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Terroir combines the physical landscape of the vineyard with the grapevines and the 

methods and techniques used to produce wine from the grapes. This study used a GIS to 

identify the characteristics of the physical landscape in Pottawattamie, Mills, Montgomery, 

Fremont, and Page counties in southwestern Iowa. The components were combined in the GIS 

using a weighted linear index to identify areas suitable for vineyard development and to 

identify the general characteristics of the area. Vineyard owners were interviewed to help 

determine the weighting system to use in the GIS and to determine their perceptions of how 

the physical landscape impacts their vineyards, as well as to determine what grape varieties 

they plant in their vineyards and their decisions on making wine from these grapes. This 

information was collected to identify whether the vineyard owners had developed a sense of 

place for their vineyards and how this sense might aid them in the development of a terroir for 

their wines. The resulting perceptions about the individual wineries were then considered in 

conjunction with the results from the GIS modeling to understand how the physical landscape 

influences the concepts of sense of place and terroir in southwest Iowa. The physical landscape 

of southwest Iowa was fairly uniform, as were the grape varietals planted in the vineyards. This 

created a measure of similarity among the wineries, while individuality between wineries was 

then created by the wine-makers as they used different techniques to produce wine from the 

grapes. This allows each winery to develop a sense of place, yet be part of a larger sense of 

place that encompasses multiple wineries within the area. 
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CHAPTER 1  

INTRODUCTION 

 Terroir is a French concept that is frequently used to describe and add value to wines 

(van Leeuwen and Seguin, 2006). It was first used as a wine term during the 14th century in 

France (Wilson, 2001), and relates the sensory attributes of wine, such as aroma and taste, to 

the region where the grapes were grown, and is often defined as an “interactive ecosystem in a 

given place, including climate, soil and the vine” (van Leeuwen and Seguin, 2006). Its definition 

has changed over time, especially as researchers have tried to formalize it for their work 

(Vaudour, 2002), and as viticulturists discovered through trial and error where vineyards should 

be planted to grow grapes for different qualities, characteristics, and types of wine (Haynes, 

1999). Though the landscape is most often associated with this concept, human factors 

including history, socioeconomics, and techniques related to viticulture and oenology (the 

science of wine and wine-making) will also affect the grapes’ and the wines’ expressions of 

terroir.  

 Within geography there is some debate over the concept of terroir (Dougherty, 2011). 

Some geographers view the concept as a marketing ploy to add value to a product while others 

view terroir as giving wines a sense of “place” thus distinguishing them from other wines. The 

terroir of a wine demonstrates just how much place matters in the development of grapes and 

the production of wines. Terroir’s synthesis of landscape characteristics with socioeconomic 

factors places the concept firmly in the realm of geography and the discussion of places. The 

current work combining site selection and terroir focuses on landscape characteristics. 

1 



 In recent decades researchers have attempted to define terroir, especially in regards to 

landscape characteristics. However, it was noted that much of this research was done at the 

very fine scale of point measurements (Vaudour, 2002). This method is time consuming and 

expensive as it requires multiple point measurements to cover an area of suitable size for a 

vineyard. Vaudour (2002) argued for the use of geographic information systems (GIS) to 

conduct spatial analyses on a range of scales. A GIS is capable of handling multiple datasets at 

various scales, allowing for a more in-depth analysis—but also one that covers a larger area. It 

is also capable of incorporating remotely sensed land cover data. These data frequently cover a 

large area at a resolution suitable for site selection analysis. The main concern for developing a 

model for a site suitability analysis is identifying which variables to incorporate and how 

significant the impact individual variables will have in the results. 

 The following work used the concept of terroir to structure a GIS approach for vineyard 

site selection in southwest Iowa for growing different grape varieties. Interviews with area 

viticulturists in the study area were conducted to help identify the socioeconomic and historical 

characteristics that are used in the production of the place’s terroir. Southwest Iowa (Figure 1) 

was selected for this study because it has a long history of growing grapes; records show that 

grapes have been farmed in this area since the 1850s (Pirog, 2000).  

 In recent years, Iowa has seen renewed interest in viticulture and grape production 

(Figure 2). From 2002 to 2007 the number of acres of grape producing grapevines (grapevines 

matured sufficiently to produce a fruit crop) increased from 55 to 403 (U.S. Census of 

Agriculture, 2008). Iowa farmers are turning to grape production as a way to diversify their 
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crops. Currently Iowa commercial wineries produce over 230,000 gallons of wine and have a 

market value of more than $12.3 million.  

 
Figure 1. Study area (Fitzpatrick, 2012; U.S. Department of Commerce, 2009). 
 

Michael White, a viticulture specialist with the Iowa State Extension, quotes the first year cost 

to establish a vineyard at between $3000 and $5000 per acre (White, 2004). Vineyard owners 

can expect an accrued cost between $8000 and $10,000 per acre before the first grape harvest 

of a new vineyard. Following establishment of a successful vineyard, it will take around nine 

years to pay off the initial investment and begin to make a profit from the grape harvests.  
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Figure 2. This map illustrates the approximate number of vineyards in each county of Iowa. 
 

Since it takes at least three years for grapevines to develop enough to produce grapes, it is 

important to accurately identify locations that are most suitable given the initial investment 

costs and the time necessary to recoup them. The GIS component of this study seeks to identify 

areas in southwest Iowa that are suitable for viticulture based on the interactions of climate, 

topography, and soil. 

 The aim is to identify areas within the larger study area that are suitable for growing 

either North American grape varieties, European varieties (Vitis vinifera), or French-American 

hybrid varieties. The geospatial model was structured to identify suitable areas according to the 

4 



criteria of the general grape varieties. The selection of a grape variety for inclusion in a vineyard 

depends on the desired grape product, whether it be table grapes, wines, or other grape 

products. European and hybrid varieties are the ones most often used for wine production; 

native grape varieties produce quality juices, jams, and table grapes. Native grapes such as the 

Concord and the Catawba are also being used more frequently in local wines.  

 Different varietals have different characteristics such as ripening rates, cold hardiness (a 

vine’s ability to survive cold temperatures), and disease resistance (Vine et al., 2002). The GIS 

model used input layers derived from climatic, topographic, and soil data to identify areas with 

the necessary characteristics for successful grapevine development. This study area analysis to 

locate suitable vineyard sites consisted of five counties (Figure 1)—a much larger area than 

feasibly covered by a point measurement analysis. The strength of this GIS analysis is a decision 

support tool to help farmers and entrepreneurs select suitable vineyard land within a large 

areal extent; the five county area. In addition to physical and climatic characteristics, the 

identification of the socioeconomic and historical characteristics of the area’s terroir aid 

viticulturists in their grapevine selections and wineries in their production choices for making 

local wines. These components of the local terroir will help vineyards and wineries operate in 

local, state, and maybe one day, national market niches where they can achieve their highest 

potential in an increasingly competitive market.  
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CHAPTER 2 

BACKGROUND 

2.1  Space and Place 

Throughout history people have struggled with the conceptual development of the 

ideas of space and place. Even such philosophers as Aristotle and Plato held to different 

conceptualizations at various points in their lives (Malpas, 1998). These words have also 

developed differing connotations where space is viewed as a modern concept and place as a 

traditional view of specific geographic areas (Agnew, 2011). Place has come to be seen as 

subordinate to space (Agnew, 2011). Currently, the common perception of space is as a 

dimension in which things can be located, or as a bounded area. Thus the earth is located in a 

space and contains many spaces. The boundaries for these spaces may be physical or 

ideological; all that is required is that they bound an area that is internally similar based on the 

bounding characteristic. 

 Place is a much harder concept to understand because it means different things to 

different people. Entrikin (1991) describes a place as the conceptual fusion of the space in 

which the place exists and the human experiences that make this area whole and unique. Thus 

place provides the context that makes spaces meaningful, and it impacts the various processes 

that occur in it (Agnew, 2011). Agnew (2011), in turn, describes place as a setting for social 

rootedness. This is the process where a community comes together to define itself as unique 

from all others. 

Entrikin (1991) suggests the method of narrative understanding—describing the world 

in relation to a subject through narrative—as a useful tool in understanding specific places. 
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Narratives give meaning to events as they are woven together to create a whole, or 

comprehensive, picture of the place where the events occurred. The everyday concept of place 

is similar to that seen in myths. Thus it is seen that place is understood through the stories that 

people tell about events and objects and the space where these things occurred. This makes it 

possible to describe wine countries as places, and even to intentionally create places with 

specific characteristics. 

 An example of this place construction is seen in the Gimblett Gravels Winegrowers 

Association found in the Hawke’s Bay winemaking region of New Zealand (Overton and Heitger, 

2008). The Gimblett Gravels were formed prior to 1876 when the Ngaruroro River flowed 

through the Heretaunga Plains depositing a large bed load of gravel. The river shifted course, 

following a flood in 1876, leaving behind a portion of the riverbed filled with boulders, gravels, 

and thin patches of silt. The soils in the channel are known as Omahu soils; the space is known 

as the Gimblett Gravels. 

 With increasing European settlement this area initially was left idle—it was regarded as 

a wasteland because it was labeled as unsuitable for crops (Overton and Heitger, 2008). In the 

1960s, with the expansion of a nearby city, planners began developing this land so that the 

city’s expansion would not take place on more fertile soils. Land was very inexpensive on the 

Gimblett Gravels and land uses developed that would be unwelcome elsewhere; the Gravels 

had become the dumping ground of the city. 

 By the 1980s vineyards were also being planted in this area. As the vines matured they 

produced high quality grapes with promising results for the development of local wineries. 

Elsewhere in New Zealand the focus for wine production was on white wines, especially 
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Sauvignon Blanc. In the Gimblett Gravels a vineyard owner and winemaker was able to grow 

Cabernet Sauvignon with good results. Over time, other winegrowers bought land in the 

Gimblett Gravels until nearly the entire expanse was covered with vines. 

 In an effort to protect and control the quality of wine labeled with the Gimblett Gravels 

name, local winegrowers formed the Gimblett Gravels Winegrowers Association and registered  

the name Gimblett Gravels as a trademark (Overton and Heitger, 2008). Only members of this 

group were allowed to label their wines as coming from the Gimblett Gravels. They then 

proceeded to create the Gimblett Gravels as a specific place through the use of narratives. 

Stories were told about the land, describing how it is unique and how it is uniquely 

advantageous for grape growing. The geological history of this area is ‘played-up’ in their 

descriptions of this space. 

 The example of the Gimblett Gravels demonstrates how people take a space and use its 

landscape characteristics and its history to create a unique place. The narratives told to create 

these specific places describe the terroir of the place while the wines are expressions of both 

the place and its terroir. The following section will develop the concept of terroir while this 

study attempts to identify the terroir of southwest Iowa as a grape growing and wine producing 

place. 

 

2.2 Terroir 

 Terroir is a French word without a suitable English translation (Vaudour, 2002; Haynes, 

1999). The simple English translation often relates terroir to soil, but it fails to capture the 

complexities inherent in the French viticulturists’ use of the word. As English speaking 
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viticulturists and researchers entered into the conversation, they struggled to find an 

encompassing definition of the word. Van Leeuwen and Seguin (2006), as well as van Leeuwen 

et al. (2004), define terroir as an interactive ecosystem. Terroir encompasses a region’s climate, 

soil, and topography, the grapevines, and the human choices and production techniques that 

impact the land. Vaudour (2002) does not provide a specific definition of terroir, but notes that 

terroir-related research often involves the relationship between grapevines and environmental 

factors. 

 Regardless of the definition used, researchers recognize that to describe terroir various 

aspects of climate and topography as well as soil must be considered. The interactions between 

these components, the grapevines, and the viticulturist, will determine where grapes can be 

grown successfully and helps explain the geographic spread of grapes production (van Leeuwen 

and Seguin, 2006). The physical characteristics of climate, topography, and soil are easily 

brought into a GIS, and affect the geographic spread of grapevines; thus these components 

were used to model site suitability in the GIS analysis.  

 

2.3 Climate 

 Some researchers believe that climate is the most significant controlling factor in 

grapevine growth and the development of high quality grapes (Peters, 1997). Climate impacts 

grape development at multiple scales including the macro-, or global, scale as well as a more 

local scale, referred to as mesoscale or toposcale (van Leeuwen and Seguin, 2006; Peters, 1997; 

Kurtural et al., 2006). At the macroscale, researchers often consider the impact of minimum 

winter temperatures, growing degree days, the length of the growing season, as well as the risk 
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of spring and fall frosts and the occurrences of false springs. The toposcale is heavily influenced 

by local topography such that researchers consider elevation, slope, and aspect to understand 

local differences in insolation as well as cold air drainage. 

 

2.3.1 Macroclimate 

 Macroclimate is often classified by temperature and precipitation patterns over time in 

a given location. Viticulturists consider different aspects of the macroclimate when selecting 

vineyard sites. These aspects include minimum winter temperature, fluctuations in 

temperature in late winter and early spring as well as in the fall, the length of the growing 

season, and a heat summation index called growing degree days that accounts for heat 

accumulation during the growing season (Vine et al., 2002; van Leeuwen and Seguin, 2006; 

Boyer, 1998; Dami, 2005). These aspects are considered because they affect grapevines abilities 

to survive through winter cold spells and false springs, as well as their abilities to produce 

quality grape harvests. 

  Minimum winter temperature has a large impact on a site’s suitability. Different species 

of grape can tolerate different levels of cold winter temperatures—their cold hardiness (Vine et 

al., 2002; van Leeuwen and Seguin, 2006; Boyer, 1998; Dami, 2005). Most grapevine species 

and varieties tend to be cold hardy down to a range between -10°F and -30°F. Regions with 

minimum winter temperatures below this range are unsuitable for viticulture since it would be 

unlikely that the grapevines would live long enough to produce grapes. Viticulturists in regions 

that have minimum winter temperatures in this -10°F to -30°F range must identify the average 
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extreme minimum winter temperature for their area. This temperature can then be used as a 

critical temperature for selecting grape varieties. 

 Fluctuations in temperature preceding the beginning of the growing season can be quite 

damaging to the vines if a severe frost follows a late winter warming trend (Vine et al., 2002; 

Boyer, 1998). The warmer temperatures signal the grapevines to come out of dormancy and 

the frost can kill the new buds from which the summer growth occurs. Early fall frosts can also 

damage the vines if they have not had time to acclimate for the coming winter. 

 The length of the growing season, the average number of days from the last spring frost 

to the first fall frost, also affects a region’s suitability (Vine et al., 2002; Boyer, 1998). 

Traditionally, the growing season extends from April to October in the northern hemisphere 

(Peters, 1997). Early ripening grapevine cultivars need at least 150 frost free days to achieve 

grape ripeness and most grape varieties require 165 days to acclimate for the winter. Some 

grape varieties, however, require a significantly longer growing period. An inadequate growing 

season can make it impossible for some grape varieties to achieve ripeness; thus growing 

season is an important variable to consider when selecting grape varieties for a vineyard. 

 Within the growing season, agriculturalists also track the Growing Degree Days (GDD). 

GDD is a heat summation index (Peters, 1997; McMaster and Wilhelm, 1997) that totals the 

degrees above 50°F for each day of the growing season. The formula is given by 

𝐺𝐷𝐷 =  𝑇𝑚𝑎𝑥+𝑇𝑚𝑖𝑛
2

− 𝑇𝑏𝑎𝑠𝑒. A 50°F base was selected because that is the requisite daytime 

temperature for grapevine growth. Then, a day with a high of 86°F and a low of 66°F would 

contribute 26 GDDs. If the daily minimum temperature is less than 50°F the formula will use the 

base temperature instead of the minimum temperature (𝐺𝐷𝐷 =  𝑇𝑚𝑎𝑥+𝑇𝑏𝑎𝑠𝑒
2

− 𝑇𝑏𝑎𝑠𝑒). Budburst 
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occurs after five consecutive days with temperatures above 50°F (Jones and Davis, 2000). 

Different grape varieties need a different value of GDD to achieve maturation. The GDD 

measurement guides viticulturists in their selection of appropriate varieties in various regions.  

 Five global regions were described in the 1970s in regards to the GDD index (Peters, 

1997). These regions are described by the heat accumulation of an area through the growing 

season. Region I has a heat accumulation of less than 2,500 GDD, Region II’s heat accumulation 

is between 2,500 and 3,000 GDD, Region III’s is between 3,000 and 3,500 GDD, Region IV has a 

heat accumulation of 3,500 and 4,000 GDD, and Region 5’s heat accumulation is greater than 

4,000 GDD. Some areas within Region I may be too cold during the growing season for 

grapevines, especially in the higher latitudes where temperatures rarely, if ever, are above 

50°F. Region II, like Region I, is cool for viticulture; not all grape varieties will be able to achieve 

ripeness in this region. The warmer climate of Region III favors grapes with higher sugar 

content. This region seems to be the most suitable area for production of good table wines. 

Region IV typically produces good sweet wines. However, grapes in this region and in Region V 

are susceptible to sunburn. Region V is the hottest region and includes all areas that 

accumulate more than 4,000 Fahrenheit degrees during the growing season. High acid varieties 

should be planted in vineyards located in this region as they will be able to ripen grapes with a 

good balance of sugar and acids. These grapes are frequently used for table grapes and for the 

production of raisins. 

 

2.3.2 Topoclimate/Topography 

 Topoclimate exhibits variability at a significantly smaller spatial scale. Different 

12 



topoclimates can exist on different slopes of the same hill and are the result of characteristics 

of local relief: altitude, aspect, and slope (van Leeuwen and Seguin, 2006; Peters, 1997). High 

altitudes and latitudes are often better suited to grapes requiring a shorter growing period 

whereas grapes requiring a longer growing season have a better chance of achieving ripeness at 

low altitudes and latitudes. Thermal inversions and thermal belts created by cold air drainage 

over changes in altitude help prevent damage to grapevines caused by cold temperatures (Wolf 

and Boyer, 2003). 

 Slope plays an important role in site selection since it affects water drainage and air 

mass movements (Peters, 1997; Geiger, 1965), controlling soil moisture and air temperature. It 

affects the movement of air masses such that it is much more likely for cold air masses to drain 

to low lying areas where they will pool and increase the risk of frost. This indicates that 

vineyards should not be situated in valleys or other low-lying areas but on slopes that will allow 

cold air to drain away from the vines (Kurtural et al., 2006). The slopes should not be so steep 

that it is cost-prohibitive to manage the vines and harvest the grapes. 

 Aspects, or the cardinal direction a slope faces, also influence site selection. Aspect 

affects insolation at a local scale (Peters, 1997; Kurtural et al., 2006; van Leeuwen and Seguin, 

2006). For example, temperature differences on various aspects can result in damaging late-

winter thaws and frosts. Aspect driven temperatures can also affect how quickly and how well 

the grapes ripen, or whether they develop damaging mildews. Viticulturists in areas of the 

Northern Hemisphere that experience late-winter thaws often prefer northern aspects which 

minimize the impact of the thaws (Kurtural et al., 2006). This prevents the vine from coming out 

of dormancy while there is still a high risk of damaging frosts. Eastern aspects are also favored 
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because the morning sunlight is fairly weak so that the ground does not warm too quickly, but 

does help dry the grapes early each day so that mildews and rots are less likely to occur. 

 

2.4 Soil 

 Grapevines grow in many types of soil such that soil characteristics including soil depth, 

internal drainage, pH, and organic matter content, must be considered when selecting vineyard 

sites (van Leeuwen and Seguin, 2006; Kurtural et al., 2006; Boyer, 1998; Watkins, 1997; Jones 

and Hellman, 2003; Peters, 1997; Vine et al., 2002). The soil structure (depth and drainage) is 

important since grapevines do not fare well in soils that have poor drainage. When the soil is 

deep without an impervious underlying layer, root depth can reach beyond 20 feet for some 

varieties. Restricted root growth can lead to poor harvests and limited plant survival. Thus 

viticulturists look for well-aerated soils with suitable depth for root growth of at least 30 inches 

(Kurtural, 2012). 

 Mineral and organic content are other important characteristics of soils, though these 

can be influenced annually with different agricultural practices (Jones and Hellman, 2003). 

Grapevines have lower agronomic needs than cereal or grazing in terms of minerals and water 

supply (van Leeuwen and Seguin, 2006), but optimal growth can be affected by deficiencies in 

several minerals including nitrogen, phosphorus, potassium, boron, zinc, and magnesium. 

Optimal organic content in the soil should be between 2% to 3% (Kurtural, 2012). Soil pH is an 

important variable of the soil and has a significant impact on plant growth (Brady and Weil, 

2002). It is a chemical variable that has a large influence on the availability of minerals for root 
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uptake. Brady and Weil suggest that a soil pH range between 5.5 and 6.5 is the most 

satisfactory for most plants. Kurtural (2012) also suggests this range specifically for grapevines. 

 

2.5 Selected Groupings of Grape Varietals 

 There are around 60 different grape species including Vitis vinifera which is indigenous 

to Eurasia and is the most exclusively used grapevine species in wine production (This et al., 

2006); thousands of cultivars (cultivated varieties) come from Vitis vinifera.  Almost all of the 

grape species and cultivars exist exclusively in the Northern Hemisphere. When selecting grape 

cultivars for a vineyard, there are important characteristics of the vines that must be matched 

to the site (Dami et al., 2005). These include the vines’ cold hardiness as well as the length of 

time the grapes need to ripen. 

 Winter temperatures help dictate vine survival in a given region, while the length of the 

growing season will determine the amount of ripeness the grapes can achieve. The growing 

season starts when temperatures reach 50°F for five straight days when bud growth is triggered 

(Jones and Davis, 2000). Regardless of the cultivar type, higher quality grapes are produced 

when ripening occurs at the end of the growing season when temperatures are starting to cool 

(van Leeuwen and Seguin, 2006). This practice is called cool-climate viticulture and occurs when 

the period of time it takes for the fruit to ripen corresponds with the length of the growing 

season. 

 Most American cultivars reach their cold hardiness between -10°F and -25°F and have a 

bloom to harvest time of 75 to 125 days (Dami et al. 2005). American cultivars also tend to 

prefer a soil pH range of 5.0 to 6.5 (Jones, 2007). The hybrid varietals typically used in the 
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Midwest reach their cold hardiness between -10°F to -35°F. The bloom to harvest time for 

these varietals ranges between 85 and 115 days. The Vitis vinifera varietals are some of the 

hardest grapes to match to sites in southwest Iowa. They reach their cold hardiness between 

0°F and -15°F; a range regularly exceeded for minimum winter temperatures in this area. Bloom 

to harvest times for Vitis vinifera cultivars typically found in the Midwest range from 105 to 120 

days. Their preferred soil pH range is from 5.5 to 7.0. The less cold hardy Vitis vinifera are not as 

well-adapted to higher latitudes, where the climate experiences more variability and colder 

winter temperatures, compared to the native vines that developed in the area or the hybrids 

bred for cold hardiness.  

 

2.6 GIS in Previous Site Selection Analyses 

 Site suitability is a significant consideration for viticulturists. Initially, vineyards were 

situated on marginal soils, since vines have low agronomic needs, and near a concentration of 

consumers or a water transportation route (Van Leeuwen and Seguin, 2006). Through the 

centuries, as it became easier to transport liquids, it became less important to situate vineyards 

near their consumers. This allowed viticulturists to increase selection of sites based on optimal 

physical characteristics of areas for grape production. 

 Over the past few decades, researchers have begun using GIS and remote sensing 

systems to facilitate the identification of optimal grape production areas, and to understand 

how the physical characteristic of climate, topography, and soil interact with grapevines 

(Kurtural et al., 2006; Jones and Hellman, 2003; Watkins and Meyer, 1997; Boyer, 1998; Smith, 

2002; Chen, 2011). Jones and Hellman (2003) discussed a variety of local characteristics that 
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should be considered for matching cultivars to an area. After identifying these characteristics 

they suggested several different technological tools, such as weather stations and GIS, which 

could be useful assessment tools for identifying site suitability and matching cultivars to a given 

site. Kurtural et al. (2006) went a step further and demonstrated how these characteristics 

could be used in a GIS for site identification over larger areas. Their GIS model combined critical 

winter temperatures, Growing Degree Days, slope, aspect, and elevation as well as soil 

properties and current land use, in the state of Illinois.  

 

2.7 Viticulture in Southwest Iowa 

 Grapevines have been planted in this area as far back as 1857 (Pirog, 2000). Many Iowa 

settlers established small, personal vineyards that supplied fresh grapes, juice, wine, and jams 

for the family’s use. Grape production grew steadily as more people settled in the area. Most 

grapes were grown for personal use, but some were distributed throughout Iowa and other 

states. These farmers organized into associations like the Council Bluffs Grape Growers 

Association, formed in 1893. This association had a reputation for high quality grapes so that in 

1926 members received a significantly higher price per ton than the U.S. average price. In 1919 

Iowa was ranked sixth nationally in grape production while in 1929 grape production in Iowa 

peaked at more than 12 million pounds. 

 Agriculture experienced significant changes throughout the 1900s (Dimitri et al., 2005). 

This century saw a shift from a high number of small farms to fewer farms with significantly 

increased size. These farms shifted from growing everything a family needed for subsistence to 

a for-profit model. This shift, as well as government policies, led to the development of 
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monocultures on farms. Grape production began to decline in the 1930s as Iowa farmers 

shifted focus to corn and soybeans (Pirog, 2000). Then in the 1940s the use of the corn 

herbicide 2,4-D caused significant damage to the remaining grapevines. Iowa was also 

experiencing increasing competition from California and other states for grapes and grape 

products.  

 Today, agriculture is a significant part of the Iowa economy. As of the 2007 Census of 

Agriculture there were over 92,000 farms in Iowa with over 30 million acres of land used for 

agricultural practices (U.S. Census of Agriculture, 2008). The main crop is corn (over 14 million 

acres), followed by soybeans (approximately 8.5 million acres) and other grains. Other 

commercial crops include sunflowers and vegetables. Livestock, including cattle and pigs, are 

also a significant component of Iowa agriculture with the 2007 inventory of cattle and calves at 

nearly 4 million head and the hog inventory at just over 19 million. Grape production, however, 

was a minor contributor to agriculture at 797 acres. 

 This small 797 acres was actually an increase in Iowa viticulture (Pirog, 2000). According 

to the 2007 U.S. Census of Agriculture (2008) Iowa chapter grape production increased from 

154 acres in 2002 to 797 acres in 2007; over 400% increase in acreage in 5 years. Grape 

production increased as farmers attempted to diversify their production. Since grapevines grow 

well on marginal lands, farmers are able to add grapevines without using prime corn and 

soybean agricultural areas (van Leeuwen and Seguin, 2006). This allows farmers to add value to 

their farms without decreasing corn or soybean production. 

 This research focused on site selection in Fremont, Mills, Montgomery, Page, and 

Pottawattamie counties in Iowa. These counties are located as a block in the southwest corner 
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of the state. This area is bordered on the west by the Missouri River with the Loess Hills running 

along the river in a generally north-south line (Figure 3). Moving east out of the hills the study 

area encompasses an area of agricultural land in a tall-grass prairie eco-zone.  

 The study area is a compact area, at 2,878 square miles, such that there is limited 

variability in the macroclimate. The hills allow for more differences in the topoclimate variables. 

The Loess Hills have a large range of variability in both slope and aspect which makes it possible 

to have many small patches of land with high suitability as well as areas that are not productive 

for grape growth. Soil types and thus variables also vary from east to west. The eastern portion 

of the study area is prime agricultural land that was once tall-grass prairie developed from the 

Southern Iowa Drift Plains landform (Iowa DNR, 2013). The Loess Hills are windblown glacial 

deposits consisting of silt-sized particles. West of the Loess Hills is the Missouri River floodplain. 

 

2.8 American Viticultural Areas 

 American viticultural areas (AVAs) are defined as “delimited grape-growing regions 

having distinguishing features” in the Code of Federal Regulations (27 CFR part 9) (Figure 4). 

These federal regulations are overseen by the U.S. Alcohol and Tobacco Tax and Trade Bureau. 

The purpose of the AVA is to allow vintners and wine consumers to attribute characteristics of 

the wine to the region where the grapes were grown and the wine was produced. The idea of 

designated viticultural areas first arose in France with the Institut National des Appellations 

d’Origine de Vins et Eaux-de-Vie (Wilson, 2001). This Institute provides consumers with 

guarantees that French wine is produced where the label claims, and that only approved grapes 

and methods were used. 
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Figure 3. This map shows the landform regions of Iowa. The study area for this research 
contains portions of the Missouri Alluvial Plain, the Loess Hills, and the Southern Iowa Drift 
Plain (Iowa DNR, 2013). 
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Figure 4. This map shows the number of AVAs in each state (Fitzpatrick, 2012). 
 

 AVAs do not regulate what grapes can be grown in a region, or what methods are used 

to make wine, but they do provide assurances that the grapes come from specific wine-growing 

regions. For wines to be labeled as being from an AVA, at least 85% of the grapes must be 

grown in the AVA and the wine must be made in the same state as the AVA (Hellman et al., 

2011). Even stricter standards are maintained for a wine to be labeled an estate wine which is a 

higher tier of exclusivity than wines associated with an AVA. A wine is labeled as an estate wine 

when the following conditions are met: the wine is labeled with an AVA appellation of origin 

and the bottling winery is located in the labeled AVA, grew all of the grapes on land owned or 
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controlled by the winery within the boundaries of the AVA, and made and bottled the wine in a 

continuous process. The popularity of AVAs among wine connoisseurs is based on the prestige 

granted some French wines simply because of where the grapes are grown and the wine 

produced. Within the United States, AVAs allow vintners to distinguish ‘boutique’ wines from 

bulk wines. This allows them to charge a correspondingly higher price per bottle. 

 There are no AVAs in Iowa, and there are very few in the surrounding states (27 CFR 

part 9) (Figure 4). The majority of AVAs are located on the west coast—specifically California, 

followed by Oregon and Washington. The Northeast and the Southwest also have identified a 

variety of AVAs. Identifying a distinctive terroir in southwest Iowa is the first step in defining 

and Iowan AVA. 
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CHAPTER 3 

METHODOLOGY 

 GIS was chosen for this analysis as it is a cost effective solution for evaluating multiple 

sites. It is also capable of managing the large amounts of data required to model the variables 

used in site selection for a large region. This model incorporates climatic, soil, and topographic 

data. The GIS software used was Esri® ArcGIS Desktop 10.0 (ESRI, 2010). The data layers are 

projected to the UTM Zone 15N for all analysis with a cell size of 10 meters.  

 Daily temperature data were downloaded from the National Oceanic and Atmospheric 

Administration (NOAA) National Climatic Data Center (http://www.ncdc.noaa.gov/). The 

dataset consists of daily maximum, minimum, and time-of-observation temperature data from 

January 1, 1980 until October 28, 2012 obtained from 25 weather stations within and 

contiguous to the study area. The temperature data are reported in tenths of Celsius degrees. 

All data were converted to degrees Fahrenheit for this analysis since that is the common used 

system within the United States. 

 The average number of frost free days for individual weather stations were calculated 

for stations in operation for longer than five years. The last spring frost day was calculated by 

working backwards from July 31, and the first fall frost day by working forward from August 1 

for each record year. The total of frost free days was calculated yearly and then averaged to 

determine the average days per growing season. The potential occurrences of late winter thaws 

followed by spring frosts were assessed through individual surveys with vineyard owners in the 

region. The lowest daily temperature in the period between fall and spring frost was set as the 
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extreme minimum winter temperature. The average extreme minimum winter temperature 

was calculated for each station and used as the expected low temperature each winter. 

 The idea of critical temperatures was also used to identify areas that regularly and 

repeatedly experience temperatures beyond the cold hardiness of grape varietals. A critical 

temperature of -10°F was used for Vitis vinifera varietals and -20°F for both hybrids and North 

American varietals. These temperatures are only approximate and vary with variety, time of 

year, and air temperatures preceding the event (Wolf and Boyer, 2009). The critical 

temperature for the Vitis vinifera grapevines was selected for its similarity to the critical 

temperature of -8°F that Wolf and Boyer (2009) used. The critical temperature for the North 

American and hybrid grapevines was selected based on their general cold hardiness ranges as 

well as feedback from growers in the area. The methodology for measuring occurrences of 

critical temperatures was derived from work done in Virginia by Wolf and Boyer (2009). The 

number of events where critical temperatures occurred were totaled for each decade, 1982 to 

1991, 1992 to 2001, and 2002 to 2011, and then averaged. An average of 3 or more events per 

decade was ranked as poor, while an average of 2 to 2.99 events was identified as moderate 

risk, an average of  1 to 1.99 events as an acceptable risk, and an average of 0  to 0.99 events as 

safe. This ranking helps to determine areas that are suitable for only certain groups of varietals 

such as French-American hybrids or native North American varietals. Growing Degree Days 

(GDD) was calculated from the beginning of April through October.  

 Regularized spline interpolation was then used to create raster layers of these climate 

data for the study area. The inputs for the interpolation were the geographic coordinates of the 

weather stations and the calculated climate variables. The spline in ESRI’s Spatial Analyst tool 
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set is described as “bending a sheet of rubber that passes through the input points while 

minimizing the total curvature of the surface (ArcGIS Desktop Help 10.0, 2010). The “REGULAR” 

option forces the created surface to pass exactly through the input points. 

 Digital elevation models (DEMs) of the study area were obtained from the United States 

Department of Agriculture, Natural Resources Conservation Service at a 10 meter resolution 

(Gesch et al., 2007). The DEMs were mosaicked together and used to create slope and aspect 

raster surfaces. The slope layer was used to identify areas where cold air drainage potentially 

can cause problems and where water may pool. Areas too steep to be mechanically farmed 

were also highlighted. The aspect layer was used to address local insolation concerns. 

Preference was given to northeastern, followed by north and east aspects. These aspects can 

help reduce the occurrences of late winter thaws that make spring frosts deadly to grapevine 

buds. These aspects also enhance early morning sunlight that dries dew from the grapes 

reducing risk of rots and mildews while protecting the grapes from sunburn caused by intense 

afternoon sun exposure. 

 A landcover dataset was also obtained from the United States Department of 

Agriculture, Natural Resources Conservation Service at a 10 meter resolution (Fry et al., 2011). 

This layer is used because some land types are more easily and less expensively converted to 

vineyards. 

 The data for the soil characteristics component of the model are SSURGO data from the 

United States Department of Agriculture, Natural Resources Conservation Service and are in the 

soil survey area extent format (Soil Survey Staff). The data consist of several shapefiles and a 

relational database. The NRCS shapefiles were in vector polygon format. Soil depth and 
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drainage class values for the polygon layers were extracted from the relational databases and 

then raster surfaces were constructed. Organic matter content and pH information were also 

obtained for the polygons and raster surfaces constructed from them. Mineral content and pH 

were both listed as important soil characteristics; however, this research uses soil pH since it is 

a master variable (Brady and Weil, 2002). 

 The various layers involved in the analysis (minimum winter temperature, GDD, slope, 

aspect, landcover, soil depth, internal drainage, pH, and organic matter) were each reclassified 

according to the indexing system. This reclassification scheme used individual point 

distributions for each layer such that the highest possible score when summing all the layers 

was 100 points. The higher the score, the more suitable the site will be for vineyard 

development.  

 The weighting system is region specific and was developed to reflect the importance of 

different variables on a site’s suitability. The works done by Kurtural et al. (2006) in Illinois and 

Chen (2011) in Nebraska were used to create the basic point distribution. Responses from 

personal interviews with area viticulturists were then used to make the system appropriate for 

viticulture in southwestern Iowa. Responses helped define local growers’ perspectives on what 

characteristics of climate, topography, and soil are most meaningful for site selection.  

Macroclimate was considered to have the most significant impact on viticulture suitability by 

Kurtural et al., Chen, and the interviewed vineyard owners in southwest Iowa. Thus the 

macroclimate layers were more heavily weighted to reflect this. Soil drainage is another 

important component of the model and is highly weighted to reflect its impact on a site’s 

suitability. 
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Table 1 
 
Weighted Linear Index Point Distribution 
 

Attribute Classification Point Distribution 
Critical Winter Temps. 0+ Events 20 
20 points 1+ Events 15 
 -20°F Temp 2+ Events 10 
  3+ Events 5 
Frost Free Days > 180 15 
15 points 165 - 180 11 
  150 - 165 8 
  < 150 0 
Growing Degree Days <2500 F° 10 
10 points 2500 - 3000 F° 9 
  3000 - 3500 F° 7 
  3500 - 4000 F° 5 
  >4000 F° 3 
Slope 3 - 10 % 10 
10 points 10 - 15 % 7 
  1 - 3 % 5 
  0 - 1 % 3 
  > 15% 1 
Aspect NE 10 
10 points N, E 9 
  NW, SE 7 
  Flat 4 
  W 3 
  S 2 
  SW 1 
Soil Drainage Well Drained 17 
17 points Moderately Well Drained 14 
  Somewhat Excessively Drained 10 
  Excessively Drained 9 
  Somewhat Poorly Drained 5 
  Poorly Drained 0 
Soil pH 5 - 7 4 
4 points > 7 1 
  < 5 0 

(table continues) 
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Table 1 (continued). 

 
Attribute Classification Point Distribution 
Soil Depth > 3 feet 5 
5 points 1 - 3 feet 2 
  < 1 foot 0 
Organic Matter 1 - 3% 3 
3 points 3 - 4% 1 
  <1% 1 
  >4% 0 
Landcover Herbaceous/Agrarian 6 
6 points Shrubs 5 
  Forested/wooded 2 
  Urban/water/transportation 0 

 

 The critical winter temperature was weighted the most heavily because winter cold 

damage can kill grapevines. Grapevines are perennial and take upwards of three years to fully 

mature. If the grapevines are insufficiently cold hardy for the area, the grapevines will not 

survive to produce a grape crop. Soil drainage is also an important factor for grapevine growth. 

The root system rots easily when submerged in water. A poorly drained soil can prevent the 

root system from developing enough to support the vine growth and grape production. The 

frost free period dictates whether the grapes are able to fully ripen. It also dictates whether 

sufficient sugar accumulation occurs in the fruit and the perennial portions of the grapevines 

(Wolf and Boyer, 2003). Some grape varieties are able to fully ripen with a frost free period as 

short as 150 to 155 days, but many varieties require at least 180 days. Growing degree days, 

slope, and aspect were all weighted equally. These variables do not prevent grapevines from 

growing in an area, but they influence the interactions between the grapevines and the climate 

and the soil drainage. Soil pH, soil depth, and organic matter content, as well as land cover, 
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have low weights in this system. These characteristics influence grapevine growth, but they can 

be modified by human action to better support the grapevines. 

 Personal interviews with area viticulturists were used to gain a better understanding of 

the socioeconomic processes and historical components that affect the grape industry in the 

area. Understanding these factors enriches understanding of the area’s terroir. 

 These interviews (see appendix) were conducted in person (by the researcher). Prior to 

the survey, questions selected for the interviews were reviewed and approved by the University 

of North Texas Institutional Review Board (IRB), as required by federal law. Subjects were 

assigned aliases to preserve anonymity. Responses to the survey were recorded by the 

researcher on the paper that contained the approved questions.  

 Interviews conducted at wineries provided observation of the customers who visit the 

wineries. These observations were used as supporting evidence for the identification of the 

wineries’ customer bases, as well as for the customers’ wine preferences. This allowed for 

further inference into how the wineries are placed in the area’s social conscience. 
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CHAPTER 4 

RESULTS 

4.1 GIS Analysis 

 Climate data from the past 32 years and from 25 weather stations across southwest 

Iowa and the surrounding area were analyzed to identify the average number of consecutive 

frost-free days, the average extreme minimum winter temperature, the number of occurrences 

of temperatures below -10°F per decade as well as below -20°F, and finally, the growing degree 

days. A regular spline interpolation using the 25 point locations of the weather stations was 

used in ArcMap 10 to create raster surfaces for each of these variables over the study area. 

These rasters were created with a 10 meter cell size using the Universal Transverse Mercator 

(UTM) Zone 15 projection. 

Analysis and interpolation for frost-free days indicates that the frost-free period ranges 

from approximately 148 to 173 days throughout the study area (Figure 5). This narrow range of 

frost-free days only allows grapevines with short growing seasons to fully ripen grapes. 

Grapevine varieties typically require 150 to 180 frost free days for the grapes to fully ripen with 

most of the Vitis vinifera grapevines requiring a frost free period in upper portion of this range 

(Wolf and Boyer, 2003). Grapevines with shorter ripening periods will be required for viticulture 

in southwest Iowa. These varietals typically come from North American species or hybrids 

cultivated to have shorter ripening periods. 
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Figure 5. This map shows the average length of the frost free period each year. 
 

 Winter temperatures and the occurrence of critical temperatures determine whether 

grapevines can survive in a given area. Winter cold damage is potentially very destructive (Wolf 

and Boyer, 2003). Grapevines that have not sufficiently acclimated to the winter temperatures 

can sustain significant damage to the vine. This damage is capable of killing the grapevines. 

Different varieties of grapevines are susceptible to cold damage at varying temperatures. This 
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work uses a critical temperature of -10°F for the Vitis vinifera group and a critical temperature 

of -20°F for both the North American and hybrid groups. Based on the average extreme 

minimum winter temperatures (Figure 6) as well as the frequency of occurrences of the Vitis 

vinifera critical temperature (Figure 7), the majority of Vitis vinifera varietals are unsuitable for 

planting in southwest Iowa.  

 
Figure 6. This map shows the average minimum winter temperature.  
 

 As can be seen in Figure 6, the average extreme minimum winter temperature ranges 

from below -25°F to warmer than 0°F. This range of temperatures allows grapevines to survive 
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throughout the study area, though there are areas where only hardy and very hardy grapevines 

capable of withstanding temperatures between -15°F and -35°F should be planted (Dami et al., 

2005). 

 
Figure 7. This map shows the frequency of occurrences of the critical temperature for Vitis 
vinifera grapevines. 
 

 Figure 7 indicates the average number of occurrences of temperatures below -10°F per 

decade over the last three decades. Vitis vinifera varietals can tolerate winter temperatures 
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between 0°F and -15°F based on specific varietal type—a critical temperature of -8°F was 

selected by Wolf and Boyer (2003) in Virginia for Vitis vinifera varietals as a group. The low 

temperatures and frequent occurrences of the critical temperature make Vitis vinifera 

grapevines less than optimal for the area. The number of occurrences of the critical 

temperature per decade starts in the poor group based on the weighting system and increases 

to upwards of 20 occurrences per decade. This suggests that the critical temperature for Vitis 

vinifera grapevines occurs on average twice a year in some locations within the study area and 

at least once a year in a large portion of the study area.  

North American and hybrid varieties can tolerate temperatures ranging down to -35°F. A 

critical temperature of -20°F was selected for both North American and hybrid grapevine 

varieties (Figure 8). This value was selected because a large number of varietals common to the 

Midwest are hardy to this temperature (Dami et al., 2005).The frequency of occurrences of this 

temperature is low in portions of the study area which allows grapevines from these groups to 

survive and mature. The north and east boundaries of the study area are the only locations 

where the temperature reaches -20°F three or more times per decade. Occurrences of the 

critical temperature decrease to the southwest within the study area. 

Growing degree days were used to identify summer climates that provide sufficient heat 

within the growing season for grapes to fully develop on the vine. The analysis of southwest 

Iowa indicates that sufficient heat is generated throughout the study area (Figure 9). In the 

research done by Kurtural et al. (2006), preference was given to the coolest global region, 

Region I, followed in descending order by regions II through V. 
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Figure 8. This map shows the frequency of occurrences of a critical temperature for North 
American and hybrid grapevines. 
 

Region I does not occur within the study area, though the other four regions are represented. 

The majority of the area falls within Region 3 (3001 – 3500 Fahrenheit degrees) and Region 4 
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(3501 – 4000 Fahrenheit degrees). Region 3 is generally favored for good table wines while 

Region 4 is appropriate for grapes with higher sugar content used to make sweet wines.  

 
Figure 9. This map shows global GDD regions in southwest Iowa. 
 

After identifying the general climate trends that affect a vineyard, viticulturists use 

topography and topoclimate to remediate potential climatic effects that could affect grapevine 

success. This analysis used both slope (Figure 10) and aspect (Figure11) as topographic variables 
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in the GIS model. The layers were derived from a 10 meter resolution DEMs using 

ArcDesktop10. 

 
Figure 10. This maps shows slope ranges based on suitability for viticulture. 

 

 The slope layer indicates that large portions of southwest Iowa are suitably inclined for 

viticulture with slopes between 3% and 15%. Areas of high inclines are noted along the western 
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boundary of the Loess Hills. Bluffs frequently form in this border zone between the Missouri 

Alluvial Plain and the Loess Hills. Relatively flat areas with slopes less than 3% are found in the 

Missouri Alluvial Plain and along other rivers throughout southwest Iowa. 

 

Figure 11. This map shows aspect based on suitability for viticulture. 
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 Aspect changes quickly across the study area. River systems are still easily located with 

the aspect layer as these areas are predominantly flat and show less change in aspect creating a 

more uniform appearance in the map. Away from the river systems, the slope faces in 

southwest Iowa are small indicating a quickly changing topography. 

 The third major area of GIS analysis concerns soil characteristics of southwest Iowa. 

Rather than basing the analysis solely on soil types, soil components common among different 

soil types were used. These components were soil drainage (Figure 12), soil pH (Figure 13), soil 

depth to an underlying impermeable layer (Figure 14), and soil organic matter content (Figure 

15).  

 As seen in Figure 12, the Loess Hills of southwest Iowa are well-drained while river 

systems in the area lead to poor drainage. Heading east from the Loess Hills the drainage 

potential decreases and tends to vary between poorly drained and moderately well drained. 

There are a few locations classified as very poorly drained towards the eastern edge of the 

study area. The western edge consists of the Missouri River valley and also has many areas of 

poor drainage. 

 The soil pH is the Missouri River valley is slightly alkaline with pH gradually becoming 

acidic with eastward displacement. The Loess Hills area is predominately in the 7 to 7.5 range. 

Heading east out of the Loess Hills onto the plains, the soil pH becomes slightly acidic—mostly 

in the range from 6 to 7 with the majority of the soil being between 6.5 and 7.  
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Figure 12. This map shows soil drainage based on suitability for viticulture. 
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Figure 13. This map shows pH ranges based on suitability for viticulture. 
 

Figure 14 shows soil depth and Figure 15 shows organic matter content of the soils. The 

soil depth to an impervious layer is shown to be predominantly deeper than three feet. Areas 

with less depth appear to be in the vicinity of a river system in the eastern portion of the study 

area. The areas with soil depth greater than three feet allow the development of a deep and 
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extensive root system to support the grapevines’ growth and grape production. The organic 

matter content also appears to be within a suitable range of 1% to 3% for grapevine growth 

throughout the majority of the study area. 

  
Figure 14. This map shows ranges of soil depth based on suitability for viticulture. 
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Figure 15. This map shows organic matter content based on suitability for viticulture. 
 

 The last component in the model is land cover (Figure 16). This layer has application in 

the ease or difficulty of clearing the land and converting it to a vineyard. It shows that 
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southwest Iowa is predominantly dedicated to agriculture with Pasture/Hay and Cultivated 

Crops being the main land use in the area. 

 
Figure 16. This map shows land cover for southwest Iowa. 
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Table 2  
 
Land Cover Code 
 

Land Cover 
Code Name 

11 Open Water 
21 Developed, Open Space 
22 Developed, Low Intensity 
23 Developed, Medium Intensity 
24 Developed, High Intensity 
31 Barren Land (Rock/Sand/Clay) 
41 Deciduous Forest 
42 Evergreen Forest 
43 Mixed Forest 
52 Shrub/Scrub 
71 Grassland/Herbaceous 
81 Pasture/Hay 
82 Cultivated Crops 
90 Woody Wetlands 
95 Emergent Herbaceous Wetlands 

 

 A weighted index system was constructed based on the works of Kurtural et al. (2006) in 

Illinois and Chen (2011) in Nebraska, as well as with input from area growers. The system 

assigns a set number of points to each of the following layers: frost free days, critical winter 

temperatures (-15°F), GDD, slope, aspect, soil drainage, soil depth to an underlying impervious 

layer, soil pH, soil organic matter content, and landcover. The systems developed by Kurtural et 

al. (2006) and Chen (2011) were used to develop a base system which was then adjusted to 

account for information from vineyard owners in southwest Iowa (Table 2). Within each layer 

point values are assigned to give full value to the layer characteristics that best support 

grapevine growth. Point values decrease as suitability decreases. The system is weighted on a 
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scale of 0 to 100 points with scores from 85 to 100 rated as Best, 75 to 84 as Good, 65 to 74 as 

Fair, 55 to 64 as Risk, and scores less than 55 as Unsuitable. 

 
Figure 17. This map shows site suitability for viticulture in southwest Iowa. 
 

 The model weighting scheme was used to combine characteristics of climate, 

topography, and soil into individual suitability layers. The Raster Calculator tool in ArcGIS was 
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then used to combine these layers with the land cover layer to produce an output of five levels 

of suitability for viticulture in southwest Iowa (Figure 17). This analysis layer had a resulting 

resolution of 30 meters which is approximately 0.22 acres. John Tyler’s initial vineyard was 4 

acres; the resolution of the analysis layer is finer than this initial setup suggesting that it is 

suitable for locating vineyards in southwest Iowa. 

 A temperature of -20°F was selected for use as the critical minimum winter 

temperature. This allows the model to indicate the suitability of an area for North American 

and French-American hybrid grapevines. The model was not adjusted to indicate suitability for 

Vitis vinifera grapevines because evaluations of the minimum winter temperatures for the area, 

as well as occurrences of -10°F indicate that the area is climatically unsuitable.  

 Tables 3 and 4 show how this area of southwest Iowa was classified. The area was 

classified per landform as well as providing the total area per suitability category. These tables 

illustrate that the majority of southwest Iowa is classified as ‘Fair’ for viticulture. Only a small 

portion of about 29 square miles was classified in the ‘Best’ category. However, approximately 

63% of the total area was classified in the top three categories of site suitability. 

Table 3  
 
Site Suitability per Landform 

 
  Area (Square Miles) 

  
Missouri 
Alluvial Plain Loess Hills 

Southern Iowa 
Drift Plain Total 

Best 0.70 2.97 25.32 28.99 
Good 14.90 37.85 592.54 645.29 
Fair 76.52 109.91 978.94 1165.37 
Risk 109.20 78.42 491.01 678.63 
Unacceptable 68.13 14.37 245.49 327.99 
Total 269.45 243.52 2333.30 2846.27 
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Table 4  
 
Site Suitability (Percentage) per Landform 

 
Area (Percentage) 

  
Missouri 
Alluvial Plain Loess Hills 

Southern Iowa 
Drift Plain 

 Total  
(southwest Iowa) 

Best 0.26 1.22 1.09 1.02 
Good 5.53 15.54 25.39 22.67 
Fair 28.40 45.13 41.96 40.94 
Risk 40.53 32.20 21.04 23.84 
Unacceptable 25.28 5.90 10.52 11.52 

 

 The distribution of site suitability across landforms indicates that the Missouri Alluvial 

Plain is generally unsuitable for viticulture. A large amount of the area within both the Loess 

Hills and the Southern Iowa Drift Plain are favorable for viticulture with these areas generally 

categorized as either ‘Good’ or ‘Fair.’ 

 This model output should be used in conjunction with the individual layers that are part 

of the model. The potential exists to misidentify the suitability of a site when only the final 

analysis layer is considered. An example of this could be an area that is highly suitable for 

viticulture in terms of all components of the physical landscape except for critical winter 

temperatures. The model output would score this area at 85 points which is rated as Best. 

However, the unsuitability of the area in terms of critical winter temperatures would make 

winter cold damages a likely occurrence. Evaluating the variable layers as well as the output 

layer minimizes this misidentification. 
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4.2 Interviews 

 Interviews were conducted with three vineyard owners in southwest Iowa. Aliases were 

assigned to the interviewees in the order of interviews: Bob Smith, Austin Jones, and John 

Tyler. The interview questions were designed to gain insight into growers’ opinions about 

vineyard management in the area, as well as to gain perspective on the different choices wine 

enthusiast and hobbyists made that led them to develop vineyards and wineries. The vineyard 

locations are shown in the following figure (Figure 18). 

The interviews revealed that the vineyard owners had pursued other careers prior to 

planting their vineyards. Bob Smith and John Tyler decided to plant vines and create wine 

because of a general interest; they initially saw it as a fun hobby. It was only after initial 

planting of the grapevines that they realized the high cost of planting vineyards in areas without 

a pre-existing infrastructure for viticulture and wine-making. Austin Jones inherited land that 

had previously been planted with grapevines. These grapevines were too old for grape 

production, but their existence encouraged him to replant the vineyard. 

The growers conducted initial background research to identify types of varietals that 

were already successful in the area as well as attending classes and reading literature on 

northern grape growing. The vineyard owners also sought advice from other local growers. 

Initial land analyses included testing soil pH so that it could be appropriately amended, to meet 

the requirements of the vines. The growers also examined the landscape to avoid areas with 

poor drainage, potentially harmful to vine root stock, and identify ways to create good airflow 

through the vineyard to prevent cold air from pooling around grapevines. 
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Figure 18. This map shows the vineyard locations overlaying site suitability and landforms. 

  

 As a result of the background research and analysis, Austin Jones and John Tyler planted 

a variety of hybrid varietals including the popular Edelweiss varietal. Bob Smith planted hybrid 

varietals as well as Catawba, a North American varietal, and plans to plant Concord grapes in 
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the near future. The hybrid varietals are a popular choice in southwest Iowa because wines 

produced from them tend to be similar to wines made from Vitis vinifera varietals. This makes 

the wines more appealing to a broader audience. Table 5 shows the varietals grown at the 

different vineyards, and whether they are hybrids or North American varietals. 

Table 5  
 
Varietals Grown by Owners 
 

Varietals Bob Smith Austin Jones John Tyler 
Hybrids Marquet Edelweiss Edelweiss 
  Edelweiss Frontenac Brianna 
  La Crosse Frontenac Gris Tramonette 
  Vignoles Marquette Vignoles 
  Frontenac   Seyval 
  

 
  St. Croix 

      Frontenac 
      GR-7 
      La Crescent 
      Norton 
      Chardonnel 
      Chancellor 
North American Catawba     

  
Concord 
Steuben     

 

 After choosing the location of the vineyard and the varietals to plant, the vineyard 

owners prepared the land. This included amending the soil pH. Bob Smith’s initial vineyard had 

high acidity towards the top of the slope where the land had previously been farmed, while the 

lower portion, left in a natural state, had low acidity. Contour terraces were also removed in 

places in preparation for planting. In other locations the land had to be cleared of trees and 

other vegetation. 
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 Four to five years after establishing their own vineyards the owners were able to make 

wine from their own grapes as well as from grape juice obtained from other local growers. 

When asked what type of wine they wished their wineries to be known for, all three owners 

answered that they wanted to make high quality dry red wines. Bob Smith explained that he 

wanted to make a dry red wine because it is harder to make and shows more of the 

winemaker’s skill. The lighter sweet wines common in the area wineries require less skill and 

experience because of the higher sugar content.  

 

4.3 Vineyards and Wineries 

 As previously mentioned, renewed interest in the grape industry has occurred over the 

last two to three decades in southwest Iowa. Most people who planted vineyards used land 

that they already owned. This was the case with the first vineyards developed by Bob Smith and 

Austin Jones. John Tyler and his partners, however, went in search of land suitable for a 

vineyard specifically in the Loess Hills. 

 The winery associated with John Tyler’s and his partners’ vineyard opened in the 

summer of 2011. It is located in town away from the vineyard. When designing their winery, 

the owners decided that they wanted it to have a high-end boutique feel. It has beautiful wood 

wine cases lining one wall, the ceiling has architectural interest, and the bar and floor both 

showcase beautiful tiling. It was designed to be a beautiful gathering place where people can 

enjoy the wine. 

 Bob Smith’s vineyard is located out in the country, and the winery is on the same 

property. Visiting their winery provides the experience of ‘getting away from it all.’ It is located 
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in a quiet and scenic area of the Loess Hills. The seating for this winery is predominantly 

outside, though they do have a few tables inside for those people visiting during the winters. 

Bob Smith has plans to build walking paths through the vineyard with strategically placed 

vignettes. These areas will provide customers with scenic private places where they can enjoy a 

glass of wine, and if they desire, a picnic. 

 Austin Jones’s winery is also located away from a town center, though it is considered a 

little more accessible than is Bob Smith’s. This winery has picnic tables out on a deck for 

summer gatherings. The inside is fairly small, but visiting in the winter allows customers the 

chance to chat with generally Austin Jones. He is always happy to discuss his vineyard and the 

wines he makes. The atmosphere in this winery encourages conversation among the varied 

guests seated at the bar. It has a more jovial feel than the other wineries discussed above. 

 

4.4 Supporting and Maintaining the Vineyard 

 A small part of the expense is in protecting the vineyard from animal predations and 

repairing damage caused by aerial drift of harmful chemicals—sometimes this means replacing 

vines. Legislation controlling the use of 2,4-D also increased the life expectancy of grapevines in 

the area, though some vines are still lost to the herbicide as noted by both Austin Jones and 

John Tyler. Another issue affecting vineyards in southwest Iowa is the wildlife. Pests and birds 

can cause substantial damage to vineyards, but the Loess Hills also have to deal with large 

populations of both deer and turkeys. These animals are able to completely strip the grapevines 

if they are able to gain access to the vineyards. John Tyler uses electric fences around his 

vineyard to discourage deer from coming into the vineyard. Netting can also be used to prevent 
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birds and insects from gaining access to the grapes. Natural predators can also aid in preventing 

damage. John Tyler’s vineyard has a large number of hawks that fly overhead. These birds help 

control the populations of small animals that cause damage to vines and grapes. 
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CHAPTER 5 

DISCUSSION 

5.1 Vine Choice and Climate 

 Climate is a major determinate in grape quality, and even whether a particular 

grapevine varietal can grow in an area. The main components of climate relate to the area’s 

temperature regime and are often expressed as the length of the growing season, the extreme 

minimum winter temperature, and heat accumulation during the growing season. The Growing 

Degree Days for southwest Iowa indicate that the area receives sufficient heat for grapes to 

fully ripen. Varietals with high sugar levels do well in Region 3, while Region 4 better supports 

grapes with higher acid levels. However, the length of frost-free days requires that the grapes 

ripen quickly. If the growing season for the higher acid grapes is not long enough, they will not 

achieve a balanced acid-sugar ratio. Back-sugaring (adding sugar to the grape juice prior to or 

during fermentation) will be necessary to produce drinkable wines from these grapes. 

 Another concern for area viticulturists are false springs. These are occurrences of 

unseasonably warm weather that bring the grapevines out of winter dormancy and trigger bud-

break then followed by a frost that kills the grapevines’ primary buds. The vines will produce 

secondary and tertiary buds, but the yield will be smaller than if the primary buds produced the 

season’s crop. There are different methods used in vineyards to prevent a frost from killing 

primary buds, but these methods are often expensive or time-consuming. 

Grape varietal selection for a vineyard is dependent on the climate as well as what type of 

grape product is desired. The common choice for wines is the Vitis vinifera varietals. These 

varietals are the native European vines. Based on climate data alone it is possible to disqualify 
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Vitis vinifera varietals in general for development in southwest Iowa. Winter low temperatures 

are such as to prevent the vines from developing well in the area. It is possible that a few Vitis 

vinifera varietals might be able to tolerate the winter temperatures, but hybrids and North 

American varietals are far better adapted. This means that wines from southwest Iowa are 

going to have different characteristics than the wines with which most Americans are familiar.  

  Temperatures are frequently cold enough to kill the vines before grape production 

covers the cost of planting and maintenance. One vineyard owner mentioned during the 

interview that grapevines were not covered by crop insurance. This, in conjunction with the fact 

that it takes the grapevines multiple years to begin producing fruit, requires that only 

grapevines with favorable chances for long term survival be planted; otherwise the cost of the 

vineyard would be unsupportable. Therefore the choice of grape varietal is typically among 

native North American varietals and hybrids with cold hardiness levels adapted for more 

northern climes. 

 

5.2 Vine Choice and Landscapes 

 Although climate is the major deciding factor in what grape varietals will grow in a given 

area, other characteristics are considered to complement the climate. Topographic 

considerations early in a vineyard’s development can help mitigate climatic effects such as false 

springs. One vineyard owner situated his vines on a hill with a north facing aspect using the hill 

to block winter sunlight. The idea was to prevent winter insolation from warming the vineyard 

enough to trigger bud-break. All of the owners interviewed situated their vines on the upward 

slopes of hills to take advantage of cold air drainage. By placing their vines high on the hills they 
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allow cold air to move through the vineyard and settle well below their vines, thus helping to 

prevent freezing temperatures around them. Another vineyard owner went so far as to clear 

out downhill trees and brush to increase the efficiency of the cold air drainage and prevent 

ponding of cold air. Southwest Iowa is also more humid than areas such as France or California. 

The increased summer humidity leads to increased risks for the vines to develop mildews and 

rots. Aspect selection can be used to help mitigate this issue. Situating a vineyard to receive sun 

early in the day helps dry dew from grapes and leaves. This can help prevent mildew from 

forming on the grapevines. 

 Low slopes or flat areas are less suitable for vineyard location in that they are more 

susceptible to cold air pooling; higher slopes greater than 15% become dangerous for 

machinery operation. Previous studies (Boyer, 1998; Kurtural et al., 2006; Chen, 2011) 

identified slopes from 3% to 10% as the most suitable for viticulture, though slopes from 10% to 

15% are still suitable. 

 Hillsides are often terraced when row crops are planted in the Loess Hills of southwest 

Iowa to ensure that slopes are not too steep for mechanical farming. However they are often 

inappropriate for vineyards. The terraces, also known as contour farming, help retain water on 

the ground surface. While beneficial for crops such as corn or soybeans, and slowing erosion, 

the terraces can lead to standing water, which is detrimental to grapevines as they are prone to 

mildews and fungi and can easily suffer from root rots. As well as retaining water, terraces also 

retain cold air that increases the risks of damaging temperatures and frosts. A vineyard owner 

in the Loess Hills noted another problem with terraces, pre-existing terraces in his vineyard 

created a very inefficient use of his acreage because it breaks up his grapevine rows. Another 
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consideration besides topography is the area’s soil, which has a large impact on the growth of 

the grapevines. 

 Generally the soil within the Loess Hills of the study area is deep enough for grapevines 

to develop good root structure. Even though the soil particles are small—loess tends to consist 

of silt-sized particles—they allow good water drainage while retaining enough moisture for 

plant growth. Soil pH can vary, even within the same soils, due to past land use practices such 

as farming or animal husbandry, as can organic matter content. In general, the soil data reveals 

that this area is almost too fertile for vineyard development. High soil fertility promotes 

vigorous canopy development of the vines, which can reduce the quality of the grapes without 

careful pruning. Vineyard workers invest considerable time and money in weed control using 

herbicides, often requiring multiple spraying during the growing season. Areas with lower soil 

fertility often require less intensive weed control. 

 Landscape does not affect the geographic spread as noticeably as climate does, but it 

does affect grapevine and grape development. The topography of an area influences how 

climate affects the vines while soil can impart noticeable sensory characteristics to the grapes. 

The landscape characteristics can separate a varietal grown in one area from the same varietal 

grown in a different area. Unique landscape characteristics produce unique sensory 

characteristics of the grapes that can be grouped into geographic areas. 

 

5.3 Creating a Recognized Wine Place in Southwest Iowa 

 American Viticultural Areas are used within the United States to delimit grape growing 

regions. They are typically based on a characteristic of the landscape that is different from 
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surrounding areas. This characteristic creates a bounded space. Currently there are no AVAs in 

Iowa, though there are vineyards and wineries throughout the state. Creating an AVA in 

southwest Iowa would increase recognition of the area and would attract more people 

searching for wine culture. An AVA is created when an application is accepted as identifying a 

unique delimiting characteristic an area. A separate option for attracting tourists is for the 

grape growers and wine makers to create an association similar to the Gimblett Gravels 

Association in Hawke’s Bay, New Zealand. Stories that the local communities tell about the area 

can create a sense of place, and create a unique experience for visitors. 

 Stories about the landscape and the grapevines elevate the physical characteristics to a 

more sublime level of human perception (Overton and Heitger, 2008). The stories combine with 

taste and touch to synergize a greater product than grapes—a distinction termed terroir. 

Recognizing that an area has terroir encourages people to judge the regional wines as unique 

and distinctive rather than how they compare to more traditional European style wines. 

Recognition gained from forming either an AVA or an association would help the southwest 

Iowa wineries expand their customer base as well as tourism. These options would help to 

increase the name recognition of wines and wineries from this area. Much of this burden seems 

to fall on the vineyard and winery owners, whose independent and joint activities would need 

to combine to build and promote a shared sense of place for the area. 

 

5.4 The Human Part of Terroir 

 Place and terroir are closely linked concepts. Within grape and wine culture, terroir is 

the physical expression of sense of place for a vineyard and winery. Vineyards are where grapes 
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are grown and harvested while wine is made in wineries. It is in these spaces, the vineyards, 

and with the action of making wine that a sense of place and the expression of terroir are 

created; the grapes are the result of landscape interactions, and the decisions on how they 

should be made into wine provide the human component of terroir. Space combines with 

human perception to create place (Entrikin, 1991; Agnew, 2011). Like place, terroir can exist 

simultaneously at multiple scales. For example, Van Leeuwen and Seguin (2006) introduce the 

concept of estate wines at one scale, and individual vineyard wines at a smaller scale. Individual 

vineyards can have their own unique expression and identity that fits within a larger sense of 

belonging. 

 GIS is a useful tool for identifying space for a vineyard. Understanding the characteristics 

of the physical landscape allows the vineyard owner to choose spaces with characteristics 

suitable for viticulture, and then to optimize the choice of grape varietals based on these 

characteristics. When the grapevines are well matched to the space where they are grown, the 

quality of the grape crop can achieve its full potential. This knowledge can aid the winemaker in 

choosing a site to establish her vineyard or decide where to plant vines on her property. 

 For southwest Iowa the GIS model used in this study demonstrates that the area of 

southwest Iowa is fairly homogeneous in terms of the characteristics of the physical landscape. 

Therefore, rather than the characteristics of the individual vineyard spaces the differences 

between wines from the area result from the choices made by the winemakers. 

 A clear example of this exists in the Edelweiss wines produced by Austin Jones versus 

those of Bob Smith and John Tyler. Both Smith and Tyler use the Edelweiss grape to make a 

traditionally sweet white wine. Austin Jones also makes a sweet white wine with the grape, but 

60 



in addition he uses the grapes to make a dryer white wine. These examples illustrate how 

winemakers choose grape characteristics to highlight based on the type of wine he is making. 

This selection of characteristics is informed by the influences of both the physical landscape 

that affects the quality of the grapes, as well as by his awareness of his customers’ perceptions 

about his wine and wine-making style. Whether making the expected wine or trying something 

new this interplay facilitates the creation of a sense of identity for the vineyard and winery. 

However, it is in the wineries’ tasting rooms and sitting areas where people sample and explore 

the wines that the notion of a place begins to take hold. 

 Before the community becomes involved, the vineyard and winery retain a ‘private,’ 

individual sense of place for only a handful of people—the owners and workers in particular. 

Once the public becomes involved with the vineyard and winery, these spaces become part of 

the community. This creates a broader sense of belonging previously absent as more people 

claim this space as their own and develop shared perceptions about it.  

 This scaling up of place also affords the winemaker an opportunity to incorporate 

customers’ requests into the wine production. This was clearly demonstrated through personal 

observation at Bob Smith’s winery in early January 2013. A customer enquired if Mr. Smith had 

any success with making a sparkling wine. Although his current line of wines did not, he was 

experimenting with producing it at the customer’s request. By allowing the expectations and 

desires of the community to influence their choices, the winemakers’ wine begins to describe 

not just the terroir of the vineyard and the winery, but expands the notion of place to 

encompass a larger community. In this way, the input from outsiders encompasses terroir as 
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much as the winemaker’s choices, the grapevines being grown, and the characteristics of the 

landscape. 

 Accommodating requests is one way to enhance sense of place, allowing the winery to 

‘belong’ to visitors is another. For example, while conducting the interviews with Bob Smith and 

Austin Jones it was possible to personally observe the winery floor as customers came for a 

visit. At Bob Smith’s winery a group of young women came in to sample wines and enjoy each 

other’s company for the afternoon. Upon arriving at Austin Jones’s winery, he was pouring wine 

for a local couple and their friends visiting from out of state. The group was celebrating their 

respective wedding anniversaries by exploring local wineries together. Shortly after their 

departure a young couple from Omaha, Nebraska arrived. They were day-tripping, sampling 

different wines and conversing with Mr. Jones. They appeared interested in learning more 

about the wines they were drinking and how they were produced. The customers at the 

wineries were there because it was a comfortable social setting where they could indulge their 

interests in learning more about wine and conversing with their friends. This demonstrates how 

wineries foster a sense of community and place. 

 Wineries are the sites that provide an atmosphere that promotes conversation between 

strangers. It is here that the different wines and vineyards become the topics that bring wine 

and place together. When people leave the winery, the feelings and connections they created 

can remain with them and influence how they interact with others. This is how the wineries and 

the region develop a reputation as special places. It is then that terroir begins to set in and 

southwest Iowa vineyards can become more than just environmental characteristics of the 

space compiled into layers.  
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CHAPTER 6 

CONCLUSION 

 This work used the French concept of terroir to identify the climate and landscape 

characteristics that impact vineyard development and growth. These characteristics were 

combined in GIS to conduct a site suitability analysis for vineyard development in southwest 

Iowa. The output of the GIS model ranked the study area as Best, Good, Fair, Risk, or Unsuitable 

based on a weighted linear index of the selected landscape variables. 

 Based on the analysis of the landscape variables, it was determined that the area is 

capable of supporting only grape varietals that are able to tolerate winter temperatures down 

to -20°F. Southwest Iowa also has a fairly short frost free period that ranges from about 150 

days to 170 days. This short period only allows quick ripening varietals that fully ripen during 

the summer season. These are the main characteristics that determine whether a varietal will 

grow well in the area. Soil drainage also impacts a varietal’s success in an area, but according to 

the GIS analysis in southwest Iowa the drainage is generally favorable. The other landscape 

characteristics are then used to fine-tune the vineyard effects created by the main landscape 

characteristics. 

 It was determined that southwest Iowa is too cold during the winter for most European 

varietals, thus the area should be planted with hybrid varietals or native North American 

varietals such as the Concord or Catawba. Wines made from these varietals will have different 

characteristics than wines such as Merlots or Cabernet Sauvignons, which are Vitis vinifera 

grape varietals. Appreciation for these wines will increase as customer perception of the 

uniqueness of these wines grows. 
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 Using the landscape characteristics of terroir to identify both the areas suitable for 

vineyard development and the general groups of varietals appropriate for the area detailed two 

of the three major themes of terroir. However, the landscape analysis in itself does not describe 

terroir; it describes the appropriateness of a space, but not place. The other components of 

terroir involve people: the choices they make when using the grapes to make wine, and the 

attraction and attachment of the customers to the wines. 

 Interviews were conducted with several vineyard and winery owners in an attempt to 

define this component of the terroir of southwest Iowa. Based on the interviews it seems that 

the area winemakers are still trying to define their individual styles. There is not a 

comprehensive sense of identity in regard to their wines. The struggle appears to be in finding a 

balance between what consumers expect of wines (which are typically made from European 

varietals) versus the profiles of the hybrid and North American varietals that can be grown in 

southwest Iowa. The winemakers interviewed are all striving to create a high quality dry red 

wine that would perform well in a larger economy. The local consumers, however, appear to 

prefer the sweet wines more commonly produced from the local grapes. 

 The GIS model can aid growers in optimizing their vineyards and grape crops, thus 

improving the selection of space and grape varietal. However, this work indicates that while GIS 

is a useful tool in the identification of terroir, it is unable to characterize and analyze all aspects 

of terroir. Terroir is created when a sense of place concerning particular vineyard and winery 

spaces is recognized. Without human perception of a space it cannot become a place. The 

search for identity among the different wineries in southwest Iowa suggests that a sense of 

place is still developing for these grape growers and winemakers. A terroir for southwest Iowa 
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will be recognized once the individual senses of place are merged to create a larger sense of 

place that encompasses the vineyards and wineries in this area.  
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APPENDIX  

INTERVIEW QUESTIONS 
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• How/why did you decide to grow grapes? 
• What background research did you do? 

• What analyses did you do when you decided to plant the vineyard? 

• How did you select grape varietals? Why? 

• What challenges did you have to deal with? 

• What factors influence your crop the most? How do you optimize or mitigate these 

factors? 

• What type of wine do you want to be known for? 

• What type(s) of wine do your customers want or prefer? 

• Who are your customers? 

• What stories do you have about your vineyard and winery? 

• Are there interesting historical facts about this area? 

• What different uses has this land seen? 

• What is your market niche? 
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