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This report describes development activities related to OpenClimateGIS for the time period of December 2010 to September 2011 (initial year of funded activities).  The first year of OpenClimateGIS develop has been funded as part of the Great Lakes Integrated Sciences and Assessment (GLISA) center.  System design decisions are made based on both the regional needs of  GLISA and the national needs of the NOAA Climate Predictions and Projections (NCPP) Platform.  

Project Overview

The goal of OpenClimateGIS is to make climate model simulation datasets readily available in commonly used, modern geospatial formats used by GIS software, browser-based mapping tools, and virtual globes.  This is needed because the climate modeling and geospatial communities typically use different formats. The climate modeling community typically stores climate data in multidimensional gridded formats (such as netCDF, grib) that are capable of efficiently storing large volumes of data.  In contrast, the geospatial (GIS) community typically uses vector formats that can accurately model localised regions, but are only capable of storing small volumes of data (relative to the multidimensional gridded formats). OpenClimateGIS seeks to address this difference in data formats by clipping gridded climate data to user-specified vector geometries (i.e. areas of interest) and translating the data on-the-fly into multiple vector representations.
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OpenClimateGIS implements a REST-style API for requesting data resources, with relevant parameters encoded into the URL path.  This approach allows multiple clients to access climate data via HTTP.  Examples clients include web browsers, virtual globes (such as Google Earth), and programming scripts.

An overview of the OpenClimateGIS system is shown in Figure 1.   The OpenClimateGIS system does not store climate data archives locally, but rather works in conjunction with external climate archives that expose climate data via the OPeNDAP protocol (Phase I box). These datasets are "registered" with OpenClimateGIS and relevant access parameters for efficient access are stored in a spatial database (Phase II box).

The Spatial Web Framework (web server) is the heart of OpenClimateGIS.  This component receives data requests from users via formatted URL calls, requests corresponding gridded multidimenional data from the remote OPeNDAP servers, clips the returned data to boundaries specified in the URL call, and provides the data in a format specified by the user. 

The majority of the development effort to date has been in building the Spatial Data Framework (Phase II) that works with remote datasets developed by NOAA and USGS (Phase I).

Climate Data Sources

OpenClimateGIS has been designed to work with remote data sources that provide climate data as NetCDF files using the OPeNDAP protocol.  The OPeNDAP protocol allow for the NetCDF files to be subsetted (by variable or dimension) on the server, reducing the amount of data that needs to be transferred.  At present, all of the OPeNDAP data sources used by OpenClimateGIS provide data that originated from the Maurer et al. (2007)
 archive of 1/8th degree CONUS monthly bias-corrected Spatially Downscaled Climate Projections.  These files were originally served as static files from an FTP website
 (i.e. no subsetting functionality provided).

The first OPeNDAP accessible archive used by OpenClimateGIS was setup by NOAA ESRL ESG
 and provides access to a small portion of the Maurer et al. (2007) archive.  This service provides OPeNDAP URL endpoints that correspond to a single climate model, emissions scenario, and output variable.  The second archive that OpenClimateGIS is being configured to use was setup by USGS CIDA
, and provides access to the entire Maurer et al. (2007) archive.  This service provides a single OPeNDAP URL endpoint that contains multiple climate models, emissions scenarios, and two output variables (precipitation and average temperature).

As additional archives are made available via OPeNDAP by these providers (or others) OpenClimateGIS will be adapted to work with these datasets.  Of particular interest is a daily projections archive
, which is currently only available by FTP download
. 

Open source development

One of the key goals of OpenClimateGIS is that the development of the web services, as well as the data, be as open as possible.  From the beginning of the project, the developed code has been available
 on GitHub, a popular web-based hosting service for software development projects.  GitHub offers public access to the complete source code tree, as well as wiki-based documentation, and place for developers to log bugs and enhancement requests.

To lower the barrier of developing or deploying OpenClimateGIS, we have also included deployment scripts that allow the OpenClimateGIS system to be built on Amazon Web Services.  These scripts allow users to create virtual servers running OpenClimateGIS on Amazon's cloud.

OpenClimateGIS leverages numerous other open source projects, some of the most prominent are:

· GeoDjango
 - The core of the OpenClimateGIS is built on the GeoDjango, a Python-based web framework that works with spatial data.

· netcdf4-python
 - A Python interface to netCDF files, written by Jeff Whitaker of the NOAA Earth System Research Lab.

· pyKML
 - A Python library for constructing KML representations of spatial data for virtual globes.

Presentations

A design review of OpenClimateGIS by the NCPP Tech working group was held on August 1, 2011.  Slides of this presentation are available online.
  Feedback from this review has led to several planned enhancements that will allow users to more easily provide custom areas-of-interest used for clipping climate model data.

The presentation "OpenClimateGIS - A Web Service Providing Climate Model Data in Commonly Used Geospatial Formats" has been accepted for presentation at the 2011 Fall AGU Meeting in San Francisco.
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