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Introduction

Summary
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 places and 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) as a non-profit organization seeking to preserve parts of the Texas hill country through conservation easements and legislation.  National Environmental Resource Data Solutions (N. E. R. D. S.) is ideally suited to help HCC reach this goal through our team of geographic experts skilled in the use of Geographic Information Systems (GIS).  We will use GIS to help HCC identify areas for future preservation, deploy its resources more efficiently and aid in the creation of media for use by the organization, legislators, and the public.

Purpose
The objective of this study is to identify potential scenic sites that HCC can focus on for future preservation. Areas of the Texas hill country that fit the criteria of “scenic places” will be will be identified by N.E.R.D.S. using factors such as topographical relief, proximity to water bodies, vegetation characteristics and cultural heritage (BLM 2007). Theses factors will be weighted according to importance to produce a suitability model of the area with the most scenic value.  The results of this study will provide HCC with an inventory of potential scenic sites for further evaluation and future preservation.

Scope 

The study region covers a 22 county area located in the Texas hill country primarily west of Interstate 35 (Figure 1).   This project will take approximately 3 months to complete (6 September, 2010 to 13 December 2010).
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
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Figure 1. Twenty two county hill country study area.





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

In order to analyze scenic locations across the Hill Country a number of data sets will be used. Data include 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, a layer for both Texas State Parks and Historic Sites, a layer for urban areas, and a layer of the study area.  If possible, obtaining data on wildflowers or unique vegetation will be used.  A land use layer may also be used in analyses.  These data will be 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
	 USGS 

	Study Region
	 HCC 

	Urban Areas
	 TNRIS 

	Water
	 TXDOT

	Historic Sites/State Parks
	 TPWD 

	Land Use
	NRCS

	Roads
	TNRIS


1Abbreviations: United States Geological Survey (USGS); Hill Country Conservancy (HCC);  Texas Department of Transportation (TXDOT); Texas Natural Resource Information System (TNRIS); Texas Commission on Environmental Quality (TCEQ); Texas Parks and Wildlife Department (TPWD)
Methodology

Processing, analyzing, and preparing the data products will be performed using ESRI® (Environmental Systems Research Institute) AcrGIS 9.3TM software. Two suitability models will be run, one with equal importance attributed to all criteria, and another with weights applied to criteria determined most important by the HCC. All DEM datasets will be mosaiced to form one large seamless DEM, which will then be clipped to include only areas within the study region. The DEM will be used to calculate slope and serve as a base layer from which all other layers will be applied.  In order to limit the analysis to areas accessible and viewable by roads, a buffer of 3 miles will be applied to the roads layer. The vector layers will be 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. Urban areas will be eliminated from the evaluated areas. The historic sites/state parks layer will be used to identify unique natural areas, and to create a separate layer for special consideration in the model. Road and water body layers are large and contain many roads and waterways that will make analysis computationally difficult. Therefore we will reduce these files to include only significant roads and water bodies. Careful attention will be paid to ensure that all data share a common geographic coordinate system and projection, and any needed transformations will be made. Once the data are processed a suitability model will be implemented. 

The suitability model will incorporate six layers: view from roads, distance from water bodies, distance from state parks and historic sites, slope, and land use.  In addition, we will isolate two unique natural features from the Hill Country, Enchanted Rock and Lost Maples, so that cells near these features are favored.  Calculating view shed from roads is not computationally feasible. Instead, a buffer of 3 miles (BLM 2007) will be applied to the roads layer where cells inside the buffer will be used in the model, and cells outside the buffer will not. In order to create a distance surface from the historic sites/state parks, water bodies, and natural features layers, the Euclidean distance tool will be used. This tool will create a raster layer whose cells include distance values from each of these layers. Finally, slope will be calculated from the DEM, and the land use layer will be converted to raster format. Once all layers have been converted to raster format, cell values will be reclassified from 1 to 9, with 9 corresponding to the preference for that given criteria (Table 2).  By reclassifying the preferred attributes of each layer with higher numbers, they are in fact given more importance in the model. For example, areas nearest water will receive a 9, while areas further away will receive a 1. 
 There will be two models run based on the six criteria. One, in which all criteria are given equal weight, and another where weights will be applied based on HCC preferences (Johnston 2010). In the first model, we are assuming that all criteria are equally important and that no preference is given.  The reclassified values of each layer will be added together and then multiplied by 1 or 0 according to the buffered roads layer, creating a range of values from 0 to 45. Multiplying by the roads layer gives all cells that fall outside the buffer zone of 3 miles a 0, thus eliminating them from the map.  Then this range of values will be reclassified with labels describing them as “Most Likely Scenic”, “Likely Scenic”, “Least Likely Scenic”, and “Not Scenic”. A cell with a value of 45 means that it is <100 feet of water, < 1 mile from a State Park, < 0.5 mile from Enchanted Rock or Lost Maples, has a slope between 80 and 90 degrees, has a preferred land use, and is within the 3 mile buffer. The opposite is true of a cell with a value of 5. 

The weighted model will give more importance to the slope and distance from streams layers because these layers are more relevant in the identification of scenic sites. In the weighted model a multiplier of 0.4 will be applied to the slope layer, a multiplier of 0.3 will be applied to the distance from streams layer, and 0.1 will be applied to the other three.  By giving the slope layer a higher multiplier it will receive more consideration in the model. Once the weights are applied to the reclassified values for each of the layers, they are then added together creating a range of values between 1 and 9, and are multiplied against the buffered roads layer. Just as in the non-weighted model, multiplying by the buffer roads layer will give all cells outside the buffer a value of 0.

The weighted and non-weighted models are identical in that they use the same classification scheme, add the values between layers together, and are multiplied by the buffered layer. The only difference is that the weighted model will multiply each layer by a weight, which will give more importance to those layers. The maps derived from each of these models will differ in that the weighted model will be more specific with respect to slope and distance from streams. Fewer cells will be coded “most likely scenic” in the map, but there may be more accuracy in this model. We suspect the non-weighted model will have more areas determined to be scenic, when in fact they are not. However, both models will be useful for Phase 1 of HCC’s “Scenic Sites” project. By providing maps of potential scenic sites locations, HCC can begin Phase 2 where more detailed scenic site location analysis will occur.    

Implications

This project will meet 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.  The data and analysis provided will select potential scenic areas within HCC’s 22 county region in Central Texas.  The data will not only be used as a foundation in a larger study of the area, but can also be used to raise awareness of environmental issues in the area.  This project can also be used to promote tourism in the area by allowing local governments to highlight certain areas of scenic beauty.  Lastly, this data and analysis could be made available directly to the public.  
Table 2. Classification scheme for use in the suitability model.

	Layer
	Attribute
	Classification

	Buffered Roads
	≤ 3 Miles
	1

	
	> 3
	0

	Distance From Streams
	≤ 100 Feet
	9

	
	> 100 ≤ 300 ft.
	8

	
	> 300 ≤ 1000 
	7

	
	> 1000 ft.  ≤ 0.5 Mile 
	6

	
	> 0.5 mi. ≤ 1 mi.
	5

	
	> 1  ≤ 1.5
	4

	
	> 1.5 ≤  2
	3

	
	> 2 ≤  3 
	2

	
	> 3 
	1

	Distance From State Parks/Historic Sites
	≤ 1 mi.
	9

	
	> 1 ≤ 2
	8

	
	> 2 ≤ 3
	7

	
	> 3 ≤ 4
	6

	
	> 4 ≤ 5
	5

	
	> 5 ≤ 6
	4

	
	> 6 ≤ 7
	3

	
	> 7 ≤ 8
	2

	
	> 8 ≤ 9
	1

	Distance From Enchanted Rock/ Lost Maples
	≤ 0.5 mi.
	9

	Distance From Enchanted Rock/ Lost Maples
	> 0.5 ≤ 1
	8

	
	> 1 ≤ 2
	7

	
	> 2 ≤ 3
	6

	
	> 3 ≤ 5
	5

	
	> 5 ≤ 6
	4

	
	> 6 ≤ 7
	3

	
	> 7 ≤ 8
	2

	
	> 8 
	1

	Slope
	 ≤ 90 > 80 Degrees
	9

	
	≤ 80 > 70
	8

	
	≤ 70 > 60
	7

	
	≤ 60 > 50
	6

	
	≤ 50 > 40
	5

	
	≤ 40 > 30
	4

	
	≤ 30 > 20
	3

	
	≤ 20 > 10
	2

	
	≤ 10
	1

	Land Use (Will be determined later)
	
	


BUDGET

	Table 2.  Proposed project budget.

	
National E

vironmental Resource Data Solutions (N. E. R. D. S.) Proposed Budget


	Sept. 2010

	
	
	
	
	

	Personnel
	Hours
	Total Hours
	Hourly Rate
	Total

	Data Collection (4)
	50.00
	200.00
	$15 
	$12,000.00

	Data Analysis  (4)
	50.00
	200.00
	$20 
	$16,000.00

	Project Manager
	50.00
	50.00
	$40 
	$2,000.00

	Assistant Manager
	50.00
	50.00
	$35 
	$1,750.00

	Total Personnel Cost
	 
	 
	 
	$31,750.00

	Equipment
	Description
	Cost 
	Difference ($)
	Total

	Supplies
	 4 workstations 
	$150.00
	 
	$600.00

	Maintenance
	 4 workstations 
	$200.00
	 
	$800.00

	Depreciation*
	 
	 
	 
	$6,944.44

	Total Equipment Costs
	 
	 
	 
	$8,344.45

	Data
	 
	 
	 
	Total

	Purchased
	 
	 
	                                               - 
	$5,000.00

	Software License
	 
	 
	                                               - 
	$2,500.00

	Total Data Cost
	 
	 
	                                               - 
	$7,500.00

	Total  Expenses
	 
	 
	 
	 

	 
	 
	 
	 
	$47,594.45

	
	
	
	
	

	*Depreciation is based on value of all equipment (100,000) over the life of the equipment (36 months) for time used (2.5 months).


Timetable
Table 3.  Proposed timetable
	Activity
	Initiation date
	Completion date

	Form teams
	1 September
	1 September

	Data Collection
	6 September
	27 September

	Data Pre-processing
	15 September
	18 October

	Preliminary analysis using only one county
	22 September
	13 October

	Analysis of rest of counties
	6 October
	20 November

	Data interpretation
	30 September
	22 November

	Create website
	15 November
	6 December

	Prepare final deliverables
	6 December
	13 December


· Data collection will take 3 weeks and initially be done by all team members.  Once most of the data is collected, some team members will begin on data processing and analysis.  Team members will take steps to ensure that metadata is present and accurate.

· Pre-processing of data will take about a month and will initially overlap with data collection.  Team members will focus on ensuring proper compatible projections, clipping data to the study area and converting to raster or shapefiles as needed.

· Preliminary analysis will begin with Hays County since the team is most familiar with this area.  Once methods are confirmed to work on this county we will begin analysis of the rest of the area.  This will likely require 4 to 6 weeks.

· Data analysis and interpretation will overlap and all team members will participate.  We estimate about 1 month.

· Various team members will work on different deliverables and help each other as needed.  Matt Gray will take the lead as Web Master.

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 proposal has described the techniques that will be 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 suitability model will be built that will provide areas within the HCC region that have scenic value by using the data collected and the assessment criteria described in the literature.  Also included in the report are potential uses for the final product outside its original intent.  A budget, timeline and deliverables list completes the proposal. We look forward to this project and working with the HCC and HCA to maintain and preserve the natural beauty of the Hill Country.

Participation
Table 4.  Participation by each team member
	Team Member
	Contribution of Each Team Member to the Proposal

	Nancy Heger, manager
	Discussed all aspects of proposal with team

Wrote Literature Review and References section

Typed deliverables section

Created  timetable and participation table

Put all sections together and edited whole proposal

Used team comments on drafts of proposal to improve final draft

	Gene Sipes, assistant manager
	Provided input on proposal content

Wrote Data section

Created Data Source Table

Wrote Methodology section

Read drafts of proposal and provided comments

	Matt Broadaway, GIS Analyst
	Provided input on proposal content

Wrote Implications Section

Created Budget table

Wrote Conclusions section

Read drafts of proposal and provided comments

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

Wrote Summary section

Wrote Purpose section

Wrote Scope section

Read drafts of proposal and provided comments
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