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Digital Elevation Model (DEM) Support Document

INTRODUCTION
The Alberta Digital Elevation (DEM) data contains three dimensional spatial ground elevation values representing grid points, break lines, and spot heights that have been compiled using 1:60 000 aerial photography.  These coordinate files can be manipulated and imported into external software for the generation of 3D renderings that will represent a portion of the Earth's terrain or relief.

This document contains information about the history, content and specification of the Alberta DEM that is available in ASCII, SHP, GRID, and DMDF (100m) formats.  
Prior to October 2007, AltaLIS had been marketing DEM (DMDF) and what we called ‘Raw’ DEM (ASCII, SHP, and GRID) as two separate products.  For simplicity, it is all now just DEM, available in 4 different formats.  

Please contact AltaLIS at 403-716-3490 or info@altalis.com if you have any concerns, questions or comments about this document.
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HISTORY

The 1:20 000 provincial digital base mapping program was started in 1980 by the Government of Alberta with the implementation of a 1:60 000 aerial photography program (completed in 1984). The NTS blocks 84G, 84H, 84J, 84K, 84M, 84N and 84O were re-flown in 1994 to 1995 at a scale of 1:60 000 in partnership with Daishowa-Marubeni International.

At about the same time, Geodetic Survey of Canada established survey control markers throughout the province at a spacing of 20 X 10 km using inertial survey systems. These markers were subsequently targeted by the Government of Alberta and flown individually at a scale of 1:20 000.  The targets were then transferred to the 1:60 000 aerial photography utilizing a Wild Pug 4 point transfer device and were used as ground control points.
The 1:60 000 aerial photography was triangulated utilizing a Wild BC1 analytical stereoplotter and adjusted using SPACE-M which was an independent model adjustment program (Blais 1979). The 1994 to 1995 photography was similarly triangulated and adjusted replacing the old 1:60 000 photography.

AltaLIS DEM (ASCII, SHP, and GRID) and DEM (DMDF) products are created from the same points and share the same history but are not the same product.  DEM (DMDF) data has been re-sampled into a regular 100m grid. DEM (ASCII, SHP, and GRID) contains the original observation points, and has been cleaned and updated in certain areas.  It is distributed in a simple ASCII format, as well as the ESRI SHP & GRID file formats.  

The national parks including Banff, Jasper and Wood Buffalo, and National Topographic System (NTS) blocks 74L and 74M were populated with DEMs derived from the Federal National Topographic Data Base (NTDB) data

DEM - ASCII FORMAT
This DEM dataset contains three types of files:
· gnp files - masspoints

· ghl files - hard breaklines

· gsl files - soft breaklines  
Masspoints include all spot elevation points that are not part of a breakline, hard breaklines include cliffs and bodies of standing water and soft breaklines include all other hydrography features.  
ASCII SPECIFICATION
masspoint file: 

Point id, X coordinate (UTM decimal meters), Y coordinate (UTM decimal meters), Z elevation value (decimal meters).  

Hard/soft breakline file: 

Line id

start point X coordinate  Y coordinate and Z elevation
end point X coordinate Y coordinate and Z elevation
END

NOTE:  A -9999 value indicates that there is no elevation data for the location.

ASCII FORMAT SAMPLE 

POINT FILE (GNP):

412,417338.59614,5900797.10471,1360

439,416996.93548,5900788,1440

452,417229.22581,5900781.70968,1400

457,417331.73333,5900779,1360

458,417695.77419,5900778.45161,1320

482,417900.85246,5900769.67213,1280

483,417327.3,5900769.5,1360

HARD LINE FILE (GHL):

            70724

427613          5894574      -9999

427635          5894558      1278.46338

END

            312751

427635          5894558      1278.46338

427660          5894498      1278.46338

END

            70723

427552          5894524      1278.46338

427613          5894574      -9999

END

            312753

427660          5894498      1278.46338

427664          5894454      1278.46338

END

SOFT LINE FILE (GSL):

            72501

418605.32803          5900775.9117      1240

418617          5900666      1240

END

            312996

419969.84018          5900752.81827      1333.02319

419952          5900726      1329.49927

END

            37459

418649          5900751      1240

418646.31          5900775.21193      1240

END

            69820

418655          5900726      1240

418649          5900751      1240

END

DEM - SHP FORMAT
The ASCII DEM has been converted to Environmental Systems Research Institute (ESRI) SHP format with high fidelity. Where possible, the files preserve the original values as contained in the DEM ASCII files. All processing was performed using ESRI ArcGIS 9.1 software to guarantee the output file formats are the correct specification.
ESRI shapefile is a vector format that supports points, lines, and areas. Also supports 3D shapes, meaning the geometry is stored as a triplet of x,y,z vector coordinate values where the elevation is part of the geometry itself.

An ArcObjects Visual Basic for Applications (VBA) script was used to read the ASCII files and output a shapefile of the corresponding geometry type and coordinate system of the input file.

SHAPEFILE DETAILS
	
	Mass Points
	Breaklines

	Input ASCII file type
	gnp
	ghl or gsl

	Geometry type
	3D points
	3D lines

	Coordinate system
	NAD_1983_UTM_Zone_11N

Spatial Reference ID = 26911 or NAD_1983_UTM_Zone_12N

Spatial Reference ID = 26912
	NAD_1983_UTM_Zone_11N

Spatial Reference ID = 26911 or NAD_1983_UTM_Zone_12N

Spatial Reference ID = 26912

	Attribute column
	Id (long integer data type)
	Id (long integer data type)


NOTE: All DEM features (points and lines) are represented as 3D Geometry.  There is no attribute which contains the Z value.  Because each vertex of a breakline may contain a different Z value, no single height attribute can be assigned to the entire feature.  For consistency, all of the shape files (including mass points) use 3D geometry (with no height attribute).
The shapefile specification is available at the URL:
http://support.esri.com/index.cfm?fa=knowledgebase.whitepapers.viewPaper&PID=25&MetaID=398
Each shapefile is composed of four files. Shapefile names are created from the NTS mapsheet designation of the file and the DEM file type. Example: NTS mapsheet 83M2SW ground elevation points you will have:

 

83m02sw_gnp.dbf   
- the dBASE file that stores the attribute information of features
83m02sw_gnp.prj   
- the file that stores the coordinate system information.
83m02sw_gnp.shp 
- the file that stores the feature geometry.
83m02sw_gnp.shx    
- the file that stores the index of the feature geometry.
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SHAPEFILE NAMING CONVENTION
DEM - GRID FORMAT

The ASCII DEM can be converted to Environmental Systems Research Institute (ESRI) GRID format with high fidelity. Where possible, the files preserve the original values as contained in the DEM ASCII files. All processing was performed using ESRI ArcGIS 9.1 software to guarantee the output file formats are the correct specification.

Alberta coverage consists of 3033 – 1:20000 NTS mapsheets mosaicked into a single provincial GRID. After mosaicking, the provincial GRID occasionally contained minor artifacts of one pixel width holes (slivers), where mapsheets meet. The GRID cuts do not allow for ‘slivers’.

The holes were patched with the following procedure:

1. Compute the neighborhood mean of the mosaic using a 3x3 square neighborhood.

2. Patch the original mosaic with the neighborhood mean using the Raster Calculator with conditional evaluation where the holes are null.
GRID FORMAT DETAILS
The DEM GRID is a raster format that records spatial information in a regular grid or matrix organized as a set of rows and columns. Each cell within this grid contains a number representing elevation.   The GRID format supports 32-bit integer and 32-bit floating point raster grids.
TINs were used to derive the GRIDs, taking advantage of breakline data. The alternative of interpolating a GRID directly from shapefiles was avoided because detailed information about drainages, ridges and peaks in the terrain would be lost, and resulted in a smoother surface. 

A Python script was written to interpolate GRIDs from TINs using the ArcToolbox ‘TIN to Raster Tool’ with the NATURAL NEIGHBORS method. The CELLSIZE was set to 10 meters to preserve rapid changes in slope. 
OTHER GRID FORMAT DETAILS:
	Projection
	10TM Coordinates

	Cellsize (X,Y)
	10meter, 10meter

	NoDataValue
	(Varies by mapsheet)

	Pixel Type
	Floating point

	Pixel Depth
	32bit

	Spatial_Reference
	NAD_1983_Tranverse_Mercator

	Linear_Unit
	Meter

	False_Easting
	500000

	False_Northing
	0

	Central_Merdian
	-115

	Scale_Factor
	0.9992

	Latitude_Of_Origin
	0

	Datum
	North American 1983


DEM - DMDF (100m)
Alberta coverage consists of 2684 – 1:20000 NTS mapsheets and excludes National Parks.

The Digital Map Data Format (DMDF) segregates map features into four basic types: points, curves, line strings or annotation.  Associated with every map feature is an alpha‑numeric feature code, derived from the CCSM National Standards for the Exchange of Digital Topographic Data and information concerning location, rotation angles, text sizes, and scale factors.  It is a fixed ASCII text file.

Please Note: 10TM DEM is single-space delimited and does not follow byte position as per this specification.)

DMDF RECORD FORMAT

Feature Type (byte positions: 1‑2) Valid feature types and descriptions:

00 ‑ CONTINUATION

Used with feature types 02, 03, and 06. For feature type 02 (line string), the continuation record is used when more than 2 points define one continuous feature.  EXAMPLE:

02 
EA159000000 
   1390821289 5578397316 
0 1300833078 5578397006        0

00 
1390853079 5578396460
0 1398073283 5578396103
0

00 
1390893473 5578395355
0 1390913279 5678394817
0

For feature type 03 (curves), there will always be at least one continuation record, since a curve is defined by a minimum of 3 points.  EXAMPLE:
03 GA03800000


1392547975 5578426643
0 1392566939 5578424566
0

00

1392585698 5578422300
0

03 GA03800000
1392623842 5578418726
0 1392643807 5578417201
0

00

1392663924 5578414492
0 1392684427 5578411572
0

00

1392705367 5578448501
0 1392729961 55784SS832
0

For feature type 04 (annotation), the continuation record must be used, since it contains the annotation characters. Only one continuation record may be used per 06-feature type.  EXAMPLE:

06 ZZ00100100 
419651663 6095276868
0 358.975219
40000

00

55 00 00

The feature code field is not used for continuation records.  Except for 06 (annotation) records, the only information contained in the continuation record will be one or two X, Y, and Z triplets.

01 ‑ POINT

Used for map features which are located by a single coordinate (symbols), such as regular or spot elevation DEM points.  Points must contain the following information in the record:

· Feature type ‑ 01

· Feature code

· One, X, Y, Z triplet (origin)

· Symbol rotation

· Horizontal scale factor

· Vertical scale factor  

The X, Y, Z triplet defines the origin of the symbol.  EXAMPLE:
01 
CG11850000 1375019247 5564622181 0 359.180194 1.000 1.00

02 ‑ LINE STRING

Used for map features that have straight-line segments such as break lines, drain lines or ridgelines.  Line strings must contain the following information in the first record of each feature:

· Feature type ‑ 02

· Feature code

· At least 2, X, Y, Z triplets

Continuation records are used when more than two X, Y, and Z triplets define a continuous feature.  EXAMPLE:

02 DA24550110

 
1359696047 5548812293
0 1359603744 5545806349
0

02 DA24800000
1357980773 5546021802
0 1357984066 5546036684
0

00

1358010373 5546041343
0 1358044853 5546040123
0

00
 


1368080847 5546050552
0 1358120591 5546072242
0

03 - CURVE (Not used in DMDF Files)

04 – ANNOTATION (Not used in DMDF Files)

07 ‑ MAP HEADER

Used to identify and begin the data for a single Provincial digital base mapsheet or to identify and begin survey control or photogrammetric control point data for a 1:250 000 block or quadrant. The map header must contain the following information in the record:

· Feature type ‑ 07

· Map name in byte positions 15‑21

The Provincial digital base map name format will be 1:250 000 sheet -1:50000 sheet ‑1:50 000 directional quadrant.  EXAMPLE:
83KO7NW
No blanks, dashes, or other characters are permitted in the name.  For survey control and photogrammetric control point data, the following naming convention is used.  EXAMPLE:


  
07
83KMN 
Monument data for 1:250 000 block


07
83KSEMN 
Monument data for 1:250 000 quadrant


07
83KPP 

Photogrammetric data for 1:250 000 block


07
83KSEPP 
Photogrammetric data for 1:250 000 quadrant

99 ‑ TOTAL RECORD COUNT

This is the total of all data records on the tape, (to the first EOF mark) excluding itself.  The total record count must contain the following information in the record:

· Feature type ‑ 99

· Total data record count in byte positions 4‑13

3 maps on one tape EXAMPLE:
Map 1 = 16,200 records







Map 2 = 7,800 records







Map 3 = 10,220 records 








Total record Count = 34,220

The numbers are right justified in the field and comas or blanks are not permitted.  EXAMPLE:

99 34220

99 
1876

Feature Code (byte positions: 4-13)

Map Feature is included in the record when a feature type 01, 02, 03, or 06 is used.  Records with feature types 00, 07 and 99 do not have feature codes in the record.  Feature codes are input with no spaces or punctuation between characters.  EXAMPLE:


Feature code in Map Features ‑ EA 30550 000


Feature code in DMDF record ‑ EA30550000

Location X, Y, Z Triplets

First X coordinate 
byte positions 15‑24 

First Y coordinate 

 


byte positions 26‑35

First Z coordinate 

byte positions 37‑44

Second X coordinate 



byte positions 46‑55

Second Y coordinate 


byte positions 57‑66

Second Z coordinate 


byte positions 68‑75

Location coordinates are always given in 6 degree UTM projection (easting and northings) in millimetres (ground measure).  A decimal is not included in the field, and is implied to be between the 4th to last and 3rd to last numbers in each coordinate.  Coordinates are right justified in their respective fields.   EXAMPLE:

 

DMDF record ‑ 393383258 5583462426


Implied coordinate value - 393383.258 metres, 5583462.426 metres


Actual coordinate value - 393383258 millimeters, 5563462426 millimeters

Northing (Y) coordinates are measured relative to the equator (0 metres) and easting (X) coordinates are measured relative to the central meridian of the 6-degree UTM zone.  The central meridian (117 degrees) of zone 11 (114- 120 degrees) has an easting value of 500 000 000 millimetres and for the purposes of this product, the central meridian (111 degrees) of zone 12 (108 ‑ 114 degrees) has an easting value of 1 500 000 000 millimetres. One billion millimetres is added to the easting (X) coordinate values in zone 12 to eliminate overwriting of both zones in graphics files.  EXAMPLE:


Coordinate value 
zone 11 468293.123 metres, 5639829.401 metres


DMDF record 

zone 11 468293123 5639829401 
0


Coordinate value 

zone 12 468293.123 metres, 5639829.401 metres

DMDF record 

zone 12 1468293123 5639829401 
0

For DEM and topographic map features, the Z coordinate field must contain the elevation value for that X, Y position, and measured relative to mean sea level (0 metres). The decimal is implied for Z values, the same as X and Y values.  For all other map features, an elevation value is not required, and a 0 is input to byte position 44 and 75 (if the second X, Y, Z triplet is used).

When the last coordinate value of an 02 or 03 feature type is written to the first X, Y, Z triplet of a continuation record, the second X, Y, Z triplet is left blank, and not zero filled.  EXAMPLE:


03 GB14800140 
1358305549 5555225154
01358307599 
5555204956
 0


00

1358306195 5555184745 
0
Rotation Angle (byte positions 46 – 55)
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The rotation angle is used for feature types 01 (point) and 06 (annotation).  Most point map features are shown at the mapsheet angle.  Rotation angles are measured counterclockwise from a west to east UTM grid line, which has a rotation angle of 0 degrees (horizontal). The mapsheet angle is the angle formed if a straight line were drawn from the southwest corner of the mapsheet to the southeast corner of the mapsheet, and measured relative to 0 degrees (west to east UTM grid line).  Points and annotation, which are to be input "horizontal" to the mapsheet, are input (and extracted) at the mapsheet angle.  EXAMPLE:

If mapsheet angle = 2.037 degrees, then points or text input "horizontal" to the mapsheet will have a rotation angle of 2.037 degrees.

The rotation angle will always have a decimal included, and the value is right justified in the field.  The angle must be between 0 and 360 degrees.  No negative values will be accepted.  EXAMPLE:


22.876


5.01


0.0

Decimal values will be rounded up for 5 and higher.  EXAMPLE:


83.197682154 = 83.1976822

Text Size (byte positions 57-67)
The text size is used with feature type 06 (annotation) only, and is applied to the text character's height and width equally.  The size is in millimetres (ground) and a decimal point is not included in the field.  The decimal is implied to be between the 4th to last and 3rd to last numbers in each value.  The values are right justified in the field.  EXAMPLE:


30000 = 30 000 millimetres = 30.000 metres


100000 = 100 000 millimetres = 100.000 metres

Horizontal Scale Factor (byte positions 68-72)
The horizontal scale factor is a multiplier of a symbol's X‑axis default size and is applied to a symbol prior to any rotation.  Symbols input at their default size (no scaling) will be given a scale factor of 1.0 in the record.  The horizontal scale factors will always have a decimal included, and the value is right justified in the field.  EXAMPLE:


Default symbol size (X‑axis) = 60 M



Symbol input at 90 M



Therefore, horizontal scale factor = 1.5
Decimal values will be rounded up for 5 and higher.  EXAMPLE:

1.365523 = 1.366

Vertical Scale Factor (byte positions 74-78)
The vertical scale factor is a multiplier of a symbol's Y‑axis default size and is applied to a symbol prior to any rotation.  Symbols input at their default size (no scaling) will be given scale factor of 1.0 in the record.  The vertical scale factor will always have a decimal included, and the value is right justified in the field.  EXAMPLE:


Default symbol size (Y‑axis) = 30 M



Symbol input at 50 M



Therefore, vertical scale factor = 1.667
Decimal values will be rounded up for 5 or higher.  EXAMPLE:
1.967582 = 1.968

Annotation Characters (byte positions 15-80)
The annotation characters (text) are included in a 00 (continuation) record following a 06 (annotation) feature type record.  The annotation characters in this field are for a single line of text.  Multiple lines of text will have separate record for each line.

Offsets 

The offsets are applied for all of the base maps prior to distribution to user.  The only UTM coordinate transformation that may be necessary is on the Easting in Zone 12 (-1,000,000m)

Samples:

The following two pages are examples of how the ASCII data can be imported into excel, and describe the record format.
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Sample Excel file inferpreting the DMDF format

ap Name:
83POENW

X Coordinate

X Coordinate

X Coordinate

X Coordinate

X Coordinate

X Coordinate

Y Coordinare 7 Coordinate
1345885825 6138781157
1347036978 6188785679

1348588947 | 6138707688
1352835854 Glagsaiziz

i ¥ Coordinate | 7 Coordinate

1349928753 | 6133600000
¥ Coordinate | Z Coordinata
1380001769 | 6138672396

" Record Count |

2658

¥ Coordimare "7 Coordinate
1380083148 | 6133600000
Y Coordinate "7 Coordinate
1380040668 | 6138623761

¥ Coordimare "7 Coordinate
1382600000 | 6133900000
1382700000 | 6133900000
1386600000 | 6153100000
1386700000 | 6153700000
1386800000 | 6153100000
1386500000 | 6153700000
1387000000 | 6153100000
1387100000 | 6153700000
1387200000 | 6153100000
1387300000 | 6153700000
1387400000 | 6153100000
1387500000 | 6153700000
1387600000 | 6153100000
1387700000 | 6153700000
1387800000 | 6153100000
1387500000 | 6153700000

ignore
1

667300
£58800
653100
662301

630674

830789

620464

629892

662276
662286
867309
671818
865149
867290
668485
668829
664187
861922
661884
661855
862119
661389
661862
861359

ignore

cooo

ignore

cooo

ignore
1010
10710
1010
1010

X Coordinate | Y Coordinate 7 Coordinate

1380086176 6188620199 630429

X Coordinate | ¥ Coordinate | Z Coordinate
1349936641 6138639920, 628635
X Coordinate Y Coordinate | Z Coordinate
1380014507 6138678379, 629173

ignore

cooooo0000000000)

ignore

coo00000006000000!

ignore
1010
1010
10710
1010
10710
1010
10710
1010
10710
1010
10710
1010
10710
1010
10710
1010

Random Spot Heights

Linear Features
e Break nes

Regular Grid Points.
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DEM METADATA

Ellipsoid - Datum: NAD83

Vertical Datum:  CGVD28
Transverse Mercator:  
UTM (Zone 11, 12 – reference meridians of 117 and 111 west)




 
10TM (reference meridian 115, 500000 Easting)
Vertical Accuracy:

Provincial lands – 90% of points are within 5 metres.  Not including areas 74L and 74M east of the Wood Buffalo National Park, as this area was completed with federal NTDB.

Federal lands – Jasper and Banff National Parks: 90% of points are within 20 metres.

Federal lands – Wood Buffalo National Park: 90% of points are within 25 metres.

Methods of capture:

Provincial lands – Photogrammetry (DEM was obtained from 1:60 000 aerial photography using photogrammetric methods.)

Federal lands – Cartography (from digital contours & hydrography from  NTDB.)

Image Date:

The original image capture took place over variable dates from 1980 to 1995.

Image Scale:

Provincial lands – 1:60 000 (Federal lands – unknown)

Compilation Date:

The original data compilation took place over variable dates from 1984 to 1995.

Generation Date:

The first distributed DEM dataset was generated (using Stuttgart Contour Process – SCOP) over variable dates from 1996 to 2002.

UPDATES AND QA 

Various quality control, photogrammetric QA and updates have been processed in the DEM product (these updates are not contained in the existing DMDF DEM format).  Here follows a list of the larger projects:

Major update projects include:

· All lakes flattened.

· Peaks and valleys outside of tolerance range were corrected

· All points outside of a second tolerance range were manually checked (and corrected if required).  This project was not completed for the entire province.

Major correction projects include:

· DEM files with incomplete overedge (generated during SCOP process) were corrected.

· Polygon areas with accuracy inconsistencies were investigated and corrected.

· Different values in elevation between the one measured and the one submitted by contractor were identified or corrected

· Tolerance checks for spot heights and breaklines

· Independent tolerance checks on points and interpolated data

· Different values in elevation between triangulation points and points that were interpolated from the original DEM were identified or corrected.

· Different values in elevation between DEM and photo control points were identified or corrected.

COPYRIGHT

The license of this digital data file is provided to the Licensee by Spatial Data Warehouse Ltd. as a licensed distributor of the digital data.

This digital data is protected under copyright to the Government of Alberta with all rights reserved.  Any reproduction, redistribution or transmission of this digital data in any form or any means in whole or in part, in its original or any value-added form, is expressly prohibited without the prior written agreement of Spatial Data Warehouse Ltd.  The Licensee is granted a non-exclusive and non-transferable license to use this digital data for internal purposes.
Hard copy and digital data produced for the Government of Alberta are under Crown copyright.  Under certain circumstances, copyright release may be granted.  When ordering digital data, a sales agreement must be completed by the purchaser.  

DISCLAIMER

This digital data file may contain errors.  AltaLIS Ltd., Spatial Data Warehouse Ltd. and the Government of Alberta disclaim all warranties and conditions with respect to this digital data, including implied warranties or conditions of merchantability and fitness for a particular purpose.  The Licensee acknowledges and agrees that AltaLIS Ltd., Spatial Data Warehouse Ltd. nor the Government of Alberta is liable for any damages or loss, including indirect, incidental or consequential damages or loss, which the Licensee may suffer or incur by using this digital data.
Please contact AltaLIS at 403-716-3490 or info@altalis.com if you have any concerns, questions or comments about this document.
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Sample Excel file inferpreting the DMDF format

ap Name:
83POENW

X Coordinate

X Coordinate

X Coordinate

X Coordinate

X Coordinate

X Coordinate

Y Coordinare 7 Coordinate
1345885825 6138781157
1347036978 6188785679

1348588947 | 6138707688
1352835854 Glagsaiziz

i ¥ Coordinate | 7 Coordinate

1349928753 | 6133600000
¥ Coordinate | Z Coordinata
1380001769 | 6138672396

" Record Count |

2658

¥ Coordimare "7 Coordinate
1380083148 | 6133600000
Y Coordinate "7 Coordinate
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