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Agricultural land use dominates about 40% of thanpt's ice-free land surface. Changes in
agricultural land use and management are very itappbamong the globally significant processes in
land-use changes as they affect not only the stpteperties and functions of ecosystems but also
the socio-economic development and sustainabillgcision-makers and scientists have thus
identified the need to explore potential changeagricultural land use and their associated impacts
on environment, landscapes and rural livelihooddifegrent time, regions and scales. The objective
of this thesis is to develop an agricultural lasg-wchange model by combining the essential
biophysical and economic aspects of agricultunadi lase within its land-use decision algorithm, to

simulate past and future dynamic changes in soeasdor four major crops at a global scale.

The thesis was structured along the developmenapplication stages of the integrated global-scale
model of agricultural land-use changes. Chaptertrbduced the background of this study, which
includes a detailed literature reviews on land-obange models, the statement of the research

problems, the objectives and the organization isfdissertation.

Chapter 2 presented a validation and comparisatly sar the four satellite-derived 1 km global
cropland datasets (UMD, IGBP-DISCover, MODIS andG2000) in China so as to examine the
suitability and (dis)similarity of different globakale, coarse spatial resolution datasets for thei
accuracies in cropland mapping. In doing so, fdaba cropland products were first compared with
the NLCD-2000 at three scales to evaluate the acig of estimates for aggregated cropland area.

This was followed by two kinds of spatial companito assess the accuracies of the four products in



estimating the spatial distribution of croplandaasr China. The comparative analysis shows that
there are varying levels of apparent discrepanniestimating the cropland of China between these
four global cropland datasets, and that both arsdst and spatial (dis)agreement between them vary
from region to region. Among these, the MODIS datdsas the best fit in depicting China’s
croplands. The coarse spatial resolution and tlreppeel classification approach, as well as
landscape heterogeneity, are the main reasonsddatge discrepancies between the tested global

cropland datasets and the reference data.

Analyzing crop choice decision making requires kleage of what will possibly be chosen by land
users in their decision making. In Chapter 3, lmithate-based and satellite-based approaches were
used to produce a new dataset of global croppisgesys. The climatic model is to assess the
potential of land surface for various cropping @ats under a certain climatic condition, while
remote sensing approach is to discriminate the stdiis of cropping systems over large regions
under current climatic and management environm&htough comparing these two datasets of
global cropping systems separately derived froomatfic model and remote sensing data, it is
possible to validate and evaluate the accuracylinfate-based method in mapping the spatial
distribution of global cropping systems. In additidoy matching the potential and actual cropping
systems, it is also able to understand the quanitignd actually used for different cropping sysse
and to assess how much surplus of croplands clyrawilable for shift in cropping systems by

human being in the future.

The development of the global-scale agriculturatifase change model was described in Chapter 4.
The general hypothesis of this modeling approathdasthe sown area of particular crops is directly
linked with human decisions on crop choices foirtfemland. This assumption was implemented
under the framework of AIC; and the modeling applofllowed an integrated structure and was
constructed based on four core models. The crogehiecision model, a Multinomial Logit model
was used to model the crop choice decisions amoveyiaty of available alternatives by using a
crop utility function. A crop yield model, the Gl&sed EPIC model was adopted to estimate the
potential yields of different crop types under aegi biophysical and agricultural management
environment. A crop price model, the IFPSIM modelswitilized to evaluate the price of the test
crops in the international market. An urban expamsinodel was constructed to examine the
characteristics of urban land expansion and theemrent cropland loss, and to dynamically update
the total percentage of land available for agrimalt land use. The crop choice decision modeles th
main mechanism determining changes in crop sowasased it is affected by the crop yield and
crop price models, which directly determine thepctdilities or profits, as well as by the global
cropping systems and the urban expansion modekhwhiovide different crop choice sets to

decision-makers or affect the allocation of cromicks. These models were seamlessly linked



through data flow and exchange between them, andythamic feedback loop between agricultural
land-use change and biophysical and socio-econairmicng factors was studied. Sensitivity
analysis and empirical validation were conducted tfte model after its construction, which
indicated that the integrated model is reliable dddressing the complicated dynamic changes in
agricultural land use at present and that it hasctpacity to be used for investigating long-term

scenarios and applications in the future.

Chapter 5 demonstrated the potential uses of thaelimy approach constructed in Chapter 4 for
assessing possible future changes in the sown afeaajor crops under a given scenario condition
at a global scale. The model application was desida run over a period of approximately 20 years,
starting with the year 2000, and to analyze paaemtianges in sown areas for four major crops.
This objective was implemented by using a sceraaiged modeling framework, under which the
socio-economic and climate change scenarios wergl@®ed and parameterized. A change in these
future scenarios may drive changes in crop pricep ¢ield, urban expansion and/or cropping
systems, resulting in further changes in crop aéhdiecisions and thus changes in crop sown areas
over time and space. Based on the simulation eesué attempted to assess the global food security

by combining the social, economic and biophysiaatdrs.

Finally, Chapter 6 summarized, concluded and cedlithe areas that warrant further research. This
agricultural land-use change model is characterlzgdts modeling scale, modeling object and
modeling approach. The simulation results can hedplore what might happen given certain
assumptions about societal development and enveotah changes and provide support for
land-use planning and policy making. This modeb alentains some uncertainties and limitations,
improved datasets, improved methods and better lledige for land-use change modeling are

needed, which remains a considerable challengiitiore land-use change models.
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