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Introduction & purpose 

This is the first in a short series of tech memos documenting methods that should 

be used to perform visual analyses.  This method memo describes how to perform 

a viewshed analysis using publicly available data sources and a real life example.  

The example is ArcMap specific, but can be performed using other software.   

 

Except where noted, the images found herein were produced by GMJ&A and the 

methods described herein are offered to the public domain. This memo may be 

freely copied and disseminated, though attribution is appreciated.  Questions, 

comments, or suggestions should be directed to either the author or the recipient 

of this memo.   

 

Viewshed Analyses 

A viewshed analysis is performed using ESRI’s Spatial Analyst. Input raster 

surface and Observer points are required for carrying out the analysis. This write 

up is based on the Town of Amenia, in New York State, and discusses three types 

of viewshed analyses: two kinds of terrain-only viewshed; and one viewshed that 

considers existing vegetation. Of the two terrain-only viewsheds, one assumes 

that you are analyzing a region in terms of visibility from various viewpoints; the 

other assumes that you are analyzing a project's visibility within an entire region. 

 

Data required and source: 

Elevation  

 1/3 arc second NED downloaded from USGS seamless server 

Land Cover 

  MRLC Consortium Viewer USGS 

 Site Information / Observer location 

 

Steps to follow: 

1. Create Observation Point 

2. Control Visibility 

3. Run Viewshed with DEM terrain only 

4. Display the Viewshed Map 

5. Run Viewshed with added height to the forested area  

6. Extract Viewshed layers, overlay them with other required layers and 

export the map to get final output. 
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The following text provides detail on how to perform these steps. For further 

information you may also refer to “Viewshed Analysis” topic on the ESRI 

website 

 

1. Creating observation point: 

There are two types of point files that can be utilized in a Viewshed Analysis.  

Both will be discussed, one in Analysis A, and the other in Analysis B.   

 

In Analysis A below, there are 39 points representing 39 distinct viewpoints 

scattered throughout the Town.  The other kind of point file would be for a 

case where there are no specific viewpoints.  In that case, the viewpoints 

would represent the location of the project being studied.  The number of 

points depends upon the size of the site and elevation.  

 

The images below show the difference between the point distribution for the 

two different scenarios. 

 

 

Figure 1 Setup of Viewshed Analysis A: USGS NED with 
39 points representing 39 distinct viewpoints 

 

Figure 2 Setup of Viewshed Analysis B: USGS NED with 
10 points representing proposed project 

 

2.  Controlling visibility: 

We can control the visibility in our analysis by assigning some optional 

parameters: OFFSETA, OFFSETB, etc.  While the other parameters are used 

for refining our viewshed, OFFSETA and OFFSETB are the only two 
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parameters necessary for completing the viewshed analysis.  OFFSETA is the 

value added to the z-value of the observation points, and OFFSETB is the 

value added to the z-value of each cell as it is considered for visibility.  

 

 (Image: ESRI) 

 

Adding OFFSETA and OFFSETB in ArcMap 

1. Click the View menu in ArcMap, point to Toolbars, then check the 

check box next to Editor to open the Editor toolbar.  

2. Right-click the Observer point layer and click Open Attribute table.  

3. Click the Options button and click Add Field.  

4. Enter the name for the field of the optional parameter, for example, 

OFFSETA, and modify the other default options if necessary.  

5. Click the Editor menu and click Start Editing.  

6. Enter the values for the OFFSETA field into the table.  

7. Repeat steps 3 through 6 for other fields.  

8. Click the Editor menu and click Stop Editing.  

9. Click Yes to save your edits.  

 

OFFSETA and OFFSETB, represent different concepts in each case.  In 

Viewshed Analysis A (Figure 1), since the points represent viewpoints from a 

person's perspective, the value of OFFSETA should be the height of the 

eyeball.  We can use a value such as 5.5 to represent a person roughly 6 feet 

tall. OFFSETB, in this case, represents the height at which we are analyzing 

every cell.  If we want to find out how much of the terrain would be visible 

from those 39 viewpoints, we would make the value of OFFSETB "0".  If we 

wanted to find out all of the places where a 30 foot tall building would be 

visible from the viewpoints, then our OFFSETB value would be 30, to 

represent a 30 foot offset from the original NED. 

 

In Viewshed Analysis B (Figure 2), the points represent a proposed 

development, in this case, individual houses.  So in this case, OFFSETA 

represents the height of a house, and so would have a value of 30 (peak of a 2-

storey house with attic).  The OFFSETB in this case would represent not just 

the terrain, but someone standing on the terrain, or a value of 5.5.  Once you 
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have OFFSETA and OFFSETB properly administered, the last step is to just 

run the viewshed analysis. 

 

3. Running the viewshed analysis  
a. In ArcMap, select Spatial Analyst > Surface Analysis > Viewshed 

b. For "Input surface" choose the USGS NED; for "Observer points" use 

the point shapefile that represents either the viewpoints or the 

proposed project 

c. Make sure that the "Output cell size" is set to the same cell size as the 

original USGS NED 

d. For "Output raster" select the folder icon to select a place to 

permanently save the output viewshed map 

e. Select "OK" to start the analysis 

 

ArcMap will then perform the viewshed analysis, and when it is finished, it 

will more than likely display the viewshed as a green and pink map (green 

signifying visible, pink signifying not visible). 

 

4. Displaying the viewshed analysis 
In Viewshed Analysis A, The final output will be a raster that can be 

classified from 0-39, 0 being cells that are not visible from any viewpoints, 1 

being cells visible from only one viewpoint, 2 being cells visible from two 

viewpoints, and continuing up to 39 (representing cells visible from all 39 

viewpoints if such a cell exists).  The figures below show two types of maps 

that might be created from the data used in Analysis A: One shows a binary 

visible/not visible, and the other shows visibility in multiple classes.  In this 

case, the classes are Not Visible, Visible from 1 Viewpoint, Visible from 2 

Viewpoints, and Visible from 3 or more Viewpoints. 

 

Reclassifying Viewshed Data in ArcMap: 

a. Right click on the viewshed layer and select "Properties." 

b. Select the "Symbology" Tab and highlight "Classified" on the left-

hand column 

c. On the right side of the window, in the "classification" box, you can 

choose the desired number of classes, then left-click on the "classify" 

button to the right. 

d. Within the classification pop-up window you can divide up the 

classification numbers any way you want, by either dragging vertical 

blue lines in the bar graph area, or by typing in break values on the 

right. 

e. Click OK in the Classification window, and then OK again in the 

Layer Properties window. 
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Figure 3: Viewshed Analysis A displayed as 
Visible or Not Visible 

 

Figure 4: Viewshed Analysis A displayed as 
Not Visible and multiple classifications of 
visibility 

 

 

In Analysis B, we would probably not split up the visibility into separate 

classifications.  More than likely you will only be concerned with whether any 

of the Action is visible. 
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5. Viewsheds that consider existing vegetation 

Viewshed that consider only terrain are relatively common and are described 

by others.  Viewsheds that consider existing vegetation are much less 

common, and I do not know of any other source where this method has been 

thoroughly documented.  It was developed and perfected by me and 

colleagues while performing visual resource assessments for projects in New 

York State.   

 

Performing a vegetation viewshed is essentially done in three steps: 

a. Isolate the forested areas from the NLCD and classify them as 50' 

b. Add that raster layer to the original NED and run a second viewshed 

analysis 

c. subtract the NLCD forested areas from the second viewshed analysis 
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The NLCD contains a number of different Land-Cover classifications, we are 

going to isolate the classification numbers of 41 (Deciduous Forest), 42 

(Evergreen Forest), and 43 (Mixed Forest).  Those specific forested cells will 

be reclassified with a value of 50'. Non-forested cells will be reclassified with 

a value of 0'.  Additionally, this forested layer may need to be edited in order 

to take account for any areas of disturbance associated with the project.  In 

other words, if the NLCD indicates that there is forested area where the 

project is proposed, you will have to edit the NLCD and change those 

"Forested" cells to "Non-Forested" to take into account the area of disturbance 

of the project.  

 

Using the raster calculator, this reclassified raster will then be added to the 

original NED, with the result of adding a value of 50' wherever there is 

Deciduous, Evergreen or Mixed Forest.  Of course, the assumed height of the 

forest can be taller or shorter depending on the nature of the existing forested 

areas.   

 

If you create a viewshed map using this new vegetated NED, the result will 

include cells within the forested areas, because the viewshed calculations use 

that new terrain + 50' as the ground from which to judge visibility.  In other 

words, the viewshed from this stage shows visibility in the forested areas as if 

the viewer was standing on the tree-tops.  Every other pixel in the vegetated 

viewshed map is correctly calculated as if the forested areas were 50' tall 

visual impediments. 

 

To correct this viewshed, all we need to do is subtract all forested cells from 

that initial viewshed, and we will have the final vegetation-based viewshed 

map.  A key assumption of this method is that when inside a forest, a viewer 

cannot see out of the forest.   
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Figure 5: USGS NLCD 

 

Figure 6: NLCD - reclassified to 
Forested/Non-Forested 

 

Figure 7: A viewshed map using NED 
with added height from forested layer 

 

Figure 8: Viewshed from Figure 9 with Forested overlay - 
notice where the forested layer overlaps with the "Visible" 
areas in Viewshed 

 

Figure 9: Final Viewshed for Vegetation (forested areas 
have been deleted) 

 

6. Creating a Viewshed Map 

The map below is a simple hypothetical example of how a viewshed map may 

be presented.  Viewshed maps may differ depending on scale or extent of 

information presented.  A scoping document that details the work to be 
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performed may also require more or different information.  Nevertheless, the 

following image is offered as a generic example of a viewshed map.   

 

 
  

The main information the map needs to communicate is how visible the action 

is from visual resources.  Therefore, the viewsheds and their boundaries 

should be made clear by using clear distinguishing colors for the viewsheds, 

and using a background image that is informative yet not distracting.  In this 

hypothetical example, a USGS 100kDRG is used, which includes roads, 

bodies of water, and terrain information while providing a light background 

for the viewsheds to contrast. 

 

Additionally, visual resources should be clearly shown and labeled on the 

map.  In this example, there are 39 Visual Resources represented as points.  

They are labeled, and there is a space on the side that describes each resource. 

 

Other layers are included to help explain the data in scale, such as site outline 

and site buffers of various distances.   

 

Sources should be listed so others can know where the data came from.  

Additional information such as the north arrow, date, and the name of the firm 

who produced the document should be listed as well. 
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Interpreting the Data 

 

When using the viewshed map to determine visibility, one should not take the 

boundaries of the viewsheds as absolute truths.  Due to changes in vegetation, 

generalization of vegetation data, varying level of accuracy of terrain, and the fact 

that buildings are not considered, the viewshed map should be used as a guide 

during fieldwork and further analysis. 

 

For instance, while visual resources that lie far outside of either of the viewsheds 

are very unlikely to have visibility to the project site, the visual resources that lie 

near borders (either inside or outside) have questionable visibility.  If a visual 

resource is just outside the boundaries of the calculated viewshed, it must be 

visited to determine its visibility to the action.  Likewise, if a visual resource is on 

the inside edge of a viewshed, it could be possible that there is no visibility to the 

action. 

 

Even visual resources that lie well within the viewsheds may not have visibility to 

the project site, depending on how accurate the vegetation and terrain data are for 

that area.  This is especially true for resources in urban areas, as existing buildings 

often block line of sight and are not included in most viewshed analyses.   

 

For most applications, the viewshed analysis is the start, not the end of a visual 

resource assessment.  When visual resources are located on the viewshed map, the 

analyst can see which resources require further analysis.  This analysis could be as 

simple as visiting the resource to further assess the project’s visibility, to 

performing a photosimulation that demonstrates the visibility of the project from 

the resource.   

 

 

 

 

 
Please note: Readers of this document are free to use, copy, edit, or ideally, use the methods described herein 

to create and use viewshed analyses.  Attribution of the source of these methods is appreciated.  

 

 

 

 


