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Abstract

Analysis of Potential Scenic Sites for the 

Hill Country Conservancy and Hill Country Alliance
National Environmental Resource Data Solutions: N. A. Heger, G. Sipes, M. Gray, M. Broadaway
Texas State University-San Marcos, Department of Geography

With increased development in the Texas Hill Country, The Hill Country Conservancy (HCC) is seeking to locate areas of scenic beauty for conservation and preservation. Everyone has a notion of what ‘scenic beauty’ is but quantifying this relatively abstract notion is a difficult problem.  This project has set out to map potentially scenic areas in the Texas Hill Country based on criteria that most people deem important.  Topographical relief, proximity to water and urban development are the elements used to determine an areas scenic potential.  This project assumes that topographical relief is the most important and weighted this factor accordingly.  Using Digital Elevation models for the region, slope was derived and classified to highlight areas of dramatic relief.  Perennial streams were used for calculating and classifying water proximity and urban areas were highlighted by land use maps.  Data from the slope and water maps were combined and urban areas were removed from consideration.  Analyses to identify areas in the Texas Hill Country viewable from roadways and perennial stream were performed. This was done on a county by county basis using random points on roads and streams.  The end result is a map highlighting the most scenic areas in the Hill Country and how readily they can be viewed.  The results of this project are the first phase of the HCC’s four phase plan to extensively map, highlight and protect the beautiful areas in the Texas Hill Country that are threatened by development and expansion.

Introduction

Scenic beauty is an abstract concept and yet each of us has an inherent notion of what scenic beauty is.  Not only is scenic beauty important for its aesthetic qualities but it is also associated with natural areas with native vegetation and also some historical places.  Therefore, by conserving places of scenic value, we are also conserving our natural and historical heritage.  
This concept is in line with the goals of the Hill Country Conservancy (HCC) and Hill Country Alliance (HCA) as non-profit organizations seeking to preserve parts of the Texas Hill Country through conservation easements, education, public outreach and advocacy.  National Environmental Resource Data Solutions (N. E. R. D. S.) has endeavored to help HCC and HCA reach this goal through our team of geographic experts skilled in the use of Geographic Information Systems (GIS).  We used GIS to produce an inventory of potential scenic sites for HCC and HCA to further evaluate and consider for future preservation in the Texas Hill country.  Our potential scenic site inventory can also assist HCC and HCA in deploying its resources more efficiently and aid in the creation of media for use by the organization, legislators, and the public.

Problem Statement

The objective of this study is to identify potential scenic sites in the Texas Hill Country that HCC and HCA could focus on for future preservation.  The study region was delineated by HCC and covers a 22 county area located in the Texas Hill Country primarily west of Interstate 35 (Figure 1).   Areas of the Texas Hill Country that fit the criteria of “scenic places” were modeled in GIS and identified by N.E.R.D.S. using factors such as topographical relief, proximity to water bodies, and vegetation characteristics (BLM 2007). Theses factors were weighted according to importance to produce a suitability model of the area that delineates sites of high scenic value.  Processing, analyzing, and preparing the data products was performed using ESRI® (Environmental Systems Research Institute) AcrGIS 9.3TM software including the Spatial Analyst and Editor.  The results of this study provide HCC and HCA with an inventory of potential scenic sites for further evaluation and future preservation.
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Figure 1.  The 22 county Texas Hill Country study region.

Literature Review


The field of landscape perception research began when Elwood Shafer posed the question: “Why is one landscape preferred more than another?” (Shafer, Hamilton, and Schmidt 1969s, 1; Palmer 2004).  To answer this question Shafer provided a research design.  First, he measured attributes of photographs including area and length of edges of water, vegetation, and non-vegetation as seen in the foreground, middle ground and background of the photograph.  Second, he showed the photographs to study participants and had them rate the photographs in terms of scenic beauty.  Finally, he used the photographic attributes in a regression model and created a predictive model of scenic beauty based on the participant’s preferences.  Since Shafer et al. (1969) this has been the standard method for assessing scenic beauty or quality in a number of locations worldwide.

Through these studies, researchers have shown that people tend to use similar criteria when evaluating the scenic quality of landscape views.  People tend to qualify a view as more scenic if it is more natural (less developed), visually complex, water is present, edge effects between vegetation types are present, contains a diversity of vegetation, or it has slope diversity or greater relative relief (Bishop and Hulse 1994; Chhetri and Arrowsmith 2003; Palmer 2004).  The Bureau of land management (BLM) has used these results to delineate a standard criteria for assessing scenic beauty which includes landform, vegetation, water, color, adjacent scenery, rare or scarce features, and cultural modifications (Jackson and Horyza 2001; BLM 2007).  In this rating system, landscapes are scored as more scenic if any of the following seven criteria apply:

1. Landforms are steeper or more massive.
2. Vegetation includes a variety of patterns, forms, or textures.
3. Water is present.
4. Color is present in variety, contrast, or harmony.
5. Adjacent scenery enhances the view.
6. Rare or scarce features are present.
7. Cultural modifications add to the appeal.

Interestingly, people from different regions and socioeconomic classes also agree on what is considered as scenic.  For example, participants from Texas and Oregon both rated views of Oregon similarly (Bishop and Hulse 1994) and Franco et al. (2003) demonstrated that landscape view preference did not differ significantly between socioeconomic classes in Italy.  In addition, perception of what is scenic tends to be consistent through time.  In the mid-1970’s views of Dennis, Massachusetts on Cape Cod were viewed and rated by a random sample of citizens.  In 1996 the same sites were re-photographed from the same locations and again citizens evaluated them (Palmer 2004).   Although the landscape had undergone substantial change, the human values that define scenic quality and its relation to landscape composition and configuration remained relatively stable (ibid).

In the last two decades geographic information systems (GIS) have been incorporated into assessments of scenic beauty.  Using GIS to predict scenic value is an important tool that can provide information to land managers when deciding what areas to preserve, or how proposed land changes will impact the overall scenic value of an area.  For example, Bishop and Hulse (1994) had participants rate video panoramas of Oregon, and then used factor analysis to determine the criteria used in their scenic evaluations.  He then incorporated these criteria into data layers and used GIS to predict other potentially scenic locations within the study area.  Likewise, Chhetri and Arrowsmith (2003) used similar methods in Grampians National Park in Australia, and results were used to identify areas of high recreational value or to suggest alternative sites to ease tourist pressure around heavily used walking trails.

Studies that evaluate scenic beauty have been used in a variety of ways.  Palmer (2004) demonstrated that a significant decrease in overall scenic quality of Dennis, Massachusetts on Cape Cod occurred between 1976 and 1996 as the result of residential and other development.  Similarly, in the lagoon of Venice drainage basin (in Italy) where agroforestry networks had been proposed as a way to control lagoon pollution, Franco et al. (2003) enhance photographs to simulate what the sites would look like with agroforestry.  The actual and the enhanced photographs were mixed to prevent participant recognition of the same sites.  Study participants preferred sites with an agroforestry network to the same sites without.  Scenic beauty can also be considered as an environmental service (ES) along with other ES such as environmental protection against natural hazards (floods, avalanches, erosion, landslides), carbon sequestration, and tourism and recreation (hiking, biking, bird watching, and hunting (Grêt-Regamey, Walz, and Bebi 2008).  Collectively these and other studies demonstrate that higher quality scenic views are positively associated with more natural areas, less development and environmental conservation.  By identifying scenic areas of the Texas hill country, we will be assisting HCC in protecting the cultural and environmental heritage of Texas.

Data


Because scenic areas generally have more variable or steeper elevations, are often located near bodies of water, and are not usually urban areas we needed datasets to evaluate these parameters.  Our data included a 30 meter DEM (digital elevation model) spanning the entire study region, a transportation layer of Texas roads, a hydrographic layer representing Texas water bodies i.e. streams and lakes, the Texas ecological systems vegetation map, a land classification layer, a layer for urban areas, and a layer of the study area.  These data were acquired through web sources and contacts at the Hill Country Conservancy. Web sources include Federal, State and Local agencies (Table 1). 
Table 1. Data Layers and their sources.1
	Layer
	Source

	30 meter DEM
	TNRIS

	Study Region
	HCC

	City Boundaries
	TNRIS

	Water
	TTU-CGT

	Texas Ecological Systems Vegetation
	TPWD

	Land Classification (NLCD 2001)
	USDA

	StratMap Transportation (roads)
	TNRIS


1Abbreviations: Texas Natural Resources Information System (TNRIS); Hill Country Conservancy (HCC);  United States Department of Agriculture (USDA); Texas Tech University Center for Geospatial Technology  (TTU-CGT); Texas Parks and Wildlife Department (TPWD).


The DEM was used to calculate slope (steepness of elevation) and was evaluated such that steeper slopes were considered more scenic than flatter slopes.  In addition, distance to water was calculated using the water layer and areas closer to water bodies received higher scenic scores than those farther away.  Finally, we eliminated urban areas in the various analyses using the land classification, urban areas, and the Texas ecological systems vegetation layers.  The roads and counties layers were used for presentation purposes as well as to assess whether scenic areas were visible from roads.  The next section provides additional information on each dataset, reputability of data sources, and details on how we prepared each dataset for analysis.  Processing, analyzing, and preparing the data products was performed using ESRI® (Environmental Systems Research Institute) AcrGIS 9.3TM software.  
The Study Region and Texas Counties


The 22 county study region was specified in a layer that was obtained from HCC and is shown in figure 1.  The Texas counties layer was used mainly for display purposes and to clip regions for various analyses.  The counties layer, at a scale of 1:24000, was downloaded from the TPWD GIS lab data download site (TPWD 2010).  The datum for both these layer was the same as the rest of the datasets (North American Datum 1983 (NAD83)) and so only the data projection needed to be changed to NAD 1983 UTM Zone 14N to be compatible with other datasets prior to data analysis.
StratMap Transportation, City Boundary Layer, and 30m DEM


The StratMap Transportation and StratMap City Boundary layers were downloaded from the Texas Natural Resource Information System (TNRIS) website while the 30m DEM was created at TNRIS and gotten through connections at TPWD.  The transportation and city boundaries layers are just a few of the many layers created and maintained by TNRIS as a part of the Strategic Mapping Program. TNRIS’ goals for the Strategic Mapping Program include creating and maintaining a comprehensive geographic data source for the State of Texas, and continuously updating and refining the accuracy of the data for a community of users. TNRIS was created in 1968 by the Texas Legislature and is a part of the Texas Water Development Board. TNRIS’ mission is to provide a centralized data source of Texas’ natural resources for use in academia, government, and for use by public and private spheres. Since TNRIS is a reputable source, and because the accuracy of their data is good we chose to download the transportation and city boundary layers from them as well as use the DEM layer created by them. 

The transportation layer was necessary for a viewshed analysis from roads so that points along the roads could be established to assess visibility from roads. With over 4 million records, it is a comprehensive road coverage layer for Texas and allowed us to choose which roads to exclude from the analysis. The city boundary layer is a vector polygon layer representing the jurisdictional boundaries for Texas Cities. Local council of governments were used as sources for the city boundaries. We needed this layer to remove roads from the transportation layer that were inside city boundaries. The geographic coordinate system for the layers as downloaded from TNRIS were North American Datum 1983 (NAD83), and each did not include a cartographic projection. We gave each layer a cartographic projection of UTM Zone 14N for the analysis. 
Texas Ecological Systems Vegetation and NLCD 2001

The Texas Parks and Wildlife Department in cooperation with private, state, and federal partners is producing a new land classification map for Texas that provides a higher resolution land cover with better accuracy than what is currently available (MoRAP 2009).  The state of Texas is being sequentially mapped in at least 5 phases and 3 of these phases are already complete.  The mapping process involves starting with ecological systems as sub-systems, collecting data from both air photos and the field to implement a supervised classification, and using ecoregions, SSURGO soils, DEM-based variables, and hydrology to help interpret the ecological meaning of final mapping targets (ibid).  Since the standard vegetation map used by many Texas state agencies has been the TPWD 1984 vegetation map (Earl pers. com.) and this will surpass it with detail and complexity, we view this as a very reputable data source.  
The Multi-Resolution Land Characteristics (MRLC) Consortium consists of a group of federal agencies who have joined together to purchase Landsat imagery for the conterminous U.S. and use it to develop a land cover dataset called the National Land Cover Database (NLCD).  This dataset contains standardized land classification categories so that it can be used in a variety of applications and results from differing regions can be compared.  The most recent dataset NLCD dataset was made in 2001 and is referred to as NLCD 2001.  Because the MRLC consortium includes the Environmental Protection Agency (EPA), the National Oceanic and Atmospheric Administration (NOAA), and various U.S. Geological Survey (USGS) agencies, the 2001 NLCD is a reputable dataset.

Both the NLCD 2001 and the Texas Ecological Systems vegetation datasets were used to derive a layer that distinguished urban from all other area (non-urban).  This layer is referred to as the urban-non-urban layer.  The TPWD Ecological Systems vegetation data was down loaded from their website (TPWD 2010).  We used their phase 1 and phase 3 data to classify areas as urban (developed) versus non-urban (everything else).  However, TPWD still had not completed phases 4 and 5 of data collection and so information was missing for the four western counties (Val Verde, Edwards, Uvalde, and Medina).  We used 2001 NLCD Land Classification data to evaluate urban and non-urban areas for these five western counties.  Even though this data is several years older, growth is not as great in the western counties and so the NLCD 2001 is likely a good representation.  The datum for both datasets was already the same as that of other layers and so these layers just needed to be projected as UTM zone 14 prior to analyses.  To create the final layer we reclassified the phase 1 and phase 3 layers as urban and non-urban using a 30 m cell size.  These two layers were then mosaiced together and clipped to the study region.  Likewise the 2001 NLCD land classification layer was reclassified as urban and non-urban (30 m cell size) and clipped to the five county area.  This layer was then combined (mosaiced) with the TPWD layer and the whole area was clipped to the study region to produce the final urban-non-urban layer.
National Hydrography Dataset (NHD) Streams Layers from Texas Tech University


The NHD stream files were downloaded from the Texas Tech University Center for Geospatial Technology website for each county of the 22 counties in the study region (Texas Tech 2010). The National Hydrography Datasets are the result of collaboration between the EPA and USGS. Rivers and streams layers were necessary for the water viewshed analysis layers. The layers came in GCS_North_American_1983 for the Geographic Coordinate System, but they did not come projected. All layers were reprojected into UTM Zone 14N for this project. Attribute accuracy is based on USGS Digital Line Graph data which is estimated at 98.5%. The use of a code to identify streams classified as perennial made these layers a natural choice to use as our stream layers. Since the Environmental Protection Agency, United States Geological Survey, and the  Texas Tech Center for Geospatial Technology are reputable sources, we decided to use these layers for our stream viewshed.

MethodS

We used GIS (Geographic Information System) to identify scenic areas using a scenic suitability model.  Vector layers were converted to raster files as necessary prior to incorporation into the suitability model. Vector layers are files with spatial data in the form of points, lines, and polygons, while raster files are made up of grid cells with unique values. More scenic areas generally have more variable or steeper elevations, are often located near bodies of water, and are not usually urban areas (BLM 2007).  Therefore, topographical relief (steepness of elevation), proximity to water bodies, and location within non-urban areas were used to locate areas that fit the criteria of “scenic places”.  We used a digital elevation model (DEM) of elevation to calculate slope (steepness of elevation) and rated steeper slopes as more scenic than flatter slopes (using a scale from 1 to 9 where 9 is more scenic than lower values; Table 2). In addition, distance to water was calculated using Euclidean geometry and those areas closer to water bodies received higher scores than those farther away (using a rating scale from 1 to 9, where 9 is more scenic).  Finally, we eliminated urban areas from the analysis by scoring them as zero while non-urban areas received a score of one.  Initial pilot analyses of Hays county demonstrated that slope was more instrumental in producing realistic models than was distance to water and so slope was weighted higher (multiplied by 0.7) than water (multiplied by 0.3) to produce a reasonable model as follows:

0.7(Slope score) + 0.3(Distance to water score) * (Urban or not urban score)

Slope is the most important factor in the scenic model.  The classification of slope for the HCC’s study region was based on two factors. The first factor is the highest degree of slope found in the region.  Our analysis of the DEM for the region found that the steepest slope in the region is 62.7[image: image5.png]


.  The second factor is the nine point scale which is a common scale for suitability models. With these two factors in mind, the classification scheme is divided up into units of seven.  In other words, areas with slopes of 0-7 receive the lowest score of one; slopes of 7-14 degrees get a score of 2 etc. to areas with slopes of greater than 56 degrees have the highest score, 9. Proximity to water was the next factor considered in the model.  The classification of proximity to water was derived from the BLM’s criteria of determining foreground.  Foreground lies between 0-5 miles from the observer (BLM 2007). Background is 5-15 miles from observer (BLM 2007). “Seldom seen” areas lie in the 7 to15 mile range (BLM 2007). This classification was modified to both fit in the 9 point scale and to highlight perennial streams without over emphasizing their importance in relation to slope.  The last factor considered by the model is urban development.  With the HCC’s goal of preserving the natural setting of the Texas Hill Country, the model is set to reject any area that has been developed for commercial or large scale residential use.  The scores selectively remove these areas from any scenic consideration.  A flow chart for the scenic model is shown in Figure 2.

Since scenic sites are often viewed from roads or along waterways we also conducted viewshed analyses from both roads and water bodies (Figure 3).  The viewshed analysis shows the locations of sites that are most visible while traveling along a road or river.  We produced viewsheds for each county within the study region for both roads and waterways and then put them all together to produced the final viewshed or viewability map that indicates sites of high or low visibility while traveling on a road or waterway.  Next we took the visibility map and combined it with the original scenic suitability model to produce a map that shows which scenic sites are actually visible from either roads or rivers.
Viewshed from Roads


Finally, we used the scenic suitability model to identify sites of high scenic value and did individual viewshed analyses of these to identify how visible these sites were from roads or river.

Running viewsheds from roads across the entire study region was a computationally challenging task and could not be done given our limited resources. In stead, we decided that instead of running viewshed from the entire study region we could instead clip the study region DEM into county size portions and run viewshed from roads on a county by county basis. A bulleted list of steps and parameters follows and is detailed further below:    

· Projected all layers used in the viewshed map production to UTM zone 14N

· USGS DEM was extracted by the study region layer using the Extract tool.

· Extract Tool was used to create 22 county-level DEMs using the Texas Counties layer.

· Clip tool was used to clip the StratMap roads layer to the study region.

Table 2. Classification scheme for use in the suitability model.

	Layer
	Attribute
	Classification

	Slope in degrees
	>56 Degrees
	9

	
	49-56
	8

	
	42-49
	7

	
	35-42
	6

	
	28-35
	5

	
	21-28
	4

	
	14-21
	3

	
	7-14
	2

	
	0-7
	1

	Distance From Streams
	< 1 mile
	9

	
	1-3 miles
	8

	
	3-5 
	7

	
	5-7 
	6

	
	7-9
	5

	
	9-11
	4

	
	11-13
	3

	
	13-15 
	2

	
	>15 
	1

	Urban-Non-Urban
	Non-urban
	1

	
	Urban
	0
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Figure 2.  Flow chart for scenic suitability model
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Figure 3.  Flow chart for scenic suitability model combined with viewshed analysis.

· Codes A10 through A38 were selected and removed as a new layer using the Select by Attributes function.

· Clip tool was used to remove roads that were within the city boundaries.

· Clip tool was used to create 22 roads layers by using the counties layers.

· Create random points tool was used to create the points along the roads that would serve as observation points in the viewshed. This put a single point randomly along each feature within the roads layer. A field titled “points” was created in the roads attribute table. Using field calculator the expression [fid] mod x was used to generate a sequence of number from 0 to X. Select by attributes tool was used to select every X row. The selected rows were removed and created as a new layer, thus reducing the points to approximately 500.

· Created an OFFSETA field in the ‘selected points’ attribute table and used the field calculator to plug in 1.67, which equals 5.5 feet.

· Ran Viewshed tool on a county by county basis.

· Mosaic to New Raster tool was used to combine the 22 county-level viewsheds into one study region-wide viewshed layer. 

To begin, all layers were projected to UTM zone 14N for two reasons, one it has horizontal x and y units in meters which match the vertical or elevation units of the DEM, and two, because the entire study region falls within the projected region for UTM zone 14N. The layers used in the production of the viewshed from roads layer include: the USGS 30 meter DEM from TPWD, a study region boundary layer from HCC, a Texas Counties layer, a StratMap roads layer and a city boundaries layer from TNRIS. Once all of the layers were projected and aligned we had to make them usable for the viewshed analysis. The DEM was clipped down to county level sizes, and the roads layer was clipped and reduced to primary and secondary Federal, State, and County highways using the FCC codes in the attribute table. In the attribute table of the StratMap roads layer is a field titled ‘FCC’ and it contains codes from A10 to A50. We were only interested in the primary and secondary Federal, State, and County level highways because private roads, dirt roads, and neighborhoods are not generally “public throughways” so we selected codes A10 to A38 and created a separate roads layer for them (a copy of the FFC codes is in the appendix). In addition, we removed the roads that were within the city boundaries so that the roads within urban areas would be removed. At that point we could have run a viewshed using the clipped and reduced roads layer and the county-level DEMs, however the viewshed tool treats every feature within the roads layer as a point. Running viewshed this way would have created far too many points for use in the viewshed. To reduce the number of points used in the viewshed we used create random points tool in ‘Data Management’ to create points along the roads layer. This function creates a random point along each feature in the roads layer which creates too many points for the viewshed. The goal for each roads layer was to have approximately 500. To achieve this, we created a field in the attribute table for the random point layer and used field calculator to create a sequence of numbers from 0 to X based how many random points needed to be removed. For example, if a county roads layer had 1500 random points we would create a field in the attribute table with a sequence of numbers from 0 to 2 i.e. 3 digits, and would only select 1 of the digits which would in turn select every 3rd point in the table. Once every 3rd point is selected they would be removed from the layer and created as a separate layer of 500 points. Choosing 500 points was a matter of making the viewshed run in a timely manner. On average, viewshed run on a county level with 500 points takes about 6 hours. To emulate the height of a person on the landscape a field was added to the selected-points layer titled “OFFSETA” and field calculator was used to populate the field with a value of 1.67 meters, or 5.5 feet. Five and a half feet were chosen as an approximate average height for both males and females. After all 22 county-level DEMs in the study region were analyzed with viewshed we used mosaic to new raster tool to create a study region-wide viewshed. 

Viewshed from Streams


Running a viewshed from all the streams layers, even perennial streams, was computationally challenging. To overcome this, we decided to generate random view points along the perennial streams and run a view shed at the county level. The following list is the methodology followed for the streams viewsheds.

· Projected all layers used in the viewshed map production to UTM zone 14N

· USGS DEM was extracted by the study region layer using the Extract tool.

· Extract Tool was used to create 22 county-level DEMs using the Texas Counties layer.

· Clip tool was used to clip the stream layer to the study region.

· Stream segments with the F_CODE of 46004(Perennial; positional accuracy definite) were selected and removed as a new layer using the Select by Attributes function.

· Clip tool was used to create 22 perennial stream layers by using the counties layers.

· Create random points tool was used to create the points along the streams that would serve as observation points in the viewshed. This put a single point randomly along each feature within the streams layer. 

· Ran Viewshed tool on a county by county basis.

· Mosaic to New Raster tool was used to combine the 22 county-level viewsheds into one study region-wide viewshed layer. 


UTM Zone 14N was selected because the study region is within this zone. The layers used in the production of the viewshed from perennial streams layer include: the USGS 30 meter DEM from TPWD, a study region boundary layer from HCC, a Texas Counties layer, a NHD streams layer and a city boundaries layer from TNRIS. We were only interested in perennial streams, or stream segments that run year round. To bring down the number of observer points for the viewsheds, we generated random points using the Create Random Points tool.  For the streams points an offset was not used initially. After further discussion, it was decided it would not make a noticeable difference in the final results so these layers were kept for the sake of time, After all 22 county-level DEMs in the study region were analyzed with viewshed we used mosaic to new raster tool to create a study region-wide viewshed. Using raster calculator we added the viewshed from roads layer to the viewshed from streams layer to create one study region-wide viewshed from both streams and roads. This created a layer with values ranging from 0 to 289. Next, we reclassified the values to 0 and 1, where 0 = 0 and 1 = all other values. The viewshed from roads and streams layer was then multiplied with the scenic layer using raster calculator creating a layer showing which areas in the scenic layer were visible from both roads and streams.
Viewsheds from Roads and Streams


The viewshed from roads and the viewshed from streams layers are an integral part of the analysis we performed and were used in various ways and combinations. The mosaiced viewshed from roads and mosaiced viewshed from streams layers were added together using raster calculator to create one layer whose values are a result of the addition. For example, if a cell value at a particular location in the viewshed from roads layer was equal to 50, and the cell value at the same location on the viewshed from streams layer was 35, then the resulting layer will have a combined value of 85 at that same location. The resulting combined viewsheds have a range of values from 0 to 289. The values are determined by the number of observation points that can view that particular cell. A cell with a value of (0) was not observed from any points along roads and streams, and a cell with a value of (289) is viewable from 289 points from roads and streams.
Viewsheds from Roads and Streams Combined with the Scenic Layer. 
This layer was created with two different methods 1) where the roads and streams viewshed layer is reclassified to (1) and (0) then multiplied against the scenic layer, and 2) where the roads and streams viewshed layer is reclassified in way that preserves the values from 1 to 289.
Reclassified (1) and (0).  To create this layer, the combined viewshed from roads and streams layer was reclassified to values of (1) and (0). Cells with a range of values from 1 to 289 were reclassified to (1) and cells with a value of 0 were reclassified (0). Then the reclassified viewshed layer was multiplied by the scenic layer whose values ranged from 1 to 6 using raster calculator. The resulting layer has values ranging from 0 to 6. By combining the scenic layer with the viewshed layer the resulting layer is useful for determining which of the scenic areas are visible from roads and streams. 
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Figure 4.  Example of a viewshed from roads and streams.
Natural Breaks Reclassification

To create this layer the combined viewshed from roads and streams layer was reclassified to values of (0) through (5). Cells with a range of values from 93 to 289 were reclassified to (5), values of 55 to 93 equal to (4), values of 32 to 55 equal to (3), values of 5 to 32 equal to (2), values of 0 to 5 equal to (1) and values of 0 equal to (0). The break values used in the reclassification were based on natural breaks of data values. Then the reclassified viewshed layer was multiplied by the scenic layer whose values ranged from 1 to 6 using raster calculator. The resulting layer has values ranging from 0 to 30. By using a natural breaks reclassification scheme for the viewshed from roads and streams layer and multiplying it by the scenic layer, the resulting layer is useful for determining which of the scenic areas are visible from areas with multiple observation points. 
Viewshed from Roads Combined with the Scenic Layer

To create this layer the viewshed from roads layer was reclassified to values of (1) and (0). Cells with a range of values from 1 to 289 were reclassified to (1) and cells with a value of 0 were reclassified (0). Then the reclassified viewshed layer was multiplied by the scenic layer whose values ranged from 1 to 6 using raster calculator. The resulting layer has values ranging from 0 to 6. By combining the scenic layer with the viewshed from roads layer the resulting layer is useful for determining which of the scenic areas are visible from the roads.

RESULTS
Scenic Suitability Model


The scenic suitability model highlights areas in the Hill Country that may have high scenic value.  The model was based on three factors: slope, proximity to water and land use.   The map above shows the scenic areas are for the entire study area as well as the urban areas. According to our model, the areas labeled as “scenic” occupy the largest area in the Hill Country at 53%.  For an area for approximately 24, 000 square miles, over 12,649 square miles are considered scenic by our model.  
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Figure 5.  Results of scenic suitability model showing more scenic areas in green and less scenic areas in brown and tan.
	STUDY REGION
	Scenic Value
	COUNT Pixel
	Area (mi²)
	Percent

	
	Urban
	3470428
	1206
	5%

	
	Barley scenic
	4848138
	1685
	7%

	
	Mildly scenic
	18356402
	6379
	27%

	
	Scenic
	36399511
	12649
	53%

	
	Highly scenic
	4528752
	1574
	7%

	
	Extremely scenic
	1017894
	354
	1%

	
	TOTAL
	68621125
	23845
	100%

	
	
	
	
	


Table 3. Percentages of the study region displaying various levels of scenic value.

Selected County Results


Included below are scenic maps and tables for individual counties to give a detailed view of the scenic model.  Also included are the statistics for three selected counties.  Real county is included here because it had the highest percentage of highly and extremely scenic sites (Figure 6, Table 4).  Travis county shows a good mix of scenic sites in close proximity to urban areas (Figure 7, Table 5).  Finally, Llano county is included because it includes Enchanted rock, a unique geological formation (Figure 8, Table 6).  Information for all other counties is included in appendix 3.
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Figure 6.  Scenic results for Real county, the most scenic county in the Texas Hill Country.

Table 4.  Percentages of Real county showing various levels of scenic value
	REAL
	Scenic Value
	CELL COUNT
	Area (mi²)
	Percent

	
	Urban
	28372
	10
	1%

	
	Barley scenic
	0
	0
	0%

	
	Mildly scenic
	402332
	140
	19%

	
	Scenic
	976502
	339
	45%

	
	Highly scenic
	508697
	177
	24%

	
	Extremely scenic
	241857
	84
	11%

	 
	Total
	2157760
	750
	100%

	 
	 
	 
	 
	 


*Real County has the highest percentage of ‘Highly Scenic’ and ‘Extremely Scenic’ areas of all the counties in the study region.  
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Figure 7. Scenic results for Travis county.

Table 5.  Percentages for each scenic category in Travis county
	TRAVIS
	Scenic Value
	CELL COUNT
	Area (mi²)
	Percent

	
	Urban
	737625
	256
	23%

	
	Barley scenic
	799
	0
	0%

	
	Mildly scenic
	913620
	317
	29%

	
	Scenic
	1299582
	452
	41%

	
	Highly scenic
	179017
	62
	6%

	
	Extremely scenic
	15158
	5
	0%

	
	Total
	3145801
	1093
	100%
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Figure 8. Scenic results for Llano county.

	LLANO
	Scenic Value
	CELL COUNT
	Area (mi²)
	Percent

	
	Urban
	46117
	16
	2%

	
	Barley scenic
	0
	0
	0%

	
	Mildly scenic
	676517
	235
	23%

	
	Scenic
	2115475
	735
	71%

	
	Highly scenic
	121836
	42
	4%

	
	Extremely scenic
	17705
	6
	1%

	
	Total
	2977650
	1035
	100%

	 
	 
	 
	 
	 



Table 6. Percentages of each scenic category in Llano county.

Scenic Veiwshed Results

The visibility from roads and streams map below was created in raster calculator by adding together the mosaiced viewshed from roads and the mosaiced viewshed from streams. The resulting values ranged from 0 to 289, with 0 indicating non-visible cells, and 289 indicating cells which can be viewed from 289 points from roads and streams. What can be taken from the map is that many cells visible from multiple points along roads and streams may serve as good places for HCC to check in the field (Figure 9).
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Figure 9. Close-up view showing the areas that are viewable from roads and stream in the study region.   Higher values (green colors) indicate viewable from more points along roads and streams.                       

Scenic Stream Viewshed

The map below was created by reclassifying the mosaiced viewshed from streams layer to 1 and 0 with 1 indicating cells visible from any number of points and 0 indicating cells not visible. The reclassified image was then multiplied against the scenic layer so that the resulting layer not only shows the scenic suitability of the cells but which of those can be viewed from the streams (Figure 10, Table 7). [image: image12.jpg]Scenic Areas Visible from Streams
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Figure 10.  Scenic areas that are visible from perennial streams in the Hill Country.  The nature of streams does not provide a viewer with many wide vistas.  Locally, though, these points can prove to be quite scenic and somewhat hidden from roads.  

 Table 7.  The percentage of each class for the streams and scenic layer combined along with its corresponding size in square miles.  
	CLASS
	CELL COUNT
	AREA(mi²)
	PERCENT

	Not Visible
	64246060
	22324.99
	93.68%

	Not Scenic/Urban
	223598
	77.70
	0.33%

	Barely Scenic
	314
	0.11
	0.00%

	Mildly Scenic
	203448
	70.70
	0.30%

	Scenic
	2980315
	1035.64
	4.35%

	Very Scenic
	710461
	246.88
	1.04%

	Extremely Scenic
	215868
	75.01
	0.31%

	Total
	68580064
	23831.02
	100.00%


Scenic Roads Viewshed

The map below was created by reclassifying the mosaiced viewshed from roads layer to 1 and 0 with 1 indicating cells visible from any number of points and 0 indicating cells not visible. The reclassified image was then multiplied against the scenic layer so that the resulting layer not only shows the scenic suitability of the cells but which of those can be viewed at all from the roads (Figure 11, Table 8). 
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Figure 11.  Scenic visibility from selected roadways in the Texas Hill Country.  The cities are shown as a reference from where the viewshed analysis begins and ends.  

Table 8.  The percentage of each class for the roads and scenic layer combined along with its corresponding size in square miles.
	Percent of Each Scenic Class Visible from Roads
	 

	Class
	 Cell Count
	Percent
	Area(mi²)

	Not Visible
	33,888,499
	49.43%
	11776

	Not Scenic/Urban
	2,438,038
	3.56%
	847

	Barely Scenic
	1,595,116
	2.33%
	554

	Mildly Scenic
	9,131,366
	13.32%
	3173

	Scenic
	19,814,717
	28.90%
	6885

	Very Scenic
	1,397,480
	2.04%
	486

	Extremely Scenic
	294,985
	0.43%
	103

	Total
	68,560,201
	100.00%
	23824


Scenic Roads and Streams Combined Viewshed
The map below was created by reclassifying the mosaiced viewshed from roads and streams layer to 1 and 0 with 1 indicating cells visible from any number of points and 0 indicating cells not visible. The reclassified image was then multiplied against the scenic layer so that the resulting layer not only shows the scenic suitability of the cells, but which of those can be viewed from the roads and streams (Figure 12, Table 9). 

.                           
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Figure 12. Visibility of scenic areas from streams and roads.  Green indicates more scenic. 

Table 9. The percentage of each class for the roads, streams, and scenic layer combined along with its corresponding size in square miles.
	Percent of Each Scenic Class Visible from Roads/ Streams
	

	Class
	Cell Count
	Percent
	Area(mi²)

	Not Visible
	32,845,424
	47.91%
	11414

	Not Scenic/Urban
	2,472,174
	3.61%
	859

	Barely Scenic
	1,595,045
	2.33%
	554

	Mildly Scenic
	9,138,884
	13.33%
	3176

	Scenic
	20,496,153
	29.90%
	7122

	Very Scenic
	1,647,041
	2.40%
	572

	Extremely Scenic
	359,440
	0.52%
	125

	Total
	68,554,161
	100.00%
	23822


A Select Viewshed

Since Enchanted Rock is an unusual and rare geologic formation with dramatic relief we did an individual viewshed from the highest point within Enchanted Rock State Park to test our model further (Figure 13).  Because unique features are often viewed as scenic, Enchanted Rock serve as a good test of the model.  Several sites that our model indicated as Extremely Scenic were viewed in Google Earth using an ArcMap-Google Earth synchronizing tool to zoom into a site shown in ArcMap simultaneously in Google Earth.  In all cases, Google Earth showed extraordinary views.  Three such cases are shown in Figure 13.  Other sites in other counties were 
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Figure 13.  Views from the top of Enchanted Rock.  Upper view shows the locations of three potentially scenic sites highlighted in dark green and the lower view shows pictures of the three sites as seen in Google Earth.

tested also and similar results were found.  Google Earth views seem to coincide in scenic quality with that indicted by our model.

Discussion

Scenic Assessment


By using the variables of slope, proximity to water, and non-urban areas we were able to successfully identify potentially scenic sites within the Texas Hill Country.  In addition, using Google earth to view potentially scenic sites seemed to indicate that our model was identifying the type of sites that are usually deemed scenic (non-urban with dramatic relief and/or proximity to water).  Our model indicates that most (82%) of the Texas Hill Country has some scenic value. In addition 29% of the Texas Hill Country is mildly scenic to scenic and 28% is highly or extremely scenic, while only 43% is urban, not scenic, or barely scenic. Given the beauty of the Hill Country these results seem reasonable.

The roads and streams viewsheds combined contain 52% of cells that are visible from 1 or more points, and 48% that are not visible from any points. Most of the visibility in this layer is contributed by points from the roads. The streams layer does not contribute much because streams tend to be low in elevation where visibility is restricted to the surrounding valley. What this means is that over half of the Hill Country has some value of visibility from roads with some contribution by streams. However, while only about 7 percent of area of the study region are visible from streams, almost all of that area is classified as Scenic, Very Scenic, or Extremely Scenic. We can say that almost all the areas viewable from streams are scenic and worth investigating

Since roads and streams are publicly accessible this indicates that they are good places to start when identifying scenic places. In addition to understanding whether or not a cell is visible, it was also possible to determine from how many observation points each visible cell could be seen. When considering how many points can view each cell, 27% of the cells are viewable from 5 or less points. Of that 27%, only 10% of the cells are visible from only 1 point. Cells visible from more than 5 observation points and as many as 32 make up 21% of the study area. Most of the visible cells fall in the range of 1 to 32 points with only 3% of cells visible from more than 32 observation points. In other words much of the Hill Country is visible from streams and roads with many cells visible from more than 1 point. Cells visible from more than one point are preferred because it assumes that they are most visible, and hence likely scenic. The viewshed analysis is useful for the HCC in that it can be used as a starting point for determining where further field investigations should be targeted.

When applying the scenic suitability model map with the viewshed analysis we are able to identify which of the scenic areas are visible from roads and streams. The scenic suitability model has identified areas that topographically vary and are proximate to water courses. The scenic suitability model map is further refined by showing which of those scenic areas can be seen from public throughways. In the scenic suitability model map it was determined that 53% of the cells in the study region were “scenic”, but when applying the viewshed the percentage of “scenic” cells was 30%. Still, 43% of visible cells have been determined to be “mildly scenic” to “scenic” with only 6% of visible cells determined to be “not scenic” or “barely scenic”. On the other hand, cells determined to be “highly scenic” to “extremely scenic” only make up 3% of the visible cells. The results here show that much of the Hill Country is “scenic” with little areas that are “not scenic” as well as “extremely scenic”. Still, this dataset is useful as a means of identifying scenic areas which can be seen from roads and streams on a course and general scale. Further field investigation could yield additional results. Also, HCC can choose a point from the observation points used in the viewsheds to determine visibility from specific locations. The viewsheds as is only show how many points can view a particular cell and not which of the points are visible. By selecting a single point from the observation points layer, and re-running the viewshed HCC can determine the specific visibility of a particular location, and by combining the viewshed result with the scenic suitability model map can determine how scenic the visible cells are.    
Implications


This project meets the needs of the HCC and the Hill Country Alliance (HCA) for an overview map of potential scenic sites that will aid in preserving the natural beauty of the Hill Country.  In addition it shows which areas are likely viewable from roads and streams.  This data can be further evaluated for accuracy by HCC and HCA by actual groundtruthing at some future date.  If found suitable, this information could be used to raise awareness of environmental issues in the Texas Hill Country area or could be used to generate support for preserving the Texas Hill Country’s beauty.  In addition, it could be used to identify especially scenic travel routes in promotion of eco-friendly tourism and further generate public interest and support in preserving the Texas Hill Country.  The results of this project could likewise be shared with local governments to highlight certain areas of scenic beauty and promote tourism in the area.  Lastly, this data and analysis could be made available directly to the public.  
Assumptions and Limitations


Our analysis and the results obtained from them are based on assumptions, and those assumptions have limitations. As we began the project we found out early on that quantifying something as subjective as “scenic” is very difficult to do. Everyone has their own notion as to what is scenic. One person may find the local automobile junk yard aesthetically pleasing and scenic, while most others may not. Still there are some common criteria we all seem to agree are scenic, such as proximity to water, edge effects of differing land covers, vegetative land cover, topographic variation, patterns, line, and textures of the landscape, and even manmade features such as historic places and agriculture. However it is hard to determine in a quantitative way, which of these features is most important. A particular location may only have wonderful edge-effects such as a forest meadow, but may be lacking in other criteria, and this area may be very scenic. Still other areas may contain varying degrees of all of the criteria and still not be quite scenic. Translating subjective notions to quantifiably determined analysis is the main limitation of our project.


We assumed that scenic areas are equal to only two criteria, i.e. topographic variation and proximity to water. The limitation here is that scenic areas may not be near water or have topographic variation, and those areas will be classified as less scenic. Basically areas we have determined to be scenic may actually not be, and true scenic locations may not be determined scenic on our scenic map only because they do not meet our two criteria. Another limitation to the scenic model is the assumptions made in the weighting of the factors. This was performed in an attempt to deemphasize the water proximity layer. Adding other factors for analysis would produce the same effects as weighting but we lacked sufficient computing power. We also needed a basis for rating other possible scenic factors such as land cover, visible geological features and historic sites.  The scope of the scenic map itself provided challenges.  The area is so large that displaying the true detail of the study it must be at a county level or lower.    

When running viewsheds we assumed that scenic areas should be viewed from roads and streams as “public throughways”. The limitation here is that scenic areas can be viewed from anywhere, not just roads and streams. The result of this limitation is that we are locating visible scenic areas and we are missing areas not visible from the roads and streams.


The other limitation to our viewshed analysis is in the method by which we produced them. Since running viewshed on the entire study region DEM was too computationally challenging, we decided to opt for running the viewsheds on 22 individually clipped counties from the DEM. Once they were completed we mosaiced them together to form one viewshed layer. The limitation to this method is that the viewsheds do not overlap from county to county. There is visible mismatching between the county boundaries were one viewshed stops and another begins. For example, if a viewshed was run on Hays County the only cells being evaluated for visibility are within the political boundary of Hays County. In real life a person’s view of the landscape will not be limited by political boundaries. 

Final Deliverables

Final deliverables will include:

· A Detailed Final Report (2 copies)

· Professional Poster for display in the Geography Department 

· Website

· CD (2 copies) containing

· All data

· Metadata

· Proposal, Progress, and Final reports

· Poster

· Power Point presentation

· Instructions on how to use CD (readme file)

Conclusions


This report has described the techniques that were used to determine the scenic beauty for the 22 county region of interest to the HCC and the HCA.  Included in our study is an extensive literature review, much of which describes techniques that quantify what makes a scenic area “scenic”.  The raw data comes from several governmental sources to ensure a standard of accuracy and precision for the study.  A scenic suitability model was built that indicates potentially scenic areas within the HCC/HCA Hill Country region based on variables assessed as scenic in the literature.  In addition, maps indicating which scenic locations are visible from roads and streams are included.  Also included in the report are potential uses for the final product outside its original intent and a list of deliverables. Finally, we have indicated some limitations of the project that should be considered when determining how to use this data.  

This project was a learning experience for all of us in GIS teamwork, conducting a large project, and basically using all the aspects we had learned about GIS in classes on a real world project.  It was a challenging experience and we all learned to deal with deadline stress in our own ways.  We also learned that things don’t always go as you planned but somehow you find the solution and it works out in the end.  We enjoyed working with the HCC and HCA in an effort to maintain and preserve the natural beauty of the Texas Hill Country and hope you find our work useful.

 References

ArcGIS 9.3.  Environmental Systems Research Institute (ESRI), Redlands, CA, USA.

Bishop, I. D. and D. W. Hulse.  1994.  Prediction of scenic beauty using mapped data and geographic information systems.  Landscape and Urban Planning 30(1994):59-70.

Bureau of Land Management.  2007.  Manual 8410 – Visual Resource Inventory.  http://www.blm.gov/nstc/VRM/8410a.html (last accessed 21 September 2010).

Chhetri, P. and C. Arrowsmith.  2003.  Mapping the potential of scenic views for the Grampians National Park.  Proceedings of the 21st International Cartographic Conference (ICC), Durban, South Africa.

Franco, D. D. Franco, I. Mannino, and G. Zanetto.  2003.  The impact of agroforestry networks on scenic beauty estimation - the role of a landscape ecological network on a socio-cultural process.  Landscape and Urban Planning 62(2003):119-138.

Grêt-Regamey, A., A. Walz, and P. Bebi.  2008.  Valuing ecosystem services for sustainable landscape planning in alpine regions.  Mountain Research and Development 28(2):156-165.

Jackson, R. and C. Horyza.  2001.  Integrating GIS technologies with the visual resource management inventory process, Technical Note 407.  Bureau of Land Management, Denver, Colorado.

Johnston, K. M., R. DeBruyn.  2010.  ArcGIS Spatial Analyst Suitability Modeling: San Diego, California.  ESRI International User Conference 11-12.  http://proceedings.esri.com/dvd/uc/2010/uc-index/uc/workshops/tw_547.pdf.  (Last accessed October 3, 2010.)
Missouri Resource Assessment Partnership (MoRAP).  2009.  MoRAP Project: Texas Ecological Systems Classification.  http://morap.missouri.edu/Projects.aspx?ProjectId=57 (Last accessed December 8, 2010.)
Palmer, J. F.  2004.  Using spatial metrics to predict scenic perception in a changing landscape: Dennis, Massachusetts.  Landscape and Urban Planning 69(2004):201-218.

Shafer, E. L., J. F. Hamilton Jr., and E.A. Schmidt.  1969.  Natural resources preferences: a predictive model.  Journal of Leisure Research 1(1):1-19.

Texas Parks and Wildlife.  2010.  Texas Ecological Systems Classification Project. http://www.tpwd.state.tx.us/landwater/land/maps/gis/tescp/index.phtml (Last accessed December 10, 2010.)

Texas Tech University, Center for Geospatial Technology.  2010.  Digital Atlas of Texas Counties.  http://www.gis.ttu.edu/center/DataCatalog/CntyDownload.php (Last accessed December 10, 2010.)
Appendix I – Metadata – On disk
Appendix II - Participation

Table 10.  Participation by each team member
	Team Member
	Contribution of Each Team Member to the Proposal

	Nancy Heger, manager
	· Discussed all aspects of project with team

· Wrote Literature Review and References section for proposal and final report
· Typed deliverables section for proposal, progress report and final report
· Created  timetable and participation table for proposal
· Put all sections of proposal together and edited whole proposal

· Used team comments on drafts of proposal to improve final draft
· Created flowcharts for scenic analyses in model builder and re-ran scenic model in model builder as a double-check

· Created Urban/non-urban layer as described in final report

· Acquired DEM, Texas counties, Texas ecological vegetation, NLCD 2001, and Texas state parks layers

· Created metadata for study region DEM

· Kept track of deadlines and worked with team to get things done.

· Edited first draft of progress report presentation and created second draft of progress report presentation; then got team input and assistance for final draft.

· Created the project poster

· Worked on all sections of the final report, incorporating the sections that various team members wrote, and editing final draft. 

· Created Table of content, list of figures, and list of tables for final report

· Created first draft of Final Report presentation with input from team.



	Gene Sipes, assistant manager
	· Provided input on proposal content

· Wrote Data section of proposal
· Created Data Source Table for proposal
· Wrote Methodology section of proposal
· Read drafts of proposal and provided comments 

· Acquired and prepared roads data for analysis and created metadata

· Ran viewshed analysis from roads

· Ran analysis of scenic areas viewable from roads

· Wrote methodology section for veiwshed from roads

· Wrote methodology for veiwshed from streams and roads times scenic suitability model

· Wrote methodology for veiwshed from roads times scenic suitability model

· Wrote methodology for viewshed from streams and roads with natural breaks reclassification times suitability model

· Wrote methodology for viewshed from roads and streams reclassified one and zero times suitability model

· Provided discussion on viewsheds and viewsheds times scenic suitability model

· Created jpeg maps for: viewshed from roads times scenic suitability map, viewshed from streams and roads times scenic suitability map, created map for viewshed for roads and streams natural breaks reclassification

· Wrote metadata for the layers mentioned above



	Matt Broadaway, GIS Analyst
	· Provided input on proposal content

· Wrote Implications Section of proposal
· Created Budget table of proposal
· Wrote Conclusions section of proposal
· Read drafts of proposal and provided comments 

· Created first draft of progress report presentation

· Provided input on final report content 

· Wrote Abstract for final report
· Helped with metadata

· Wrote scenic classification justification of final report
· Contributed on the discussion of final report
· Created Appendix 3 for final report
· Contributed to the results- graphics and text of proposal, progress report and final report.
· Read drafts of Proposal, progress report and final report and provided comments


	Matt Gray, GIS Analyst/Web Master
	· Provided input on proposal content

· Wrote Summary section of proposal
· Wrote Purpose section of proposal
· Wrote Scope section of proposal
· Read drafts of proposal and provided comments
· Ran viewshed streams from roads

· Created the whole webpage


Appendix III – Scenic Data by County
	BANDERA
	
	
	
	
	BELL
	
	
	
	

	Scenic Value
	CELL COUNT
	Area (mi²)
	Percent
	
	Scenic Value
	CELL COUNT
	Area (mi²)
	Percent
	

	Urban
	43578
	15
	2%
	
	Urban
	236172
	82
	12%
	

	Barley scenic
	0
	0
	0%
	
	Barley scenic
	0
	0
	0%
	

	Mildly scenic
	170975
	59
	7%
	
	Mildly scenic
	147095
	51
	8%
	

	Scenic
	1517983
	527
	62%
	
	Scenic
	1449048
	504
	76%
	

	Highly scenic
	499711
	174
	20%
	
	Highly scenic
	61958
	22
	3%
	

	Extremely scenic
	225286
	78
	9%
	
	Extremely scenic
	3185
	1
	0%
	

	Total
	2457533
	854
	100%
	
	Total
	1897458
	659
	100%
	

	
	
	
	
	
	 
	
	
	
	

	BEXAR
	
	
	
	
	BLANCO
	
	
	
	

	Scenic Value
	CELL COUNT
	Area (mi²)
	Percent
	
	Scenic Value
	CELL COUNT
	Area (mi²)
	Percent
	

	Urban
	1196144
	416
	31%
	
	Urban
	30093
	10
	1%
	

	Barley scenic
	343
	0
	0%
	
	Barley scenic
	0
	0
	0%
	

	Mildly scenic
	1184439
	412
	31%
	
	Mildly scenic
	269398
	94
	12%
	

	Scenic
	1418344
	493
	37%
	
	Scenic
	1767345
	614
	80%
	

	Highly scenic
	59254
	21
	2%
	
	Highly scenic
	131005
	46
	6%
	

	Extremely scenic
	2063
	1
	0%
	
	Extremely scenic
	4363
	2
	0%
	

	Total
	3860587
	1342
	100%
	
	Total
	2202204
	765
	100%
	

	 
	
	
	
	
	
	
	
	
	

	BURNET
	
	
	
	
	COMAL
	
	
	
	

	Scenic Value
	CELL COUNT
	Area (mi²)
	Percent
	
	Scenic Value
	CELL COUNT
	Area (mi²)
	Percent
	

	Urban
	81887
	28
	3%
	
	Urban
	181622
	63
	10%
	

	Barley scenic
	0
	0
	0%
	
	Barley scenic
	0
	0
	0%
	

	Mildly scenic
	348920
	121
	11%
	
	Mildly scenic
	525452
	183
	30%
	

	Scenic
	2552500
	887
	81%
	
	Scenic
	954165
	332
	54%
	

	Highly scenic
	150800
	52
	5%
	
	Highly scenic
	96537
	34
	5%
	

	Extremely scenic
	7885
	3
	0%
	
	Extremely scenic
	15531
	5
	1%
	

	Total
	3141992
	1092
	100%
	
	Total
	1773307
	616
	100%
	


	
	
	
	
	
	
	
	
	
	

	EDWARDS
	
	
	
	
	GILLESPIE
	
	
	
	

	Scenic Value
	CELL COUNT
	Area (mi²)
	Percent
	
	Scenic Value
	CELL COUNT
	Area (mi²)
	Percent
	

	Urban
	32371
	11
	0%
	
	Urban
	34026
	12
	1%
	

	Barley scenic
	2619737
	910
	40%
	
	Barley scenic
	0
	0
	0%
	

	Mildly scenic
	2329331
	809
	36%
	
	Mildly scenic
	512243
	178
	16%
	

	Scenic
	1132131
	393
	17%
	
	Scenic
	2555615
	888
	78%
	

	Highly scenic
	318050
	111
	5%
	
	Highly scenic
	160830
	56
	5%
	

	Extremely scenic
	105695
	37
	2%
	
	Extremely scenic
	7817
	3
	0%
	

	Total
	6537315
	2272
	100%
	
	Total
	3270531
	1136
	100%
	

	
	
	
	
	
	
	
	
	
	

	HAYS
	
	
	
	
	KENDALL
	
	
	
	

	Scenic Value
	CELL COUNT
	Area (mi²)
	Percent
	
	Scenic Value
	CELL COUNT
	Area (mi²)
	Percent
	

	Urban
	127026
	44
	6%
	
	Urban
	37417
	13
	2%
	

	Barley scenic
	0
	0
	0%
	
	Barley scenic
	0
	0
	0%
	

	Mildly scenic
	461268
	160
	22%
	
	Mildly scenic
	281470
	98
	14%
	

	Scenic
	1389646
	483
	67%
	
	Scenic
	1442598
	501
	71%
	

	Highly scenic
	98018
	34
	5%
	
	Highly scenic
	255964
	89
	13%
	

	Extremely scenic
	5992
	2
	0%
	
	Extremely scenic
	24649
	9
	1%
	

	Total
	2081950
	723
	100%
	
	Total
	2042098
	710
	100%
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	KERR
	
	
	
	
	KIMBLE
	
	
	
	

	Scenic Value
	CELL COUNT
	Area (mi²)
	Percent
	
	Scenic Value
	CELL COUNT
	Area (mi²)
	Percent
	

	Urban
	98309
	34
	3%
	
	Urban
	47789
	17
	1%
	

	Barley scenic
	53259
	19
	2%
	
	Barley scenic
	0
	0
	0%
	

	Mildly scenic
	1375139
	478
	40%
	
	Mildly scenic
	969215
	337
	25%
	

	Scenic
	1517444
	527
	44%
	
	Scenic
	2541146
	883
	66%
	

	Highly scenic
	331789
	115
	10%
	
	Highly scenic
	253100
	88
	7%
	

	Extremely scenic
	35731
	12
	1%
	
	Extremely scenic
	24842
	9
	1%
	

	Total
	3411671
	1186
	100%
	
	Total
	3836092
	1333
	100%
	

	
	
	
	
	
	
	
	
	
	

	LAMPASAS
	
	
	
	
	LLANO
	
	
	
	

	Scenic Value
	CELL COUNT
	Area (mi²)
	Percent
	
	Scenic Value
	CELL COUNT
	Area (mi²)
	Percent
	

	Urban
	40631
	14
	2%
	
	Urban
	46117
	16
	2%
	

	Barley scenic
	32
	0
	0%
	
	Barley scenic
	0
	0
	0%
	

	Mildly scenic
	856964
	298
	39%
	
	Mildly scenic
	676517
	235
	23%
	

	Scenic
	1236226
	430
	57%
	
	Scenic
	2115475
	735
	71%
	

	Highly scenic
	39945
	14
	2%
	
	Highly scenic
	121836
	42
	4%
	

	Extremely scenic
	1680
	1
	0%
	
	Extremely scenic
	17705
	6
	1%
	

	Total
	2175478
	756
	100%
	
	Total
	2977650
	1035
	100%
	

	
	
	
	
	
	
	
	
	
	

	MASON
	
	
	
	
	MEDINA
	
	
	
	

	Scenic Value
	CELL COUNT
	Area (mi²)
	Percent
	
	Scenic Value
	CELL COUNT
	Area (mi²)
	Percent
	

	Urban
	9389
	3
	0%
	
	Urban
	126152
	44
	3%
	

	Barley scenic
	0
	0
	0%
	
	Barley scenic
	649171
	226
	16%
	

	Mildly scenic
	711241
	247
	25%
	
	Mildly scenic
	2204220
	766
	54%
	

	Scenic
	2021881
	703
	70%
	
	Scenic
	1015047
	353
	25%
	

	Highly scenic
	127198
	44
	4%
	
	Highly scenic
	99496
	35
	2%
	

	Extremely scenic
	4142
	1
	0%
	
	Extremely scenic
	18955
	7
	0%
	

	Total
	2873851
	999
	100%
	
	Total
	4113041
	1429
	100%
	

	
	
	
	
	
	
	
	
	
	

	REAL
	
	
	
	
	SAN SABA
	
	
	
	

	Scenic Value
	CELL COUNT
	Area (mi²)
	Percent
	
	Scenic Value
	CELL COUNT
	Area (mi²)
	Percent
	

	Urban
	28372
	10
	1%
	
	Urban
	11976
	4
	0%
	

	Barley scenic
	0
	0
	0%
	
	Barley scenic
	0
	0
	0%
	

	Mildly scenic
	402332
	140
	19%
	
	Mildly scenic
	841197
	292
	24%
	

	Scenic
	976502
	339
	45%
	
	Scenic
	2503390
	870
	72%
	

	Highly scenic
	508697
	177
	24%
	
	Highly scenic
	122052
	42
	4%
	

	Extremely scenic
	241857
	84
	11%
	
	Extremely scenic
	3265
	1
	0%
	

	Total
	2157760
	750
	100%
	
	Total
	3481880
	1210
	100%
	

	
	
	
	
	
	
	
	
	
	

	TRAVIS
	
	
	
	
	UVALDE
	
	
	
	

	Scenic Value
	CELL COUNT
	Area (mi²)
	Percent
	
	Scenic Value
	CELL COUNT
	Area (mi²)
	Percent
	

	Urban
	737625
	256
	23%
	
	Urban
	78426
	27
	2%
	

	Barley scenic
	799
	0
	0%
	
	Barley scenic
	0
	0
	0%
	

	Mildly scenic
	913620
	317
	29%
	
	Mildly scenic
	1293892
	450
	27%
	

	Scenic
	1299582
	452
	41%
	
	Scenic
	2845416
	989
	59%
	

	Highly scenic
	179017
	62
	6%
	
	Highly scenic
	427620
	149
	9%
	

	Extremely scenic
	15158
	5
	0%
	
	Extremely scenic
	153360
	53
	3%
	

	Total
	3145801
	1093
	100%
	
	Total
	4798714
	1668
	100%
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	VAL VERDE
	
	
	
	
	WILLIAMSON
	
	
	
	

	Scenic Value
	CELL COUNT
	Area (mi²)
	Percent
	
	Scenic Value
	CELL COUNT
	Area (mi²)
	Percent
	

	Urban
	18885
	7
	0%
	
	Urban
	196922
	68
	13%
	

	Barley scenic
	1522715
	529
	32%
	
	Barley scenic
	235
	0
	0%
	

	Mildly scenic
	1646894
	572
	34%
	
	Mildly scenic
	228449
	79
	15%
	

	Scenic
	1025009
	356
	21%
	
	Scenic
	1113945
	387
	71%
	

	Highly scenic
	465828
	162
	10%
	
	Highly scenic
	19352
	7
	1%
	

	Extremely scenic
	98052
	34
	2%
	
	Extremely scenic
	677
	0
	0%
	

	Total
	4777383
	1660
	100%
	
	Total
	1559580
	542
	100%
	

	
	
	
	
	
	
	
	
	
	

	STUDY REGION
	
	
	
	
	
	
	
	
	

	Scenic Value
	COUNT Pixel
	Area (mi²)
	Percent
	
	
	
	
	
	

	Urban
	3470428
	1206
	5%
	
	
	
	
	
	

	Barley scenic
	4848138
	1685
	7%
	
	
	
	
	
	

	Mildly scenic
	18356402
	6379
	27%
	
	
	
	
	
	

	Scenic
	36399511
	12649
	53%
	
	
	
	
	
	

	Highly scenic
	4528752
	1574
	7%
	
	
	
	
	
	

	Extremely scenic
	1017894
	354
	1%
	
	
	
	
	
	

	TOTAL
	68621125
	23845
	100%
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