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ABSTRACT 

In the last 50 years, commercial vineyards in Texas have increased to more than 

five hundred. Wine production has tripled since 2012, making Texas the fifth largest 

wine producer in the United States. Like California’s Napa Valley, the Texas Hill Country 

is ripe for agritourism and wine cultivation bringing millions of visitors and billions of 

dollars to the state annually. Vineyards continue to increase, but most new owners lack 

agricultural experience. Due to its unique climate and lack of historical data, Texas 

growers and winemakers are still determining the best use of terrain while navigating 

harsh weather and regional hazards. Proper site selection is crucial. Spatial analysis of 

climate, soil and terrain characteristics was used to determine variables with the most 

impact on land suitability in the Fredericksburg viticulture region of the Texas Hill 

Country. Geospatial software was used to create a weighted overlay model of potential 

variables. Surface analysis found aspect, slope, solar radiation, flood frequency, 

drainage class, current land usage and available water storage to be statistically 

significant to this study. Potential areas were ranked on a scale of one to five, with one 

being permanently unsuitable and five being highly suitable for viticulture. Results found 

594 acres or 27% to be highly suitable, 1,158 acres or 53% to be moderately suitable, 

and 430 acres or 20% not suitable for viticulture. Results of this study could help 

growers select prime areas for viticulture, but site-specific climate, environmental, and 

varietal specific factors should also be taken into consideration. 

Keywords: Suitability Analysis, Viticulture, Weighted Overlay, Surface Analysis, Spatial 

Analysis 
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INTEGRITY & ETHICS STATEMENT 

 
Cartography and GIS are two very different fields. The first has been around for 

centuries, while the other is just a few decades old. Cartography has a long history, and 

with it comes an implied level of trustworthiness of maps and charts.  GIS professionals 

should strive to create maps and other GIS products with the same ethical standards as 

a cartographer. To do this, the producer should have a clear purpose for the data they 

create with a known end user in mind. Once data is created, it can be shared with or 

without the author’s knowledge. Source information should be cited. Accuracy 

information and any potential for error should be clearly stated as well. Charts and 

tables are easily separated from written reports, so disclaimers and source information 

should be attached to each component. Providing current contact information in 

metadata and source documents is a helpful and courteous practice.  

I have done my best to present the information in this study in a clear and 

accurate way. All data for this project was retrieved from outside sources. Those 

sources were inspected for accuracy and cited appropriately. Each source has been 

fused with other data to create a final product. The results are not definitive, and relative 

accuracy of the study is unknown, but believed to be within a reasonable margin of error 

for the factors it considers. Overlay analysis and data fusion were used to categorize 

suitable and non-suitable areas for viticulture. It is possible however, that suitable areas 

may exist in regions deemed not suitable and vice versa. A visual assessment of results 

compared to successful vineyards in the region found its findings to be highly accurate. 

Keep in mind, this is a proposed suitability analysis made up of criteria chosen by a 

student studying geospatial sciences, not an oenologist, viticulturist, or agriculture 
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professional. If utilized, it should be used as one of many tools in the site selection 

decision-making process. Key factors may be missing from this analysis. Resolution of 

parameters used may have been too coarse to produce accurate data for site selection. 

Existing ground truth and data on biological hazards in this region should take 

precedence over the findings in this study.  
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CHAPTER 1 
INTRODUCTION 

Grapes are the highest valued fruit crop in the United States (Wine America 

2017). A commissioned study in 2017 found the total annual economic impact of the 

American wine industry to be $219.9 billion (Wine America 2017). California may 

currently produce 85% of North America’s wine, but viticulture is growing quickly in 

Texas (Adams 2021). Texas now has more than 520 wineries on 5,000 acres making it 

the fifth largest wine producing state behind California, Washington, New York, and 

Oregon (Adams 2021; NASS 2022). Last year, the Texas wine industry contributed 

more than $13 billion dollars and 104,000 jobs to the state’s economy (Botezatu 2022). 

Due to its size, the state is broken up into five distinct wine growing regions and eight 

designated American viticultural areas (AVA) (US TTB 2022). This paper will focus 

primarily on the Fredericksburg in the Hill Country AVA. 

Growing grapes in Texas may be profitable, but it is not easy. On paper, the Hill 

County looks like the ideal region for viticulture, but it faces many unique challenges 

and natural hazards.  While climate data appears to be favorable, average temperatures 

are produced from a compilation of frequent extremes. Environmental factors such as 

hail, high winds, late spring frosts, record droughts and severe thunderstorms plague 

the region and threaten Texas crops (Koch 1987). Just one of these climate variables 

can decimate a year’s yield; Fredericksburg AVA can experience all of them in a single 

growing season. One of the best ways to ensure success as a wine grower is to choose 

a proper location for cultivation from the start (Kamas & Stein 2014). 

There has been considerable research done on site selection and viticulture 

suitability across the globe. Journal records and agricultural studies detailing best 
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practices for grape cultivation and wine production go back hundreds of years, but 

viticulture in the Fredericksburg AVA was primarily for personal use until the 1970’s 

(Fredericksburg 2022, Koch 1987). Suitability analyses of Illinois, the Pacific Northwest, 

Virginia, Washington, Italy, New Zealand, Romania, the Izmir region and Sarkoy region 

of Turkey were referred to when developing parameters for this study, but there is a 

significant time gap of data for viticulture in Texas, the Hill Country/Fredericksburg AVA 

region in particular. In addition to the lack of historical data and viticulture research in 

this area, research showed the climate in Texas is unlike the studied wine producing 

regions meaning its needs would be specifically unique (Kamas & Stein 2014).  

Because of the boom in tourism, the Fredericksburg AVA is growing even faster 

than other areas in Texas. Land suitability analysis for future vineyards sites and 

continued viticultural research in this region is not only necessary, but valuable to both 

the state, and its winemakers. The purpose of this study is to determine which factors 

are most helpful for site selection in the Fredericksburg AVA. Goals and objectives 

include a multi criteria evaluation, spatial analysis, and a land suitability analysis to 

define site specific needs at a local level as well as determine areas best suited for 

growing high-quality wine grapes. According to the Texas A&M AgriLife Extension, the 

number one mistake new vineyard owners make is poor site selection (2020). There are 

many factors to be considered when selecting a site for a vineyard, but this study will 

focus on climate, soil, and terrain characteristics. Selected characteristics will be 

analyzed to conclude which parameters are of the most importance and which 

weighting method yields the most consistent results.  
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CHAPTER 2 
DATA & METHODS 

Study Area 

 
Figure 2-1.  Overview map of Fredericksburg AVA 

 
The Fredericksburg AVA is in the heart of Texas Hill Country. The Hill Country 

has its own AVA with several smaller ones inside of it. The actual name of the study 

area is “Fredericksburg in the Texas Hill County”, but from here on will be referred to 

simply as Fredericksburg AVA. The land was established as a designated viticultural 

area in 1988 (TTB 2022). The region covers roughly 110 squares miles of Gillespie 

County in Central Texas (TWGGA 2022). The AVA lies due west of Austin and North of 

San Antonio bordered by the Edwards Plateau and the Balcones Escarpment fault 
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zone. The region was formed by a geologic uplift and has some of the oldest soils in 

Texas dating back to the Precambrian and Paleozoic eras (Wermund 1996). The hilly 

terrain is the result of limestone erosion during the Cretaceous period approximately 

145 million years ago (Wermund 1996). Today, the AVA is comprised of the younger 

low-lying alluvium soils near the rivers, colluvium rock, hensell sands, and Glen Rose 

limestone (USGS TWSC 2014). Coburn, a Fredericksburg Soil Scientist, describes the 

soil as sandy-loam, quartz over reddish clay. The clay is red from its high iron content 

and is considered rich in nutrients and minerals, though it can be lacking in organic 

matter (Koch 1987). Prime soil for viticulture. Thanks to the uplifted terrain, the climate 

here is less humid than the rest of Texas (Koch 1987). Average temperatures range 

from 57 to 87 °F, and the area receives 30-32 inches of rainfall each year (NRCS 2012). 

Prevailing winds are from the south and altitude ranges from 1,475 to 1,900 feet above 

sea level (USGS EROS 2014). The only population center is the city of Fredericksburg. 

The area has become a popular tourist destination with more than 50 operating 

wineries, tasting rooms and vineyards. 

Project Workflow 

 
Figure 2-2. Land Suitability Analysis of Fredericksburg AVA Project Workflow 
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Identify Potential Factors 

The most time intensive portion of this project was researching and determining 

which factors would be most effective for assisting with site selection in the study area. 

Many variables could have been chosen, some outside the scope of this research, but 

fifteen were considered. After conducting a thorough literature review and data analysis, 

it was determined defining Soil Types and Particle Size without knowing grape varietals 

was outside the scope of this project. These factors were discontinued at this stage of 

the project. The remaining thirteen factors continued through spatial analysis, but after 

evaluation only seven were used in the final suitability model. Justifications and findings 

will be reported in the multi-criteria evaluation section of the paper below.  

Potential Factors: 

o Aspect – Aspect has a significant impact on the amount of sunlight a site 
receives, as well as its daily temperature and soil moisture levels (Alganci et al 
2019; Wolf & Boyer 2003). 
 

o Available Water Storage (AWS) – Available water storage refers to the amount 
of water below the surface available to plant roots. It is quantified at varying 
depth levels. AWS is a vital resource for roots, particularly during drought 
conditions (Kamas & Stein 2014).  
 

o Drainage Class – Well-draining soils quickly reduce moisture from excess 
rainfall, promote healthy vine growth, and help prevent root diseases in soils 
(Yau et al 2014). 
 

o Elevation – Planting at higher elevations is the best way to prevent damage from 
frost (Kamas & Stein 2014). The recommended elevation range in the study area 
is 1500-1900 feet above sea level (Koch 1987). 
 

o Flooding Frequency – Fredericksburg AVA is prone to heavy rainfall and rapid 
flooding. Areas designated as flood prone are not conducive for viticulture and 
should be avoided.  
 

o Frost Free Days (FFD) – The number of days that occur between the last spring 
frost and the first winter frost are known as FFDs. The minimum number of frost-
free days recommended for viticulture is 180 (Wolf & Boyer 2003).  
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o Growing Degree Day (GDD) – GDD measures heat accumulation and can be a 
good way to compare sites with similar regional climates (Yau et al 2014). More 
specific than comparing temperature alone, GDD is equal to the mean average 
temperature minus a set base temperature. For wine grapes, a base temperature 
of 50 °F is recommended (Yau et al 2014).  
 

o Land Usage – Current land usage is a vital factor in site selection. Urban areas, 
wetlands, and water sources are permanently not suitable for viticulture. If 
associated costs are a factor, forested areas could be more cost prohibitive (Wolf 
& Boyer 2003). 
 

o Particle Size – Researched and found to be outside the scope of this project.  
 

o Precipitation – Wine grapes require approximately 24-30 inches of rainfall each 
year (Wolf & Boyer 2003)  
 

o Soil pH – A soil’s pH balance correlates to how well plants can absorb nutrients. 
If soils are too alkaline, they will be nutrient deficient while overly acidic soils can 
have toxic levels of aluminum, copper, and manganese (Yau et al, 2014). The 
optimal scale recommended for grape growing varies by region and soil type, but 
consensus in literature suggests an ideal range somewhere between 6.0-7.2 
(Wolf & Boyer 2003; Yau et al 2014).  
 

o Soil Type – Researched and found to be outside the scope of this project.  
 

o Solar Radiation – Sun exposure drives the growing season, enhances fruit 
composition, and overall flavor. Optimum levels and specific ranges are still 
unclear, particularly in maximum ranges (Bergqvist et al 2001; Yau et al 2014).  
 

o Slope – Sloped terrain helps move air and water across a vineyard. It can help 
prevent frost, assist with drainage, as well as promote cooling and air drying from 
winds. Slight to moderate slope is most suitable for viticulture. Operating heavy 
equipment and machinery becomes challenging on slopes greater than 15% 
(Wolf & Boyer 2003).  
 

o Temperature – Temperature is a driving force in all aspects of viticulture. It helps 
determine when a growing season begins and ends as well as impacting color 
and flavor. The greater the range in minimum and maximum temperatures on a 
daily and seasonal basis creates a more complex wine.  
 

Factors excluded: Particle Size, Soil Type 
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Data Prep 

Data for this project was obtained from the following sources:  

 
Figure 2-3.  Reference image of Fredericksburg in the Hill Country AVA inside Texas 

Hill Country AVA 

A polygon of the study area was obtained from the Department of Treasury 

Alcohol and Tobacco Tax and Trade Bureau (TTB). Geospatial information of 

designated American Viticultural Areas is available through their AVA Map Explorer. A 

metadata table for this dataset is included in Appendix A – Table A-1.  
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Figure 2-4.  SRTM 1 Arc-Second global dataset of study area 

Next, a DEM was needed to create area solar radiation, aspect, elevation, and 

slope rasters. One arc-second Shuttle Radar Topography Mission (SRTM) data was 

obtained through U.S Geological Survey (USGS) Earth Explorer website. A metadata 

table for this dataset is included in Appendix A – Table A-2.  
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Figure 2-5.  Thematic Map of Soil Orders of Fredericksburg AVA 

 

A soils map units layer of the United States was derived from the Soil Survey 

Geographic Database (SSURGO) and published by Environmental Systems Research 

Institute (Esri). This dataset provided the information to create raster and vector layers 

for available water storage, average temperatures, rainfall, frost free days, drainage 

class, flooding frequency, particle size and soil type. A metadata table for this dataset is 

included in Appendix A – Table A-3.  
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Figure 2-6.  Thematic map of NLCD in Texas  

 
Figure 2-7.  Thematic map of 1981-2010 Annual Average Precipitation in Texas 
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Figure 2-8.  Thematic map of Annual Average Max Temperatures in Texas 

 

Land Usage, precipitation and temperature data were downloaded from the 

United States Department of Agriculture (USDA) Natural Resource Conservation 

Service (NRCS) Geospatial Data Gateway (GDG). Downloads included 1981-2010 

Annual Average Precipitation of Texas, 1981-2010 Annual Average Maximum 

Temperature of Texas, 1981-2010 Annual Average Minimum Temperature of Texas, 

and the National Land Cover Dataset of Texas (NLCD). Metadata tables for these 

datasets are included in Appendix A – Tables A-4, A-5, and A-6.  
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Figure 2-9.  Orthoimagery of Fredericksburg AVA 

 

Orthoimagery was downloaded from USGS Earth Explorer. The imagery was 

collected as part of the USDA’s Farm Service Agency (FSA) National Agriculture 

Imagery Program (NAIP). The 4-band 60cm imagery was collected between May 2018 - 

April 2019 and published in October 2020. A metadata table for this dataset is included 

in Appendix A – Table A-7.  
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Figure 2-10.  Overview map of existing vineyards in Fredericksburg AVA 

 

A list of existing vineyards was compiled using addresses from the 

Fredericksburg Convention and Visitor Bureau website. There are more than 48 

wineries and vineyards listed, many import their wines or ship them from other wine 

growing regions in Texas. The compiled list only includes working vineyards within the 

Fredericksburg AVA (Appendix A Table A-8).  
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Methods 

 
Figure 2-11.  Land Suitability Model  

Once the data was collected, it was transformed to appropriate file types and 

condensed to the region of study. All geoprocessing was performed using the ArcGIS 

Pro 10.7 software suite and associated toolboxes. 

Geocode Addresses: The Geocode Address tool uses an address locator to 

convert tabular data into a geocoded point feature class. This geocoding tool was used 

to create a vector file of existing vineyards in the study region.  

 
Mosaic to New Raster:  The Mosaic to New Raster tool is a part of the Data 

Management toolbox in ArcGIS. Seven NAIP orthoimages were merged to form a new 

mosaic raster dataset of the existing wineries in the Fredericksburg AVA. This mosaic 

will be used for visual validation of the results of the suitability analysis.  
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Clip Raster: The Clip Raster function is another Data Management tool in 

ArcGIS. This tool allows the user to cut a portion of a raster or mosaic within a given 

boundary or area. The DEM in this project were clipped to the extent of the 

Fredericksburg AVA shapefile acquired from the US TTB. The mosaic raster of NAIP 

imagery was also clipped to the extent of the Fredericksburg AVA. 

 
Extract by Mask: Extract by Mask is a similar tool to Clip Raster in ArcGIS. This 

tool was used in a similar fashion to clip the NLCD data to the extent of the 

Fredericksburg AVA.  

 
Pairwise Clip: The Pairwise Clip tool is in the Analysis toolbox and allows the 

user to clip pieces from one vector file based on parameters of another. This tool was 

used to clip temperature and precipitation data to the extent of the Fredericksburg AVA. 

 
Thematic Maps: Thematic maps were created for the following soil and climate 

characteristics: Available Water Storage, Drainage Class, Flooding Frequency, Frost 

Free Days, Land Cover, Precipitation, Soil pH, and Temperature using soil map unit 

layers from the SSURGO, land cover data from the NLCD, and climate/precipitation 

layers from Parameter-elevation Regressions on Independent Slopes Model (PRISM).  

 

The SSURGO dataset compiles a vast array of information collection on soils by 

the NRCS. This data can be used for suitability analysis when combined with climate 

and terrain information for a specific area. Attributes from the SSURGO tables were 

used to create thematic maps for Available Water Storage, Drainage Class, and 

Flooding Frequency.  
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NLCD: The NLCD is produced by the Earth resources Observation Science 

Center (EROS) and updated every five years. The most recent version was published in 

2019. The data set is a thematic map of land cover features and land cover changes 

based on 30m Landsat Thematic Mapper (TM) data. The NLCD can be used for spatial 

reference of land surfaces as it was here for the Fredericksburg AVA. 

 

PRISM: PRISM is a baseline dataset created with interpolated point data and 

DEM to describe annual estimates of historical climate records (USDA NRCS 2022). 

The most current baselines are for the 1981-2020. Nationwide coverage is available at 

800m resolution for free, a finer 4km version is available for purchase [not within the 

scope of this project] (OSU 2022). This information was used to create thematic maps 

for average maximum, average minimum, and average annual precipitation of the 

Fredericksburg AVA. The resolution of these factors proved to be too coarse for the 

study region and were not included in the final model.  

 

Multi-Criteria Evaluation (MCE) 

Once all factors were researched, data was acquired, and prepped for analysis 

an in-depth MCE could begin. Based on time and available research/data, seven factors 

were selected as inputs in the model. Suitability Analyses for other wine growing 

regions were consulted to help define criteria, determine category classes, and interpret 

guidelines of suitability for each factor. Justifications for class breaks and suitability 

scales were developed, and criteria were refined. Categories were stratified based on 
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these decisions to a common suitability scale of 1 to 5, where 1 equals Permanently Not 

Suitable and 5 equals Highly Suitable.  

Optimal Ranges: 

o Aspect – Unlike most wine growing regions where frost is the biggest threat, in 
the Fredericksburg AVA extreme temperatures, excessive sun exposure, and 
late spring frosts are of primary concern. Northern and Eastern aspects are 
preferred for early morning sun exposure and diffused sunlight. Southern and 
Western aspects should be avoided in warm to hot climates (Spayd et al 2002). 
 

o AWS – The more available water storage the better   
 

o Drainage Class – Well-draining soils are optimal (Spayd et al 2002).  
 

o Elevation – 1500-1900 feet above sea level (Koch 1987).  
 

o Flooding Frequency – No flooding is preferred  
 

o FFD – FFDs over 180 (Wolf & Boyer 2003).  
 

o GDD – 2200-2400 for the growing season is suitable (Badr et al 2018; Yau et al 
2014), maximum range unknown  

 
o Land Usage – Urban areas, wetlands, and water sources are permanently not 

suitable for viticulture. Forested areas could be more cost prohibitive (Wolf & 
Boyer 2003). 

 
o Precipitation –More than 24-30 inches of rainfall each year (Wolf and Boyer 

2003)  
 

o Soil pH – 6.0-7.2 (Wolf & Boyer 2003; Yau et al 2014).  
 

o Solar Radiation – Optimum levels and specific ranges are still unclear, but in 
warm environments, excessive sunlight should be avoided (Bergqvist et al 2001). 

 
o Slope – Slight to moderate slope are preferred. Slopes greater than 15% make 

operating heavy equipment and machinery increasingly difficult (Wolf & Boyer 
2003; Yau et al 2014).  

 
o Temperature – The greater the range in minimum and maximum temperatures 

on a daily and seasonal basis the more complex the wine. Agriculturists in the 
region anticipate harsh freezes at least once every seven years (Kamas & Stein 
2014). Unlike the rest of Texas, Fredericksburg AVA experiences 35-36 days 
under 40 °F a year (Koch 1987). These lower temperatures above freezing are 
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what makes the Fredericksburg AVA ideal for grape growing. Metabolic 
processes in grapes will slow down or stop at high temperatures, the upper 
threshold is estimated to be more than 86 °F (Downey et al, 2006) This is why 
grape harvests are typically in July.  

 
Define Classes 

Climate data proved to be too coarse of a resolution for class breaks with any 

significance except for the Frost-Free Days layer. FFD layer class breaks were split at 

intervals of 10.  Aspect classes follows standard cardinal directions. Elevation classes 

were determined based on local research. Slope classes were designed for ease of use 

when ranking. Moderately steep ranges were extended from 25% to 30% based on 

existing research and current local practices. Solar radiation classes follow ranges set 

by Yau et al when characterizing viticultural areas in the Pacific Northwest (2014). A 

maximum limit was estimated liberally based on histograms and existing research.  

Land usage classes follow USGS industry standards. Classes of all soil layers follow 

SSURGO designations.  

Classes were assigned a code based on the land suitability classifications 

defined by Badr et al in 2018 which mimic the Food and Agricultural Organization (FAO) 

of the United Nations standards established in 1976. A list of all factors, their classes 

and codes is available in Appendix A – Table A-9.  

Table 2-1. Suitability Scale 

Rank Suitability Level Code 

1 Permanently Not Suitable NS2 
2 Not Suitable NS1 
3 Marginally Suitable S3 
4 Moderately Suitable  S2 
5 Highly Suitable S1 
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At this point, overlay analysis excluded climate data as inputs for the weighted 

overlay model. The PRISM data interpolates climate information to an 800m resolution. 

Additional tabular climate data was retrieved from the closest existing weather station. 

While this information was helpful in validating climate parameters, even if interpolated 

there was still not enough local variation in FFD, GDD, mean temperatures, or 

precipitation levels to be of any significance to the model. Data classification proved 

either arbitrary or redundant.  While climate data is certainly vital to site selection, based 

on the data available these factors are currently irrelevant and will be dismissed from 

the model. Future studies could collect tabular data from additional weather stations to 

create an interpolated dataset with a finer resolution more useful for project analysis. 

Even the FFD layer with three class breaks had only one suitability code. If 

reclassified in the next stage of analysis this layer would provide no additional 

information and was hereby irrelevant to the model. It was also excluded at this stage of 

the project. Factors excluded: FFD, GDD, Particle Size, Precipitation, Soil Type, 

Temperature  

 

Spatial Analysis 

Once the data was trimmed to the study area, it could be processed for analysis. 

The Spatial Analyst toolbox of ArcGIS 10.7 was used to perform the following 

techniques.  

Slope: The Slope function was used to transform the DEM into a new raster 

image depicting steepness of terrain in the Fredericksburg AVA. The output raster 

calculated percent slope and is measured in percent rise. Lower percentages equate to 

flatter terrain and higher percentages equate to steeper terrain.  
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Aspect: The Aspect tool created a new raster from the DEM identifying compass 

directions of downhill slopes. Aspect uses degrees to represent compass directions 

from North. Each cell in the new raster holds a value depicting its direction. Aspect 

images are particularly useful in land suitability analysis, especially in the 

Fredericksburg AVA where the direction of a hillside can be the difference between 

optimal and extreme sun exposure.  

Area Solar Radiation: Even though the Aspect function can give some insight 

into how much sun a location receives. The Area Solar Radiation tool takes it a step 

further. This tool calculates the amount of solar radiation, or insolation, a raster surface 

receives based on input parameters and topographic features. Solar radiation is a sum 

of direct and diffuse radiation on a surface. The process was set for a multiple day 

configuration from April 1, 2022 – Oct 31, 2022, with a 14-day, 2-hour interval. A default 

sky size of 200 x 200 cells with 32 azimuth directions and eight azimuth divisions was 

used. The results are measured in watt hours per square meter (WH/m2).  

 
Figure 2-12.  Slope, Aspect and Solar Radiation of Fredericksburg AVA 
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Suitability Analysis 

Reclassify  

The Reclassify tool from the Spatial Analyst toolbox was used to transform the 

input data to the suitability ranks designated in Table 2-1 for each class breaks during 

MCE. Each of the input criteria rasters were reclassified into five suitability categories 

ranging from 1 = Permanently Not Suitable to 5 = Highly Suitable mimicking the FAO 

scale.  

 
Figure 2-13. Reclassification results of Land Suitability Analysis 

 
At this point, another round of overlay analysis was performed. The elevation 

layer had data existing in only two categories, Highly Suitable and Moderately Suitable. 
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The Moderately Suitable data consisted of 395 pixels. All of which were found to occur 

in low lying areas near rivers. This data can be excluded from the model since it would 

be cancelled out by the Flood Frequency layer where these pixels are not suitable for 

viticulture. The elevation layer was removed at this stage of the project to give more 

weight to factors, like Flooding Frequency, with a higher importance for this study 

region.   

A similar scenario occurred with the Soil pH layer where only 11 pixels were 

categorized as Moderately Suitable versus Highly Suitable. Ranking this layer in the 

weighted overlay model would take away points from more important layers. This layer 

was excluded to make the final model more precise. 

Once all layers were reclassified the remaining layers were ready to be 

calculated in a Weighted Overlay model. Factors removed: Elevation, Soil pH 

 

Weighted Overlay  

A weighted overlay model was chosen for this project because it fuses research 

with spatial analysis and identifies most favorable conditions. This model is ideal here 

since the input layers are not of equal importance. The Weighted Overlay method 

requires the user to assign a numeric value to each input layer that will determine its 

level of importance in the suitability assessment.  

Rank Scheme: Weights were determined based on a simple ranking method. 

The term “weight” here refers to the value of importance placed on each criteria in the 

map equation. The higher the weight, the more influential the factor to the suitability 

model. Therefore, the weight scheme directly influences the final product and is one of 

the most influential parts of the study. Weight methods from previous studies were 
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researched and compared to help determine prioritization based on data availability and 

best estimates for local parameters. 

Table 2-2. Weighted Ranking Scheme for Suitability Model 

Category Factor Points  

Soil Available Water Storage 20 
Drainage 5 
Flooding Frequency 20 

Terrain Aspect 20 
Land Usage 5 
Slope 15 
Solar Radiation 15 

Total 100 

 
The Weighted Overlay tool was executed multiple times under different scenarios.  
 

Scenario 1: According to Virginia Tech’s viticulture professors, a vineyard is 
most impacted by its aspect, slope, land usage, soil type and soil moisture levels 
(Wolf & Boyer 2003). For these reasons combined with data collected for the 
Fredericksburg AVA the first scenario assumed Aspect, Available Water Storage 
and Slope would be the most important parameters. Aspect was assigned a 
weight of 20 because it directly impacts daily temperatures, FFD, GDD, and total 
sun exposure. Available Water Storage was also given a weight of 20 for its 
correlation to soil moisture levels and frequency of drought conditions in the 
study region. Slope also received a weight of 20 based on expert opinion and its 
impact on temperature and soil drainage capabilities. Solar Radiation came in at 
15 not only to account for sun exposure, but because it directly affects overall 
temperature of the fruit.  

Scenario 2: Weights for Slope and Solar radiation were exchanged to better 
account for regions with maximum sun exposure levels. 

Scenario 3: At this point in processing, it was discovered raster calculations 
were more precise if areas deemed not suitable for viticulture were removed from 
the equation all together. The third scenario parameters were reset to Scenario 
1, but areas ranked not suitable were.  

Scenario 4: Scenario 2 parameters were repeated, but with the not suitable 
areas excluded. 

Scenario 5: Analysis showed the suitability raster still showing low lying areas at 
risk of flooding as suitable areas. For this iteration Aspect, AWS, and Flooding 
Frequency layers were given the most importance. Each of these layers were 
assigned a weight of 20. Slope and Solar were given a weight of 15, and 
Drainage Class and Land Use were given a weight of 5.  
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Table 2-3.  Scenarios tested in Weighted Overlay Model 

Layer AS AWS DC FF LULC SL SOLAR 

SCN 1 20 20 5 10 10 20 15 
SCN 2 20 20 5 10 10 15 20 
SCN 3 20  20 5 10 (+R) 10 (+R) 20 15 (+R) 
SCN 4 20 20 5 10 (+R) 10 (+R) 15 (+R) 20 (+R) 
SCN 5 20 20 5 20 (+R) 5 (+R) 15 (+R) 15 (+R) 

AS = Aspect, AWS = Available Water Storage, DC = Drainage Class, FF = Flooding 
Frequency, LULC = Land Use Land Class, SL = Slope, SOLAR = Solar Radiation 
SCN = Scenario, (+R) = Restricted  

 

Scenario 5 parameters appear to give the most realistic results given their input 

parameters. Additional scenarios could still be explored but were found to be outside of 

the scope and time allowed for this project. 

 
Map algebra via the Weighted Overlay tool was used to combine the reclassified 

categorized rasters based on their weight scheme for each scenario. Classes unsuitable 

for were marked as Restricted in Scenarios 3-5 so they would be eliminated for 

consideration in the final suitability raster. The final suitability raster represents locations 

based on their range of the suitability scale.  

AWS x .20 + Aspect x .20 + Flooding x .20 + Slope x .15 + Solar Radiation x .15  

+ DC x .05 + LULC x .05 = Final Suitability Raster 

Table 2-4.  Results of Weighted Overlay Model Scenarios 

Scenario Not Suitable Marginally 
Suitable 

Moderately 
Suitable 

Highly Suitable 

SCN 1 0 928 214,333 79,080 
SCN 2 0 1,395 217,275 75,671 
SCN 3 58,043 61 160,799 75,438 
SCN 4 58,043 61 164,177 72,060 
SCN 5 58,043 0 156,185 80,113 

 

Scenario 5 produced a suitability map with the results of the raster calculation. 

Each pixel holds a value equating to its suitability scale.  
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CHAPTER 3 
RESULTS 

 
Figure 3-1.  Land Suitability Analysis of Fredericksburg AVA 

The objective to determine which factors are most helpful for site selection in the 

Fredericksburg AVA is complete. An in-depth MCE found there was not enough 

conclusive or varied data to include elevation, FFD, GDD, particle size, precipitation, 

soil pH, soil type, or temperature variables in the weighted overlay model. Aspect, AWS, 

drainage class, flooding frequency, land usage, slope and solar radiation were the most 

influential factors for determining site suitability based on available materials. 

The goal of finding suitable areas within the Fredericksburg AVA for producing 

high-quality grapes has been met. The weighted overlay model found 594 acres (27%) 
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to be highly suitable, 1,158 acres (53%) to be moderately suitable, and 430 acres (20%) 

not suitable for viticulture. Areas deemed highly suitable or moderately suitable should 

allow growers to produce to high-quality grapes. Biological and environmental hazards 

should still be taken into consideration and could affect crop yields at any time.  

Results were verified by comparing the suitability raster with NAIP imagery of 

existing vineyards. Visual verification of seven vineyards found six to exist in areas 

deemed Highly Suitable or Moderately Suitable by the weighted overlay model. The 

outstanding vineyard (pictured center) had trellises in areas deemed Developed, Open 

by the NLCD land use data set. This vineyard had only a small number of trellises and 

was located near the border of suitable areas and urban development. These findings 

do not take away from the results of the final suitability analysis. 

 
Figure 3-2.  Visual comparison of existing vineyards versus final suitability analysis 
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Observations show growers are willing to compromise between areas of High 

and Moderate suitability to be close to urban centers and along well trafficked roads. 

Site selection is always a compromise of potential variables, but trafficability and 

distance to urban centers should be considered in future projects.   

The remaining six vineyards were in 48% of areas found Highly Suitable, 47% of 

areas found Moderately Suitable, and 5% Unsuitable for viticulture. Four of the 

vineyards were an even mix of highly suitable and moderately suitable areas.  

Reliability: All results found in this analysis are estimates and based on data that 

has been resampled. Inherent errors are always possible in resampled data. Non-

sampling errors such as omissions of key factors, duplication of conditions, and 

mistakes in reporting may exist. These errors are immeasurable but were minimized 

through data verification and careful review during analysis. Information presented here 

should be of reasonable accuracy based on the factors considered.  Guidelines for all 

factors were found and utilized for all characteristics except the upper levels of solar 

radiation. Researchers sought outside guidance but have not received feedback at the 

time of publication. Upper limits were determined based on existing data. If new data is 

received, the project will be updated accordingly.  
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CHAPTER 4 
DISCUSSION 

The Texas Viticulture & Enology department of Texas A&M states the top three 

mistakes new vineyard owners make are poor site selection, planting the wrong varietal 

and not planning for natural and biological hazards (disease control) (Texas A&M 2020).  

The results of the final suitability map created for this project provide a good baseline for 

wine growers to choose suitable areas for future vineyards in the Fredericksburg AVA. 

These findings could not only save potential growers time and money, but they indicate 

sites selected in suitable areas should be sustainable. 

There are many other factors serious viticulturists might want to consider before 

selecting a final location. As previously mentioned, the Texas Hill Country is still 

developing as a wine producing region and as a result growers are experiencing with 

many different grape varietals. There were 65 different grape varietals grown in Texas 

in 2020 (NASS 2021). Different grape varietals require unique characteristics that are 

not covered in this study. Soil characteristics become more important and should be 

taken under serious consideration. Also, this region is known to be at high risk for both 

Pierce’s disease, cotton root rot, and other biological hazards (Kamas & Stein 2014). 

While each of these biological hazards can be mitigated with vineyard management 

practices, they should still be heavily considered before final site selection. 

Winegrowers have been experimenting with disease resistant grape varietals with 

success, so additional research and expert guidance can help vineyard owners come to 

the best conclusions on this and other natural hazards.  

The one factor with the least conclusive finding was solar radiation. Most 

suitability analyses and research stated a vineyard needs more than 4,500 WH/m2, but 
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began to negatively affect the grape over certain levels (Bergqvist et al 2001; Yau et al 

2014). The best chance for acquiring maximum thresholds would be to contact the 

Catena Institute or UC Davis since they readily share best practices and lessons 

learned for the good of viticulture. Without an upper limit to go by, this region of the data 

was safely considered and determined with a large buffer. These limits may not be 

precise or accurate for wine growing needs. The Resource Management and Project 

Coordinator at the Catena Institute was consulted for input in July 2022 but has not 

responded at this time. Any follow up correspondence will be added if/when received. 

Three areas where this study could be found lacking are temperature, 

precipitation, and soil pH levels. One reason temperature data may not be precise is 

due to the extreme range in temperatures across the seasons and from day to night 

making temperatures appear milder than they are.  The second being the coarse 

resolution of climate data. Data was retrieved for the nearest weather station, but 

additional data could have create a dataset with finer resolution. This fact was 

discovered to late for processing for this project. The same way temperature data may 

be skewed from drastic changes in temperature, precipitation levels may also be 

skewed because of periods of heavy rainfall followed by extreme droughts. The soil pH 

level was taken from SSURGO data collected over the at a coarser resolution than 

desired. These levels are helpful but may not actually be accurate for the plot of land 

under consideration. A site soil survey of potential vineyards is highly suggested and 

would also assist landowners with additional information helpful for grape variety 

selection.  
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Another factor that will be of major concern for wine producers worldwide is 

climate change. As temperatures grow warmer and weather events more extreme, 

viticulture will have to adapt. Fredericksburg AVA is starting to experience the effects of 

climate change now. Warm weather grapes, vineyard management practices such as 

solar shades, hail nets, and wind protection may need to be incorporated into vineyard 

planning. With all the known hazards, site selection is one of the best tools growers can 

use to make educated assessments with calculated risks. Future studies should collect 

local weather data and ground truth data on terrain and soil from potential sites.  
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CHAPTER 5 
CONCLUSION 

 

The area surrounding Fredericksburg, TX was designated an American viticulture 

area for good reason. Climate, terrain, and soil characteristics in this region are well 

suited for grape growing. Native mustang grapes have been growing here for centuries 

and results show grapes can grow successfully in most of the region (Kamas & Stein 

2014; Koch 1987). Once grape varietals for a site are determined conditions get more 

specific than the results found in this study.  

Research concludes terrain with some slope, facing away from direct sun have 

the highest chance of viticulture success in this region. Low-lying areas should be 

avoided not only for their flooding potential, but also because they are at more risk of 

root rot, powdery mildew and frost damage.  

Soil data may not have been at a fine enough resolution to accurately depict soil 

depth, soil pH, or other important characteristics. Sites should always be verified with 

ground truth and local data. While this suitability analysis is a good starting point for 

selecting land, a site-specific soil survey is highly recommended.  

Results of this study could help growers select prime areas for viticulture, but 

additional analysis of biological hazards in the area and factors affecting specific 

varietals of grapes would still be necessary.  
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APPENDIX A 

TABLES 
 

Table A-1.  Metadata for Fredericksburg in the Texas Hill Country AVA 

Official name of data set Fredericksburg in the Texas Hill Country AVA 

Year of publication and/or last 
update 

2022-05-23 

Author and/or owner U.S. Department of the Treasury Alcohol and Tobacco 
Tax and Trade Bureau (TTB) 

URL or FTP address of the 
repository 

https://www.ttb.gov/images/AVA/  

Description Shapefile outlining the boundary of the Fredericksburg 
in the Texas Hill Country American Viticultural Area 
(AVA) Depicted inside the Texas Hill Country AVA for 
reference.  

Sensor N/A 
Coordinate system (including 
geodesic model, horizontal 
datum, vertical datum, and 
EPSG code) 

WGS84 EPSG 4326 

Projection system Mercator Auxiliary Sphere 
Spatial resolution N/A 
Geometry Type (if vector) Polygon 

 
Table A-2. Metadata for DEM 

Official name of data set Shuttle Radar Topography Mission 1 Arc-Second 
Global 

Year of publication and/or last 
update 

2014-09-23 

Author and/or owner U.S. Geological Survey Earth Resources Observation 
and Science (EROS) 

URL or FTP address of the 
repository 

https://earthexplorer.usgs.gov/ - 
https://doi.org/10.5066/P9TU80IG 

Description Shuttle Radar Topography Mission 1 Arc-Second 
Global digital elevation data of Texas in raster format  

Sensor Space Shuttle Endeavor 
Coordinate system (including 
geodesic model, horizontal 
datum, vertical datum, and 
EPSG code) 

WGS84 EGM96 Geoid  

Projection system Mercator Auxiliary Sphere 
Spatial resolution 1 arc-second (30 meters) 

 
 

https://www.ttb.gov/images/AVA/
https://earthexplorer.usgs.gov/
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Table A-3.  Metadata for SSURGO dataset 

Official name of data set USA Soils Map Units 
Year of publication and/or 
last update 

2021 

Author and/or owner ESRI, USDA Natural Resources Conservation Service 
URL or FTP address of the 
repository 

https://landscape11.arcgis.com/arcgis/rest/services/U
SA_Soils_Map/ 
https://landscape11.arcgis.com/arcgis/rest/services/U
SA_Soils_Map_Units/featureserver  

Description Soils of the United States derived from the Soil Survey 
Geographic Database (SSURGO)  

Sensor N/A 
Coordinate system (including 
geodesic model, horizontal 
datum, vertical datum, and 
EPSG code) 

Coordinate System: Albers Equal Area Conic 
Horizontal Datum: WGS 84  
EGM96 Geoid 

Projection system Web Mercator Auxiliary Sphere 
Spatial resolution 10m 

 
Table A-4.  Metadata for NLCD of Texas 

Official name of data set National Land Cover Dataset (NLCD) 
Year of publication and/or last 
update 

2019 

Author and/or owner U.S. Geological Survey EROS Center 
URL or FTP address of the 
repository 

https://gdg.sc.egov.usda.gov/ 

Description Land Use Land Cover data of Texas downloaded 
from the Geospatial Data Gateway 

Sensor N/A 
Coordinate system (including 
geodesic model, horizontal 
datum, vertical datum, and 
EPSG code) 

Universal Transverse Mercator UTM Zone 14 
Horizontal Datum: North American Datum 1983 
Ellipsoid: GRS1980 

Projection system Transverse Mercator 
Spatial resolution 30m 

 
  

https://landscape11.arcgis.com/arcgis/rest/services/USA_Soils_Map/
https://landscape11.arcgis.com/arcgis/rest/services/USA_Soils_Map/
https://landscape11.arcgis.com/arcgis/rest/services/USA_Soils_Map_Units/featureserver
https://landscape11.arcgis.com/arcgis/rest/services/USA_Soils_Map_Units/featureserver
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Table A-5.  Metadata for precipitation dataset of Texas 

Official name of data set 1981-2010 Annual Average Precipitation by State 
Year of publication and/or last 
update 

2022 

Author and/or owner USDA/NRCS National Geospatial Center of 
Excellence 

URL or FTP address of the 
repository 

https://gdg.sc.egov.usda.gov/ 

Description Derived average annual precipitation according to 
point precipitation and elevation data from 1981-2010 

Sensor N/A 
Coordinate system (including 
geodesic model, horizontal 
datum, vertical datum, and 
EPSG code) 

Universal Transverse Mercator UTM Zone 14 
Horizontal Datum: North American Datum 1983 
Ellipsoid: GRS1980 

Projection system Transverse Mercator 
Spatial resolution 800m 

 
Table A-6.  Metadata for temperature datasets of Texas 

Official name of data set Annual Temperature 1981-2010 
Year of publication and/or last 
update 

2012 

Author and/or owner USDA/NRCS National Geospatial Center of 
Excellence 

URL or FTP address of the 
repository 

https://gdg.sc.egov.usda.gov/ 

Description Derived average temperature according to a model 
using point temperature data from 1981-2010 

Sensor N/A 
Coordinate system (including 
geodesic model, horizontal 
datum, vertical datum, and 
EPSG code) 

Universal Transverse Mercator UTM Zone 14 
Horizontal Datum: North American Datum 1983 
Ellipsoid: GRS1980 

Projection system Transverse Mercator 
Spatial resolution 800m 
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Table A-7. Metadata for NAIP Imagery of Fredericksburg AVA 

Official name of data set 202004 TEXAS NAIP 0X6000M UTM CNIR 
Year of publication and/or last 
update 

2020 

Author and/or owner USDA FSA APFO 
URL or FTP address of the 
repository 

https://earthexplorer.usgs.gov/  

Description Orthoimagery collected for the USDA FSA NAIP 
program. Texas imagery is collected every 2 years 

Sensor CNIR 
Coordinate system (including 
geodesic model, horizontal 
datum, vertical datum, and 
EPSG code) 

Universal Transverse Mercator UTM Zone 14 
Horizontal Datum: North American Datum 1983 
Ellipsoid: GRS1980 

Projection system Transverse Mercator 
Spatial resolution .6 m 

 
Table A-8.  Existing Vineyards in Fredericksburg AVA 

Name Address City State Zip 

Alexander Vineyards 6360 Goehmann Lane Fredericksburg TX 78624 

Augusta Vin Winery 140 Augusta Vin Lane Fredericksburg TX 78264 

Barons Creek Vineyards 5865 E U.S. Highway 290 Fredericksburg TX 78264 

Bingham Family 
Vineyards 

3915 B E US Highway 290 Fredericksburg TX 78624 

Fiesta Winery 290 6260 E US Highway 290 Fredericksburg TX 78624 

Longhorn Cellars 315 Ranch Road 1376 Fredericksburg TX 78624 

Los Pinos Ranch 
Vineyards 

6009 E US Highway 290 Fredericksburg TX 78624 

Slate Mill Wine Collective 4222 S State Highway 16 Fredericksburg TX 78624 

Texas Heritage Vineyard 3245 E US Highway 290 Fredericksburg TX 78624 

Wedding Oak Winery 6009 E US Highway 290  Fredericksburg TX 78624 

Wildseed Farms 
Vineyards 

100 Legacy Drive Fredericksburg TX 78624 

 
  

https://earthexplorer.usgs.gov/
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Table A-9. Category Breakdowns and Suitability Codes 
Category Factor Classes Code 

Climate FFD 220 – 230 S1 
231 – 240 S1 
241 – 250 S1 

Annual GDD (base 50 °F) 61,771.3 NA 
Spring GDD (base 50 °F) 1,478.5 NA 
Summer GDD (base 50 °F) 2873.3 NA 
Total GDD Mar-Nov (base 50 °F) 6,286 NA 
Precipitation 30.56 in. NA 
Annual Mean Temperature 65.5 °F NA 
Annual Mean Max Temperature 77.6 °F  NA 
Annual Mean Min Temperature 53.5 °F NA 

Topography Aspect -1 -22.5 NS1 
22.5 – 67.5 S1 
67.5 – 112.5 S1 
112.5 – 157.5 S2 
157.5 – 202.5 S3 
202.5 – 247.5 S3 
247.5 – 292.5 S3 
292.5 – 337.5 S2 
337.5 -360 S1 

Elevation 450-457m S2 
457-579m S1 

Slope 0-1 % S3 
1-2 % S2 
2-5 % S2 
5-10 % S1 
10-15 % S1 
15-22 % S2 
22-35% S3 
35-36% NS1 

Solar Radiation 0 – 250,000 NS1 
250,001 - 500,000 S3 
500,001 - 888,888 S3 
888,889 – 
1,000,000 

S2 

1,000,001 – 
1,111,111 

S1 

1,111,112 – 
1,550,000 

S1 

1,550,001 – 
1,778,404 

S2 

1,778,405 – 
3,072,709.5 

S3 

Land Usage Open Water NS2 
Developed, Open NS1 
Developed NS1 
Barren S3 
Deciduous Forest S2 
Evergreen Forest S2 
Mixed Forest S2 
Shrub/Scrub S2 
Herbaceous S1 
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Table A-9.  Cont’d  
Category Factor Classes Code 

  Hay/Pasture S1 
  Crops S1 
  Woody Wetlands NS1 
  Emergent 

Wetlands 
NS1 

Soils Available Water Storage 0-10 cm S3 
  10.1-20 cm S2 
  20.1-30 cm S1 
 Drainage Class Well Drained S1 
  Moderately Well 

Drained 
S2 

 Flooding Frequency  None S1 
  Occasional S3 
  Frequent NS1 
 Soil pH  6.6 S1 
  6.7 S1 
  6.8 S1 
  6.9 S1 
  7.0 S1 
  7.1 S1 
  7.2 S1 
  7.3 S2 

 


