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1 Introduction

This document describes how the 5m digital terrain model (DTM) for
Ryggfonn has been made and how the data 1s formatted.

2 Construction of the DTM

The DTM has been generated from two data sources. The main part of the
DTM 1s based on a high-resolution LiIDAR scan while the edges of the DTM
are based on a DTM generated from contour lines.

2.1 The DTM generated from the LiDAR scan

The data for the high-resolution DTM was acquired by Blom Geomatics. On
2010-09-01 a LiDAR scan was carried out from a helicopter over the
Grasdalen valley from Ryggfonn in the southwest to Fonnbu in the northeast.
Flying elevation was 400 m above ground and average point density is > 38
points per m”. Blom delivered the raw LiDAR data, a generated DTM with 1 m
resolution and ortophotos with 0.05 m resolution and resampled to 0.2 m
resolution. From the raw data points we generated a triangulated irregular
network (TIN) and from this all grid DTMs were generated and cut to the area
of interest. A gridded DTM with 5 m resolution is the focus of this note.

The extent of the resulting 5m DTM can be seen in Figure 1, showing a
hillshade of the DTM. Note that the dam below the Ryggfonn avalanche path
(along the text “Ryggfonna”) is resolved in the LiDAR data and thus is seen in
the shading.
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Figure 1: Hillshade of the 5m DIM generated from the LiDAR data as
described in the text. Pink areas indicate NoData. The area of interest is

indicated by a red dash-dotted line.

2.2 The DTM generated from contour lines

A DTM generated from 20 m contour lines from all of Norway. Elevation
points and rivers were not included. The resolution of the grid covering the
country was 15 m. A part of the DTM around Ryggfonn was clipped for further
analyses.

Since this DTM was made in a different projection (WGS84, 33N) than the
DTM generated from LiDAR data (WGS84, 32N), the clipped 15 m DTM was
transformed to WGS84, 32N using bilinear sampling.

The clipped, transformed 15 m DTM was then resampled to 5 m grid cells
using bilinear interpolation. The grid centers were adjusted to match the 5 m
DTM generated from the LiDAR data.

In Figure 2 the hillshade of the DTM is shown. Note that the dam below the
Ryggfonn avalanche path is not seen because it is not resolved by the 20 m
contour lines.
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Figure 2: Hillshade of the 5 m DIM generated from the contour data as
described in the text. Area of interest is indicated by a red dotted line.

2.3 Combining the DTMs

Visual comparison of the hillshades shown in Figure 1 and in Figure 2 clearly
shows that the DTM generated from LiDAR data resolves more small-scale
terrain features than the DTM generated from the contour lines, as expected.
The absolute difference between the two DTMs is shown in Figure 3. While
elevation differences of more than 50 m are present, differences are generally
less than 5 m in the Ryggfonn avalanche path. Note that the dam below the
Ryggfonn avalanche path shows up as a large positive elevation difference.
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Figure 3: Difference in elevations between the DTM genemred Sfrom L:DAR
data and the DTM generated from contour data.

To generate a DTM that covers the full area of interest, the two DTMs
described above were joined. In grid cells where the DTM generated from
LiDAR data was present, this elevation was used, while outside this area the
DTM generated from contours were used. A hillshade of the resulting DTM is
shown in Figure 4. The differences in elevation between the two used DTMs
along the edge of the DTM generated from LiDAR data (Figure 3) 1s clearly
visible in the figure.
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Figure 4: Hrﬂsh Jull DTM for the Ryggfonn avalanche path.

There are different options for minimizing the abrupt change from one DTM to
the other at the outer boundary of the DTM generated from LiDAR data. But
since the area outside the LiDAR scanned area is not of interest for the
dynamics of avalanches in the Ryggfonn avalanche path, we have chosen the
simplest way of joining the two data sets.

3 Data format

The full DTM using the combined datasets as described above is exported to an
ASCII grid in the ESRI format. The file is called “rgf 5m dtm 20100901.asc”
where 20100901 indicates the date of the LiDAR scan. The DTM covers the
area of interest and includes a buffer zone as shown in Figure 4 above. Values
are floating point with “.” as the comma separator, and “NoData” values are
-9999. The first lines consist of a header describing the data. The following
lines describe the elevation at each grid cell. Elevations are given in meters
above sea level. The coordinates are in WGS 84 zone 32N. The file
“rgf Sm dtm 20100901 .p1j” describes the coordinate system.
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[bookmark: _Toc291670357]Introduction

This document describes how the 5m digital terrain model (DTM) for Ryggfonn has been made and how the data is formatted. 





[bookmark: _Toc291584955][bookmark: _Toc291670358]Construction of the DTM

The DTM has been generated from two data sources. The main part of the DTM is based on a high-resolution LiDAR scan while the edges of the DTM are based on a DTM generated from contour lines. 



[bookmark: _Toc291584956][bookmark: _Toc291670359]The DTM generated from the LiDAR scan

The data for the high-resolution DTM was acquired by Blom Geomatics. On 2010-09-01 a LiDAR scan was carried out from a helicopter over the Grasdalen valley from Ryggfonn in the southwest to Fonnbu in the northeast. Flying elevation was 400 m above ground and average point density is > 38 points per m2. Blom delivered the raw LiDAR data, a generated DTM with 1 m resolution and ortophotos with 0.05 m resolution and resampled to 0.2 m resolution. From the raw data points we generated a triangulated irregular network (TIN) and from this all grid DTMs were generated and cut to the area of interest. A gridded DTM with 5 m resolution is the focus of this note. 	Comment by pg: Thought resolution of the DTM is 0.5 m, or where does the DTM,0.5m grid(32N) come from	Comment by Kalle Kronholm: @PG: Blom delivered a DTM with 1m resolution. The 0.5 m resolution DTM was generated by NGI. 	Comment by Kjetil Sverdrup-Thygeson: Forenklet sett så lagde vi TIN. Et TIN datasett er statisk, og vil ikke endre seg dersom kildedataene endres.

Det som ble gjort var å generere et TerrainDataset med Lidarpunktene som basis. 
Et TerrainDataset er dynamisk, dvs at det blir mer detaljert når man zoomer seg innover. Dessuten er TerrainDataset direkte knyttet til features det er laget fra. På den måten kan man oppdatere deler av et Terrain uten at hele må genereres på nytt. 

Men det er kanskje ikke noe poeng å skrive dette – resultatet blir det samme.

Fra hjelpeteksten:
”A terrain dataset is a TIN-based dataset that uses geodatabase feature classes as data sources. A terrain dataset is a multiresolution TIN. It has a series of TINs, each of which is used within a specific map scale range.”	Comment by Kalle Kronholm: Skjønner Kjetil, men det er forskjel på et TIN i generell tale og ESRIs TIN. Tror ikke det er så viktig å ha med her, spesielt siden det er 5m DTM’en som er i fokus. 



The extent of the resulting 5 m DTM can be seen in Figure 1, showing a hillshade of the DTM. Note that the dam below the Ryggfonn avalanche path (along the text “Ryggfonna”) is resolved in the LiDAR data and thus is seen in the shading. 
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[bookmark: _Ref290382904]Figure 1: Hillshade of the 5m DTM generated from the LiDAR data as described in the text. Pink areas indicate NoData. The area of interest is indicated by a red dash-dotted line. 



[bookmark: _Toc291584957][bookmark: _Toc291670360]The DTM generated from contour lines

A DTM generated from 20 m contour lines from all of Norway. Elevation points and rivers were not included. The resolution of the grid covering the country was 15 m. A part of the DTM around Ryggfonn was clipped for further analyses. 



Since this DTM was made in a different projection (WGS84, 33N) than the DTM generated from LiDAR data (WGS84, 32N), the clipped 15 m DTM was transformed to WGS84, 32N using bilinear sampling. 



The clipped, transformed 15 m DTM was then resampled to 5 m grid cells using bilinear interpolation. The grid centers were adjusted to match the 5 m DTM generated from the LiDAR data. 



In Figure 2 the hillshade of the DTM is shown. Note that the dam below the Ryggfonn avalanche path is not seen because it is not resolved by the 20 m contour lines. 
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[bookmark: _Ref290382861]Figure 2: Hillshade of the 5 m DTM generated from the contour data as described in the text. Area of interest is indicated by a red dotted line. 
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Visual comparison of the hillshades shown in Figure 1 and in Figure 2 clearly shows that the DTM generated from LiDAR data resolves more small-scale terrain features than the DTM generated from the contour lines, as expected. The absolute difference between the two DTMs is shown in Figure 3. While elevation differences of more than 50 m are present, differences are generally less than 5 m in the Ryggfonn avalanche path. Note that the dam below the Ryggfonn avalanche path shows up as a large positive elevation difference. 
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[bookmark: _Ref290383823]Figure 3: Difference in elevations between the DTM generated from LiDAR data and the DTM generated from contour data.



To generate a DTM that covers the full area of interest, the two DTMs described above were joined. In grid cells where the DTM generated from LiDAR data was present, this elevation was used, while outside this area the DTM generated from contours were used. A hillshade of the resulting DTM is shown in Figure 4. The differences in elevation between the two used DTMs along the edge of the DTM generated from LiDAR data (Figure 3) is clearly visible in the figure. 
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[bookmark: _Ref291584234]Figure 4: Hillshade of the full DTM for the Ryggfonn avalanche path. 



There are different options for minimizing the abrupt change from one DTM to the other at the outer boundary of the DTM generated from LiDAR data. But since the area outside the LiDAR scanned area is not of interest for the dynamics of avalanches in the Ryggfonn avalanche path, we have chosen the simplest way of joining the two data sets. 
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The full DTM using the combined datasets as described above is exported to an ASCII grid in the ESRI format. The file is called “rgf_5m_dtm_20100901.asc” where 20100901 indicates the date of the LiDAR scan. The DTM covers the area of interest and includes a buffer zone as shown in Figure 4 above. Values are floating point with “.” as the comma separator, and “NoData” values are ‑9999. The first lines consist of a header describing the data. The following lines describe the elevation at each grid cell. Elevations are given in meters above sea level. The coordinates are in WGS 84 zone 32N. The file “rgf_5m_dtm_20100901.prj” describes the coordinate system.
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