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Summary

Humans rely on the Earth and its varied environments for the food, feed,
fiber, and fuel that is utilized in everyday life. To cultivate, produce, and
utilize these, humans have altered large parts of the Earth’s surface. For
example, landscapes such as forests and grasslands, have been converted to
cropland and pastureland to produce food and to urban land to provide shelter.
More recently, former natural areas have been reconstructed after their value
to biodiversity, recreation, and other ecosystem services has become better
understood. These human changes of the terrestrial biosphere have had severe
impacts on the environment, in terms of biomass loss, loss of biodiversity
habitat, and alterations of biogeochemical cycles. As these human demands for
food and other land based goods and services are likely to continue increasing,
there is a need to explore these as well as their impacts on the environment.

This dissertation explores the characterization of the Earth’s surface in
terms of the presence or absence of human activity, and how characterizations
inform our understanding of the processes that drive land change. In particular,
it assess to what extent increases in demand for ecosystem goods and services
can be provided by di�erent combinations of land use intensification and land
cover conversion. As such it seeks to understand how increasing pressures
on natural resources lead to tradeo�s between natural and human-dominated
landscapes. As the value of natural ecosystems for biodiversity preservation,
climate change mitigation, and recreation, for example, becomes more apparent,
it is increasingly important that these be included in assessments of landscape-
shaping human-environment interactions. Land change scenarios in this study
are assessed through the use of a global land change model which combines
natural as well as socioeconomic factors, policies, and resource demands to
project future land changes. The land change assessments begin with a global
land systems map representative of the year 2000, and project yearly changes
until the year 2040. Land systems are a characterization of the Earth’s surface
and comprised of a combination of land cover composition, land use, and land
management. This allows the assessment of land change in terms of land cover
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conversions as well as changes in land use intensity in response to increasing
demands.

Chapter 2 presents a review of recent estimates of potentially available
cropland on a global scale and then tests the e�ects of these di�erent estimates
when applied in a future land change scenario. The review of existing potentially
available cropland estimates showed a range from no additional area to three
times what is currently cultivated, indicating there is little consensus on the
matter within the land change modeling community. The discrepancies between
the estimates are largely due to di�ering assumptions on biophysical suitability,
but also due to inclusion of socio-economic factors determining the availability
of suitable land for agricultural purposes. Moreover, it is shown that local
situations do not always conform to global thresholds, and also that pixel-based
estimates can lead to under- and overestimations due to sub-pixel biophysical
variation. Using the criteria detailed the in the reviewed estimates, three
spatially explicit estimates of potentially available cropland were constructed
based on the groups of di�erent biophysical and socioeconomic characteristic
thresholds from the reviewed estimates. These were then used in a land change
model to analyze the e�ects of these di�erent estimates on changes in cropland
area, cropping intensity, and forest area. The lower estimates of potentially
available cropland lead to greater intensification and less expansion of cropland,
while with higher estimates the opposite is true. Prior to this research the
variability in cropland estimates demonstrated in this chapter was hardly
addressed in global land change assessments despite their strong influence on
the results of such assessments.

Chapter 3 assesses to what extent explicit demands for ecosystem services
and goods, specifically carbon sequestration and biodiversity conservation, a�ect
land change scenarios, and in particular the trade-o� between intensification
and expansion of croplands. To that e�ect the study analyses three scenarios
of future land change: i) a reference scenario without demands for ecosystem
services, ii) a climate change mitigation scenario with an explicit demand for
carbon sequestration, and iii) a biodiversity protection scenario with an explicit
demand for natural habitat. These scenarios utilize the highest estimate
of potentially available cropland area from Chapter 2 to provide a liberal
constraint to cropland expansion. The climate change mitigation scenario takes
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the form of a no net loss of aboveground biomass constraint. This requires
biomass-rich land systems, such as forests and grasslands, to be preserved.
The biodiversity scenario implements Aichi Biodiversity Target 11 which was
decided upon by the Convention on Biological Diversity and calls for 17% of
Earth’s terrestrial area to be protected. Both scenarios showed that compared
to a reference scenario, the additional demands for ecosystem services lead
to a specialization of land uses, i.e. a land sparing e�ect, and thus lead to a
greater intensification of existing cropland areas and less conversion of natural
land into new cropland. While many future land change assessments do not
account for these emerging ecosystem service demands, I showed here that
the additional competition for land resources that they present can greatly
influence scenario outcomes.

Chapter 4 assessed how the characterization of livestock in a land systems
classification a�ects the uniqueness of land systems and how the di�erences in
classifications propagate through a scenario assessment. Existing classification
schemes vary in their characterization of the terrestrial biosphere, especially
in their treatment of livestock. This chapter presented two alternative land
systems classifications. Both use land cover composition, cropland intensity
and ruminant livestock, yet one excludes monogastric livestock (pigs and
poultry) as a defining factor of land systems, and another includes monogastric
livestock as a defining factor of land systems. The results show that in some
world regions the inclusion of monogastrics leads to land systems that are
statistically di�erent from their counterparts in the classification without
monogastrics, while in others it does not. Also, when the alternative land
systems classification maps were applied in a future land change scenario, there
were great di�erences in some world regions while in others the e�ect was
less pronounced. Regions where monogastrics yielded statistically significant
di�erences are typically characterized by land-based livestock systems, or
disproportionally high numbers of monogastrics, such as Indonesia and the USA.
The di�erences in the land systems classifications are most strongly seen in terms
of crop yields and grassland area, likely due to the presence of monogastrics
indicating higher intensity of production, and their absence indicating less
intensive production. This indicates a need to better represent livestock
dynamics in land system characterizations and land change assessments.
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Chapter 5 returns to the question of biodiversity and ecosystem function
by assessing the impacts of di�erent land change scenarios on terrestrial
biodiversity. Specifically, it uses the same three scenarios presented in Chapter 3,
as well as a scenario where no protections of natural areas is included at all. For
each of these scenarios I assess di�erences within ranges of approximately 24,000
mammals, amphibians, reptiles, and birds. The results of the reference scenario
indicate that existing natural parks a�ect the allocation of new cropland areas
only very little, as many protected areas are not a�ected by land system
changes even in the absence of any protection mechanism. At the same time,
an explicit demand for aboveground biomass and natural habitat yields a much
smaller decline of global biodiversity, mainly because these demands are in
direct competition for land with agricultural activities. Hence this chapter
shows that synergies exist between various ecosystem service demands, and
also that in the process of improving the provisioning of one ecosystem service,
it is likely that others will also be enhanced.

As the world’s population continues to grow and greater demands are
placed on land and its resources, it is increasingly important to assess future
land change scenarios and their consequences. These scenarios can inform
both science and policy of possible future trajectories and the e�ects of land
management decisions. The work presented in this dissertation adds to our
capacity to provide such land change trajectories and serves to inform the
greater land change community in its quest to better represent the drivers and
processes that shape the surface of the Earth in models. Understanding future
consequences of present decisions regarding human-environment interactions
and how they shape the Earth’s surface can aid sustainable and equitable
societal development for all.


