open Science
Meeting in Arizona in Oct. 2010. Carol Ann gave a presenta-
tion entitled ‘Implementing an Ecosystem Approach for Multi-
scale Land Management’. Richard gave two presentations;
‘Time in land change models’ and ‘Representation and
Mapping of Ecosystem Services in Land Systems’. Moreover,
both Richard and Carol Ann were involved in chairing individ-
ual sessions at the event.

Publications 
Aspinall, R.J. (2010). Geographical perspectives on climate

change. Annals of the Association of American Geographers
100: 715-718.

Aspinall, R.J. (2010). A century of physical geography research
in the Annals. Annals of the Association of American
Geographers 100: 1049-1059.

McCabe, C., Aspinall, R.J. and Neely, C.L. (2010). Research cen-
tre 'among best in UK'. Aberdeen Evening Express.

New publications
The special issue of the Journal of Land Use Science entitled
'Agent-based modelling of land use effects on ecosystem
processes and services’ will be published in June 2011. The spe-
cial issue is based on contributions from the US-IALE sympo-
sium sponsored by the GLP Nodal Office in 2009.

Planned activities
Future activities include:
• Nodal Office Aberdeen is sponsoring the thematic issue on

‘Spatial agent-based models for socio-ecological systems’.
Co-editors for the issue are Dawn Parker (GLP SSC mem-
ber), Peter Verburg (GLP SSC member), Tatiana Filatova and
Carol Ann Stannard (Aberdeen Nodal Office).

• Carol Ann is assisting in the organisation of the Nov. 2011
workshop in Brazil entitled ‘Land Use Transitions in South
America: framing the present, preparing the future towards
regional Sustainability’. This workshop will aim to provide a
vision about the land transitions in South America to be
presented at the Planet Under Pressure conference in Mar.
2012.

• Finally, Richard and Carol Ann will be producing papers for
publication based on their presentations at the GLP Open
Science Meeting in Arizona.

Chief Executive of the Aberdeen Nodal Office and GLP SSC member
Richard Aspinall to the left at the GLP OSM 2010.
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Out-going and In-going GLP SSC members
The Scientific Steering Committee (SSC) of the Global Land
Project thanks the outgoing SSC members Richard Aspinall
(UK), Tom Veldkamp (the Netherlands), Sandra Myrna Diaz
(Argentina) and Abha Chhabra (India) for their dedication and
invaluable contributions to GLP. At the same time we welcome
the four new SSC members Karlheinz Erb (Austria), Nancy
Golubiewski (New Zealand), Andreas Heinimann (Laos) and
Peter Verburg (the Netherlands), and look forward to a fruitful
collaboration.

Karlheinz Erb is a social ecologist and associate professor
for land-use and global change at the Institute of Social
Ecology, Klagenfurt University, Vienna. Karlheinz works on the
interactions between humans and global environment sys-
tems, and in particular on the understanding of the interrela-
tion of socio-economic material and energy flows and land
use, land use change and land cover change.

Nancy Golubiewski is an ecosystem ecologist with expertise
in assessing how anthropogenic perturbations affect the envi-
ronment - particularly vegetation communities, soil, and
ecosystem services. Her work focuses on the alterations
brought about by land-use/land-cover change to landscape
structure and function, plant community composition and
structure, and carbon pools in soil and vegetation.

Andreas Heinimann is a geographer with a focus on natu-
ral resource management and poverty-environment interac-
tions and spaces, as well as sustainable regional development.
He is very well connected to development policy and research,
and currently senior research scientist and team leader with

the Centre for Development and Environment (CDE), University
of Bern but based in Vientiane, Laos for the time being.

Peter Verburg is a land-use scientist with a focus on the
development of methods and models that allow the multi-
scale, system-based analysis of interactions between socio-
economical and environmental processes in the land system,
and is currently head of Department Spatial Analysis and
Decision Support at the Institute for Environmental Studies,
VU University Amsterdam. Peter has also been a staff member
of the former (IGBP/IHDP) LUCC focus 3 office on Regional
and Global Integrated Models of Land Use Change. 

GLP Nodal Office Aberdeen
Unfortunately the GLP Nodal Office in Aberdeen will phase
out by the end of Mar. this year. The reasons are related to a
major re-structuring of the hosting Macaulay Land Use
Research Institute.

The Aberdeen Nodal office has served GLP extremely well
over the past years and has been very helpful in supporting the
modelling work through workshops, publications etc.

The GLP thanks Richard, Carol Ann and Eleanor Milne (for-
mer Executive Officer) for the tremendous job they have done
and wish them all the very best.

New GLP SSC Chair
It is with great pleasure, that we can announce that the GLP
SSC members have selected Professor Peter Verburg from the
VU University Amsterdam, the Netherlands as the next GLP
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GLP SSC meeting. University of 
Maryland, USA, May 9-11.

Hosted by Anthony Janetos (GLP 
SSC).

Water, Ecosystems and Sustainable 
Development in Arid and Semi-arid 
Regions’. Paris, France, May 30-
June 2.

International conference 
co-organized by the GLP Beijing 
Nodal Office.

‘Understanding coupled natural 
and social systems: feedback loops 
between land-use and ecosystem 
change’. Hokkaido University, 
Japan, June 27-July 8. 
 
International Summer School 2011 
for Ph.D. students. This summer 
school is co-organized by the GLP 
Sapporo Nodal Office.

Sino-Netherlands workshop. The 
Netherlands, June.

In collaboration with the University 
of Wageningen, the Netherlands 
and the Pearl River Hydraulic 
Research Institute of China, the GLP 
Beijing Nodal Office will organize a 
Sino-Netherlands workshop to be 
held in the Netherlands. The 
workshop will be followed by a field 
excursion in the Rhine River 
drainage basin. Date and venue to 
be determined.

‘Region specific urban/non-urban 
land linkages: Moving beyond 
ecological footprints’. Copenhagen, 
Denmark, June.
 
Workshop co-organized by GLP IPO 
and UGEC (Urbanization and Global 
Environmental Change). Date to be 
determined.

Field trip. Upper drain
the Yellow River, Chin

The GLP Beijing Noda
organize a field trip fo
ing how land use affec
processes and stream 
upper drainage basin 
(the Yellow River). Dat
determined.

May

GLP Calendar 2011
June August

These activities are end
a complete list of activ
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SSC Chair. His term will commence on Jan. 1 2012 when the
current Chair Professor Anette Reenberg steps down.

For more information about Peter, please see above or
http://www.lad.wur.nl/UK/Staff/Verburg/

New IGBP SC Chair
The IGBP SC members (ICSU appointed) have selected
Professor James Syvitski as the next Chairperson of the IGBP
SC for a three-year term commencing Jan. 2012. 

James is currently Executive Director of the Community
Surface Dynamics Modeling System at the University of
Colorado, Boulder, and brings extensive experience leading
large national and international research institutes and pro-
grammes. He has been involved in IGBP activities and projects
(e.g., LOICZ, GWSP) since IGBP’s inception in 1987 and has
authored more than 150 publications. James specializes in
research on rivers, deltas, sediment transport and continental
margins, and is widely regarded as a leader in Earth-system
science. 

Planet Under Pressure 2012 Conference
The following three broad themes will guide the conference:
• Meeting global needs: food, energy, water and other eco -

system services
• Transforming our way of living: development pathways

under global environmental change
• Governing across scales: innovative stewardship of the

Earth system

A major international conference 

 

2012 UN Conference on Sustainable Development - Rio+20

CALL FOR SESSIONS Deadline for proposals: 18 March 2011
CALL FOR PAPERS Deadline for abstracts: 19 August 2011

SCIENCE POLICY DEVELOPMENT INVESTMENT

INDUSTRY ENGINEERING TECHNOLOGY MEDIA

And their Earth System Science Partnership

Organised by the global-change research programmes of the International Council for Science

www.planetunderpressure2012.net

PLANET
PRESSURE
UNDER

NEW KNOWLEDGE TOWARDS SOLUTIONS
26-29 MARCH 2012, LONDON, UK
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2011
ecific urban/non-urban 
es: Moving beyond 
footprints’. Copenhagen, 
une.

co-organized by GLP IPO 
(Urbanization and Global 
ntal Change). Date to be 

d.

Field trip. Upper drainage basin of 
the Yellow River, China, Aug.

The GLP Beijing Nodal Office will 
organize a field trip for understand-
ing how land use affects fluvial 
processes and stream health in the 
upper drainage basin of Huang He 
(the Yellow River). Date to be 
determined.

‘Environment and Sustainable 
Development in Mongolian Plateau 
and Surrounding Regions’. China, 
Sep.

This 7th International Conference 
which will be followed by a field 
excursion in the Mongolian Plateau 
region is co-organized by the GLP 
Beijing Nodal Office. Date and 
venue to be determined.

‘Land Use Transitions in South 
America: framing the present, 
preparing the future towards 
regional Sustainability’. Ilhabela, 
Brazil, Nov.

This international workshop is 
organized by Gilberto Camara (GLP 
SSC) and will aim to provide a vision 
about the land transitions in South 
America to be presented at the 
‘Planet Under Pressure’ conference 
in London, Mar. 2012. Date to be 
determined.

August September November

These activities are endorsed, organized or co-organized by GLP IPO, GLP SSC or GLP Nodal Offices. Please see the ‘Events Calendar’ section on our webpage for 
a complete list of activities that might be of interest (including many activities not organized by GLP).
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To join the GLP network and receive the GLP NEWS
please see: http://asp.geogr.ku.dk/glp/

Short scientific reports, workshop reports or other GLP
relevant contributions are welcome. Please contact Lars
Jorgensen (lj@geo.ku.dk).

GLP International Project Office
Geocenter
Oster Voldgade 10
DK-1350 Copenhagen K.
Denmark

Tel.: +45 35322508
Fax.: +45 35322501
Internet: www.globallandproject.org

Hardcopy: 400
Layout: Carsten E. Thuesen, GEUS, Denmark
Printers: Rosendahls . Schults Grafisk a/s, Denmark

GLP is a joint research agenda of the International
Geosphere-Biosphere Programme (IGBP) and the
International Human Dimensions Programme on
Global Environmental Change (IHDP).

GLP International Project Office is thankful for the
financial support from the University of Copenhagen.

Cert no. SW-COC-698

GLP NEWS No. 3 | Jan. 2008
48 pages of Land System Science
from a selection of the GLP
endorsed projects and networks.
The three GLP Nodal Offices in
China, Japan and Scotland are
also introduced.

GLP NEWS No. 4 | Oct. 2008
Content includes articles from a
number of GLP endorsed pro -
jects and networks, members of
the GLP Scientific Steering
Committee and from GLPs
wider network as well as up-
dates from the three GLP Nodal
Offices.

GLP NEWS No. 5 | June 2009
This volume is mainly with con-
tributions on dryland issues
inspired by a GLP workshop
hosted in Copenhagen Jan. 2009.
In addition you find short com-
munications about other GLP
research activities as well as up-
dates from the GLP Nodal
Offices.

GLP NEWS No. 6 | Mar. 2010
This issue gives a short overview
of land-use transitions at forest-
agricultural frontiers with
empiri cal examples from Lao
PDR, Thailand, the Philippines,
Cambodia and Brazil. Moreover,
it includes articles from GLP SSC
members and GLP Nodal Offices’
up-dates.

Latest issues of GLP NEWS
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