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Abstract

As part of the CUAHSI Hydrologic Information System project, we
assemble comprehensive observations data catalogs that support
CUAHSI data discovery services and online mapping interfaces
(e.g. the Data Access System for Hydrology, DASH). These
catalogs describe several nation-wide data repositories that are
important for hydrologists, including USGS NWIS and EPA
STORET data collections. The catalogs contain a wealth of
Information reflecting the entire history and geography of
hydrologic observations in the US. Enabling simple interactive
data discovery across these catalogs is an integral step to making
the data easily accessible for analysis.

OLAP (Online Analytical Processing), often referred to as data
cube analysis, Is an approach to organizing and gquerying large
multi-dimensional data collections. We have applied the OLAP
techniques, as implemented in Microsoft SQL Server 2005, to the
analysis of the catalogs from several agencies. In this initial
report, we focus on the OLAP technology as applied to catalogs,
and preliminary results of the analysis.

The Initial results are related to hydrologic data availability from
the observations data catalogs. The results reflect geography and
history of available data totals from USGS NWIS and EPA
STORET repositories, and spatial and temporal dynamics of
available measurements for several key nutrient-related
parameters.

About CUAHSI HIS

The Consortium of Universities for the Advancement of Hydrologic
Science, Inc. (CUAHSI) is an organization representing 120+
universities in the US and abroad. As part of its mission, CUAHSI
supports the development of cyberinfrastructure for the hydrologic
sciences. The CUAHSI HIS (Hydrologic Information System) project is
a multi-year multi-institution effort focused on consistent management
of observations data available from several federal agencies (USGS,
EPA, USDA, NOAA, etc.) as well as published by individual
Investigators.

CUAHSI HIS develops service-oriented architecture for hydrologic
research and education, to enable publication, discovery, retrieval,
analysis and integration of hydrologic data. The project team has
defined a common information model for organizing hydrologic
observation data, designed a common exchange protocol (Water
Markup Language) and developed a collection of SOAP web services
(WaterOneFlow services) that provide uniform access to different
federal, state and local hydrologic data repositories.

This system is now implemented as a collection of Hydrologic
Information Servers deployed at NSF-supported Hydrologic
Observatory test beds.

CUAHSI HIS Service Oriented Architecture: General Outline

OLAP Technology for Catalogs

Observations data catalogs assembled within CUAHSI HIS follow standard relational
schema of the Observations Data Model (ODM). The ODM catalogs collections of

observation series, each described by:

lwhat. observed parameter variable Iincluding metadata such as processing

methodology, units, quality assessments

iwhere: location or site where the observation was made including relevant site
metadata such as Hydrologic Unit or vegetation class

iwhen: start and end date of measurements and time granularity of measurement

OLAP (Online Analytical Processing) is an approach to rapidly analyze such large multi-
dimensional databases. OLAP Datacubes organize data along dimensions, enable
drilldown on hierarchies, and aggregates such as average or minimum. Using SQL Server
Analysis Services, an OLAP cube can be created from any database with a star schema
such as ODM. using SQL Server Analysis Services. Simple aggregates (such as daily
averages or yearly maxima) can be pre-computed for improved query performance.

Using Datacubes

T Datacubes can be easily browsed with Excel PivotTables and drag-drop over the internet
T MatLab and other rich analysis client access integration coming
T Browsing can give fast overview insight into data availability and quality

One of the things that a datacube enables is simple
temporal drilldown. These examples are for the ODM
sample database from the Little Bear River region in
Utah (2 sites, 12 series, 593,000 observations).

The three graphs to the right plot mean annual,
monthly, and weekly discharge at the dozen highest
flow gages in the watershed over the years 1980 to
1990. The annual graph clearly shows the wet years -
years of highest flow. The monthly and weekly graph
show differences between years. For example, the
high flows in 1984 occur in the middle of the year as
the result of snow melt. The high flows in 1986 begin
In the early part of the year before the usual snow melt
continue through the summer season.
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To the left, data availability for a
parameter, discharge, for a site
shows that data availability is not
always continuous. Sites have
disappeared, and reappeared.

USGS NWIS Daily Values:

Mapping Data Availability Changes over time
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datacube. The cube contains 1.4 million
sites and 12 million series.
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E PA STO R ET The EPA STORET datacube contains 273K sites and 2.7M series.

93% of the series are Water Quality Data Record Counts by Site Classification About 60% of the

water quality data. water quality

records are short
term measurements
(one year or less in
duration). The
starting decade of
the longer series are
above.

Number of years of record

o by start decade
Florida is the source of about 25% of the total records.

USDA SNOTEL Conclusion

OLAP datacubes allow for domain scientists to access data simply with
familiar desktop tools such as Excel PivotTables. Neither the scientist nor the
programmer need write all the queries necessary to mine the data aggregates
across a number of dimensions.

We loaded several Observation Database Model catalogs, basically, site
summary information (often called, period of record, or series) into OLAP
cubes. We conducted spatial visualization by binning into 1 degree cubes.
This visualization is useful to understand the nature of the dataset. Future
work will be to construct domain specific hierarchies such as watershed
determined by HUC codes.

The SNOTEL datacube

contains 810 sites, 4552 We focus here on datacubes for catalogs. Including the data values as well as
series, and 28 million can automatically produce what are now thought of a unique data products
observations. The number such as Daily and Yearly statistics (Mean, Minimum, Maximum, Variance)

of observations increases across one or more sites filtered by quality or other attribute.
over time, and that data is

collected across a
standard set of variables. L | N kS

The SNOTEL datacube
also has values, so you
can rapidly investigate
aggregations over county,
states, and the entire
dataset.

CUAHSI HIS:

HIS Wiki @ SDSC

BWC OLAP user manual:

Building a Cube from a CUAHSI ODM database:




