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Welcome to this third issue of the GLP newsletter since
the International Project Office (IPO) started in
September 2006 in Copenhagen (Denmark). Our network is growing steadily and within the last 16 months
GLP has endorsed more than 30 projects and has started
establishing close cooperation with some of them
already.
This newsletter is the first GLP newsletter to appear
both in a printed version and in electronic form. The
common standard for GLP-news in the future will
remain the electronic format, yet occasionally issues of a
more general appeal will appear in a printed version as
well.
In the current issue we present a selection of the GLP
endorsed projects and networks. The newsletter also
introduces the three GLP nodal offices in Scotland, Japan
and China, which are now fully functional and which are
a very welcome support to the IPO.
Beyond giving some of our endorsed projects the
opportunity to describe their work in more detail we are
pleased to present a first draft overview on the activities
currently planned for 2008. More than 8 workshops are
lined up and a number of additional activities are in conceptual stages. The coming year will therefore see a
much larger number of activities within the emerging
GLP network and will demonstrate the added value for
endorsed projects and individuals wanting to contribute
to this network.
We will furthermore focus on making the GLP website
more interactive for you in 2008, planning to provide
search functionality (searching for other network members and potential collaborators) and perhaps creating a
discussion platform for collaborative work in the form of
an open wiki or a listserv.
We hope that you will enjoy reading this newsletter –
and share it with your colleagues. It is available from the
GLP home page, but we will also be happy to provide you
with hard copies upon request.
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Post-socialist land-use and land-cover change
in the Carpathians
Patrick Hostert, Tobias Kuemmerle, Daniel Müller, Tobia Lakes
Geomatics Lab, Geography Department, Humboldt-Universität zu Berlin, Germany
Corresponding author: patrick.hostert@geo.hu-berlin.de

Eastern Europe experienced drastic political and socioeconomic change after the fall of the Iron Curtain. This offers opportunities for assessing the role of such changes for land use change. Moreover, the consequences of post-socialist land use
change for ecosystems and biodiversity are largely unknown. The Carpathians are a biodiversity hotspot and rich in cultural
landscapes. Our project aims for: 1) quantifying post-socialist land use change and its effects on ecosystem services and biodiversity in the Carpathians, 2) better understanding how rapid socioeconomic and institutional change affect land use
change, 3) assessing the relative importance of specific underlying causes via cross-border comparisons, and 4) identifying
threats and opportunities of post-socialist land use change for nature conservation.
Eastern Europe has undergone drastic changes in its political,
societal, and economic structures following the fall of the Iron
Curtain. These changes affected land management and landuse decisions. Land reforms were carried out to privatize and
individualize land-use. The result was widespread land-use
and land-cover change, including the abandonment of agricultural land, increased urbanization, increased logging (both
legal and illegal), and the parcelization of farmland. Economic
and political conditions changed again considerably for some
Eastern European countries with their accession to the
European Union. Yet, little is known about the rates and spatial patterns of land-use change in Eastern Europe since 1989.
The underlying causes of land-use change and its consequences for ecosystem services and biodiversity remain largely unknown.
Much is at stake, because Eastern Europe still has extensive
landscapes with high nature conservation value and some of
Europe’s last pristine ecosystems. The Carpathians are a
hotspot of biodiversity, host over one third of Europe’s plant
species, and have a high proportion of endemic species.
Traditional cultural landscapes that have largely been lost in
Western Europe, still widely exist and harbor exceptional farmland biodiversity.
The project ‘Post-socialist land-use and land-cover change
in the Carpathians’ is one of the first to fill the regional gap in
land change science that currently exists for Eastern Europe
and the former Soviet Union. As such, the project mainly
relates to Theme 1: Dynamics of Land Systems and Theme 2:
Consequences of Land System Change of the GLP Science
Plan. Detailed case study evidence of how political and economic changes affected land use in Eastern Europe is gathered, thereby contributing to a better understanding of land
use decision making in regions where political and socio-eco-

nomic transitions occur (Issue 1.1 and Issue 1.2 in the GLP
Science Plan). Cross-national studies help to assess the relative
speed of the post-socialist political and economic transition
and to understand the consequences of the transition for
ecosystem services and human livelihoods (Issue 1.1, Issue 2.2).
The project will help to explore the impact of changing land
management practices on key ecosystem properties (e.g. carbon stocks and sequestration) (Issue 1.2). Moreover, studying
post-socialist land use change in the Carpathian region will
lead to a better understanding of how land use change affects
biodiversity patterns (Issue 1.2, Issue 2.2).
Studying land use change in Eastern Europe is challenging
because conventional data such as maps, agricultural censuses, and statistical data often differ in temporal coverage, spatial scale and accuracy, particularly before 1989, thus complicating country comparisons. Our approach heavily builds

View of the Carpathian Mountains, Europe’s largest temperate forest
ecosystem and a hotspot of biodiversity. The picture shows a part of the
Bieszczady Mountains in Poland’s southeast (Photo: Patrick Hostert).
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Traditional cultural landscapes are
still widespread in the Carpathians,
whereas they have largely been lost
in Western Europe. These cultural
landscapes harbour rich farmland
biodiversity and are of significant
aesthetic value (Photo: Tobias
Kuemmerle).

upon remote sensing image analyses. First, high resolution
satellite data (e.g. Landsat or SPOT) covering the full
Carpathian Ecoregion will be used to monitor rates and spatial patterns of land-use change and to assess the consequences of these changes for ecosystems and biodiversity.
Second, detailed case studies will be carried out to better
understand causal relationships relevant to post-socialist land
use change. Spatial statistical models are used to link changes
in land use to proximate and underlying drivers. Spatial simulations are employed to reveal areas that are likely to change
under different future land use scenarios.
Main land use changes to be assessed include changes in
forest harvesting, farmland abandonment, and farmland
parcelization. Changes in forest cover and fragmentation will
be mapped for the entire region to assess the result of
changes in forest ownership and forest management practices. We will also assess the effect of decreasing environmental pollution due to diminishing heavy industry in some areas
of the Carpathians. Landscape heterogeneity measures and
umbrella species (top carnivores and herbivores) habitat models will allow assessing how recent land-use changes affected
the region’s biodiversity. Another important research topic will
be to study the effectiveness of Carpathians protected areas in
a period of transition. Concerning farmland, the main focus is
on mapping the rates and spatial pattern of farmland abandonment and parcelization, as well as understanding their
underlying determinants. We will develop alternative scenarios to assess the fate of abandoned lands and the conse-
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quences of farmland abandonment, parcelization, and forest
cover change for ecosystem services and biodiversity. In combination with available statistical data, these will also allow
investigating the future of cultural landscapes in the
Carpathians.
First results showed that post-socialist land use change was
widespread in all Carpathian countries. Yet, the rates and spatial patterns of abandonment differed strongly among and
within countries, and depended on socialist land ownership
patterns and post-socialist land reforms as well as on topo-

Farmland abandonment was widespread in the Carpathians after the fall
of the Iron curtain in 1989. The image depicts an area in southeast Poland
that was managed by a state farm before the system change and today is
reverting back to forest land (Photo: Tobias Kuemmerle).
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Forest disturbance patterns quantified from Landsat TM/ETM+ images
from 1988-2000. Disturbance rates and spatial patterns differed markedly among countries. Legend: green = forest land; brown = non-forest land;
blue = disturbance before 1988; orange = disturbance in 1988-1994; red =
disturbance in 1994-2000.

graphic conditions and physical accessibility. Forest cover
changes also differed markedly among countries and were
highest in Ukraine and some Polish areas that are still affected by environmental pollution from socialist times. Forest
cover and forest fragmentation changes were lowest in
Romania and south-eastern Poland, due to forest management practices and legislation targeting multifunctional
forestry.

Abandonment rates in Poland differed by a factor of two when comparing
farmland that remained private throughout socialism and farmland that
was managed by state farms before 1989.

References
Kuemmerle, T., Hostert, P., Perzanowski, K. and Radeloff, V. C. (2006).
Cross-border comparison of land cover and landscape pattern in
Eastern Europe using a hybrid classification technique. Remote
Sensing of Environment 103: 449-464.
Kuemmerle, T., Hostert, P., Radeloff, V. C., Perzanowski, K. and
Kruhlov, I. (2007). Cross-border comparison of post-socialist forest
disturbance in the Carpathians for the border region of Poland,
Slovakia, and Ukraine. Ecological Applications 17(5): 1279–1295.
Müller, D., Kuemmerle, T., Rusu, M. and Griffiths, P. (submitted). Lost
in transition. Determinants of cropland abandonment in postsocialist Romania. Journal of Land Use Science.
Kuemmerle, T., Hostert, P., van der Linden, S., Radeloff, V. C.,
Perzanowski, K. and Kruhlov, I. (submitted). Cross-border comparison of post-socialist farmland abandonment in the Carpathians.
Ecosystems.
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Measuring humanity’s draw on terrestrial ecosystems
– the HANPP approach
Helmut Haberl, Institute of Social Ecology, Klagenfurt University, Vienna, Austria
E-mail: Helmut.Haberl@uni-klu.ac.at

Human use of earth’s terrestrial ecosystems has become one of the most important, pervasive drivers of global environmental change, affecting both the globe’s carbon balance and biodiversity. A large proportion of fertile land available globally is
meanwhile used by humans, more or less intensively. The “human appropriation of net primary production” or HANPP is an
indicator that has gained some visibility as an aggregate measure of the human impact on the earth’s ecosystems. It measures the amount of net primary production (NPP) either foregone due to land conversion or unavailable to natural food chains
in ecosystems because it is harvested by humans. This article gives a short overview of some outcomes of a recently completed project that aimed at a comprehensive quantification of global HANPP. The project was funded by the Austrian Science
Fund (FWF), endorsed by LUCC and also contributed to the GLP.
Biomass – both plant and animal biomass – is ultimately
derived from the organic materials synthesized by green
plants from inorganic components in the process of photosynthesis. It contains energy-rich substances that may be seen
as “stored solar energy.” Humans vitally depend on biomass to
feed themselves and their domesticated animals, as raw material for many products and, increasingly, as a source of energy. However, biomass is not only important for humans. The
energy supply of ecosystems also derives from the energy
fixed by green plants in photosynthesis. All the intricate food
webs that underlie the complex patterns and processes in
ecosystems originate in the process of net primary production
(NPP), i.e. the production of biomass by green plants through
photosynthesis. As humans expand their utilization of that
vital resource, they inevitably reduce the amount left over for
all other species – a process summarized by the phrase
“human appropriation of net primary production” or HANPP.

What is HANPP?
In using the land, humans usually replace the original vegetation with more or less human-dominated ecosystems such as
agro-ecosystems, managed forests, or even built-up land (Fig. 1).
The NPP of the currently prevailing vegetation is usually different from that of potential vegetation. For example, if a forest is replaced by a city, the NPP will usually be much smaller.
Agro-ecosystems are often much less productive in terms of
NPP than the vegetation they replace, but the opposite is also
possible: Under dry conditions, for example, the NPP of irrigated agro-ecosystems may well surpass that of the potentially prevailing vegetation by large margins. This difference
between the NPP of potential vegetation and that of actual
vegetation is denoted as ΔNPPLC, i.e. “change in NPP result-
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ing from land conversion”, and is the first component of
HANPP. The second component of HANPP, NPPh, is much
easier to understand: This is the biomass harvested by humans
or killed during harvest (e.g. roots of harvested trees or crops).
HANPP is thus defined as ΔNPPLC plus NPPh, which includes
both the difference between 1) the amount of biomass that
would be available in the ecosystem in the absence of human
intervention, and 2) the amount that actually remains in the
ecosystem for consumption by all other species than humans
and their livestock.

Global HANPP in the year 2000
Our study was the first comprehensive assessment of global
HANPP based on a combination of vegetation modelling,
agricultural and forestry statistics, and global geographical
information system (GIS) data derived from satellite imagery.
We were able to create global maps of HANPP based on a landuse data set established for that purpose. Our HANPP map
(Fig. 1) depicts the intensity with which humans use ecosystems across the entire terrestrial biosphere. It has a resolution
of 5 geographical minutes (approximately 10x10 kilometers at
the equator). The green-yellow-red color gradient indicates increasingly positive HANPP values, while blue colors show areas
where HANPP is negative, i.e. these ecosystems having higher
NPP than without human land use. These areas are predominantly highly irrigated, arid regions such as the Nile delta.
The results raised considerable interest, as they suggest
that one species – Homo sapiens – requires a remarkable
share of global NPP to satisfy its needs and wants, and indicate the extent of human use of earth’s resources. In contrast
to alternative aggregate measures of human impacts on the
biosphere – for example, the ecological footprint – HANPP
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Fig. 1: Map of the global human appropriation of net primary production (HANPP) in the year 2000. Aggregate HANPP was 23.8% of the potential NPP
of the earth’s terrestrial ecosystems. Land-use-induced productivity changes (DNPPLC) amounted to 9.6% of potential NPP, biomass harvest was 12.5%
of potential NPP, and human-induced fires consumed 1.7% of potential NPP. For details see Haberl et al. (2007). The map is freely available at
http://www.uni-klu.ac.at/socec/inhalt/1088.htm.

assessments do not involve any (often arbitrary) weighting or
conversion methods. Only physical units (tons of carbon per
year, tC/yr) are used in measuring HANPP.

ous impact and drive up global HANPP considerably. Studies
of the potential ecological implications of such biomass utilization strategies clearly are warranted.

Policy recommendations

Acknowledgements

Globally, humans currently harvest some 16.4 Petagrams (Pg) of
dry matter biomass per year with an energy equivalent of about
300 Exajoules (1 EJ = 1018 J). Some 12-18% of that biomass (35-55
EJ/yr) is used to provide technical energy, i.e. for combustion in
energy-converting technical installations such as stoves, heating
systems, power plants, or cars. The global technical energy consumption as measured in energy statistics, excluding biomass,
was around 376 EJ/yr (gross calorific value) in the year 2000. In
other words, NPPh in the year 2000 was almost 80% (300 EJ/376
EJ) of the global technical primary energy supply excluding biomass. Of the NPPh, 58% was used to feed domesticated animals,
while 12% was directly used as human food, 20% as raw material or for energy generation, and 10% was wood.
Considerable increases in bio-energy use are foreseen in
many scenarios. For example, the IPCC-SRES study elaborated
by IIASA and others for the International Panel on Climate
Change (IPCC) found that global bio-energy use could rise up
to 193 EJ/yr in 2050, while other analysts even predicted bioenergy potentials of around 400 EJ/yr for that year. Biomass
harvest often implies considerable “collateral” flows, e.g. the
harvest of unusable material or the killing of inextricable or
irrecoverable components such as roots. Moreover, ecosystems established by humans for biomass production may have
a lower productivity than those originally in place. Therefore,
using so much biomass for energy provision could have a seri-

I thank all authors of the original studies and acknowledge support by Austrian Science Fund Project P-16692 and the European
Union’s Sixth Framework Program (FP6, MATISSE project).

New: download area
Find data on global land use, global HANPP and global socioeconomic biomass metabolism in our download area at
http://www.uni-klu.ac.at/socec/inhalt/1088.htm, providing free
download of data and maps discussed in the following articles:

References
Erb, K.-H., Gaube, V., Krausmann, F., Plutzar, C., Bondeau, A. and
Haberl, H. (2007). A comprehensive global 5min resolution landuse dataset for the year 2000 consistent with national census data.
Journal of Land Use Science 2(3): 191-224.
Haberl, H., Erb, K.-H., Krausmann, F., Gaube, V., Bondeau, A., Plutzar,
C., Gingrich, S., Lucht, W. and Fischer-Kowalski, M. (2007).
Quantifying and mapping the human appropriation of net primary production in earth's terrestrial ecosystems. Proceedings of
the National Academy of Sciences 104: 12942-12947.
Krausmann, F., Erb, K.-H., Gingrich, S., Lauk, C. and Haberl, H.
(2007). Global patterns of socioeconomic biomass flows in the year
2000: A comprehensive assessment of supply, consumption and
constraints. Ecological Economics, in press.
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The Southern Yucatán Peninsular Region (SYPR) project:
Deforestation and land change in a season tropical forest
and economic frontier
Billie Turner II, George Perkins Marsh Institute/Geography, Clark University, Worcester, USA
E-mail: bturner@clarku.edu

The Southern Yucatán Peninsular Region (SYPR) project was designed from the outset as a fully integrated, land change science effort. It was devoted to understanding deforestation and land-use change in the Southern Yucatán (SY) in the full
dimensions of the coupled human-environment or social-ecological system as subsequently articulated in the GLP Science
Plan. On-going since 1997, the project has involved partnerships among Clark University, El Colegio de la Frontera Sur
[Chetumal y Campeche units], Harvard University, Rutgers University, and the University of Virginia.
The SYPR operates on the assumption that by understanding
land change in its own right powerful insights are gained
about the processes and dynamics specific to the human or
environmental subsystems and their interactions. The range of
expertise brought to bear in the design and implementation of
the project includes over 40 sponsored researchers in the ecological, social (especially geography and economics), and GIS
(including remote sensing) sciences.
The project began in 1997 with the aim of documenting,
explaining, and modeling land changes and some of their ecological consequences. Landsat and Landsat ETM, and aerial
photography were used to develop a rich suite of land cover
classes and document their changes from 1987 to 1997. The
land classes included four types of tree cover, agricultural
lands, three stages of successional growth, and savanna-tular
(marsh). The rates of deforestation of older growth forests
were shown to be large, even within the Calakmul Biosphere
Reserve situated in the center of SY. These changes were associated with large-scale agricultural projects and a substantial
increase in the rural population, rising to more than 37,000
people by 2000 (from 2,500 in 1960) and stimulated by the
establishment of ejidos (communally owned lands) throughout the SY for emigrant populations from elsewhere in
Mexico. This period of land change activity was marked by the
expansion of the invasive bracken fern, its persistence amplifying the need for more deforestation.
With the emergence of El Mundo Maya (a state-sponsored
effort to promote eco-archaeo-tourism that includes the
Calakmul Biosphere Reserve) and state-led neoliberal reforms,
emphasis was placed on muting new deforestation through
various NGO-sponsored “green” activities (e.g. agroforestry)
and direct payments from the state, while farmers experimented with commercial jalapeño (chili) cultivation. This high
risk endeavor created winners and loser, with winners invest-
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ing their profits in illegal immigration to the United States,
such that by the early 2000’s an emerging “remittance” economy was developing. Agriculture refocused on extant open
land, reducing deforestation but sustaining large patches of
“permanently” disturbed vegetation (cultivated, pasture, successional growth, and bracken fern).
By the mid-2000 the project had developed an in-depth
understanding of the forest, biota, and nutrient dynamics of
the environmental subsystem and the structural and decision
making dynamics of farming household. It also had developed
both econometric and agent-based models linked to land
changes observed in Landsat imagery. This knowledge and
capabilities permitted the project to expand to questions of
coupled system vulnerability and more recently, to the search
for a sustainable land architecture (SLA). SLA refers to the winwin dimensions of the design of the landscape – the implications of the configuration of the landscape to serve both the
ecological and human needs and wants as defined by various
stakeholders (e.g. farmers to reserve agents). This effort
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Uncertainty analysis
in a step-wise
process of land-cover
class discovery.

requires that the projects models add an optimization component, an effort under exploration at this time.

Selected Findings and Products of the SYPR 1997
to Present
Land Change and Observation-Monitoring
• Annual rate of deforestation between 1987 and 2000 was 0.2%.
• Deforestation was not uniform in the SY but concentrated
on the eastern and western edges of the region and in the
south-central area where agricultural ejidos and private
ranches reside.
• Forest fragmentation increased 107% between 1987-2000;
edge density increased and forest compactness decreased.
• Smallholder deforestation focused on upland forest types.
• 14 land classes identified (86% accuracy) using step-wise
classification procedure known as In-Process Classification
Assessment (IPCA).
• The driest forest type is the least cut and disturbed; the
more humid forests are the most cut and disturbed.
• Modis 1 km active fire product detects agricultural burning
by frequency and spatial fire patterns (highest in El Nino
yrs); given slash-and-burn cultivation it provides improved
temporal resolution for cultivation.
Environmental Subsystem
• Disturbed forests change significantly in species and abundance.
• Individual tree species phenology and degree of deciduousness strongly vary along the ecocline.
• Chicle (zapote), a keystone tree species, cannot reach fruit-

ing stage in successional forests.
• Forest productivity declines with repeated deforestation,
generating lower potential crop productivity and lower carbon sequestration rates.
• Available phosphorous, a limiting nutrient, declines with
repeated deforestation, generating lower crop productivity
and potentially generating a more stunted vegetation.
• Successional forest growth, on average, has a 40% lower
canopy level than older growth forest.
Human Subsystem
• After 55 years of development efforts, the SY remains an
economic frontier, and, farmers continue to search for
commercial opportunities in thin markets.
• About 45% of households follow a high risk “commercial”
strategy, using income gained from chili and other crops to
purchase agricultural inputs; about 55% of households follow a lower risk, mixed subsistence-commercial strategy.
• Households with little land tend to combat bracken fern
invasion and vice versa.
• Various state and NGO sponsored activities explore “green”
activities with firm economic rewards, none of which have
been overly successful.
• Various programs facilitate women’s access to land with little impact on household farming practices, but some women
have used these programs and community organizations to
make improvements in socio-political capital.
• Despite past cattle failures, pasture and ranching has
increased in the mid-2000 (by 0.67% yr-1), accounting for the
majority of deforestation and recutting successional growth.
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Modeling
• Household decision making is consistent with theory
expressing quasi-market (or mixed market-subsistence)
production.
• Increased explanation of household decisions relative to land
uses is obtained by combining structural and agency factors.
• SYPRIA, an agent based integrated assessment model has
been developed.
• SYPRIA
- short-term population past projections of land use
matched reality well; those based on past land use performed poorly.
- Assuming greater role of commercial cultivation proves
more robust in land use models.
- Modeling indicates little movement towards private land
ownership, consistent with reality.
• A Seemingly Unrelated Regression examines structural vs
agency variables in land use decisions, demonstrating that
combining the variables provides improved statistical relationships.

SYPR Selected publications
Turner, B. L. II, Geoghegan, J. and Foster, D. (eds.) (2004). Integrated LandChange Science and Tropical Deforestation in the Southern Yucatán:
Final Frontier. Clarendon Press of Oxford University Press, Oxford.

Vance, C. and Geoghegan, J. (2004). Modeling The Determinants of
Semi-Subsistence and Commercialized Land-Uses in an Agricultural Frontier of Southern Mexico: A Switching Regression
Approach. International Regional Science Review 27(3): 326-347.
Vester, H. F. M., Lawrence, D., Eastman, J. R., Turner, B. L. II, Calme,
S., Dickson, R., Pozo, C. and Sangermano, F. (2004). Land Change in
the Southern Yucatán and Calakmul Biosphere Reserve: Implications
for Habitat and Biodiversity. Ecological Applications 74: 989-1030.
Schneider, L. C. (2004). Bracken Fern Invasion in Southern Yucatán
Peninsular Region: A Case for Land Change Science. Geographical
Review 94 (2): 229-241.
Read, L. and Lawrence, D. (2003). Recovery of Biomass Following
Shifting Cultivation in Dry Tropical Forests of the Yucatán.
Ecological Applications 13(1): 85-97.
Keys, E. (2004). Commercial Agriculture as Creative Destruction or
Destructive Creation: A Case Study of Chili Cultivation and PlantPest Disease in the Southern Yucatán Region. Land Degradation
and Development 15: 397-409.
Manson, S. M. (2006). Bounded rationality in agent-based models:
Experiments with evolutionary programs. International Journal of
Geographic Information Science 20(9): 991-1012.
Roy Chowdhury, R. and Turner, B. L. II. (2006). Reconciling Agency
and Structure in Empirical Analysis: Smallholder Land Use in the
Southern Yucatán, Mexico. Annals of the Association of American
Geographer 96(2): 302-322.
Vallejo Nieto, M. I. y Gurri, F. D. nd. (forthcoming). Vulnerabilidad en
campesinos tradicionales y convencionales de Calakmul, Campeche,
méxico; Secuelas del Huracán “Isidoro.” Estudios de Antropología Biológica 13.

North American land change:
Decision making in coupled human-environment systems
Steven M. Manson, Department of Geography, University of Minnesota, Minneapolis, USA
E-mail: manson@umn.edu

This project examines deforestation in the Southern Yucatan of Mexico and urbanization in the Twin Cities of the United
States. This NASA and NSF-funded research focuses on these two different land-change contexts in order to conduct a comparative investigation of land-use decision making, especially with respect to the role of social networks and bounded rationality. The project also engages in outreach and education activities. The project is housed in the Human-Environment
Geographic Information Science (HEGIS) Lab at the University of Minnesota and involves research relationships with partner
institutions including Clark University, University of Florida, and El Colegio de la Frontera Sur. The project started in 2006 and
will continue to at least 2009.

Research Overview
This project advances understanding of decision making in
coupled human-environment systems by explaining the pat-
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terns, processes, and impacts of two critical forms of land
change: urbanization and deforestation. More broadly, it helps
us understand human-induced environmental changes and
determine the impacts of land change on human societies and
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ecosystems. The research centers on the continued development of a multiscalar, dynamic, and spatially-explicit computer model of the interactions among individuals, social structures, and environmental systems that define deforestation in
the Southern Yucatan of Mexico and urbanization in the Twin
Cities of the United States.

Research Advances
• We determined how well we could project future agriculture as a function of future population by comparing projected land use to actual land use. Short term decadal population projections worked surprising well in capturing
actual land use. In contrast, extrapolations based on past
land use performed poorly because they ignored transitions in land use intensity as a function of household structure.
• We compared a scenario of extensive agriculture versus
one that assumed a greater role for market agriculture as
Mexico began to relax restrictions on trade and land ownership. The latter better modeled the evolving situation in
the region, especially the growing propensity for intensive
market-based agriculture.
• We examined the impact of greater household mobility
under a regime shift from communal property holdings
versus one in which households move freely in a private
property market. The model found little drive on the part of
households to move, a finding that is increasingly supported by anecdotal evidence.
• We used evolutionary programming, which draws on
Darwinian analogues of computing to create software programs that develop problem-solving strategies in accordance with bounded rationality, which addresses features
of human decision-making such as cognitive limits, learning, and innovation. Of particular interest are: the ability of
agents to solve problems; limits to the complexity of agent
strategies; the computational resources with which agents
create, maintain, or expand strategies; and the extent to
which agents balance exploration of new strategies and
exploitation of old strategies.
• We have developed algorithms that factor in the aesthetic
choices of Twin Cities’ home buyers as part of their larger
decision making about land use.
• We are integrating statistical models for both calibration
and validation purposes into the agent-based model.
• We have developed approaches to calibrating and validating models of complexity in general that focus on the
methodological, theoretical, and policy dimensions of complex systems, with a focus on land change and global environmental change.

Outreach Activities
This project has local outreach activities and will create elements of a K-16 (secondary education) curriculum of humanenvironment research, geographic information science, and
remote sensing. These activities include a new university course
and K-12 (elementary education) classes offered in collaboration with local educators. These programs train scientists to
study earth systems science and enhance K-12 and university
teaching. The education programs also focus on diversifying
the workforce by supporting participation of underrepresented groups in K-12 and university education. Outreach activities focus on collaborating with, and providing
training for, several local stakeholder organizations in using
geospatial technologies to assess social and environment
impacts of alternative land-change scenarios. Additional activities focus on communicating to the public the importance of
remote sensing and geographic information science for
understanding human-environment relationships.
Our chief focus of late is working with EcoEducation, a
local environmental education group, to develop web-based
modules on remote sensing and GIS for their curriculum. The
initial server is online as the Minnesota Interactive Internet
Mapping (MIIM) project, which creates an internet mapping
application that supports courses across the curriculum
(http://maps.umn.edu/). While MIIM provides digital maps
and imagery similar to Google Maps or MapQuest, it offers
many advantages over other services because we work with
educators to identify features necessary for instruction. Key
among these is a broad range of data, interactivity, security,
ease of use, customization, analytical capabilities, low resource
demands, and sustainability.
For more information: http://hegis.umn.edu/

Selected Publications
Manson, S. M. (2006). Bounded rationality in agent-based models:
experiments with evolutionary programs. International Journal of
Geographic Information Science 20(9): 991-1012.
Manson, S. M. (2006). Land use in the Southern Yucatan Peninsular
Region of Mexico: Scenarios of population and institutional change.
Computers, Environment, and Urban Systems 30(3): 230-253.
Manson, S. M. and Bauer, M. (2006). Changing Landscapes in the
Twin Cities Metropolitan Area. CURA Reporter 36(3): 3-11.
Manson, S. M. (2007). Challenges in evaluating models of geographic complexity. Environment and Planning B 34(2): 245-260.
Sander, H. and Manson, S. M. (2007). Heights and locations of artificial structures in viewshed calculation: How close is close enough?
Landscape and Urban Planning 82(4): 257-270.
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History Database of the Global Environment (HYDE)
Kees Klein Goldewijk, Netherlands Environmental Assessment Agency (MNP), Bilthoven, The Netherlands
E-mail: Kees.Klein.Goldewijk@mnp.nl

The History Database of the Global Environment (HYDE) presents not only (gridded) historical long time series of population
and land use, but also various other indicators such as GDP, Value Added, Livestock, Private Consumption, GHG emissions,
and Industrial production data.
Throughout history, humans have always had an impact on
their environment. Starting in the beginning of the Holocene,
ca 10,000 B.C., mankind began slowly to spread across the
Earth. By domesticating plants and animals during the
process, they also slowly altered the landscape through burning, ploughing and later by conversion of natural land cover
for agricultural purposes. The magnitude of these land use
changes increased over time, and especially the last three cen-

turies they played a significant role in the global climate
change story.
In order to get more insight in these historical land cover
and land use change processes, it was necessary to develop
long time series of land use change (Fig. 1). They were needed
by researchers such as climate modellers, who were finally able
to incorporate land use change feedbacks in their models.
HYDE is such an effort, which tries to facilitate long term

Fig. 1: Maps showing long time
series of land use change.
Source: History Database of the
Global Environment (HYDE v 3.0).
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research on global climate change, carbon cycle, ecological
feedback mechanisms, biodiversity and sustainable development issues.
The update of HYDE v3 described here includes several
improvements compared to its predecessor: 1) the HYDE 2
version used a Boolean approach with a 30 minute degree resolution, while HYDE 3 uses fractional land use on a 5 minute
resolution, 2) more and better sub-national (population) data
(Klein Goldewijk, 2005) to improve the historical (urban and
rural) population maps as a basis for allocation of land cover,
3) updated historical land-cover data for the period 1700-2000,
4) implementation of different allocation algorithms with timedependent weighting maps for cropland and grassland.

Fig. 2: The figure gives an example of global indicators for the period 1700
– 2000.

Allocation rules

References

Because historical land-use information is rarely geographically explicit, four assumptions have been used in HYDE for
allocating the historical information over the geographical
grid. First, fertile soils are most favourable for early settlement.
Secondly, historical (rural) population densities and the agricultural activity are strongly correlated. Therefore, historical
population density maps (also part of HYDE) are used as an
important proxy for the land-use allocation. Thirdly, historical
agricultural activity will start first near freshwater resources
(rivers and lakes). Fourthly, old growth forests are less prone to
conversion to agriculture than other land cover types. All of
these assumptions were transformed into single weighting
maps for cropland and pasture for each historical time step, by
which the allocation of the statistics was carried out.
Results show an increase in world population from 603 million in 1700 to 6.1 billion in 2000 (Fig. 2). The increase differs
per region but Asia had the largest absolute increase, almost 3
billion. Most people were, and still are, living in Asia. Its global share was 60% in 1700 to 56% in 2000. While the share of
Europe, former USSR and Africa remained quite stable, the
Americas showed an increase of 0.2% to 5% (North America)
and 2% to 9% (Latin America).
This is also reflected in land use. The historical expansion
estimates of cropland ranged from 2.5-3 million km2 in 1700
to 15 million km2 in 2000 (mostly at the expense of forests),
while the rangeland area expanded from 3-4 million km2 to 34
million km2 in the same period (mostly at the expense of natural grasslands and savannas) (Fig. 2).
Work is now underway to extend the HYDE database to cover
the whole Holocene, from 10,000 B.C. to 2,000 A.D. In cooperation with the Max Planck Institute – Hamburg the long
time series of land use maps will be used to perform a millennium
run analysis, in order to study the effect of land use change on
the climate. For more information see http://www.mnp.nl/hyde.

Klein Goldewijk, K., Bouwman, A. F. and van Drecht, G. (in press).
Mapping contemporary global cropland and grassland distributions
on a 5 by 5 minute resolution. Journal of Land Use Science.
Klein Goldewijk, K. and van Drecht, G. (2006). HYDE 3: Current and
historical population and land cover In Bouwman, A. F., Kram, T.
and Klein Goldewijk, K. (eds.). MNP (2006): Integrated modelling
of global environmental change: An overview of IMAGE 2.4.
Netherlands Environmental Assessment Agency (MNP), Bilthoven,
The Netherlands.
Klein Goldewijk, K. (2005). Three centuries of global population
growth: A spatial referenced population density database for 1700
– 2000. Population and Environment 26(5): 343-367.
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Sustainable resource use or imminent collapse? Climate,
Livelihoods and Production in the Southwest Pacific (CLIP)
Ole Mertz1, Kjeld Rasmussen1 and 20 project participants2
1Department of Geography and Geography, University of Copenhagen, Denmark
2Danish Meteorological Institute, Denmark
2University of the South Pacific, Fiji and Solomon Islands
2Meteorological Service Centre, Solomon Islands
Corresponding authors: om@geogr.ku.dk (Ole Mertz) and kr@geogr.ku.dk (Kjeld Rasmussen)

The sustainability or collapse of production systems is the key to understanding the survival of the populations and civilizations of the Southwest (SW) Pacific islands in the past, present and future. In the past, some island systems collapsed either
because of external forces such as climate change and/or internal forces such as conflict and food shortages, while other
islands – such as Tikopia – managed surprisingly well despite the isolation and limited resources. Today, the SW-Pacific
islands face challenges related to ‘classical’ problems of sustaining growing populations, but also ‘modern’ problems of globalisation and human induced climate change.

Introduction and research questions

Study area and methods

In this context, the CLIP project addresses four closely linked
questions:
• Have the changes over the last 30-50 years in subsistence
production systems and livelihoods on the islands improved
or worsened the prospects for sustainable development?
• What have been the main drivers of these changes?
• How do the predicted changes in climate and sea level and
economic globalisation processes affect production and
livelihoods in small island communities?
• To what extent is the quantification of relationships
between these parameters possible?

To test these questions, field studies were carried out in three
Polynesian outliers of the Solomon Islands: Bellona, Ontong
Java and Tikopia between August 2006 and April 2007. A wide
range of research approaches and methods were applied to
understand the functioning of the islands and specifically
relate these studies to historical studies on Bellona
(Christiansen in the 1960’s), Ontong Java (Bayliss-Smith in the
1970’s and 80’s) and Tikopia (Firth in the 1930-60’s, Kirch and
Yen in the 1970’s). These included assessment of changes in
land use practices and natural resource management, livelihoods and economic development, tourism potential and

Preparation of a yam garden on Bellona (Photo:
Thilde Bech Bruun).
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Import of food on Bellona (Photo: Ole Mertz).

adaptation to climate change, and the methods used were of
both quantitative and qualitative character ranging from questionnaire surveys to climate modelling.

Results and conclusions
The three islands all share common features such as the predominantly Polynesian population and relatively remote location vis-à-vis the main islands of the Solomon Islands. But
despite these similarities, the islands have experienced rather
different development pathways since the early studies of the
20th century.
Bellona
The development on Bellona can best be described as a combination of continuity and change. The population has grown
and so has the external supplies, especially food. There is not
agreement on whether this is an indicator of a subsistence
system that can not produce adequately or rather a change in
food preferences along with the increasing exchange with the
surrounding world facilitated by frequent boat and air services.
However, since the land use has remained more or less the
same or – in some parts of the island – actually has decreased
in intensity, it seems that the potential of the Bellonese agri-

cultural system is not fully utilised and a process of deagrarianisation may be underway. Migration and remittances, handicraft and limited tourism are the alternative income sources,
which in many ways may decrease the vulnerability of the
island as the dependence on their own resources is reduced –
not least important in a future where stronger cyclones may
require increasing funding for rebuilding of property.
Ontong Java
Isolation has always been more pronounced on Ontong Java,
at least until the bêche-de-mer trade took off with new techniques in the 1990s and regular ships came to the island to
buy this product. Previously, Ontong Java was an important
producer of copra, but the bêche-de-mer trade provided much
higher income and considerable investment in fibreglass
canoes, engines and other consumer goods. With ban on
bêche-de-mer trade – due to overexploitation of the resource
– this income was lost overnight and a return to copra and
other cash earning activities has not compensated for this.
Such large fluctuations in income are difficult for a small society to cope with and it has lead to considerable migration to the
capital Honiara as people search for alternative income
sources. Being an atoll with limited agricultural potential and
very low elevation, Ontong Java is considerably more vulne-
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View over the crater lake at the island of Tikopia – with fields on the steep slopes in the foreground (Photo: Ole Mertz).

rable in the long term than Bellona. If the agricultural areas
become increasingly saline due to sea water intrusion, the
island will become dependent on food supplies and without a
valuable commercial product on the island, such supplies are
likely to become very irregular as was seen after the bêche-demer ban.
Tikopia
While Bellona and Ontong Java have been trying to cope with
the effects of globalisation such as increasing travel for education, work or health, world market price instabilities, biodiversity conservation concerns and changed food preferences,
Tikopia has remained a very traditional society, managing its
resources without much influence from the outside World.
The island is the most isolated and the intensive, highly productive garden system provides – together with the ocean – all
food for the population. This does not mean that Tikopia is not
connected to the World economy. Most Tikopians do in fact
live outside the island in various settlements on the Solomon
Islands and elsewhere, and this out-migration of people is
essential to maintain the sustainability of the Tikopian selfsufficiency. Although not devoid of a cash economy, Tikopia is
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not dependent on cash income in the same way as Bellona and
Tikopia. This, in turn, increases the need for external support
when disasters happen, as was seen when cyclone Zoë hit in
2002. Although the Tikopian system is very resilient, the predicted increased intensity of cyclones is a serious concern of
the islanders and may in the future be a reason for some to
leave the island.
The cultural identity on all islands is very strong and
although pressured from economic and other globalisation
processes and the impacts of climate change, the island populations are likely to remain intact for many years to come.
Ontong Java comes across as the most vulnerable of the three
as the fragile atoll ecosystem and economy is affected by multiple stressors. Bellona is probably the least vulnerable because
of a fairly resilient terrestrial ecosystem supplemented by closer
economic and infrastructural ties to the rest of the Solomon
Islands. Tikopia is intermediate, but of course vulnerable if just
one of the components of the self sufficiency system breaks
down and the isolation in terms of transport is not reduced. In
the long term, the most serious threat to the all islands – and
Ontong Java and Tikopia in particular – is probably the acidification of the ocean and subsequent deterioration of the coral
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A Tikopian village with traditional cyclone proof houses (Photo: Thilde Bech Bruun).

reefs that provide both food and income. Unfortunately the
solution to this problem is to be sought far away from the
islands in the countries responsible for CO2 emissions. The
Solomon Islands government and the islands themselves can
only prepare for this situation by diversifying their economies and
develop contingency plans if marine resources become scarce.

Publications of the project
Reenberg, A., Birch-Thomsen, T., Mertz, O., Fog, B. and Christiansen,
S. (submitted). Coupled human-environment timelines of SW
Pacific small island societies: Event driven adaptation of human
coping strategies. Human Ecology.
Rasmussen, K., May, W., Birk, T., Mataki, M., Mertz, O. and Yee, D.
(submitted). Climate change on three Polynesian outliers in the
Solomon Islands: Impacts, vulnerability and adaptation. Environmental Management.
A special issue of an international journal is planned.

Field with Giant swamp taro (cyrtosperma merkusii) flooded with saltwater during a storm (Photo: Jens Grundtmann).
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