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The goal of this project was to integrate HTAP model data from Juelich’s WCS server into a web-based Giovanni.  This was accomplished by first evaluating and comparing WCS standards used by the Open Geospatial Consortium (OGC), Juelich, DataFed, and Giovanni.  A minimum set of WCS standards was developed in conjunction with Juelich and DataFed.  A report was composed describing these findings and was published on the Federation of Earth Science Information Partners (ESIP) wiki site (http://wiki.esipfed.org/index.php?title=WCS_Access_to_netCDF_Files).
In order to make a WCS connection between Giovanni and Juelich, three obstacles needed to be addressed.  The first of these being that Juelich’s server uses WCS 1.1.0 and only supports “store=true”. This means that a GetCoverage request for the HTAP model data returns XML with an embedded URL link to the NetCDF file, instead of returning the file itself.  Giovanni implemented a parser to bridge the gap between the GetCoverage call and the retrieval of the NetCDF file directly.
The second matter required the “BoundingBox” parameter to be set to “0,-90,360,90”, in the GetCoverage call, in order to get data globally. Currently, Juelich’s WCS server only supports the 0 to 360 longitude style since a majority of the HTAP model data are on a 0 to 360 grid.  Hence, if a request is made for “BoundingBox=-180,-90,180,90”, only data valid from 0 to 180 will be returned.  Juelich/DataFed are planning to also support the -180 to 180 longitude style.  The CRS specifications for the Juelich server will need to be modified in order to be consistent with their longitude value range.
The more complex, third issue, dealt with setting the TimeSequence value appropriately. Juelich’s TimeSequence (1.1.0) parameter specifies a range, such as ${yyyy-mm-dd/yyyy-mm-dd}, and follows ISO8601.  TimeSequence may also be specified by a single point in time, a list of points in time separated with a “,”, or time ranges (with the option to specify periodicity).  Yet, a single year request (ex. TimeSequence=2001-01 and 2001) returns an error stating that a period must be used.  Clarification is required in the current specification.  Since the data are monthly, the file contains one time which is valid for each month.  This value is not the same for every model.  For example, the value for January for model A may be 15 (middle of the month) but for model B is 31 (end of the month).  This would follow that the February values might be 45 (middle of the month) and 59 (end of the month).  To further complicate matters, each model’s time is defined as “days since X”, where X varies between models.  In order to ensure proper functioning of this demonstration, a specific time range which would correctly retrieve any model’s monthly data, regardless of how it is stored, had to be determined.  
Giovanni has implemented a demonstration site in which HTAP model data are received from the Juelich HTAP WCS server (Fig. 1).  Currently, the Giovanni HTAP WCS demo allows the user to examine data for two HTAP models:  CAMCHEM3311m13 (for experiments SR1 and SR2) and ECHAM5_HAMMOZ (for experiments SR1 and SR6EU).  Ozone, sulfur dioxide, and nitrogen dioxide variables are available for these models and experiments.  A large majority of HTAP data residing on the Juelich server are available on sigma levels.  The data are not pre-processed to uniform pressure levels, making it difficult for model inter-comparison on specific vertical layers.  The CAMCHEM3311m13 model data are on pressure levels.  ECHAM5_HAMMOZ model data are on sigma levels.  Thus, the experiments for one model may be compared (CAMCHEM3311m13 SR1 versus SR2 and ECHAM5_HAMMOZ SR1 versus SR6EU), but the models themselves cannot.  
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Figure 1:  The Giovanni HTAP WCS demonstration site receives HTAP model data from the Juelich HTAP WCS server.  Users may select spatial areas of interest, vertical level bounds, models, experiments, variables, temporal start and end, and visualization types
The demo provides the flexibility to display multiple experiments, models, and variables simultaneously on an array of visualizations.  Current image choices include: latitude-longitude maps (time-averaged) (Fig. 2), latitude-longitude maps of time-averaged differences (Fig. 3), animations, time-series (Fig. 4), and scatter plots (Fig. 5).  Users have the ability to choose the upper and lower limits of the vertical layer to display, along with the start and end time (for 2001 monthly data).  This tool is web-based, so all of the visualization, analysis, and data extraction can be done online using a regular web browser.  Additionally, users have the ability to download the initial and final data in HDF, NetCDF, and ASCII format (Fig. 6).  The final image may be downloaded as a KMZ file.
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Figure 2:  An example of a time averaged (from June – August 2001), latitude-longitude map available from the Giovanni HTAP WCS demo.  The ECHAM5_HAMMOZ model’s SR1 experiment mole fraction of ozone in air at sigma level 31 is shown
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Figure 3:  A latitude-longitude difference plot, which subtracts the mole fraction of ozone in air for the ECHAM5_HAMMOZ model’s SR6EU experiment from the SR1 experiment, illustrates a sample lat-lon difference map available from the Giovanni  HTAP WCS demo
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Figure 4:  An overlay of time-series plots from June – September 2001 for the ECHAM5_HAMMOZ’s values for mole fraction of ozone in air for both the SR1 and SR6EU experiments is an example of the time-series plot capabilities available in the Giovanni HTAP WCS demo
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Figure 5:  The Giovanni HTAP WCS demo also provides scatter plot output.  In this case, the ECHAM_HAMMOZ5 model’s SR1 and SR6EU experimental results for ozone are compared
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Figure 6:  A valuable tool in the Giovanni HTAP WCS demo is the ability to download both input and output files in HDF, NetCDF, and ASCII format.  Output images may be downloaded as KMZ files
The demo illustrates the convenience of utilizing Giovanni for ingesting and visualizing HTAP model data via WCS.   This tool allows users to make model experiment inter-comparisons.  Since the data are not pre-processed to uniform pressure levels, model inter-comparisons cannot be made at this time.  A desire for Juelich to pre-process these data from sigma, hybrid height, or non-uniform pressure levels to uniform pressure levels before serving them via WCS has been expressed.  This would enable all models and experiments to be inter-compared.
The overall goal is to add all 40+ HTAP models that are available on Juelich’s WCS server.  Ideally, this data would be pre-processed to uniform pressure levels and additional improvements would be made.  These enhancements would include: setting appropriate fill (missing) values (for specific models) and finding a way to resolve surface levels when they are beneath the physical surface after interpolation.  Additionally, the time discrepancies among the various models’ definitions and Juelich WCS specifications need to be further investigated.  Furthermore, if Juelich were to upgrade to WCS 1.1.2, it would be useful for vertical slicing to be an option upon file request.
The discrepancies that exist between many of the models that participate in the HTAP project have been noted and shared on the ESIP wiki site.  Resolving the differences between all models, in order to potentially create a uniform dataset both in vertical space and with time definition, is ideal for users.  This would greatly enhance the capabilities of the Juelich HTAP WCS service.  In conjunction with Giovanni, multiple-model and multiple-experiment data may then be visualized and compared almost instantaneously.
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