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Abstract:  

The use of smart agriculture practices can enhance the productivity and quality of 

produce. One smart agriculture technique, using GIS to determine prime development 

areas, is especially beneficial for vineyards due to the response to environmental 

conditions that wine grapes can display in the final product. This research attempts to 

conduct a suitability analysis for two classifications of wine grapes to understand the 

influence of environmental criteria in the area. Using GIS with open data and a 

predefined suitability index, individual rasterized layers for soil drainage class, soil pH, 

soil organic content, growing degree days, slope, aspect, and frost free days were 

combined to create a final suitability surface. Areas where vineyards would be inviable, 

such as public lands, areas with steep slopes, urbanized areas, wetlands, and flood 

prone areas, were removed from the result. The areas where vineyards cultivate grapes 

were mapped and each vineyard’s suitability was calculated. The entire county’s 

suitability for both varietal zones were determined, finding that colder grape varieties 

(zone 1) are better suited for the region than the warmer grape varieties (zone 3), 

although both were fairly well suited. Summary statistics were calculated and compared 

for the county and producing vineyards in the county. 
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Introduction: 

 

Agricultural land use planning requires a wide variety of data in order to ensure crops 

are planted in arable land, maximize land productivity, and enhance the quality of the final 

product. Regional planning problems are difficult to solve because of the large amounts of data 

required, including considerations to multiple, crop-specific criteria, and rational limitations to 

agriculture. Environmental data relating to agricultural planning has been streamlined into 

analyses through the utilization of geographic information systems (GIS). With the use of a 

multitude of available data, analyses of large swaths of land can be conducted and presented in 

a manner accessible to both land-use planners and agriculturalists. 

The impact of agricultural planning is exemplified when the quality of the produce is a 

major aspect of sale. Wine grapes epitomize this importance as high quality grapes can enhance 

profitability of a vineyard (Santesteban et al. 2010). Not only is the quality of the product 

enhanced by prior planning, but the viability of the grape vines is dependent on a number of 

environmental factors. Many of these environmental aspects are encompassed by the concept of 

terroir, a term commonly used in viticulture sciences. Terroir is the embodiment of a multitude 

of factors in the final product of a wine including: climate, soil properties, sun exposure, slope, 

growing practices, wine production practices, age of vine, and countless others. In wine 

production sciences, this concept has a large focus as it is commonly held as the evasive key to 

creating a high quality wine. Terroir has had a cultural and economic impact as it has infiltrated 

a number of diverse aspects of wine production, including the influence of appellation of origin, 

and inflated prices of areas known for producing quality wine, regardless of expert opinion 

(Leeuwen et al. 2004; Trubek 2008). 

Many venues of analysis, including chemical analyses, the impacts of soil type, climate 

parameters, production methods, and many others, have attempted to dissect the concept of 

terroir by defining the parameters that make high quality wines (Cuneo et al. 2013; Baciocco et 

al. 2014; Leeuwen et al. 2004). Ideally, and most likely, this information will be utilized by 

vineyards to improve decision making when preparing to invest in new property and choosing 

varieties to plant. Many studies focus on the dissolution of the terroir concept with impending 

climate change, however, the study of current environment aspects would be an ideal starting 

point in order to understand climate change influences (Jones et al. 2005; Mira de Orduña 2010). 

The concept of terroir has been used to put viticultural zoning in a world perspective, 

suggesting that the close relationship between the grape ecology and geography encourage 

vineyard development, even through the use of cartographic terroir-related data to construct 

models for predictive analysis of New Zealand vineyards (Shanmuganathan 2010; Vaudour and 

Shaw 2005). 

In Pennsylvania, wine grape production had a considerably late debut due to the 

Twenty-first Amendment to the United States Constitution, commonly known as the alcohol 

prohibition. The passing of this amendment forced Pennsylvania vineyards to remove wine 

grape varieties, and encouraged Pennsylvania farmers to refocus on the table grape variety, 

concord. The success of concord grapes, even after the federal prohibition ended, and the 

residual state laws kept wine grape production unpopular until 1968. The Pennsylvania Limited 

Winery Act was passed allowing vineyards to produce wine grapes and wine in 1968 (Carroll, 
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2006). This pattern of development has created an environment with a lack of vineyard 

development and scientific exploration into vineyard and winery suitability in Pennsylvania. 

To further the discussion on the concept of terroir, this study will attempt to determine 

the suitability for vineyards in Adams County, Pennsylvania. The analysis will utilize a GIS in 

order to composite a multitude of variables over the entirety of Adams County in order to 

determine the suitability of two varietal zones. 

 

Methods: 

 

Study Area: 

 

The study area for this assessment will be Adams County, Pennsylvania, located on the 

south-central border of Pennsylvania and Maryland (Figure 1). Adams County is well known 

for the Gettysburg National Military Park, and has extensive other areas reserved as public 

lands. This area of Pennsylvania has a rich history of, and is well known for, agricultural 

practices and production. The central city of Adams County, Gettysburg, hosts the Gettysburg 

Fruit and Wine trail, an agritourism asset that showcases the scenic and vast agricultural 

economy of the county.  With such a large economic investment towards apple and grape 

production, Adams County would benefit from the use of smart agriculture practices in order 

to maximize yield and quality of produce. 

There are currently four vineyards in the county, all concentrated to a single township. 

Between all of these vineyards, at least 24 different grape varieties are used in their wines. At 

this time, the proportions of wine grapes grown on site (estate wine) to imported grapes is 

unknown.  
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Figure 1. Adams County, at 1:310,000. Michaux State Forest is displayed here, as well as town and road names and the 
Gettysburg National Military Park (ESRI Basemap, PDCNR 2015). 

 

Conceptual Explanation: 

 

Through the review of literature on the subject and following the methodology of Chen 

(2011), this study considered environmental information related to the suitability for wine grape 

producing vineyards. The concept of terroir has a large focus on environmental qualities, one 

study finding that climate is more influential than soil, but both impacts vine development and 

berry composition more than cultivar (Leeuwen, et, al 2004). This study adopts the criteria used 

in Chen (2011) for climatic variables including growing degree days, frost free days, and winter 
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minimum temperatures. Soil attributed included in this study are: pH, drainage class, organic 

content. Other variables include slope, and aspect. 

Soil pH, organic content, and drainage are moderately to highly influential aspects of 

vineyard development. A properly adjusted soil pH is an important quality for plant growth 

because it affects the nutrient lability. While it is important to have slightly acidic pH levels for 

soils, this quality can be adjusted with relatively affordable methods. Soil drainage is one of the 

most important variables in vineyard development because it influences root development and 

respiration and amending soil drainage can be an expensive process (Lakso and Martinson 

2014). Organic content in soils provides grapevines nutrients, porosity, structure, and a medium 

for diverse biotic ecology, but can be easily amended (Chen 2011). 

Slope and aspect are a major aspect of determining vineyard suitability. Moderate slopes 

(2.5°-15°) improve water drainage, and provides a pathway for air to travel. These benefits 

lower the chance of fungal pathogen development, and reduces the threat of extreme 

temperatures. Aspect is used as a measure of sunlight exposure, an important variable to 

grapevine growth and disease resistance (Chen 2011; Lakso and Martinson 2014). 

Winter minimum temperatures are a variable limiting vineyard development due to the 

threat of vine kill due to thermal exposure. Cold weather damages are especially problematic 

during the growing season, causing death to opening buds and young shoots. While these 

damages can be averted, the available methods have limitations in both cost and legality 

(Helman 2015). Table 1 contains information regarding the lowest winter temperatures (Lakso 

and Martinson 2014). 

 
Table 1. Impact of winter minimum temperatures on grape vines (Lakso and Martinson 2014). 

If winter minimum 
°F is higher than: 

Injury Hazard is: Comments on Suitable Varieties 

0°F Very Low Almost any. 

-5°F Low Most northern vinifera (Riesling, Chardonnay). 

-10°F Moderate Hardy vinifera/moderately hardy hybrids. 

-15°F High Hardy hybrids/most American. 

<-15°F Very High Hardy American hybrids. 

 

Frost free days are a measure of the growing season length. This variable is 

geographically associated and impacts the amount of time that grapes have to develop and 

mature on the vine, areas with greater than 200 days per year are the best for long season 

varieties and areas less than 160 days per year are not recommended as the season is too short 

to fully ripen the crops (Lakso and Martinson 2014).  

Growing degree days are a major aspect of grape vine cultivation, ultimately allowing 

for longer time for the grapes to remain on the vine and mature. GDD are used to determine the 

viability of a large variety of crops and are strongly geographically related. Growing degree 

days are a measure of the warmth available to develop vines and ripen the crop, generally 

calculated per day and aggregated per year. The growing season for grapes in the northern 

hemisphere is generally speaking April 1- October 31. This measure might be a gross 

interpretation compared to other variable used, however it is a valuable resource for 
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comparison between regions (Lakso and Martinson 2014). Through the combination of these 

factors an overall suitability surface for Adams County, PA will be generated. 

 

Technical Explanation: 

 

This study will follow similar methods to Chen (2011) to conduct a vineyard suitability 

analysis of the grape varieties for Adams County, PA. The zonal classification scheme replaces 

Chen’s (2011) Edelweiss and Cynthiana-Norton model grapes. These scheme was derived from 

the Winkler Climate scale which consists of five geographically-linked grape varieties (Amerine 

and Winkler 1944). Table 2 references this scale, and provides a relational system to understand 

the application of this study’s findings. 

 
Table 2. Winkler Climate Regions. Region I is the coolest climate. Mean July Temperatures are for the Northern Hemisphere 
(January in the Southern) (Amerine and Winkler 1944). 

Region Growing 
Degree Days 

Mean July 
Temperature °C 

Grape Varieties Notable Wine 
Regions 

Region 
I 

< 1390 < 19.8 

Edelweiss, Pinot Noir, 
Chardonnay, 

Gewurztraminer, Pinot 
Grigio, Sauvignon Blanc 

Chablis, Friuli, 
Tasmania, 

Champagne, 
Marlborough 

Region 
II 

1390 – 1670 19.9 – 21.3 
Cabernet Sauvignon, 
Chardonnay, Merlot, 

Semillon, Syrah 

Bordeaux, Alsace, 
Yarra Valley, 

Frankland River 

Region 
III 

1671 – 1940 21.4 – 22.8 
Grenache, Barbera, 
Tempranillo, Syrah, 
Cynthiana-Norton 

Clare Valley, Lower 
Hunter, Rioja, 

Piemonte 

Region 
IV 

1941 – 2220 22.9 – 24.3 
Carignan, Cinsault, 

Mourvedre, 
Tempranillo 

McLaren Vale, Upper 
Hunter, Langhorne 
Creek, Montpellier 

Region 
V 

> 2220 > 24.3 
Primitivo, Nero D’ 

Avola, Palomino, Fiano 
Greek Islands, Jerez, 

Sicily, Sardina 

 

Individual indices will be used to measure suitability for two general grape varieties:  

 

1.) Representative warm weather suited red wine grape related to zone 3 varieties (the 

Cynthiana-Norton variety was used in Chen 2011) 

2.) Representative cold weather suited white wine grape related to zone 1 varieties (the 

Edelweiss variety was used in Chen 2011). 

 

This adopted index gauges the influence of a number of environmental factors per grape 

variety, as some variables are more influential than others, and/or more difficult to amend. The 

results from this analysis will also be used to determine the best location for vineyards in the 

county as well as determine the suitability of current vineyards, through a comparison of zonal 

statistics.  
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Equation 1 will be used, per pixel, to combine a factors used in the suitability index. 
 

Equation 1 (Chen 2011): 

∑(𝑊𝑡𝑥𝑉𝑗)

𝑛

𝑡=1

 

 

Where as: 

Wt= weight of the variable 

 Vj = classification score of the variable. 

 

Following Chen’s (2011) methods, table 3 provides the established indices for each 

variable and the criteria of each variable per variety (Wt). Table 4 shows the scoring 

classification for each weighted variable (Vj) 

 
Table 3. Weights of variables used in study (Wt) 

Variables WScale Percent Influence 

Growing Degree Days 8 14.3% 

Frost Free Days 9 16.1% 

Minimum Winter Temperature 10 17.9% 

Aspect 5 8.9% 

Slope 6 10.7% 

Soil Drainage 10 17.9% 

Soil pH 4 7.1% 

Soil Organic Matter 4 7.1% 

Sum 56 100.0% 
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Table 4. Class ranking and classification for each variety (Vj) 

Variable Classification Zone 1 Zone 3 

G
ro

w
in

g
 

D
eg

re
e 

D
a

y
s 

<2018 - 2425 3 3 

2426 - 2832 5 5 

2833 - 3238 7 7 

3239 - 3645 9 9 

3646 - >4052 10 10 

    
F

ro
st

 

F
re

e 

D
a

y
s 

< 150 0 0 

151 – 165 5 0 

166 – 180 7 0 

>180 10 10 

    

M
in

im
u

m
 

W
in

te
r 

T
em

p
er

a
tu

re
 

(Z
o

n
e 

1
) 

> 0°F 4  

< 0°F and > --15°F 3  

< --16° and > --32° F 2  

< --32° F 1  

    

M
in

im
u

m
 

W
in

te
r 

T
em

p
er

a
tu

re
 

(Z
o

n
e 

3
) 

> 0°F  4 

< 0° F and > --10°F  3 

< --11°F and > --15°F  2 

< --15°F  1 

    

A
sp

ec
t 

 

Flat 5 5 

Northern 0° - 22.5° 2 2 

Northeastern 22.6° – 67.5° 4 4 

Eastern 67.6° – 112.5° 7 7 

Southeastern 112.6° – 157.5° 10 10 

Southern 157.6° – 202.5° 9 9 

Southwestern 202.6° - 247.5° 7 7 

Western 247.6° – 292.5° 5 5 

Northwestern 292.6° – 337.5° 2 2 

Northern 337.6° - 360° 2 2 

    

S
lo

p
e 

0° 3 3 

1° - 3° 5 5 

4° - 10° 10 10 

11° - 15° 7 7 

>15° 1 1 

    

S
o

il
 D

ra
in

a
g

e Poorly Drained 0 0 

Somewhat poorly drained 3 3 

Moderately well drained 8 8 

Well drained 10 10 

Somewhat excessively drained 6 6 

Excessively drained 5 5 

    

S
o

il
 

p
H

 < 5 0 0 

5 – 7 10 10 

> 7 3 3 

    

S
o

il
 

O
rg

a
n

ic
 

M
a

tt
er

 < 1% 3 3 

1 % – 3 % 10 10 

3 % - 4 % 3 3 

> 4 % 0 0 
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Soil pH, soil organic content, soil drainage class, frost-free days, and flooding frequency 

class were downloaded from the USDA Web Soil Survey in tabular form. In order to 

geographically reference each of the aforementioned variables, the soil map unit polygon layer 

for Adams County, PA was downloaded, and each table was joined to it. This layer was used to 

generate individual rasters at 30m x 30m cell size. 

The digital elevation model (DEM) from the USGS National Elevation Dataset was used 

to create rasters for slope and aspect. Three separate DEMs needed to cover the entirety of 

Adams County were downloaded at the 1 arc-second resolution (USGS 2016). These three 

DEMs were stitched together in a raster mosaic, merged, converted to 30m cell size, and then 

extracted by mask with the Adams County boundary file from the US Census Bureau. The 

Calculate Slope and Calculate Aspect tools were used to derive slope (in degrees) and aspect 

surfaces, respectively. The slope and aspect rasters were reclassified to match the scheme in 

tables 3 and 4. 

The NOAA National Climatic Data Center was used to explore and collect temperature 

data for the calculation of growing degree days and to gather information on the winter 

minimum temperatures. Daily temperature summaries from stations in and around Adams 

County, PA were downloaded for Jan 1, 2012 through December 31, 2014. Growing degree days 

were calculated in Microsoft Excel using equation 2. 

 
Equation 2 (Chen 2011). 

∑(𝐴𝑝𝑟𝑖𝑙 1 − 𝑂𝑐𝑡𝑜𝑏𝑒𝑟 31)
𝑇𝑒𝑚𝑝𝑀𝑖𝑛 +  𝑇𝑒𝑚𝑝𝑀𝑎𝑥

2
− 50°𝐹 

The average annual growing degree days were calculated for each station, then 

converted into X,Y point data in ArcGIS. After projecting the points, the Inverse Distance 

Weighting (IDW) Interpolation tool was used to create a raster surface of growing degree days. 

The raster was reclassified to meet the suitability index (table 4), then multiplied by the Wt 

factor (table 3). Finally, the county’s extent was extracted from the raster using the county 

boundary shapefile. 

Data from the NOAA National Centers for Environmental Information were also used to 

determine the winter minimum temperature (NOAA 2012; NOAA 2013; NOAA 2014). The 

lowest temperature recorded from the weather monitor station within the county with the 

lowest elevation was determined. This value was used to determine the absolute minimum 

winter temperature, through the effects of elevation change in the county. To create a raster 

surface of the winter minimum temperature, the raster calculator was used to subtract the 

lowest elevation from the DEM, this resulted in a DEM at a hypothetical base level. The lowest 

recorded temperature recorded was added to the elevation times the adiabatic lapse rate. This 

resulted in a raster surface that showed the range of winter minimum temperatures, with 

elevation considered, despite the lack of climatic sampling at these locations. 

Additional layers to act as 0/1 multipliers were created in order to exclude inviable land 

from the study. Areas currently described as urban or aquatic by The National Land Cover 

Dataset (NLCD), areas with >15° slope, areas with potential for flooding, and areas listed as 

national/state park or state forest lands will be included in this group (MRLC 2011; USDA 2016; 

PSU 1996; PDCNR 2015). Areas where vineyard development would be limited due to the listed 



10 
 

circumstances will be assigned a pixel value of 0 in separate rasters, then multiplied by the final 

calculation, to remove any point values assigned to the pixel. 

The NLCD 2011 for the United States was downloaded from the Multi-Resolution Land 

Characteristics Consortium website (MRLC 2011). The rasterized data were reduced to only 

include Adams County, PA, then projected, and reclassified as 0 and 1 following the scheme in 

table 5. Urbanized areas, waterbodies, and wetlands were removed because these areas would 

not be ideal or environmentally sound locations for vineyard development. Slopes above 15° 

were removed due to the danger presented when using heavy machinery and because of the 

potential for soil erosion (Lakso and Martinson 2014). Areas where flooding is prone, according 

to the USGS, were removed as well. 

 
Table 5. Reclassification scheme used to eliminate areas inviable for vineyard development. 

Classification NLCD Code Reclassified Value 

Water 11, 12 0 

Developed 21, 22, 23, 24 0 

Barren 31 1 

Forest 41, 42, 43 1 

Shrubland 51, 52 1 

Herbaceous 71, 72, 73, 74 1 

Planted/Cultivated 81, 82 1 

Wetlands 90, 95 0 

 

Before each raster was reclassified to meet the point values following the scheme found 

in tables 3 and 4, it was verified that all rasters were snapped to the same extent, grid system, 

and were 30m x 30m. The Raster Calculator tool was used to determine the final suitability for 

the county following equation 1. Separate rasters were calculated for the two classifications of 

varieties used in the study. In order to investigate the influence that the excluded areas have on 

the entire county’s suitability, and to understand the impact that these exclusions have on the 

expanded methods of Chen 2011, a raster with, and a raster without the excluded areas were 

created in order to comparative zonal statistics. 

Summary statistics (max, min, mean) were calculated for each raster. Areas above and 

below this mean value were extracted by their attribute value, converted to polygons, and their 

area was calculated. The percentage of area above and below 250, the median value of the total 

possible points, was determined and compared between zone 1 and zone 3 grape varieties for 

the raster surface with and the surface without the excluded areas. 

The parcel limits of the four vineyards within Adams County were determined and 

aerial photography from Google Earth was used to examine the locations of vines within the 

vineyard. Because some vineyards/wineries are also orchards a methodology needed to be 

developed in order to correctly distinguish between grapevines and fruit trees. Grapes are 

commonly grown in north/south oriented rows, which provides even sunlight exposure. It was 

also found that vines are spaced anywhere from 3 to 12 feet apart, depending on vine vigor, 

equipment size, and labor limitations (Gee 2016). Using this information, grape vines were 

identified in each vineyard, and polygons outlining these areas were created from aerial 
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photography in Google Earth. These polygons were used to extract the suitability cells for zone 

1 and zone 3 varieties. The average, minimum, and maximum suitability values were then 

determined. 

 

Results: 

 Figure 2 shows the combined DEM used to calculate slope. The DEM was converted into 

30m x 30m resolution and was used as the snap raster for the remaining raster creations. Figure 

3 is the calculated slope surface, reclassified to the values for the suitability index. Figure 4 is the 

aspect surface, also reclassified to the suitability index. 

  

 
Figure 2. Digital Elevation Model for Adams County, PA. 1:300,000 / 30m x30m (USGS 2016; US Census Bureau 2016a, US Census 
Bureau 2016b) 
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Figure 3. Calculated slope values for Adams County, reclassified to fit the suitability index (Wt x Vj); 1:300,000 / 30m x30m 
resolution. (US Census Bureau 2016a, US Census Bureau 2016b) 
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Figure 4. Calculated aspect of Adams County, reclassified to fit the suitability index (Wt x Vj); 1:300,000 / 30m x30m resolution. 
(US Census Bureau 2016a, US Census Bureau 2016b) 

 The USGS Web Soil Survey was used to download a majority of the data for this study, 

including: soil pH, soil organic content, soil drainage class, and for later use, flood frequency. 

Each of these tabular attributes were joined with their corresponding soil map units, which are 

vector polygons corresponding to the dominant soil classification(s). This layer was converted 

into raster format for each field with a 30m x 30m cell size and snapped to the DEM raster. Each 

raster was reclassified to fit the suitability index’s scheme. Results are shown in figures 5-7. 
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Figure 5. Soil pH of Adams County, reclassified to fit the suitability index (Wt x Vj); 1:300,000 / 30m x30m resolution. (USGS 2016; 
US Census Bureau 2016a, US Census Bureau 2016b) 
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Figure 6. Organic content of the soils of Adams County, reclassified to fit the suitability index (Wt x Vj); 1:300,000 / 30m x30m 
resolution. (USGS 2016; US Census Bureau 2016a, US Census Bureau 2016b) 
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Figure 7. Soil drainage class of Adams County, reclassified to fit the suitability index (Wt x Vj); 1:300,000 / 30m x30m resolution. 
(USGS 2016; US Census Bureau 2016a, US Census Bureau 2016b) 

 The number of growing degree days (GDD) was calculated from 2012-2014 daily 

temperature data collected from the NOAA National Centers for Environmental Information. 

Data were initially downloaded from stations within the county, however reason suggests a 

more accurate interpolation would include stations surrounding Adams County. These data 

were analyzed in Microsoft Excel to determine the growing degree days between April 1-

October 31, the growing season for grapes and other woody plants. Each years’ GDD were 

calculated, then the mean between 2012-2014 was determined per station. The data were input 

into a GIS, then interpolated with IDW. The extent of Adams County was extracted from the 

resulting layer then reclassified to fit the suitability index. Figure 8 shows the results of this 

process. 
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Figure 8. Growing Degree Days calculated for Adams County, reclassified to fit the suitability index (Wt x Vj); 1:300,000 / 30m 
x30m resolution. (NOAA 2012; NOAA 2013; NOAA 2014; US Census Bureau 2016a, US Census Bureau 2016b) 

 Included in the original suitability index were winter minimum temperatures, however 

this variable was ultimately excluded from this study. Figure 9 shows the results from the 

analysis which ranges from -6.47°F to -3.47°F which are both within a single classification point 

value between the two values. Adding this layer to the final equation would effectively increase 

all pixel values by the same amount, regardless of location. 
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Figure 9. Calculated Winter Minimum Temperatures for Adams County, PA. 1:300,00, 30m x 30m. (NOAA 2012; NOAA 2013; 
NOAA 2014; US Census Bureau 2016a, US Census Bureau 2016b). 

 

Exclusions related to national/state public lands were gathered from the Pennsylvania 

State University spatial data clearing house. The >15° slope was extracted from the slope raster 

layer used in the suitability analysis. Flood frequency was downloaded from the USGS Web Soil 

Survey. Each of these layers were converted into raster format then reclassified to work as 

exclusionary areas. Figure 10 shows all of these layers, symbolized by type. 
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Figure 10. All areas deemed inviable for vineyards including urban areas, aquatic areas, slopes >15°, areas with a likelihood for 
flooding and public lands (USGS 2016; USDA 2016; PDCNR 2015a; PDCNR 2015b; PSU 1996; MRLC 2011; US Census Bureau 
2016a; US Census Bureau 2016b). 

 

 The results of the suitability analysis are displayed in figure 11-13. Each surface has been 

classified in equal intervals in order to compare between figures. Figure 11 displays and 

compares the suitability of zone 1 and zone 3 grape varieties. Figure 12 compares the overall 

suitability for zone 1 varieties against areas with the excluded inviable areas. Figure 13 

compares the overall suitability for zone 3 varieties against the suitability with the excluded 

inviable areas. 



20 
 

 

 

Figure 11. The results of the suitability analysis for zone 1 (A) and zone 3 (B) varieties, without the excluded areas. 30m x 30m 
cell size. 1:436,000 (US Census Bureau 2016a, US Census Bureau 2016b). 
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Figure 12. The results of the suitability analysis for zone 1 varieties compared to the results with inviable area exclusions. 30m x 
30m cell size, 1:436,000 (US Census Bureau 2016a, US Census Bureau 2016b). 
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Figure 13. The results of the suitability analysis for zone 3 varieties compared to the result with the inviable-areas excluded. 
30mx 30m cell size, 1:436,000 (US Census Bureau 2016a, US Census Bureau 2016b). 
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 Zonal statistics were performed on the final rasters with and without the excluded areas. 

These statistics were used to gauge the suitability for the entire county. The percentage of area 

above the mean value of 250 was calculated for zone 1 and zone 3 varieties. The results of these 

analyses are shown in table 6. 

 
Table 6. Summary statistics of the suitability of vineyards in Adams County, PA.  

Analysis Min. Max. �̅� Above Average (%) Below Average (%) 

Possible Range 40 460 250  0-100 0-100 

Zone 1 without exclusions 162 452 300.52 95.93 4.07 

Zone 1 with Exclusions 174 452 309.13 96.33 3.67 

Zone 3 without exclusions 108 452 277.16 73.79 26.21 

Zone 3 with exclusions 130 452 282.61 72.35 27.65 

 

 Table 7 explains the results from table 6 by showing the influence of the excluded areas 

on the overall suitability for the two varieties. All of the excluded areas resulted in a 32.38% 

reduction of viable vineyard development areas. All of the excluded areas had a vineyard 

suitability higher than the average of the county for both varietal zones.  

 
Table 7. The area/percent of county of major exclusion areas of Adams County, PA and the vineyard suitability results for zone 1 
and zone 3 varieties within these areas. 

Location Area (m^2) Area (km^2) Percent of County �̅� Suitability Z1 �̅� Suitability Z3 

Adams County (W/O Exclusions) 1350169705 1350170 100 300.52 277.16 

Adams County (W/ Exclusions) 912934800 912935 67.62 309.13 282.61 

Gettysburg National Military Park 16918212 16918 1.25 325.81 295.85 

Michaux State Forest 104157388 104157 7.71 348.41 294.46 

Eisenhower National Historic Site 2849136 2849 0.21 324.87 297.47 

Land Cover Exclusions 217860300 217860.3 16.13 328.67 295.56 

Slope >15o Exclusions 49130100 49130.1 3.64 321.81 277.36 

Flood Area Exclusions 102237300 102237.3 7.57 314.32 292.08 

 

 Table 8 shows the results from the analysis of currently producing vineyards. The 

highest average for both varieties was found with Reid’s Orchard and Winery, and the lowest 

for both varieties were from Adams County Winery. Similarly, the maximum cell value for zone 

1 (375) and zone 3 (330) varieties among the four vineyards was the same for all but Halbrendt 

Vineyard and Winery (360; 315). The minimum cell value for zone 1 and 3 varieties was found 

in Adams County Winery, 250 and 187, respectively.  
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Table 8. The Mean, Minimum, and Maximum cell values for the suitability analysis of zone 1 and zone 3 varieties for each 
vineyard in Adams County, PA. 

 Z1 Mean Z3 Mean Z1 Min Z1 Max Z3 Min Z3 Max 

Adams County Winery 345.73 299.21 250 375 187 330 

Halbrendt Vineyard and Winery 345.82 300.82 330 360 285 315 

Hauser Estate Winery 349.22 305.98 280 375 235 330 

Reid's Orchard and Winery 373.10 328.1 360 375 315 330 

 

 

Discussion and Conclusions: 

The USDA’s Web Soil Survey was a tremendous asset to this study, and was able to 

assist in expanding on the methods of Chen (2011). The ability to access a multitude of soil-

related variables, alleviated the work load of this study, and without this resource the study’s 

success would have been extremely limited. Because of the access to open data, all of this study 

was able to be completed without field or lab work, processes generally considered to be 

mandatory for agricultural suitability studies. With these resources, in fact, anyone with 

experience in GIS could conduct a similar analysis for different study areas or crops. 

 With this study, the use of weather stations within and surrounding the county 

increased the accuracy of the final result. The major issue with this method of creating a raster 

for GDD was a lack of weather stations. In order to increase the accuracy of this study, an 

advanced interpolation method including elevation in this calculation should be used. 

 The exclusion of winter minimum temperatures was considered before this study was 

started. According to the USDA climate zones, the winter minimum temperatures were fairly 

mild in this area and wouldn’t impact the wine grape suitability. Since the winter minimum 

temperatures of Adams County is in the preferred range for wine grape cultivation,  

this variable was excluded, especially after a detailed winter minimum temperature raster 

demonstrated that incorporating this variable would have no influence on the final result. While 

reports have been published in regards to using the influence of elevation to make 

climatological inferences, this level of detail would have been unnecessary considering the other 

climate-based variables (Huang and Hu 2009). Regarding the creation of this layer, its creation 

was largely a success; had the winter minimum temperatures had a larger variation, it would 

have been included in the study. 

 The final rasters, figures 11-13, are a representation of the county’s suitability for zone 1 

and 3 varieties. The major impacts that these figures have is the difference between these two 

varieties and the limitations that the excluded areas have made in vineyard development. With 

the consideration of these limitations, it was found that these excluded areas reduced the 

overall suitability for the county for both varieties. With this in mind, there are certainly more 

limitations to the viable areas, including whether the owner of the parcel would be willing to 

sell their land or develop as a vineyard, and/or zoning laws. 

The statistics shown in table 6 show that the county has a larger area that is above 

average for zone 1 varieties than zone 3 varieties. With this in mind, the major difference 
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between the two calculations were the influence of frost free days. This consideration brings an 

important point to mind: to later increase the climatic variables to be certain of the distinctions 

between varietal suitability. With greater detail in the influence of specific climatic variables on 

wine grapes, further studies could determine the impact that climate change would have on the 

wine industry in Adams County. 

With the summary statistics that were calculated, it was surprising to see that after the 

exclusion, the above average area for suitability zone 1 varieties decreased while the area for 

zone 3 varieties increased. This was explained by the included statistics found in table 7. One of 

the largest areas removed from the viable locations was Michaux State Forest, which had an 

average vineyard suitability comparable to some of the highest scoring vineyards, and accounts 

for nearly 8% of the county’s total land. 

 The suitability scores from this study were also calculated for producing 

vineyards presenting the possibility of using the suitability results on a smaller scale 

application. The results from this study follows the general trend of the entire county, that the 

cooler weather varieties (zone 1) are better suited than warmer weather varieties (zone 3). This 

trend would explain some of the varietal preferences among the producing vineyards within 

the county, as two of the four vineyard grow distinctly American grape varieties like Cayuga, 

Catawba, or Concord. The possibility of cross referencing the suitability of the vineyard with 

results from an outside wine review/rating system was considered, however, the information 

was not sufficient. Major sources, like Wine Spectator, had no reviews of any of the wine-grape 

producing vineyards within the county. Even if this data were available, the environmental 

factors tested in this study are only a fraction of the concept of terroir which encompasses 

human influences, vine related variables, production methods, etc. (Trubek 2008; Bisson 2001; 

Leeuwen et al. 2004). 

This study successfully applied a previously tested method to determine the suitability 

for vineyards to Adams County, PA. This study was able to expand upon the methods of Chen 

(2011), new techniques were applied which makes the findings more applicable, including the 

removal of inviable areas, the use of an advanced interpolation method to create a winter 

minimum temperature surface, and the expansion of the study’s applicable varieties using the 

Winkler Climate Scale (Amerine and Winkler 1944). With success in these improvements, there 

are definite areas for further developments to add more data and to expand the study to a 

larger area. Overall, all goals of this study were met despite some limitations in data and 

discovered adversities. Challenges this study faced were largely based around time limitations 

as well as data availability. With more time to conduct this study, a larger area would have been 

included in the study. Conducting this analysis with neighboring counties or even the entire 

state (as Chen 2011 did) would be extremely beneficial, economically speaking, and the 

patterns/influence of individual variables would be more easily detected. In addition, a larger 

area would have encouraged the use of the winter minimum temperature analysis.  

A minor setback, and unfortunate realization is an error in the shapefile used for the 

Gettysburg National Military Park. The polygons were poorly drawn and excluded a large 

portion of the East Calvary Battlefield Site. This error caused a miscalculation of 4.13% of total 

excluded land in table 7. 

Complications of this study’s application are largely associated with the complexity of 

viticulture, as the many facets of producing quality wine are sometimes difficult to trace and/or 
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measure. While the individual vineyard case studies were able to assess environmental qualities 

which would influence the final product, there are a number of variables which should be 

addressed to clarify exactly what the results from this analysis mean. Likely one of the most 

important aspects to consider is that some wineries purchase grapes and/or juice from other 

vineyards to produce wines or to supplement the grapes that they grow for wine production. 

Even a vineyard labeled as an “Estate Vineyard” can utilize grapes from multiple vineyards 

owned under the same estate. In addition to this complication, there are countless other 

production factors that can influence the final quality of the wine, including, but certainly not 

limited to, the age of the vine, production methodology, added ingredients, vine diseases, and 

yeast variants (Bisson 2001; Smith and Bentzen 2011). 

It was first considered to include more varieties into the study, even to conduct an 

analysis on all five wine varietal geographies. Not only would this expansion require extensive 

research in order to create the indices, but it would also widen the scope of this project beyond 

reason. In addition, it was found that the environmental variables between zone 1 and zone 3 

varieties were more stark than the differences between zone 3 and zone 5 varieties. In order to 

expand into these topics, more variables would likely need to be introduced to make a more 

defined difference. Expanding the study to a larger area would likely necessitate the use of the 

winter minimum temperatures, especially if the study were to be expanded to the entire state. 
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