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Introduction
The Consortium of Universities for the Advancement of Hydrologic Science, Inc (CUAHSI) carried out a paper prototype study of the design of a Hydrologic Observatory using the Neuse watershed in North Carolina as their illustrative example (Reckhow et al., 2004).  During that study a considerable amount of GIS and hydrologic observatoin data were compiled for the watershed by the Center for the Analysis and Prediction of River Basin Environmental Systems at Duke University (http://www.env.duke.edu/cares/).   
The CUAHSI Hydrologic Information System (HIS) team has added further information to this dataset, including 3D models of the hydrogeology of the Neuse coastal plain aquifer obtained from the USGS, time sequences of groundwater levels from the North Carolina Division of Water Resources interpreted to form piezometric head maps in the surficial aquifer, 3-hour and monthly land surface-atmosphere fluxes of energy and water from the North American Regional Reanalysis of climate, Nexrad radar rainfall data from the National Weather Service, real-time water quality data collected by North Carolina State University, and a sequence of MODIS satellite images interpreted to show the time variation of greenness of the landscape.  There is thus formed a rich and growing body of information that describes many aspects of the physical character and the hydrologic functioning of the Neuse basin.
The CUAHSI HIS team has termed the synthesis of hydrologic observations data, GIS data, weather and climate grids and remote sensing images a Digital Watershed.  Each of these types of information comes in its own data formats, and spatial coordinates and time scales.  By a process of data fusion, the various datasets can be transformed into a common set of geographic coordinates with a common time scale, and be synthesized into a set of compatible data formats so that they can be analyzed as a single large body of information.   ArcGIS has been used as the data synthesis platform for this work.   
The information in the Neuse Digital Watershed is presented in three datasets: NeuseAtmosphericWater, NeuseSurfaceWater, and NeuseGroundwater.   These datasets are in the form of ArcGIS geodatabases that contain raster, vector and time series information presented in a way that makes all the information interoperable, that is, all the datasets are in the same geographic coordinates and time frame and they are in compatible data formats for analysis within ArcGIS.  The CUAHSI HIS team has also demonstrated how time series of hydrologic observation data from the Neuse Digital Watershed can be served on the internet using ArcIMS with output in the form of delimited ascii files, so the geospatial time series information is thus readily available for study in Excel and other hydrologic analysis systems.
The purpose of this paper is to describe the contents of the Neuse Digital Watershed as it stands at present.  As the CUAHSI HIS project continues the Neuse Digital Watershed will be expanded to include elements such as three-dimensional representation of the stream channel and flood plain, and site specific studies being done with the Neuse watershed.
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Description of NeuseSurfaceWater
NeuseSurfaceWater contains two feature datasets, two raster catalogs and one time series table as shown below.   A feature dataset is an ArcGIS folder having a defined coordinate system and geographic extent that contains a set of feature classes, which may include points, lines, areas or volumes (multipatches).  A raster catalog is a set of rasters such as for terrain, land cover or piezometric head that are indexed by a summary table.   The time series information is contained in a modified form of the Arc Hydro time series format as a set of tables.
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ArcHydro 

The ArcHydro feature dataset contains thirteen feature classes obtained from several sources. The MonitoringPoint feature class contains NWIS stream flow measurement stations, RainStations contains NCDC rainfall stations, WQPoints contains NWIS water quality measurement points, GWPoints contains NWIS groundwater measurement points, RiverNetPoints contain water quality measurement points operated by North Carolina State University, and HRAPPoints contain center points of the HRAP grid for the Neuse basin. The data layers are shown below:
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HydroJunction is a subset of MonitoringPoint feature class, and the Watershed feature class contains drainage areas delineated for points in the HydroJunction feature class. HydroEdge contains stream network for the Neuse basin created by using medium resolution (1:100000) NHD reaches. NHDArea and NHDWaterBody are waterbody features from NHD. HydroJunction, HydroEdge and Watershed feature classes are related to each other through their HydroID, which is a unique long integer identifier assigned by Arc Hydro tools to all features in a geodatabase.
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Geology

The Geology feature dataset contains five feature classes obtained from several sources. STATSGO and SSURGO are soil data from NRCS, NeuseAquifer contains aquifer polygons, and NeuseFaults contains fault lines for the geologic structures in the Neuse basin.  
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SurfaceRasters

The SurfaceRasters raster catalog contains four rasters with terrain, land use, and hydrologic descriptions. NeuseDEM is a 50 feet DEM created by using LIDAR points, NeuseLULC is the land use/land cover data from EPA, and NeuseFAc and NeuseFdr are the flow accumulation grid and flow direction grid, respectively derived from NeuseDEM by using the ArcHydro terrain processing tools.
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The ModisData raster catalog contains 23 images stored as raster grids. The value for each cell in these grids represent enhanced vegetation index (EVI). Two sample grids with EVI on two different days around the Neuse basin are shown below: 
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The TimeSeries table for Neuse Surface Water contains time series records for water quality, streamflow and precipitation. The details about each variable can be found in the TSType table as shown below: 
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The TSType table is related to time series table through TSTypeID, and the TimeSeries table is related to feature classes through HydroID (relationships shown below). The TimeSeries table contains data for Monitoringpoint, HRAPPoints, RainStations and RiverNetPoints feature classes.
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Description of NeuseSurfaceGroundWater
The NeuseGroundwater geodatabase follows the format of the Arc Hydro groundwater model designed at the Center for Research in Water Resources. The geodatabase contains a description of the hydrogeology of the aquifer system which underlies the Neuse River Basin. The database contains one feature dataset (Hydrogeology) and one Raster Catalog (RasterSeries). In addition to the spatial features the geodatabase contains relational tables to store temporal information (Time Series), using the Arc Hydro table formats.
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Hydrogeology
The hydrogeology feature dataset contains information describing the hydrogeology of the aquifer system. The data model consists of ten feature classes although not all of them are populated in this example.
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The Aquifer feature class describes the boundary of aquifers within the study area, and water quality zones within the aquifer. The data was obtained from the Center for the Analysis and Prediction of River Basin Environmental Systems (http://www.env.duke.edu/cares/neuse/GIS.html)

 SHAPE  \* MERGEFORMAT 



Wells are represented in the Well feature class as two dimensional points. In this example there are two types of wells in the feature class, stratigraphy and monitoring, which are differentiated by a subtype. Stratigraphy wells were created from a the USGS GMS model and the monitoring wells were obtained from the North Carolina Division of Water Resources website http://www.ncwater.org/Data_and_Modeling/Ground_Water_Databases/wellaccess.php
 SHAPE  \* MERGEFORMAT 



The BoreLine feature class contains 3D lines which represent the stratigraphy at boreholes. The hydrostratigraphy information is from a USGS model. Each feature in the BoreLine feature class is related to a stratigraphy well in the well feature class. The 3D BoreLines can be viewed in ArcScene.

 SHAPE  \* MERGEFORMAT 



GeoVolumes represent solid models which describe the hydrogeology of the subsurface. The volumes were created by the USGS in the Groundwater Modeling System (GMS) and were extracted from the GMS files into the geodatabase. In the geodatabase three solids are included which represent the top two aquifers (Surficial and Yorktown) and the confining unit between them. The solids can be viewed in ArcMap (2D) and ArcScene (3D).

 SHAPE  \* MERGEFORMAT 



The GeoArea feature class describes geologic formations and recharge and discharge areas. The spatial extent of the formations is stored in the GeoArea feature class and additional details are stored in the GeologicFormations table. The two tables can be linked by the FormationID fields. Recharge and discharge areas are distinguished from geologic formations by a feature type (FType) subtype. The zones are also categorized by areas of recharge/discharge (value of 0 in the Elevation attribute) and areas of high ground elevation (values of 1 in the Elevation attribute). The information was obtained from the Center for the Analysis and Prediction of River Basin Environmental Systems (http://www.env.duke.edu/cares/neuse/GIS.html)

 SHAPE  \* MERGEFORMAT 



Water areas and water lines represent the stream network and the waterbodies on the surface. The feature classes include the NHD 1:100,000 edges and waterbodies.

[image: image17.png]Fle Edt View Insert Selection Tooks Window Help

D=saaiEex|o -

DN =T

O@EDIE RO I T o

edter > | * [ # v 7ok [Geate en resture ==

EPEEE

Tetrain Preprocessing  _ Watershed Processing + _ Attrbuts Toks ~  NebworkTook v Apltikties 5. &, 32 28 @) A Hep \

[Cavers> =] [TSTmes Tl R b || sostalanayst v | Lo g ‘

= £ Layers

O Geooint
O wel

O soreline
Gealine
waterline
BoreLine
NeuseBuffer
[m]

Aquier
Geasestion
waterdrea
=i}

O Geovolume
O Geotrea

El

iy [owee] Sesen] o1 24
roning ~ K () |0~ A~ £ [0l =lfic 5] B £ ©

./v-v‘

[ [o46954.20 156038293 Fest |




Time Series and Raster Series
Temporal information in the geodatabase is represented by time series stored in the TimeSeries table and Raster Series stored in a Raster Catalog. Time series include water elevations for the Surficial aquifer (feet above mean sea level) for the year 2001. Water elevation measurements are related to the monitoring wells in the well feature class. The time series were obtained from the North Carolina Division of Water Resources website http://www.ncwater.org/Data_and_Modeling/Ground_Water_Databases/wellaccess.php
 SHAPE  \* MERGEFORMAT 



 

The RasterSeries raster catalog stores rasters indexed by time. In this example a set of 11 rasters represent the average monthly water table elevation of the Surficial aquifer for each month in 2001.  It should be cautioned that in many cases, this interpolation was done from a sparse set of wells in some locations and likely needs to be refined or replaced by piezometric head surfaces computed from a groundwater flow model.  The USGS is undertaking a time-varying groundwater flow model (Modflow) for the Coastal Plain aquifer which is expected to be completed in about two years.
 SHAPE  \* MERGEFORMAT 



Description of NeuseAtmosphericWater
NeuseAtmosphericWater contains one feature dataset, one raster catalog and one time series table as shown below.  
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The Hydroclimatology feature dataset contains two feature classes obtained from several sources.

The MonitoringPoint feature class can store the geospatial features marking the location of any atmospheric observation station. The geodatabase included on this CD has NCDC rainfall measurement stations surrounding the Neuse River Basin (shown below).   Each of these stations has a unique identifier (HydroID) that links the monitoring station to time series records recorded at that monitoring station.  These time series records are stored within the TimeSeries table (described later).[image: image27.png]Fle Edt View Insert Selection Tooks Window Help
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The NARRPoint feature class is the grid points for the North American Regional Reanalysis (NARR) model developed and maintained by the National Centers for Environmental Prediction (NCEP) http://wwwt.emc.ncep.noaa.gov/mmb/rreanl/ .  Although NARR is a continental scale model (32-km grid cells), the output provides information on the energy and water fluxes important for closing the water and energy budgets.  Each NARRPoint feature is related to a collection of time series (one for each variable).  As a proof of concept, a subset of the available NARR data has been imported from its native format (GRIB) into the NeuseAtmopshericWater geodatabase.  The list below gives the variables computed by NARR and imported into this geodatabase. NARR data is available on 3hr and monthly averaged time steps, but only the monthly averages were imported into the geodatabase.  
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 The RasterSeries raster catalog contains NEXRAD rasters obtained from the NCDC (Java viewer).  It can also be used to store rasters generated from interpolation of the NARR points or the NCDC rainfall gages.  Each raster within the raster catalog is indexed by a time (TSDateTime) and a time series type (TSType).  We call this structure (a raster indexed by time and a time series type) a RasterSeries.
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The TimeSeries table for Neuse Surface Water, shown below, contains time series records for precipitation and the NARR variables. The details about each variable can be found in the TSType table as shown below: 

TimeSeries Table:
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The FeatureID field points to a geospatial feature in any of the feature classes (in this geodatabase, it is a MonitoringPoint or a NARRPoint).  This is the connection between the location of measurement (GIS world) and its timeseries records (time series world).  The TSTypeID field points to a record within the TSType table (shown below) that provides metadata about what is observed or modeled.  One feature can have multiple time series types, meaning multiple variables can be stored for one site.  The NARR points, for example, have 13 variables observed at each site.  Finally, the TSValue and TSDateTime fields are the actual observation.  In a traditional sense, a hydrologic time series is a set of observations taken for one variable at one location.  Thus, the TimeSeries table is a generic "bin" for storing time series.  By doing SQL queries on the TimeSeries table, it is possible to derive different "views" of the table more appropriate for analysis and visualization.  

TSType Table:
[image: image26.jpg]B

T

OBJECTID®

TSTypelD | Variable | Units | IsRegular | DataType | TSintervalType | TSintervalunit Origin
T [dort ste w2 g 0 G 7 [NARR-A fram NCDC
2dswristewin2 1 4 6 1 [NARR-A fram NCDC
3 giiex wim2 1 4 6 1 [NARR-A fram NCDC
et ste win2 1 4 6 1 [NARR-A fram NCDC
5lprecpt kaim2 ) 1 4 5 1 [NARR-A fram NCDC
6 sen_HsicWin2 1 [ 5 1 [NARR-A from NCDC
7 uartste Wiz 1 4 6 1 [NARR-A fram NCDC
8uswrisio Win2 1 4 6 1 [NARR-A from NCDC
GPRECP kg2 1 3 6 1 [NARR-A fram NCDC
10 bgrun kg2 1 3 5 1 [NARR-A fram NCDC
11 evap_sic kg2 1 3 6 1 [NARR-A fram NCDC
12 pevap_ste kg2 1 3 0 1 [NARR-A fram NCDC
13 ssnn kg2 1 3 5 1 [NARR-A fram NCDC
14 dwrt_sfe w2 1 4 3 3 [NARR-A fram NCDC
15 dswri_stehim2 1 4 3 3 [NARR-A fram NCDC
16 gfhux wim2 1 4 3 3 [NARR-A from NCDC
e T - = Y g e




The Variable field is a description of what is being measured (dlwrf_sfc is short for downward longwave radiation flux at the surface of the Earth), the Units field is the measurement units, the IsRegular fields is whether the measurement is regular or irregular recorded (1 = regular, 0 = irregular), The DataType field describes what the time series represent (1= instantaneous, 2 = cumulative, 3 = incremental, 4 = average, 5 = minimum, and 6 = maximum), the TSIntervalType field gives the type of interval ( 1 = second, 2 = minutes,  3 = hour, 4 = day, 5 = week, 6 = month, and 7 = year), TSIntervalUnit is the length of the interval type (the first 13 records are at a monthly interval and the next four are on a 3 hour interval), and finally the Origin field is a text description of the data source.  If you are familiar with the Arc Hydro time series structure, this structure can be thought of as a refinement of that structure for typing time series.   

Summary
A description of different datasets used for creating a digital watershed for the Neuse basin is presented. The digital watershed concept is still under development, and the prototype that is presented in this document will evolve over time to describe the surface, subsurface and atmospheric components of hydrologic cycle in a manner such that each component can be linked to the other using a coupler table and relationships among different objects.
Reference
Reckhow, K., et al., (2004) Designing hydrologic observatories: a paper prototype of the Neuse watershed, CUAHSI Technical Report No. 6, Consortium of Universities for the Advancement of Hydrologic Science, Inc, 84 pp.December.
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