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<metadata>

<idinfo>

<citation>

<citeinfo>

<origin>

Northern Rocky Mountain Science Center Biological

Resources Division

</origin>

<pubdate>19991001</pubdate>

<title>Grizzly Bear Study Area Aspect</title>

<geoform>map</geoform>

</citeinfo>

</citation>

<descript>

<abstract>

Aspect in degrees clockwise from north for a

grizzly bear study region in the Yellowstone

National Park area. The data set is a raster data

layer with 30 X 30-meter pixels. The aspect layer

was derived from a clipped out portion of the

Greater Yellowstone Area DEM. The aspect function

in the Grid module of the ESRI Arc/Info software

was used to calculate aspect.

</abstract>

<purpose>

To create a data layer of the down-slope

direction of the maximum rate of change in

elevation at each cell in a landscape to be used

with plant and animal species layers for

identifying slope directions preferred by the

species.

</purpose>

</descript>

<timeperd>

<timeinfo>

<rngdates>

<begdate>19790701</begdate>

<enddate>Present</enddate>

</rngdates>

</timeinfo>

<current>ground condition</current>

</timeperd>

<status>

<progress>Complete</progress>

<update>None planned</update>

</status>

<spdom>

<descgeog>

A grizzly bear study area in the Yellowstone

National Park region.

</descgeog>

<bounding>

<westbc>-111.922</westbc>

<eastbc>-109.078</eastbc>

<northbc>45.549</northbc>

<southbc>43.486</southbc>

</bounding>

</spdom>

<keywords>

<theme>

<themekt>None</themekt>

<themekey>Aspect</themekey>

<themekey>Digital Elevation Model</themekey>

<themekey>Slope</themekey>

</theme>

<place>

<placekt>None</placekt>

<placekey>Yellowstone</placekey>

<placekey>Yellowstone National Park</placekey>

</place>

</keywords>

<accconst>None</accconst>

<useconst>

None. Acknowledgement of the U.S. Geological

Survey as the provider of the DEM from which this

data set was derived would be appreciated.

</useconst>

<ptcontac>

<cntinfo>

<cntperp>

<cntper>Doug Ouren</cntper>

<cntorg>

Northern Rocky Mountain Science Center Biological

Resources Division

</cntorg>

</cntperp>

<cntaddr>

<addrtype>mailing address</addrtype>

<address>1648 South 7th Ave.</address>

<address>Forestry Sciences Laboratory</address>

<address>Montana State University</address>

<city>Bozeman</city>

<state>Montana</state>

<postal>59717</postal>

</cntaddr>

<cntvoice>(406) 994-4760</cntvoice>

</cntinfo>

</ptcontac>

</idinfo>

<dataqual>

<attracc>

<attraccr>

The accuracy of the data set is dependent on the

accuracy of the DEM it was derived from and the

accuracy of the algorithm used to calculate

aspect. The accuracy of a DEM is dependent upon

the level of detail of the source and the grid

spacing used to sample that source. The

primary limiting factor for the level of detail of

the source is the scale of the source

materials. The proper selection of grid spacing

determines the level of content that may be

extracted from a given source during digitization.

The aspect algorithm uses a 3 by 3 cell

neighborhood for calculating aspect. Any areas

where the aspect is highly variable over short

distances may not be accurate.

</attraccr>

</attracc>

<logic>

The fidelity of the relationships encoded in the

data structure of the DEM is automatically

verified using a USGS software program upon

completion of the data production cycle. The test

verifies full compliance to the DEM specification.

Aspect was calculated using Environmental Sciences

Research Institute (ESRI) software subject to the

quality control procedures of ESRI.

</logic>

<complete>

The DEM is visually inspected for completeness on

a DEM view and edit system for the purpose of

performing a final quality control and if

necessary edit of the DEM. The physical format of

each digital elevation model is validated for

content completeness and logical consistency

during production quality control and prior to

archiving in the National Digital Cartographic

Data Base.  Due to the variable orientation of the

quadrilateral in relation to the Universal

Transverse Mercator (UTM) projection grid,

profiles that pass within the bounds of the DEM

quadrilateral, may be void of elevation grid

points, and are not represented in the DEM. This

condition occurs infrequently and is always the

first or last profile of the data set. Level 2

DEM: Level 2 DEMs may contain void areas due to

interruptions to contours in the source graphic or

DLG. Void area elevation grid posts are assigned

the value of -32,767. In addition, suspect

elevation areas may exist in the DEM but are not

specifically identified. Suspect areas can be

located on the source graphic as a "disturbed

surface, " symbolized by contours overprinted with

photorevised or other surface patterns. The DEM

was later checked for missing data and any missing

data were replaced by estimated values. The area

represented by this data set is complete with

calculated aspect values.

</complete>

<posacc>

<horizpa>

<horizpar>

The data set consists of raster cells that were

clipped out of the Greater Yellowstone Area (5 by

5-degree) DEM. The aspect data set cell boundaries

were found to coincide with the cell boundaries of

the DEM from which it was clipped. Therefore the

aspect data set's horizontal accuracy is

completely dependent on the horizontal accuracy of

the DEM. The horizontal accuracy of the DEM is

expressed as an estimated root mean square error

(RMSE). The estimate of the RMSE is based upon

horizontal accuracy tests of the DEM source

materials which are selected as equal to or less

than intended horizontal RMSE error of the DEM.

The testing of horizontal accuracy of the source

materials is accomplished by comparing the

planimetric (X and Y) coordinates of well defined

ground points with the coordinates of the same

points as determined from a source of higher

accuracy.

</horizpar>

</horizpa>

<vertacc>

<vertaccr>

Aspect calculations are directly influenced by the

grid cell elevations upon which they are based.

The elevations used were from USGS DEMs.

The vertical positional accuracy of the elevations

is described in the following report. The

vertical RMSE statistic is used to describe the

vertical accuracy of a DEM, encompassing both

random and systematic errors introduced during

production of the data. The RMSE is encoded in

element number 5 of record C of the DEM.

Accuracy is computed by a comparison of linear

interpolated elevations in the DEM with

corresponding known elevations. Test points are

well distributed, representative of the

terrain, and have true elevations with accuracies

well within the DEM accuracy criteria.

Acceptable test points include, in order of

preference:

field control, aerotriangulated test points, spot

elevations, or points on contours from existing

source maps with appropriate contour interval. A

minimum of 28 test points per DEM is required to

compute the RMSE, which is composed of a single

test using 20 interior points and 8 edge points.

Edge points are those which are located along,

at, or near the quadrangle neatlines and are

deemed by the editor to be useful to evaluating

the accuracy of the edge of the DEM. Collection of

test point data and comparison of the DEM with the

quadrangle hypsography are conducted by the

quality control units within the USGS.

There are three types of DEM vertical errors: blunder,

systematic and random. These errors are reduced in

magnitude by editing but cannot be completely

eliminated. Blunder errors are those errors of major

proportions and are easily identified and removed

during interactive editing. Systematic errors are

those errors that follow some fixed pattern and are

introduced by data collection procedures and systems.

These error artifacts include:

vertical elevation shifts, misinterpretation of

terrain surface due to trees, buildings and shadows,

and fictitious ridges, tops, benches or striations.

Random errors result from unknown or accidental

causes. DEMs are edited to correctly depict elevation

surfaces that correspond to water bodies of specified

size.

Level 1 DEM: A RMSE of 7 meters or less is the desired

accuracy standard. A RMSE of 15 meters is the maximum

permitted A 7.5-minute DEM at this level has an

absolute elevation error tolerance of 50 meters

(approximately three times the 15-meter RMSE) for

blunder errors for any grid node when compared to the

true elevation. Any array of points in the DEM can

not encompass more than 49 contiguous elevations in

error by more than 21 meters (three times the 7-meter

RMSE). Systematic errors that are within stated

accuracy standards are tolerated.

Level 2 DEM: A vertical RMSE of one-half of the

contour interval, determined by the source map, is

the maximum permitted. Systematic errors may not

exceed one contour interval, determined by the source

map, is the maximum permitted. Systematic errors may

not exceed one contour interval specified by the

source graphic. Level 2 DEMs have been processed or

smoothed for consistency and edited to remove

identifiable systematic errors.

</vertaccr>

</vertacc>

</posacc>

<lineage>

<srcinfo>

<srccite>

<citeinfo>

<origin>U.S. Geological Survey</origin>

<pubdate>Unknown</pubdate>

<title>digital contour lines</title>

<geoform>map</geoform>

<pubinfo>

<pubplace>Reston, VA</pubplace>

<publish>U.S. Geological Survey</publish>

</pubinfo>

</citeinfo>

</srccite>

<typesrc>magnetic tape</typesrc>

<srctime>

<timeinfo>

<rngdates>

<begdate>19790701</begdate>

<enddate>Present</enddate>

</rngdates>

</timeinfo>

<srccurr>ground condition</srccurr>

</srctime>

<srccitea>CONTOUR1</srccitea>

<srccontr>

hypsographic vector information, which is

interpolated to regular grid, posts to form DEM

grids in 30 by 30-meter UTM data spacing within

the 7.5-minute DEM bounds.

</srccontr>

</srcinfo>

<srcinfo>

<srccite>

<citeinfo>

<origin>U.S. Geological Survey</origin>

<pubdate>Unknown</pubdate>

<title>photo ID number</title>

<geoform>remote-sensing image</geoform>

<pubinfo>

<pubplace>Reston, VA</pubplace>

<publish>U.S. Geological Survey</publish>

</pubinfo>

</citeinfo>

</srccite>

<typesrc>transparency</typesrc>

<srctime>

<timeinfo>

<rngdates>

<begdate>Unknown</begdate>

<enddate>Present</enddate>

</rngdates>

</timeinfo>

<srccurr>ground condition</srccurr>

</srctime>

<srccitea>PHOTO1</srccitea>

<srccontr>elevation values</srccontr>

</srcinfo>

<srcinfo>

<srccite>

<citeinfo>

<origin>U.S. Geological Survey</origin>

<pubdate>Unknown</pubdate>

<title>project control</title>

<geoform>map</geoform>

<pubinfo>

<pubplace>Reston, VA</pubplace>

<publish>U.S. Geological Survey</publish>

</pubinfo>

</citeinfo>

</srccite>

<typesrc>magnetic tape</typesrc>

<srctime>

<timeinfo>

<rngdates>

<begdate>Unknown</begdate>

<enddate>Present</enddate>

</rngdates>

</timeinfo>

<srccurr>ground condition</srccurr>

</srctime>

<srccitea>CONTROL 1</srccitea>

<srccontr>ground control points</srccontr>

</srcinfo>

<srcinfo>

<srccite>

<citeinfo>

<origin>P. A. Burrough</origin>

<pubdate>1986</pubdate>

<title>

Principals of Geographical Information Systems for

Land Resources Assessment

</title>

<pubinfo>

<pubplace>Oxford</pubplace>

<publish>Clarendon Press</publish>

</pubinfo>

<othercit>pages 49 - 52</othercit>

</citeinfo>

</srccite>

<typesrc>digital database file</typesrc>

<srctime>

<timeinfo>

<rngdates>

<begdate>19790701</begdate>

<enddate>Present</enddate>

</rngdates>

</timeinfo>

<srccurr>ground condition</srccurr>

</srctime>

<srccitea>Aspect Algorithm</srccitea>

<srccontr>Calculated aspect</srccontr>

</srcinfo>

<procstep>

<procdesc>

The production procedures, instrumentation,

hardware and software used in the collection of

standard U. S. Geological Survey (USGS) Digital

Elevation Models (DEMs) vary depending on

systems used at the contractor, cooperator

or National Mapping Division (NMD) production

sites. This process step describes, in general,

the process used in the production of standard

USGS DEM data sets.

Level 1 DEM: Level 1 DEMs are acquired

photogrammetrically by manual profiling or image

correlation techniques from National Aerial

Photography Program (NAPP) or equivalent source

photographs. Level 1 30-minute DEMs may be

derived or resampled from level 1 7.5- minute

DEMs.

Level 2 DEM: Level 2 DEMs are produced by

converting 1:24,000-scale and 1:100,000-scale

hypsography digital line graph (DLG) data to DEM

format or the DEMs are generated from vector

data derived from scanned raster files of USGS

1:24.000-scale or 1:100,000-scale map series

contour separates.

Level 3 DEM: Level 3 DEMs are created from DLG

data that has been vertically integrated with

all categories of hypsography, hydrography,

ridgeline, break line, drain files and all

vertical and horizontal control networks. The

production of level 3 DEMs requires a system of

logic incorporated into the software

interpolation algorithms that clearly

differentiates and correctly interpolates

between the various types of terrain, data

densities and data distribution.

Water body editing: DEM surface areas

corresponding to water bodies are flattened and

assigned map specified or estimated surface

elevations. Water body areas are defined as

ponds, lakes, and reservoirs that exceed 0.5

inches at map scale and double line drainage

that exceeds 0.25 inches at map scale. Water

body shorelines are derived either from a

hypsographic DLG or by interactive delineation

from 1:24,000-scale or 1:100,000-scale USGS map

series.

Edge matching: DEM data sets within a project

area (consisting of a number of adjacent files)

are edge matched to assure terrain surface

continuity between files. Edge matching is the

process of correcting adjacent elevation values

along common edges. The objective of edge

matching is to create more accurate terrain

representations by correcting the alignment of

ridges and drains, and overall topographic

shaping within an approximately 25-30 row or

column grid post zone on both edges.

Quality control: DEMs are viewed on interactive

editing systems to identify and correct blunder

and systematic errors. DEMs are verified for

physical format and logical consistency at the

production centers and before archiving in the

National Digital Cartographic Data Base (NDCDB)

utilizing the Digital Elevation Model

Verification System (DVS) software.

</procdesc>

<srcused>CONTOUR1, PHOTO1, CONTROL1</srcused>

<procdate>Unknown</procdate>

</procstep>

<procstep>

<procdesc>

The original available DEMs (about 97%) were

obtained from the US Forest Service Geometronics

Data Center by the Greater Yellowstone Area

Coordinating Committee.

</procdesc>

<procdate>Unknown</procdate>

</procstep>

<procstep>

<procdesc>

The final missing DEMs that were available, were

downloaded from the USGS ftp site:

edcftp.cr.usgs.gov

The DEMs were in a Unix gzipped Tar format. They

were downloaded and uncompressed using gunzip

and then were untarred. An executable was

required for part of the DEM to lattice

conversion. The executable sdts2dem.exe was

downloaded from the web site:

http://edcwww.cr.usgs.gov/doc/edchome/ndcdb/public.html

The .exe file was executed from a dos prompt for each

downloaded DEM. The executable created a USGS format

DEM for each run. An Arc/Info grid was then produced

from each USGS DEM file using the Arc demlattice

command. The individual quadrangle grids were merged

into the Greater Yellowstone Area grid using the Arc

latticemerge command.

Finding and correcting erroneous cell values: The cell

values attribute table (vat) was listed for the

Greater Yellowstone Area DEM and about 1600 cells

were reported as having an elevation of 0. There were

about 70 cells with elevation values of 128 - 306

meters. There were no cells with elevation values in

the range of 307 - 866 meters. There were no

significant gaps in cell values from 867 meters to

4198 meters. There was a gap in cell values from 4199

meters to 11,601 meters and there were 6 cells with

elevation values greater than 11,601 meters. Cells

with values less than 867 meters and cells with

values greater than 4198 meters were considered

suspect. The Arc/Info Grid module If statement was

used to create a mask grid which identified the

erroneous cells. The Grid nibble function was then

used to fill in the erroneous cells with estimated

values based on the values of neighboring cells.

Several of the corrected areas were visually inspected

and found to be satisfactory. A visual inspection of

the entire Greater Yellowstone Area DEM revealed

entire quadrangles with much higher elevation values

than surrounding quadrangles. The elevation values,

of the grids with larger values, were found to be in

feet instead of meters. The individual quadrangle

grids were multiplied by 0.3048 to convert the values

to meters. The converted grids were then merged into

the main Greater Yellowstone Area DEM.

Filling in missing values: About 0.05 percent of the

cells in the Greater Yellowstone Area were found to

have missing values. These missing values were along

quadrangle boundaries as narrow strips of missing

values in a large percentage of cases. They were

estimated using the Grid focalmean function on a 5

by 5-cell floating window.

</procdesc>

<procdate>1998</procdate>

</procstep>

<procstep>

<procdesc>

A DEM of the grizzly bear study area was made by

using the ESRI Arc/Info software latticeclip

command to create the DEM for the study area from

the Greater Yellowstone Area DEM. The Arc/Info

Grid module aspect function was then used to

calculate an aspect value for each cell in the

study area DEM. The aspect values are expressed

in positive degrees 0 - 360 measured clockwise

from north. P. A. Burrough published an algorithm

which did the following: A polynomial surface was

fitted to each cell in the DEM using the 3 x 3-cell

window surrounding the cell. The aspect was

determined by the ratio of the partial derivatives

of the surface in the x and y directions.

Aspect = arc tangent(((z/(y)/((z/(x))

where the angle a which was calculated was defined

as follows in radians:

-( < a < (
The angle was then put into a coordinate system in

which angle a pointed in the proper downslope

direction. If all the cells in the 3 x 3 window had

the same elevation, the aspect was defined with a

value of -1. Any cells within the 3 x 3 window that

had missing values, were temporarily assigned the

value of the center cell, then the aspect was

calculated.

</procdesc>

<srcused>Aspect Algorithm</srcused>

<procdate>Unknown</procdate>

</procstep>

</lineage>

</dataqual>

<spdoinfo>

<direct>Raster</direct>

<rastinfo>

<rasttype>Grid Cell</rasttype>

<rowcount>7594</rowcount>

<colcount>7403</colcount>

</rastinfo>

</spdoinfo>

<spref>

<horizsys>

<planar>

<gridsys>

<gridsysn>Universal Transverse Mercator</gridsysn>

<utm>

<utmzone>12</utmzone>

<transmer>

<longcm>-111</longcm>

<latprjo>0</latprjo>

<feast>500000</feast>

<fnorth>0</fnorth>

<sfctrmer>.9996</sfctrmer>

</transmer>

</utm>

</gridsys>

<planci>

<plance>coordinate pair</plance>

<coordrep>

<absres>30</absres>

<ordres>30</ordres>

</coordrep>

<plandu>meters</plandu>

</planci>

</planar>

<geodetic>

<horizdn>North American Datum of 1927</horizdn>

<ellips>Clarke 1866</ellips>

<semiaxis>6378206.4</semiaxis>

<denflat>294.98</denflat>

</geodetic>

</horizsys>

<vertdef>

<altsys>

<altdatum>National Geodedic Vertical Datum of 1929</altdatum>

<altres>1</altres>

<altunits>meters</altunits>

<altenc>Explicit elevation coordinate included with horizontal coordinates</altenc>

</altsys>

</vertdef>

</spref>

<eainfo>

<detailed>

<enttyp>

<enttypl>Aspect</enttypl>

<enttypd>

Aspect is expressed as the direction of the

maximum downslope gradient through a cell. The

direction is measured as degrees clockwise from

north. For each cell, a polynomial surface was

fitted using the values in the 3 x 3 window around

the cell. The partial derivatives of the surface

in the x and y directions were calculated. The

partial derivative in the y direction was divided

by the partial derivative in the x direction.  The

arc tangent of the quotient was taken where the

resulting angle a was defined as follows in

radians:

-( < a < (
The angle was then put into a coordinate system in

which the angle pointed in the proper downslope

direction. If all the cells in the 3 x 3 window,

had the same elevation, the aspect was defined

with a value of -1. Any cells within the 3 x 3

window that had missing values, were assigned the

value of the center cell, then the aspect was

calculated.

</enttypd>

<enttypds>

"Principals of Geographical Information Systems

for Land Resources Assessment" P.A. Burrough.

1986, Clarendon Press, Oxford. Also the ESRI Grid

aspect function description in the Help menu.

</enttypds>

</enttyp>

</detailed>

</eainfo>

<distinfo>

<distrib>

<cntinfo>

<cntperp>

<cntper>Doug Ouren</cntper>

<cntorg>

Northern Rocky Mountain Science Center Biological

Resources Division

</cntorg>

</cntperp>

<cntaddr>

<addrtype>mailing address</addrtype>

<address>1648 South 7th Ave.</address>

<address>Forestry Sciences Laboratory</address>

<address>Montana State University</address>

<city>Bozeman</city>

<state>Montana</state>

<postal>59717</postal>

</cntaddr>

<cntvoice>(406) 994-4760</cntvoice>

</cntinfo>

</distrib>

<distliab>

Although these data have been processed

successfully on a computer system at the U.S.

Geological Survey, no warranty expressed or

implied is made regarding the accuracy or utility

of the data on any other system or for general or

scientific purposes, nor shall the act of

distribution constitute any such warranty. This

disclaimer applies both to individual use of the

data and aggregate use with other data.  It is

strongly recommended that these data are directly

acquired from a U.S. Geological Survey server, and

not indirectly through other sources which may

have changed the data in some way.  It is also

strongly recommended that careful attention be

paid to the contents of the metadata file

associated with these data.  The U.S. Geological

Survey shall not be held liable for improper or

incorrect use of the data described and/or

contained herein.

</distliab>

</distinfo>

<metainfo>

<metd>20000411</metd>

<metc>

<cntinfo>

<cntperp>

<cntper>Bob Snyder</cntper>

<cntorg>The Geographic Information and Analysis Center</cntorg>

</cntperp>

<cntaddr>

<addrtype>mailing address</addrtype>

<address>The Geographic Information and Analysis Center</address>

<address>AJM Johnson Hall</address>

<address>Montana State University</address>

<city>Bozeman</city>

<state>Montana</state>

<postal>59717</postal>

</cntaddr>

<cntvoice>(406) 994-2913</cntvoice>

<cntemail>bob@papaya.giac.montana.edu</cntemail>

</cntinfo>

</metc>

<metstdn>

NBII Content Standard for National Biological

Information Infrastructure Metadata

</metstdn>

<metstdv>December 1995</metstdv>

</metainfo>

</metadata>

