
A digital elevation model (DEM) represents the Earth’s surface through regularly spaced

elevation values. DEMs use either Universal Transverse Mercator (UTM) projection, or

the geographic coordinate system (latitude/longitude) as a reference for the location of

the various elevation values. An algorithm uses these elevation values to compute the

slope values for the entire DEM. Slope is an important physical property due to its effect

on land usage and military operations. UTM grids use thirty-meter pixels, but these are

only valid within their respective six-degree UTM zone. Geographic pixels become

rectangles as they approach the poles, but UTM pixels remain squares. For example, in

Norway, a one arc second pixel is about 15 meters by 30 meters while closer to the

equator one arc second would be 30 meters by 30 meters. This makes converting

between coordinate system difficult especially since some GIS programs can only

compute slope for geographic coordinates DEMs by reprojecting into UTM coordinates.

Reprojecting the points creates new elevation values and changes the derived slopes.

The goal of this project is to analyze the relationship between slope and grid size at

various latitudes and the relationship between computed slope value and DEM resolution

in effort to find an algorithm that will make converting data between coordinate systems

more accurate.

Figure 1.Six test areas.

Part One: Slope and Grid Size in Guam
We created one DEM in the geographic coordinate system at one arc second spacing and

four DEMs using the UTM projection at 25 m, 30m, 30.4 m and 35 m resolution. The DEMs

were analyzed using slope and elevation statistics. Figure 2 shows that 1 arc second, 30.4

m and 30 m resolution all have similar relationships between slope and elevation. This

indicates that the UTM and geographic DEMs are very similar in Guam. It is also clear that

35 m resolution has lower slope averages at nearly all of the elevations and 25 m resolution

has higher slope averages at nearly every elevation. Figure 3 shows that the smallest grid

spacing, 25 m, has the fewest points with low slopes, and the most points with large slopes.

This relationship is verified in Figure 5 which graphs average slope versus DEM spacing. At

higher latitudes 1 arc second, and 30 m resolution produce different slopes due to the

larger differences between the dx and dy spacing. This relationship is shown in Figure 4.

For example in Norway (60N), the average dx and dy spacing for a 1x1 arc second pixel is

much lower than the nominal 30 meter value; however, in Guam (13N) the average dx and

dy spacing for a 1x1 arc second pixel is about 30 meters.

Figure 6 illustrates that the DEM created for Hawaii has the

highest difference between the average slope value

between the highest and lowest resolution map. This

relationship is shown visually in Figure 7 which have fewer

steep slopes plotted in the 3 arc second DEM than the 0.4

arc second DEM. Figure 6 also shows that the DEMs at 0.4

arc resolution for Canary Islands and Hawaii have similar

average slope values but then have very different average

slope values at 3 arc second resolution. This could be

caused by roughness in Hawaii causing generalization of

slope values as the distance between points increases. It

could also be caused by Hawaii’s significantly larger slope

standard deviation at 0.4 resolution (55.52) than at 3 arc

second resolution (19.73). A larger standard deviation value

means that there is more variation between the highest and

lowest slope value. A smaller slope standard deviation

would indicate smoothening. The slope standard deviation

for the Canary Islands at 3 arc second resolution is only 8

units lower than the 0.4 arc second resolution image. This

results in a smaller difference in average slopes at the two

resolutions shown in Figure 6. Figure 6 also shows that

while there is a clear linear relationship between average

slope and resolution, the role of latitude in the relationship

is not clear. However, Figure 5 supports the data in Figure 6

because it shows a clear relationship between average

slope and DEM spacing.

Figure 2. Elevation Versus Average Slope Figure 3. Slope Versus Concentration of Region Figure 4. UTM spacing at various latitudes Figure 5. Average Slope Steepness at Various DEM spacings

Figure 6. Average Slope Versus DEM Resolution

Part Two: Slope and 

Grid Size using tandem-

X DEMs
After analyzing the relationship between slope and

grid size, I decided to analyze the relationship

between slope and grid size at different latitudes. I

picked six locations to study with different landforms,

latitudes and levels of elevation. These locations

included areas in Hawaii, Utah, Virginia, Norway,

Canary Islands and Guam. I collected the DEMs from

tandem-X at 0.4, 1 and 3 arc second resolutions. The

DEMs were analyzed using slope maps, histograms

and moment reports. Histograms illustrated the data

pertaining to slope frequency and the relationship

between elevation versus slope between the three

resolutions at each of the locations. The moment

reports were used to collect average spacing values,

and average and maximum slope values.
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Figure 7. Slope Maps at 0.4 and 3 arc second resolution
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