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1.0 INTRODUCTION TC "1.0 INTRODUCTION" \f C \l "1" 
There are three fundamental types of geographic information stored in the IHFS relational database, either in files or in the relational database: 


· location data

· vector data

· areal data

All three types use latitude/longitude pairs as the means for defining the global position of the entity.

The position of point locations is defined in the Location table of the relational database for all locations.  If the location is also a river station, then their position is defined in the RiverStat table.  This dual definition of a location permits management of the rare case where a river location is not precisely collocated with the parent weather station.  The values are managed using the HydroBase application.  Location data is not discussed further in this document.

Vector (e.g. rivers) and areal (e.g. counties) positional data are used in WHFS applications for displaying overlays, and also to know the grid coverage of individual basins and other areas.  The WHFS applications use these data from data stores within the WHFS software framework; this document describes the management of these data stores. 
Geographic data stored outside of the WHFS system but available within AWIPS is also used by WHFS applications.  However, this document does not discuss the management of these external data stores.  It only discusses the internal geographic data sets.
The usage of the geographic data sets by these applications is briefly discussed in this document.  The WHFS applications which currently use the geographic data sets are Hydroview, MPE_Editor, GAFF (Generate_Areal_FlashFloodGuidance ), and SiteSpecific.  The overlays can be read and displayed by a WHFS application, such as Hydroview.  For efficiency purposes, Hydrobase is configured to produce binary file versions of these overlays which WHFS application can read and display rather quickly. 
For some areal data, there are two independent forms that the IHFS uses to define their existence.  


· One form simply defines them in terms of their spatial definition using latitude/longitude information.  That form is a subject of this document.  
· Counties and zone areas are also defined in terms of the basic existence - i.e. they are defined with a name and an identifier, but the latitude-longitude data pairs which define their boundary are not defined.  This document does not discuss the separate definition of counties and zones.


1.1  Data Types TC "1.1  Data Types" \f C \l "2"  

The IHFS geographic data are stored in different data formats, but all use text files as the master or root format.  The other data formats are derived from the text data representation.  The other data formats include storage in the IHFS database and binary files.  These data sets are created or updated via the Hydrobase application.

The geographic data described herein consist of two types of data: 
1) areal data - Areal data has a boundary and a centroid latitude/longitude point.  An area is a closed polygon.  Types of areas are: basins, counties, reservoirs (lakes), and zones.  The “Areal Definitions” option under the Hydrobase “Setup” menu is used to generate grid files, and geographic areal data files, and to populate the IHFS database table GeoArea.  The areal data processing is discussed in Section 2.

2) vector data - Vector data is linear.  Types of vector data are: rivers, streams, highways, and roads.  The “Vector Definitions” option under the Hydrobase “Setup” menu is used to generate geographic vector (linear) data files.  The vector data processing is discussed in Section 3. 
The following two sections describe the methods for managing the geographic data sets in details.   While the worded descriptions detail the entire process, an excellent summary of the process is presented in the data flow diagram provided in Appendix A.  It is recommended that the reader refer often to this diagram when reading this document.

2.0  AREAL DATA PROCESSING TC "2.0  AREAL DATA PROCESSING" \f C \l "1" 
The areal data is processed from an ASCII-formatted file, which is considered to be the master file.  If any editing of the table is needed, the data must be edited in a standard text editor, or loaded into a Geographical Information System, edited, and exported back to the text file.  After editing the geographic coordinate information, the data from the text file must be loaded back to the appropriate destinations.  

The management of the data sets consists of converting the text files into binary forms.  This step is referred to as the load, or import, operation.  The GeoArea table is one of the destinations that the data are written to in the load/import operations.

In addition to loading areal data into the GeoArea table, for some of the data types, additional processing operations are performed on the areal data to load the data into binary files.  These binary files contain the latitude/longitude pairs for each area in binary form.  Furthermore, for basins and counties, the data are also transformed from latitude/longitude boundaries to a grid-to-area mapping, where for each grid bin in the HRAP 4 km grid system, it indicates which, if any, area is contained in the center point of the grid bin.  Lastly, for some data types, the latitude/longitude boundaries are transformed into a “line segment’, which is a special way to indicate the grid-to-area mapping.  The line segments represent each area as a collection of one of more line segments, where each line is some contiguous row of grid bins in the HRAP grid system.

The process_geoarea script is used to perform the load/import operations for areal data.  The script is invoked with the following usage:


process_geoarea   -l -d<dbname>  -t<type>   filename

The arguments are as follows:  


-l -
specifies that the data will be loaded from the text file to the appropriate destinations


-d -
specifies the name of the database in which the GeoArea table resides;

-t - 
indicates the type of the geographical area data being loaded, valid types: COUNTY, STATE, RESRVR, ZONE, BASIN;


filename - full path and name of the file containing the table data.

All options (-l, -d, -t, filename) must be supplied or the script will not run.

2.1  Loading Areal Data from the File TC "2.1  Loading Areal Data from the File" \f C \l "2" 
To load geographic areal data from the text file into their appropriate destinations, follow these steps:

1)
Start the Hydrobase application.

2)
Click the “Setup” button.

3)
Choose “Areal Definitions” under “Setup” menu to launch the “Areal Definitions” GUI.

Each of the four areal types (counties, basins, reservoirs, and zones) are loaded in HydroBase using the same sequence described below.  To load areal data from this window:

1) 
Choose “Basins”, “Reservoirs”, “Counties”, or “Zones” from the “List” option menu of the “Areal Definitions” window.

2) 
Click on “Import File into the Database” button.

3) 
A popup dialog message box with the message “Importing XXX data from the default file: /awips/hydroapps/local/data/geo/ZZZ.dat” and telling you that it will overwrite the existing basins data is displayed.  The XXX in the message will indicate which data type is being processing, and the ZZZ will be either: basins, counties, resvrs, or zones.

4) 
Click on “OK” button to confirm.

5) 
The background Hydrobase window some information as the areas are processed (this step may take a moment to complete).

6) 
A log file will be created that contains detailed information about the multiple operations performed on the data, as described in the following section. The file is written to: 



/awips/hydroapps/local/data/geo/misc/process_geoarea_XXXX.log

where XXX is either BASIN, COUNTY, RESRVR, or ZONE

2.2 Load Operation Processes TC "2.2 Load Operation Processes" \f C \l "2" 
For each of the four areal data types, a unique set of operations are performed.  The following sections discuss each of the operations, which are also show graphically in Appendix A.  The operations are performed by applications called by the process_geoarea script.  The following applications performed these operations:

load_geoarea -
Reads the master ASCII-formatted text file containing latitude/longitude pairs and writes the information in binary form to the GeoArea database table.  The binary form is independent of the operating system, because the data are stored in the Informix database, which uses only one binary format.

convert_ascii_to_latlon -
Reads the master ASCII-formatted text file containing latitude/longitude pairs and writes the information in binary form to allow faster access by programs which read the data.  The generated files have a suffix (.LX, .HP) which indicate the binary form of the data; i.e. Little Endian or Big Endian.  The files are used to plot graphical overlays of basins and reservoirs in the Hydromap/Mpe application.

grid_to_area. -
Reads the ASCII-formatted text file containing latitude/longitude pairs, and by knowing the MPE region under consideration as defined in the coord_xxx.dat file, creates a binary files which defines which area is contained within each county.  The generated files have a suffix (.LX, .HP) which indicate the binary form of the data; i.e. Little Endian or Big Endian.  This information provides cursor location information at a HRAP grid resolution for Hydromap/MPE.
load_linesegs -
Reads boundary information from the appropriate file, and determines which HRAP bins are within a given closed area, and writes the information to the LineSegs database table.  This closed area is defined in WHFS software by a set of line segment definitions, a.k.a. “linesegs”, by noting each HRAP row number which has at least one grid bin within the area, and for the row, noting the starting and ending column for the bins in that row which are within the area.  This is repeated for as many rows as needed.  A given row may be listed more than once if there is a gap in the columns of that row that are within the area.  This form of the data is complementary to the form generated by the grid_to_area process.  The Linesegs information defines which grid bins exist for a given area, while grid_to_area defines which area is defined for each grid bin.   The LineSegs information is used by the gen_areal_ffg and SiteSpecific applications.  For SiteSpecific, it is used to determine average rainfall over a given area as derived from a grid of precipitation data. 
The following sections describe the specific processing for each of the data types in terms of the input and output data files.  All input and output files are contained in the directory: 


/awips/hydroapps/whfs/local/data/geo

All log files are written to the directory:


/awips/hydroapps/whfs/local/data/log/misc





2.2.1 Basin Data Processing TC "2.2.1 Basin Data Processing" \f C \l "3" 
Basin data are processed as follows:

1) load_geoarea


- input file: basins.dat


- output: GeoArea table

2) convert_ascii_to_latlon

- input file: basins.dat

- output file: basins_latlon.[OS] - 

3) grid_to_area

- input file: basins.dat


- output file: grid_to_basin_hrap.[OS] 

4) load_linesegs


- input: basins.dat

- output: LineSegs table

2.2.2 County Data Processing TC "2.2.2 County Data Processing" \f C \l "3" 
County data are processed as follows:

1) load_geoarea


- input file: counties.dat 


- output file: GeoArea table

2) grid_to_area


- input file: counties.dat


- output file: grid_to_county_hrap.[OS]

3) load_linesegs


- input: counties.dat

- output: LineSegs table

2.2.3 Reservoir Data Processing TC "2.2.3 Reservoir Data Processing" \f C \l "3" 
Reservoir data are processed as follows:

1) load_geoarea 

- input file: resvrs.dat

2) convert_ascii_to_latlon


- input file: resvrs.dat


- output file: resvrs_latlon.[OS]

2.2.4 Zone Data Processing TC "2.2.4 Zone Data Processing" \f C \l "3" 
Zone data are processed as follows:

1) load_geoarea


- input file: zones.dat



- output: GeoArea table 

2) load_linesegs


- input: zones.dat

- output: LineSegs table

3.0  VECTOR  DATA  PROCESSING TC "3.0  VECTOR  DATA  PROCESSING" \f C \l "1" 
The process_geoline script is called within Hydrobase when load/import operations are performed..  The process_geoline script handles the creation of the binary files.  These data sets can then be used to plot graphical overlays to display in WHFS applications.

The vector data is processed from an ASCII-formatted file, which is the master file.  If any editing of the table is needed, the data must be edited in a standard text editor, or loaded into a Geographical Information System, edited, and exported back to the text file.  After editing the geographic coordinate information, the data from the text file must be loaded back to the appropriate destinations.  

The management of the data sets consists of converting the text files into binary forms; this step is referred to as the load ,or import, operation.  

The data are loaded into binary files.  These binary files contain the latitude/longitude pairs for each vector set in binary form.  Unlike the areal data, there are no other destinations besides this binary file, and all the vector data types are treated in the same way.

The process_geoline script is used to perform the load/import operations for vector data.  The script is invoked with the following usage:


 process_geoline  -t<type>  -n<typename>  filename

The arguments are: 

-t - 
indicates the type of the geographical vector data being loaded; valid types are: ROAD, STREAM; the -t and -r option work together to uniquely identify the data type being processed


-n - 
indicates the data type being processed for purposes of the log file names and log messages: RIVERS, STREAMS, HIWAYS, ROADS; this information should correspond to the settings in the -t field.


filename - is the full path and name of the file containing the data.

All options (-t, -n, filename) must be supplied or script will not run.

3.1 Loading Vector Data from the File TC "3.1 Loading Vector Data from the File" \f C \l "2" 
To create geographic vector binary files:

1)
Start Hydrobase.

2)
Click on the “Setup” button.

3)
Choose “Vector Definitions” under “Setup” menu to launch the “Vector Definitions” GUI .

To load vector data into create rivers binary files:

1) 
Choose “Rivers”, “Streams”, “Hiways”, or “Roads” from the “List” option menu of the “Vector Definitions” window.

2)
Click on “Import file into the Database” button.

3)
A popup dialog message box with the message “Importing XXX data from the default file: /awips/hydroapps/local/data/geo/ZZZ.dat” will be displayed.  The XXX in the message will indicate which data type is being processing, and the ZZZ will be either: rivers.dat, streams.dat, hiways.dat, or roads.dat.

4) 
Click on “OK” button to confirm.

5)
A log file will be created that contains detailed information about the multiple operations performed on the data, as described in the following section. The file is written to: 



/awips/hydroapps/local/data/geo/misc/process_geoline_XXXX.log

where XXX is either BASIN, COUNTY, RESRVR, or ZONE. 

3.2 Load Operations Process TC "3.2 Load Operations Process" \f C \l "2" 
The vector types in the “List” options are: “Rivers, “Streams”, “Highways”, or “Roads”.  All of these vector types are handled similarly.  The process_geoline script calls the following program:

convert_ascii_to_latlon - 
Reads the master ASCII-formatted text file containing latitude/longitude pairs and writes the information in binary form to allow faster access by programs which read the data.  The generated files have a suffix (.LX, .HP) which indicate the binary form of the data; i.e. Little Endian or Big Endian.  The files are used to plot graphical overlays of rivers, streams, highways and roads in the Hydromap/Mpe GUI.

All input and output files are contained in the directory: 


/awips/hydroapps/whfs/local/data/geo

All log files are written to the directory:


/awips/hydroapps/whfs/local/data/log/misc

The input files to both these programs are: rivers.dat, streams.dat, hiways.dat, or roads.dat.  The output destinations for this program are the applicable binary file, either: rivers_latlon.[OS], streams_latlon.[OS], hiways_latlon.[OS], roads_latlon.[OS].

4.0. CREATING ALL WHFS GEODATA TC "4.0. CREATING ALL WHFS GEODATA" \f C \l "1" 
Running the create_whfs_geodata script, located in directory /awips/hydroapps/whfs/bin, will do all of the following: 

· Create all *.dat files in the /awips/hydroapps/whfs/local/data/geo directory if they do not already exist.

· Update the contents of the GeoArea and LineSegs tables based on the contents of the *.dat files.

· Create all of the WHFS binary overlay files.

· Create all of the HRAP locator files (e.g. grid_to_county_hrap.LX).

Appendix A. WHFS Overlays Data Flow Diagram TC "Appendix A. WHFS Overlays Data Flow Diagram" \f C \l "1" 
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Appendix B. Geographic Data File Descriptions TC "Appendix B. Geographic Data File Descriptions" \f C \l "1" 
B.1 Master Text Geographic Data Files TC "B.1 Master Text Geographic Data Files" \f C \l "2" 
The ASCII-formatted files are the master source of all overlay data definitions.  These files are read from to reformat and process the data into various other forms.  Theses ASCII-formatted files (*.dat) must be located in the directory:


/awips/hydroapps/whfs/local/data/geo

Each file contains blocks of information, where each block has a header line, followed by associated pairs of latitude/longitude data.  A single block of information contains data for a given line (collection of points in a line) or a given area (collection of closed points).  The header line format varies slightly depending upon whether lines or areas are being specified, as discussed below.  Each file has one or more header lines followed by the multiple lines of data.

The header line contains at least four fields, defined as follows:

Field
Field Name


Type

Default value

1
item id


char [8]
none

2
item name


char [20]
xxx

3
stream order

int

-1

4
num points


int

none

For files that describe areas there are two additional fields defined as follows:

5
Interior Latitude

float

none

6
Interior Longitude
float

none

Field 1:
The id for areas needs to be unique, except for Reservoirs.  The convention used for counties and zones is the 2 letter postal id, the letter C (for counties) or Z (for zones) followed by the 3 digit FIPS code for the county or the 3 digit NWS code for the zone.  For example, in Oregon, the ids may be ORC001 for county and ORZ014 for zone.  For basins, the id is normally the RFC Basin ID.  For reservoirs, an id is needed, but its value is arbitrary.  The id for vector/line data is not critical since it does not need to be unique.  However, if possible, a meaningful id is desired.

Field 2: 
The name is any combination of letters, spaces, and digits that are commonly used to describe the feature.  For counties, this should be a county name.

Field 3: 
Stream order is not used presently, but it may be used in future.  It is only applicable for rivers and streams.  The lowest order number is 1 which defines headwater streams.  The stream segment below the confluence of two first order streams that join together would have an order of 2.  The streams order number increases progressively as the stream flows to the ocean.  For non-streams and rivers the order number of -1 should be used.  If it is not possible to create this field, a value of -1 should be used.

Field 4: 
The number of points must match the number of lines that follow the header line, where each line has the decimal latitude and longitude values.

Field 5/6:
These identify a point interior to the area in order that it can be color-filled by an application and so a numeric value can be placed at the location.  Typically, this value is the centroid of the area; however, for certain shapes such as crescent shapes, this would be problematic as the centroid would be outside of the area.

The subsequent lines (through the number of points) contains the actual decimal latitude and longitude values, in that order.  The latitude-longitude values can have any number of blanks between them.

An example of a rivers (i.e vector) file would be as follows:

colorado      colorado       river      -1        7

37.2365   105.6784

37.2396   105.7234

37.2455   105.7832

37.2588   106.7753

37.2740   106.3421

37.7963   106.7532

37.8643   105.6784

colorado       black       river        -1         3

36.2389   104.5678

36.3456   104.6789

36.4567   104.7890

Note that there are multiple header lines in this file (only 2 for the example) and that the lines of data (i.e number of point pairs) equals the number specified in each header line.

An example for a county (i.e. areal) file would be as follows:

COC001     Colorado    County   No.   1     -1     5      37.223       104.623

37.1234       105.1234

37.1234       104.5234

37.5234       104.5234

37.5234       105.1234

37.1234       105.1234

Note that an area  has 6 fields in the header line and that the first and last data line are identical, in order for closure of the area.

B.2 Binary Geographic Files TC "B.2 Binary Geographic Files" \f C \l "2" 
The created binary files are operating system specific.  If running Hydrobase on a Linux machine, then the Linux version of these files will be created, and files will have the extension “.LX”.  If running Hydrobase on HP-UX, then the HP version of these files will be created, and files will have the extension “.HP”.   All generated binary files will be stored in the directory:


/awips/hydroapps/local/data/geo

As a result of running the process_geoarea and process_geoline scripts, binary files in two different formats are created:

1) Latitude/longitude data in binary format.

The suffix “latlon” in the file name means that latitude/longitude pairs of the points in binary file are stored in binary format, without conversion to HRAP grid coordinates.

GeoArea Overlay files:


Basins

basins_latlon.[OS]

Reservoirs
resvrs_latlon.[OS]
GeoLine Overlay files:


Highways
hiways_latlon.[OS]




Rivers

rivers_latlon.[OS]



Roads

roads_latlon.[OS]




Streams
streams_latlon.[OS]



2) HRAP grid coordinates for a given area.

The suffix “hrap” in the file name means that latitude/longitude pairs of the points in binary file are converted to HRAP grid coordinates.

Grid-to-area files:


grid_to_basin_hrap.[OS]

grid_to_county_hrap.[OS]
Appendix C. HydroView/MPE Region Definition File TC "Appendix C. HydroView/MPE Region Definition File" \f C \l "1" 
The coordinate file coord_xxx.dat is used as an input file to the grid_to_area.LX script to determine the HRAP grid which will cover the forecast area.  The detailed description of the coordinate file is given in Appendix D, Section 6 of the HydroView/MPE OB4 Implementation Document.  The coord_xxx.dat file located in the directory:


/awips/hydroapps/geo_data/xxx/ascii

where “xxx” represents the site identifier, as defined by the “st3_rfc” token.  For WFOs, the value of this token should always be “host”.  The lines in this file should be as follows:

HRAP X Origin Coordinate Value (relative to the national HRAP grid)

HRAP Y Origin Coordinate Value (relative to the national HRAP grid)

Number of Columns in the HRAP Grid

Number of Rows in the HRAP Grid.

This file is used by the grid_to_area application, which determines which basin and county is within each grid bin.  If the coordinate file is ever changed, the basin and county must be reloaded.  There are other data sets affected by any modification to the coordinate file.   Discussion of these data sets is outside the scope of this document.




