Modeling of Future Urban Landscape for Vulnerability Assessment in Hamburg
Urban areas are not only contributing to the anthropogenic climate change, but they are also particularly vulnerable to related risks like heat waves, flash floods and sea level rise. Given the long time periods needed for the urban-reconstruction, the adaption must start early and hence has to deal with great uncertainties. Besides, climate change is by far not the only driver of local vulnerabilities. In particular, both the urban structure and the coping capacities of the inhabitants are even more rapidly changing. Therefore, an integrated assessment of future vulnerability must include the change of the urban structure and population.  Our research aims to model a future baseline land use scenario for a climate change impact study in the Hamburg Metropolitan area, northern Germany. The baseline land use scenario will be used as an exposure and partly as a sensitivity element in the urban population vulnerability assessment to the climate change.
One of the first steps of land use modeling is to define a land use classification scheme. This should represent important factors of an urban environment, required for the climate change impact studies. Therefore, we selected local climate zones (LCZ) by Stewart and Oke, which take into account land use, land cover and urban morphology. However, besides its attempt to be generic, the scheme does not fully consider the variety of dense urban morphology, found in European Cities. Hence, we enhanced the LCZ scheme with a new North/West European-type urban morphology, which is especially important in urban heat island assessment studies. 
After an enhanced LCZ scheme was approved, the next step was the preparation of input data. Since, neither the European CORINE (Coordination of information on the environment) nor the European Urban Atlas land use/land cover datasets (both developed by the European Environmental Agency) fulfilled our requirements (especially the several time-steps and sufficiently high number of urban classes), we initiated a manual vectorization of 1960, 1990 and 2000 paper maps of the Hamburg Metropolitan area according to the enhanced LCZ scheme. We validated the result manually by 1990-2000 aerial and satellite imagery. The focus of the vectorization was mainly on urban areas, hence agricultural and other nature based land use and land cover were taken from the CORINE dataset.  Eventually, we compared the part of the vectorized LCZ data with European Urban Atlas data.  Within the given limitation of the different typologies and number of urban classes, the comparison showed a good accordance between both datasets. Further, we focused on LCZ changes between 1990 and 2000, which revealed a large amount of conversions from agriculture to low-rise residential (dense open low-rise) nearby existing residential areas. Such a pattern represents typical urban sprawl. Other changes included the sprawl of commercial areas over agriculture and new clustered developments of urban green.
Next, the data was used to run the cellular automata (CA) based land use model Metronamica, which is a spatial decision support system developed by RIKS and based on the Monitoring Land Use/Cover Dynamics (MOLAND) model. This tool models dynamic future land use changes and takes into account external factors, environmental and economical constraints, and land use policies. The first phase of future land use modeling is calibration, which is based on historical land use changes. The calibration is a critical step in the land use modeling process. During the calibration phase, the model runs for a former time period and the input parameters are adjusted until the resulting land use pattern is as close as possible to the observed outcome. The input parameters are suitability, zoning, accessibility and neighborhood potential of the land use of the surrounding location. Neighborhood potential has the highest influence of land allocation among the other factors in Metronamica at the local scale. A set of interaction rules defines the degree of neighborhood potential to which other LCZ are attracted or repelled to the specific location by an eight cell radius. 
The current status of our research is the calibration of the neighborhood potential. A high emphasis is laid on urban residential areas, to identify their interaction rules of traditional urban sprawl in the Hamburg Metropolitan area between 1990 and 2000. After the calibration is done, a LCZ baseline scenario will be modeled. Furthermore, the relations between heat wave/flash flood hazards and LCZ will be derived and applied to the baseline scenario in order to create future hazard/climate impact maps. Finally, we aim to include the sensitivity of the dynamically changing population to the heat wave and flash flood hazards. This scheme will contribute to an integrated urban population vulnerability assessment to future climate change impacts and will allow to test adaptation measures for local decision makers. 

