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Abstract 

Viewshed analysis is commonly used to analyze the visibility or lack of visibility in 

terrain data. This study identifies how the resolution of bare-Earth DEMs (digital 

elevation model) effects the visibility and invisibility of varying terrains during a viewshed 

analysis by looking at changes in visible and invisible areas based on three DEM 

resolutions (1m, 10m, and 30m). Results are displayed using terrain mapping 

techniques and profiles to show how small changes in elevation can alter the visible 

area. 

This study uses a stratified sampling strategy, first classifying terrains across the 

conterminous United States into three categories: flat, hilly, and mountainous. Three 

sample sites were selected from different regions. Potential sites within each terrain 

type must contain good quality DEMs at all three resolutions and continually cover a 

minimal sample area measuring 30x30 km. This allows enough space for four evenly-

spaced observation points to have a viewshed radius of 5 km without any overlap. The 

observer points used in this study are not designed to be the ideal locations (best view), 

but are rather at random elevations, despite a regular horizontal spacing. 

Key findings in this study show the benefits of using multiple resolutions to check 

and confirm the accuracy of data. Across all nine sites, there was an 81.6% consistency 

between the 1m, 10m, and 30m DEMs (Figure 18). Also, no obvious landform type 

patterns were observed, however some patterns that influenced the observer’s sight 

were noted. The observer height varied across the DEM resolutions, and these changes 

to the observer or the nearby area in the line-of-sight greatly affected what was visible 

to the observer. It also found that effects around the observer or where the observer 



stands impact the line-of-sight profiles and the overall visibility of the observer. 

Choosing the placement of the observer point to be optimal at all resolutions could help 

improve the accuracy among various DEM resolutions.  
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Introduction 
Miller commented that, “Terrain visibility has had an enormous impact on military 

history and has determined the outcomes of battles….” In order to make the best-

informed battle decisions, being at the highest place on the battlefield offered troops the 

ability to gain an understanding of where their sight advantages were before computers 

existed and viewshed analysis was performed digitally. (Miller, 56, 2011). While 

knowing the landscape may alter the outcome of a battle, it is imperative that the 

analysis can accurately evaluate the landscape. 

The purpose of this paper was to study how a DEM’s resolution changed the 

amount of visibility across different landforms. When considering what resolution to use, 

this study sought to use line-of-sight analysis of DEMs across a spectrum of resolution 

using viewshed analysis. One might anticipate mountains to produce the greatest 

amount of change in visibility, but can a higher resolution reduce the amount of area 

visible, or what is invisible? If a 1m DEM shows a valley or little nooks that the 10m 

DEM does not detect, this may indicate it is the best imagery for viewsheds in 

mountainous areas. If there is not a large difference, however, then why invest in a 

higher resolution than is actually needed? 

First, a square representing the study area was created in ArcMap and projected 

into the area’s appropriate UTM zone. Then, a feature class containing four evenly-

spaced points was created for each study area. Once the DEMs were visually inspected 

for errors and preprocessed in ArcMap, the appropriate DEM was added and an 

automated viewshed tool used the line-of-sight analysis, creating individual viewsheds 

for each point on the grid.  



The visibility of each observer was captured in area of visibility. The study could 

then determine how many resolutions overlapped over the entire area. Also, line-of-

sight profiles were used for comparison, allowing the DEMs to be compared at 1m, 

10m, and 30m across various types of terrains in the continental United States (ex: 

mountains and plains).  

Using viewsheds to determine variations in visible area and the reasons for these 

changes, this study hoped to produce results to determine if DEM resolution changed 

the viewsheds across different landscapes and determine if the highest resolution DEM 

is always a consumer’s best choice for the most accurate results. An additional 

objective was to determine if certain land types would always require higher quality 

resolution than others and if some land types could be as accurate with lower quality 

DEMs. 

Literature Review 
One challenge for this study was to determine how many landforms would 

accurately reflect the contiguous United States. Too many landforms would greatly 

increase the scope of the study, while too few would leave gaps, lacking enough variety 

to capture the diverse landscapes. In addition to how the landforms appear on a map, 

differences of landforms in DEMs were also considered. 

One approach to determining important landforms is the use of physical regions. The 

U.S. Geographical Survey divided the United States into eight regions: the Laurentian 

Uplands, Atlantic Plains, Appalachian Highlands, Interior Plains, Interior Highlands, 

Rocky Mountain System, Intermontane Plateaus, and Pacific Mountain System (Thelin 

and Pike, 1991).  Combining the different regions would create five landform categories: 



highlands, mountains, the Intermontane Plateaus, plains, and uplands, and samples 

could be collected from the eight regions (Figure 1). 
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Figure 1: USGS, 1991. The USGS groups the United States into eight physical regions 

with subcategories. 

 Another approach is to consider what landform types are visible on a small-scale 

map and how they would be grouped. Edwin H. Hammond created a small-scale map of 

the United States that would more accurately reflect the variety of terrains, while also 

being easily read visually; this means that he did not include too many categories, which 



would be difficult to test, and that the groupings were more general than regional or 

local studies. The eight groupings he chose were: Nearly flat plains, rolling and irregular 

plains, plains with widely spaced hills or mountains, partially dissected tablelands, hills, 

low mountains, high mountains, and ice caps. These groupings can be reduced to: 

plains, mountains, hills, and tablelands; ice caps would be removed because Alaska is 

not included in the study. Definitions appear in Figure 2 and Figure 3 shows 

Hammond’s map of North America (Hammond, 1954). While this approach seems 

simpler because there are only four groups, other samples would have to be used to 

satisfy the seven subcategories.       

 

Figure 2: Hammond, 1954 also uses eight groupings, however he looks at breaking 

down the land more by elevation changes. 



 

 

Figure 3: Hammond, 1954 breaks mountains, plains, and hills into several groups. Ice 

caps exist outside of the region of this study. 



 Since Hammond’s work was published in 1954, another method has built off his 

approach. The Dikau method, as revised by MacMillian and Shary (2008), condensed 

Hammond’s eight landforms into five groups: plains, hills and mountains, plains with 

hills or mountains, open hills and mountains, and tableland and uses twenty-four 

subclasses (Figure 4 and Figure 5) (MacMillan and Shary, 2008). The subclasses, 

however, are too specific for this study. 

  

Figure 4: MacMillan and Shary, 2008. Dikau adds slope into Hammond’s method. 



 

Figure 5: MacMillan and Shary, 2008 Dikau attempts to simplify Hammond’s eight 

categories into five, however the subcategories now group a larger variety of 

landforms/elevation combinations. 

Especially because Hammond’s approach is dated, factors like technology 

advancements needed to be considered. So, to determine the better approach, the 

affects that landscape could have on DEMs was investigated. Ultimately, one of the 

biggest factors considered was that elevation fluctuations reduce the accuracy of a 

DEM (Miller, 2011), and for this reason Hammond’s approach will likely give a better 



reflection of DEM resolution differences across the contiguous United States for this 

project. 

Miller performed a study in Wytheville, Virginia to compare DEMs created through 

photogrammetric processes to DSMs resulting from LiDAR using a viewshed analysis 

algorithm. The DEMs (1m, 5m, 10m, 20m, 30m, and 40m) and DSMs (.5m, 1m, 2m, 5m, 

and 10m) were compared at several resolutions, as well, to determine if some 

resolutions were more suited to viewshed analysis than others. He used observer points 

and then a created a second set of points of what the observers would be attempting to 

view. The results from the viewshed were compared to field study results as a method 

to verify the results (Miller, 2011). 

The results, as shown in Figure 6 and Figure 7, reflect that as resolution decreases, 

so will a viewshed’s accuracy. Miller noted that .5m, 1m, and 2m DSMs showed very 

similar results (they varied two to three percent in all categories), while results for 5m 

and 10m varied more. He suggested that .5m, 1m, and 2m DSMs were very similar and 

that the differences could not be confirmed as significant because they were so close 

together. The DEMs results, overall, were lower than the LiDAR DSMs and tended to 

vary more, not creating any sort of pattern. DSMs were also more likely to mark areas 

that were visible as not visible (often because of vegetation), while DEMs over-reported 

visible areas that were not actually visible. In his study, Miller used various degrees of 

visibility, and concluded that DEMs will be most accurate if assuming any point being 

observed is visible (Miller, 2011). Because this study will not be field-checking elevation 

points, based on Miller’s results, the accuracy of the viewshed created cannot be 

verified. 



 

Figure 6: Miller, 2011. The results of the DSMs show fully visible as having the best 

percentage of correct results, however incorrectness did not vary between mostly and 

fully visible. Results generally improved as visibility improved (correctness increased, 

and incorrect mistakes decreased). 

Figure 7: Miller, 2011. The DEMs tested started off lower the DSMs and decreased as 

visibility increased. Correctness or incorrectness did not seem to be affected by 

resolution.  

Miller’s study shows the importance of accuracy in viewshed analysis, but factors 

impacting a DEMs accuracy might also affect the number of landforms that should be 

used in this study. Factors like height can reduce the accuracy of DEMs. It is expected 

that as the slope and elevation of a DEM increase, there will be more differences 

between resolutions than on flatter areas. Therefore, in more hilly or mountainous 



areas, one should expect some viewshed accuracy to be lost (Miller, 2011 and 

Thompson, Bell, and Butler, 2001). When considering LiDAR, one should also pay 

attention to the spacing of points; more closely spaced points will more accurately 

reflect the terrain (Miller, 24-26, 2011); this is also true for DEMs. The way elevation 

data was measured, how precisely the elevation was measured, and where the 

elevation data came from also plays an important role in its accuracy (Thompson, Bell, 

and Butler, 2001).  

The study done by Thompson selected a site in Dalton, Minnesota and collected 

10m and 30m USGS DEMs and created four of their own, so the 10m and 30m had 

vertical precision of .1 and 1.0. They confirmed findings of previous studies that 

horizontal resolution affects a DEM’s slope; they refer to this as smoothing. As the 

resolution decreases (from 10m to 30m) the size of every cell is increased and therefore 

small details disappear. This can make slopes flatter or steeper than they really are. 

The vertical precision created sharper changes in steepness when changed from .01 to 

1.0, though this changes in relation to horizontal resolution. Their study found the 

biggest variations were along dips in the landscape (ex: valleys and riverbanks) 

(Thompson, Bell, and Butler, 2001). 

This study extended on existing research by diving deeper into the differences 

between different DEM resolutions comparing the types of terrain selected for this 

study. Studies found for the literature review either tested one landform type or a mix of 

several as one sample. Resolutions compared two types of landforms or several close 

together but across many terrain features (Miller, 2011). This study broke apart the 

landforms and tested them separately against a broader range of DEM resolutions, and 



the findings offer recommendations based on the patterns across resolution quality and 

landforms. By grouping this way, this study gained insights into how DEM resolutions 

effect what is visible or not in a viewshed, as well as if landform types shaped these 

outcomes.   

Methods 
 To perform this study, only bare earth DEMs were used. This was intended to 

prevent noise caused by human-made obstructions and vegetation. 1 meter, 10 meter, 

and 30 meter data from USGS was used, and it was decided to limit study locations to 

only parts of the continental United States; islands, Hawaii, and Alaska were excluded. 

The five groups used in the modified Dikau method were further condensed into three 

groups in this study (flat, hilly, and mountainous), and three sites were collected for 

each type, resulting in nine study sites. The exact location for each site depended on 

the availability of 1m DEMs continuous over a 30 x 30 meter area from USGS and its 

landform type.  

The areas with 1m DEM availability were compared to an adapted map (Figure 

8) downloaded from USGS 

(https://water.usgs.gov/GIS/metadata/usgswrd/XML/na70_landfrm.xml, 1970). Using 

ArcMap, the subclasses had to be linked back to which of Dikau’s five classes they 

belonged to by adding another field and searching for all the subcategories that fit into 

the broader groupings.  

  

about:blank


 

Figure 8: The modified map of landform types across the United States and the 9 sites 

that were selected for this study. The landform subclass code, as shown in Figure 5, 

had to be manually grouped into their general landform type. The general landform 

types were also taken from Figure 5 and were created manually by adding a field and 

sorting them using Select By Attribute in ArcMap. (USGS, 1970). 

Using the map created in ArcMap, sites that fit the correct landform type and had 

1m DEM on the USGS National Viewer were investigated to select a site that was the 

appropriate size. Once all nine sites were selected and downloaded, then, the workflow 

for this project could be carried out (Figure 9). 1m DEM data had to be available for at 

least a 30km by 30km continuous area to be considered. 



 

Figure 9: The General Workflow.  

For higher resolution DEMs, especially 1m, several titles needed to be 

downloaded, visually checked for holes and errors in the data, and preprocessed before 

the viewshed could be run. A hillshade also provided some upfront information about 

the study area. Once the data was downloaded and unzipped, it needed to be 

converted from IMG to TIF in ArcMap. Next, the tiles could be mosaiced together and 

projected to the site’s correct UTM zone. Finally, each area was clipped to the 30km by 

30km study square. 

Once the data was collected and preprocessed, one more input was required for 

the viewshed analysis tool in ArcMap. The tool requires observer points to be input 

(Note: the observer height used was 1.71m). To determine where to place each point, 

the study used stratified sampling for the points, using the Create Fishnet tool. A fishnet 

with labeled points was created with two rows and two columns. The labeled points 



layer generated became the four observer points. The fishnet evenly-spaced the points 

so that a 5km circle could be buffered around each point without overlapping another 

buffer or going outside of the study box. The four observer points and each DEM for 

each study area was then run through the viewshed analysis tool (Figure 10).   

 

 Figure 10: The stratified sampling points used to generate the viewsheds with the 5km 

max-sight distance. 



Two additional processes were run on the created viewsheds. All analysis and 

numbers were generated from the viewsheds, a line-of-sight analysis, and/or a map of 

where DEMs were visible (plus how many). 

First, the visibility comparison maps were created (Figure 11). This was 

performed using the geoprocessing tool union. All three resolutions are unioned 

together and then a new field is added. A calculation is performed to add all the ones 

(visible cells) in each row. This calculation determines how many resolutions (1, 2, or 3) 

are visible in each cell of the viewshed. Then, using the symbology, the field was color-

coded by the sum. 

 



Figure 11: The output of the visibility comparison map for Colorado.   

Based on the results, areas that did not agree could be examined, and lines-of-

sight were drawn through selected areas containing variation (Figure 12). To create the 

lines-of-sight, the observer points, the 5km max sight distance (with the fill removed so it 

is just an outline), and the visibility map were used to determine the placement.  

For each site, one new feature class must be created. Then, the desired line-of-

sight can be drawn (one end snaps to the observer point and the other to the edge of 

the 5km max sight distance). Each line can be individually selected and exported with 

its specific name. The specific lines must individually be run through the Generate 

Points Along Line Tool. Regardless of resolution, the point spacing was set to 1m (the 

finest resolution). Once each line was converted to points, the Extract Multiple Values to 

Points was used to combine the elevation values of all three DEMs. The final step was 

to Intersect each point with the original viewshed generated. Now, each line can be 

colored according to visible (1) or non-visible (0). The profiles can be graphed by 

opening the attribute table and selecting graph (Figure 13).  



 

Figure 12: An example of a viewshed that was analyzed using line-of-sight along the 

green line. 

 

Figure 13: Figure 12’s line-of-sight profile. A profile is drawn for the 1m, 10m, and 30m 

DEMs. 



Results and Discussion 
For this study, a viewshed analysis and line-of-sight analysis were run for all nine 

sites. Additionally, to better understand the resulting profiles, the Observer Point DEM 

elevation was collected (and 1.71meters was added as the standing observer) for every 

line-of-sight created (Annex A2-I2). For each of the nine sites, a slope analysis of the 

slope variation at each site (Figure 14), an elevation analysis that compared the range 

of elevations at each site (Figure 15), the percent change between DEM resolutions 

(Annex 16), and a visible area versus non-visible comparison (Annex A3-I3) and the 

number of layers visible (Figure 17-18 and Table 1 show the overview of all nine sites 

and Annex A1-I1 for individual comparisons). All numbers and images used to 

determine the results can be found in the Annexes at the end of this paper. 

Figure 14: The slope map shows the mean range of slope values at each of the nine 

sites, as well as its standard deviation. 



The slope analysis created (Figure 14) showed that the landform classification 

(flat, hilly, or mountainous) did not always show the site in order of increasing slope. For 

example, Texas was irregular plains, which was considered small hills, but the range of 

slopes resembled Florida (grouped as flat), which was the flattest of all sites.  

Additionally, the sites were compared by elevation (Figure 15) to so the role of 

elevation could be examined. Florida is shown as having the least amount of change 

(correctly showing the tendencies of being flat land), while NM also does not have a lot 

of range but has high elevation (capturing tableland). We see the greatest amount of 

change in the three types of mountains (PA, CO, and CA). 

 

 

Figure 15: The elevation map shows the ranges of elevations for each study site. The 

study selected site of varying elevations to see if it affected multi-resolution viewsheds. 



Across all nine sites, there was an 81.6% consistency between the 1m, 10m, and 

30m DEMs (Figure 17). Six of the nine sites had more visibility at the 30m than the 

1m—the 10m was highest at one of the six sites and the 1 m was the highest at the 

other five. Meanwhile, the other three showed more at the 1m than the 30m, and two 

showed the most visible area at the 10m (Figure 17-18). When comparing the three 

graphs in Annex A3 more closely, AR (Hilly) and ID (Flat) decrease in visibility as the 

resolution becomes coarser (1m to 10m or 10m to 30m). NE (Hilly) decreases in 2 of 3 

graphs. CO (Mountain) and NM (Flat) decrease in only 1 of 3 graphs (Figure 16). The 

general conclusion for how visibility changes across the three resolutions is that 

typically, the 30m is showing more area than other resolutions, but the accuracy of 

visible areas that are not identified at the other two resolutions are questionable. 

 

Figure 16: The percent visibility maps compared the percent differences between 30m 

and 1m, 30m and 10m, and 10m and 1m visibility changes. It breaks down changes 

happening between resolutions as opposed to the overall trends. 



 

 

Figure 17: The visibility is measured using the total area visible at each of the nine sites. 

This is done by adding the visible viewshed areas at each of the four points for each 

resolution. 



 

Figure 18: The percentage of each site visible only one resolution versus two or all three 

resolutions are broken out for each of the nine sites. 

 

Table 1: The total areas displayed in the bar graph in Figure 18. 

The second question pertained to whether any patterns emerged based on the 

landform groupings. While no obvious patterns were observed, some patterns that 



influenced the observer’s sight were noted. First, several observer point elevations 

changed several meters between DEMs. The most drastic change captured was CA in 

the SE observer point, which changed roughly 12m between the 1m and 30m DEMS 

and 13m between the 10m and 30m. These changes to the observer or the nearby area 

in the line-of-sight greatly affected what was visible to the observer. One instance 

occurs in PA’s SE observer point, when at 1m the observer’s view is obstructed almost 

instantly because of elevation differences in the DEMs near the observer. 

Some DEMs also had artifacts that did not become apparent until the line-of-sight 

was run. CA’s SE observer point had two line-of-sights because ANNEX B2 reveals that 

the 10m profile results are unexplainable and likely caused by and error in the source 

data. Florida was also difficult to decipher because of the relatively small changes in 

elevation across all three viewsheds that were used in line-of-sights; the accuracy of the 

results cannot be determined. 

Conclusion 
Overall, the stability of each site’s visible results could be assessed by comparing 

the amount of agreement in the three DEM resolutions. The amount of consistency 

between all three DEMs about visible (or invisible areas) can also help with other 

studies. This method is recommended in any multi-scaled studies looking to increase 

the accuracy of their results.  

Another recommendation for future studies is to analyze the site at all DEM 

resolutions to be used and place the observer in a location where the height are more 

consistent to improve the accuracy of the viewshed and profile results. Starting at a high 

point is also recommended to minimize effects of change around the observer. This 



study found that the elevation where the observer is standing and the area near the 

observer are more important than the actual landform being studied, elevations of the 

site, or the site’s slope. By placing the observer high and on a consistent surface across 

all the DEM scales being used, many artifacts and inconsistencies can be removed prior 

to creating the viewsheds or line-of-sights.  



ANNEX A: Each of the nine sites was analyzed in three different ways.  

A1: This is an overview of the Arkansas site that shows the terrain, the observer point 

as a pink point, and the visible area at various DEM resolutions in blue. Light blue (1) 

means that the area is only visible at one of the three resolutions. Medium blue (2) 

means two resolutions match. Finally, the darkest blue shows where all three 

resolutions agree.  

 

A2: A. The visibility map for the southeast observation point, as well as the observer 

heights and line-of-sight results for each resolution. B. shows the individual visibility for 

Arkansas broken down by point (starting with Point 1 in the SW, Point 2, in the SE, 

Point 3 in the NW and finally Point 4 in the NE) and the percentage visible at 1, 2, or 3 

resolutions. 

Observer Height at Start 



A.

 

 

B. 

AREA: Number 
of 1 Overlaps 

Percent of 1 
Layer Visible  

AREA: Number 
of 2 Overlaps 

Percent of 
2 Layers 
Visible 

AREA: Number 
of 3 Overlaps 

Percent of 3 
Layers Visible 

SUM of ALL 

                  
97,720.57  

                           
21.27  

               
104,591.98  22.77 

              
257,019.45  

                         
55.96  

         
459,332.00  

                
579,033.36  

                              
7.54  

               
746,634.55  9.72 

          
6,354,642.42  

                         
82.74  

     
7,680,310.33  

                
112,136.52  

                           
19.73  

               
136,802.60  24.07 

              
319,512.85  

                         
56.21  

         
568,451.97  

                
297,278.47  

                              
8.87  

               
278,409.12  8.31 

          
2,774,638.78  

                         
82.82  

     
3,350,326.37  

            
1,086,168.91  

                              
9.01  

           
1,266,438.26  10.50 

          
9,705,813.50  

                         
80.49  

   
12,058,420.67  

 

 

A3: Summary of how much the visibility changed between resolutions. The area that is 

not visible is also shown as a comparison. 

Observer Height at Start 
Point 
Pt1 1m   442.086 
Pt 1 10m 437.592 
Pt 1 30m 440.871 
 



 

 

ANNEX B: Each of the nine sites was analyzed in three different ways. 

B1: This is an overview of the California site that shows the terrain, the observer point 

as a pink point, and the visible area at various DEM resolutions in blue. Light blue (1) 

means that the area is only visible at one of the three resolutions. Medium blue (2) 

means two resolutions match. Finally, the darkest blue shows where all three 

resolutions agree.  



 

B2: A. and B. The visibility map for the southeast observation point, as well as the 

observer heights and line-of-sight results for each resolution. C. shows the individual 

visibility for California broken down by point (starting with Point 1 in the SW, Point 2, in 

the SE, Point 3 in the NW and finally Point 4 in the NE) and the percentage visible at 1, 

2, or 3 resolutions. 



A.

 

Observer Height at Start 
Point 
Pt 2 1m   812.705 
Pt 2 10m 813.806 
Pt 2 30m 800.635 



B.

 

C.

 

 

 

 

 

Observer Height at Start 
Point 
Pt 2 1m   812.705 
Pt 2 10m 813.806 
Pt 2 30m 800.635 
 



B3: Summary of how much the visibility changed between resolutions. The area that is 

not visible is also shown as a comparison. 

 

  



ANNEX C: Each of the nine sites was analyzed in three different ways. 

C:1 This is an overview of the Colorado site that shows the terrain, the observer point 

as a pink point, and the visible area at various DEM resolutions in blue. Light blue (1) 

means that the area is only visible at one of the three resolutions. Medium blue (2) 

means two resolutions match. Finally, the darkest blue shows where all three 

resolutions agree. 

 

C2: A., B., and C. The visibility map for the southwest, northwest, and northeast 

observation points, as well as the observer heights and line-of-sight results for each 

resolution. D. shows the individual visibility for Colorado broken down by point (starting 

with Point 1 in the SW, Point 2, in the SE, Point 3 in the NW and finally Point 4 in the 

NE) and the percentage visible at 1, 2, or 3 resolutions. 



A.

 

B.

 

Observer Height at Start 
Point 
Pt3 1m   2255.68 
Pt 3 10m 2253.75 
Pt 3 30m 2259.16 

Observer Height at Start 
Point 
Pt1 1m   1824.37 
Pt 1 10m 1811.7 
Pt 1 30m 1830.05 
 



C.

 

D. 

 

 

 

Observer Height at Start 
Point 
Pt 4 1m  2253.29 
Pt 4 10m 2253.35 
Pt 4 30m 2252.76 



C3: Summary of how much the visibility changed between resolutions. The area that is 

not visible is also shown as a comparison. 

 

 

ANNEX D: Each of the nine sites was analyzed in three different ways. 

D1: This is an overview of the Florida site that shows the terrain, the observer point as a 

pink point, and the visible area at various DEM resolutions in blue. Light blue (1) means 



that the area is only visible at one of the three resolutions. Medium blue (2) means two 

resolutions match. Finally, the darkest blue shows where all three resolutions agree. 

 

D2: A., B., and C. The visibility map for the southwest, northwest, and northeast 

observation points, as well as the observer heights and line-of-sight results for each 

resolution. D. shows the individual visibility for Florida broken down by point (starting 

with Point 1 in the SW, Point 2, in the SE, Point 3 in the NW and finally Point 4 in the 

NE) and the percentage visible at 1, 2, or 3 resolutions. 

 

 

 

 



A. 

 

Observer Height at Start 
Point 
Pt1 1m   5.1202 
Pt 1 10m 4.85489 
Pt 1 30m 4.85488 
 



B.

 

Observer Height at Start 
Point 
Pt3 1m   4.4368 
Pt 3 10m 4.40051 
Pt 3 30m 4.42325 
 



C.

 

D.

 

 

 

 

Observer Height at Start 
Point 
Pt 4 1m  4.01993 
Pt 4 10m 4.03878 
Pt 4 30m 4.0116 
 



D3: Summary of how much the visibility changed between resolutions. The area that is 

not visible is also shown as a comparison. 

 

 

  



ANNEX E: Each of the nine sites was analyzed in three different ways. 

E1: This is an overview of the Idaho site that shows the terrain, the observer point as a 

pink point, and the visible area at various DEM resolutions in blue. Light blue (1) means 

that the area is only visible at one of the three resolutions. Medium blue (2) means two 

resolutions match. Finally, the darkest blue shows where all three resolutions agree. 

 

E2: A., B., and C. The visibility map for the southwest, southeast, and northwest 

observation points, as well as the observer heights and line-of-sight results for each 

resolution. D. shows the individual visibility for Idaho broken down by point (starting with 

Point 1 in the SW, Point 2, in the SE, Point 3 in the NW and finally Point 4 in the NE) 

and the percentage visible at 1, 2, or 3 resolutions. 



A.

 

Observer Height at Start 
Point 
Pt1 1m   746.851 
Pt 1 10m 748.118 
Pt 1 30m 751.338 
 



B.

 

Observer Height at Start 
Point 
Pt 2 1m  982.505 
Pt 2 10m 982.42 
Pt 2 30m 982.877 
 



C.

 

D.

 

 

 

 

Observer Height at Start 
Point 
Pt3 1m   370.79 
Pt 3 10m 369.811 
Pt 3 30m 363.396 
 



E3: Summary of how much the visibility changed between resolutions. The area that is 

not visible is also shown as a comparison. 

 

 

  



ANNEX F: Each of the nine sites was analyzed in three different ways. 

F1: This is an overview of the Nebraska site that shows the terrain, the observer point 

as a pink point, and the visible area at various DEM resolutions in blue. Light blue (1) 

means that the area is only visible at one of the three resolutions. Medium blue (2) 

means two resolutions match. Finally, the darkest blue shows where all three 

resolutions agree. 

 

F2: A., B., and C. The visibility map for the southwest, southeast, and northwest 

observation points, as well as the observer heights and line-of-sight results for each 

resolution. D. shows the individual visibility for Nebraska broken down by point (starting 

with Point 1 in the SW, Point 2, in the SE, Point 3 in the NW and finally Point 4 in the 

NE) and the percentage visible at 1, 2, or 3 resolutions. 



A.

 

Observer Height at Start 
Point 
Pt1 1m   911.609 
Pt 1 10m 911.241 
Pt 1 30m 909.026 
 



B.

 

Observer Height at Start 
Point 
Pt 2 1m  878.396 
Pt 2 10m 880.241 
Pt 2 30m 877.209 
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D.

 

 

 

 

 

Observer Height at Start 
Point 
Pt3 1m   915.432 
Pt 3 10m 916.663 
Pt 3 30m 916.536 
 



F3: Summary of how much the visibility changed between resolutions. The area that is 

not visible is also shown as a comparison. 

  



ANNEX G: Each of the nine sites was analyzed in three different ways. 

G1: This is an overview of the New Mexico site that shows the terrain, the observer 

point as a pink point, and the visible area at various DEM resolutions in blue. Light blue 

(1) means that the area is only visible at one of the three resolutions. Medium blue (2) 

means two resolutions match. Finally, the darkest blue shows where all three 

resolutions agree. 

 

 

G2: A. The visibility map for the southeast observation point, as well as the observer 

heights and line-of-sight results for each resolution. B. shows the individual visibility for 

New Mexico broken down by point (starting with Point 1 in the SW, Point 2, in the SE, 



Point 3 in the NW and finally Point 4 in the NE) and the percentage visible at 1, 2, or 3 

resolutions. 

A.

 

B.  

 

 

Observer Height at Start 
Point 
Pt 2 1m  2075.36 
Pt 2 10m 2075.142 
Pt 2 30m 2075.15 
 



G3: Summary of how much the visibility changed between resolutions. The area that is 

not visible is also shown as a comparison. 

 

  



ANNEX H: Each of the nine sites was analyzed in three different ways. 

H1: This is an overview of the Pennsylvania site that shows the terrain, the observer 

point as a pink point, and the visible area at various DEM resolutions in blue. Light blue 

(1) means that the area is only visible at one of the three resolutions. Medium blue (2) 

means two resolutions match. Finally, the darkest blue shows where all three 

resolutions agree. 

 

H2: A., B., C., and D. The visibility map for all of the observation points, as well as the 

observer heights and line-of-sight results for each resolution. E. shows the individual 

visibility for Pennsylvania broken down by point (starting with Point 1 in the SW, Point 2, 

in the SE, Point 3 in the NW and finally Point 4 in the NE) and the percentage visible at 

1, 2, or 3 resolutions. 
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Observer Height at Start 
Point 
Pt1 1m   189.553 
Pt 1 10m 189.302 
Pt 1 30m 189.847 
 



B.

 

Observer Height at Start 
Point 
Pt 2 1m  211.406 
Pt 2 10m 211.944 
Pt 2 30m 213.638 
 



C.

 

Observer Height at Start 
Point 
Pt3 1m   182.98 
Pt 3 10m 182.603 
Pt 3 30m 183.352 
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Observer Height at Start 
Point 
Pt 4 1m  293.282 
Pt 4 10m 293.076 
Pt 4 30m 295.897 
 



H3: Summary of how much the visibility changed between resolutions. The area that is 

not visible is also shown as a comparison. 

 

  



ANNEX I: Each of the nine sites was analyzed in three different ways. 

I1: This is an overview of the Texas site that shows the terrain, the observer point as a 

pink point, and the visible area at various DEM resolutions in blue. Light blue (1) means 

that the area is only visible at one of the three resolutions. Medium blue (2) means two 

resolutions match. Finally, the darkest blue shows where all three resolutions agree. 

 

I2: A. and B. The visibility map for the northwest and northeast observation points, as 

well as the observer heights and line-of-sight results for each resolution. C. shows the 

individual visibility for Texas broken down by point (starting with Point 1 in the SW, Point 

2, in the SE, Point 3 in the NW and finally Point 4 in the NE) and the percentage visible 

at 1, 2, or 3 resolutions. 
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Observer Height at Start 
Point 
Pt3 1m   165.209 
Pt 3 10m 165.08 
Pt 3 30m 164.749 
 



B.

 

C.

 

 

 

 

 

 

Observer Height at Start 
Point 
Pt 4 1m  200.076 
Pt 4 10m 200.113 
Pt 4 30m 200.164
   
 



I3: Summary of how much the visibility changed between resolutions. The area that is 

not visible is also shown as a comparison. 
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