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Grant Premise 

Michigan is one of the most diverse agricultural states in the country, particularly for fruit production 
with large portions of the landscape being used to cultivate tree fruit, row crops, vinifera, and more. The 
unique climate offers it an ideal location for growing apples, cherries, grapes, stone fruit and others. 
Industry professionals are familiar with the climate aspects that make MI an ideal area for cultivation 
from the temperature variability to precipitation regimes. However, prior to this funded project there 
were no current sources, maps or descriptions that identified the best lands for cultivation based on 
multifactor criteria including topography, climate, and the environmental conditions / regimes. Such 
maps and descriptions are of great use to the agricultural industry as they identify suitable growing 
areas and highlight changing pattern of cultivation over time.  

In the late 1960s, the U.S. Department of Agriculture Soil Conservation Service (now the Natural 
Resources Conservation Service) funded a study to create a Red Tart Cherry Site Inventory effort for 
Michigan (Red Tart Cherry Site Inventory, USDA).  That effort utilized industry knowledge to generate a 
scoring rubric based on soils, topography and climate to identify suitable growing areas.  This project, 
which used a similar approach, but for Vitis vinifera, benefited from precise geospatial digital data that 
was previously unavailable.  For instance, all soils data for Michigan are now digital, elevation data is 30x 
more precise, and weather data is both robust and spatially extensive.  Furthermore, this project 
benefited from rapid mapping technologies and advanced geospatial models.  Geospatial models were 
customized to incorporate new insights and data to create the most precise Vitis vinifera suitability maps 
to date.  

Since their introduction in 1970, wine grape acreage in the state of Michigan has increased steadily 
(Kleweno et al. 2002).  Vitis vinifera is now well established in Michigan but is mostly clustered in a 
relatively small number of counties in the southwestern and northwestern Lower Peninsula. By 2000, 
vinifera acreage equaled that of resistant cultivars (Kleweno et al. 2002). Since that period vinifera 
plantings have continued to increase exponentially. In 2014, Michigan had 2,100 acres of vinifera grapes 
(Michigan Fruit Inventory 2014 – 2015; USDA; 2015). While acreage of vinifera continues to increase, it is 
doing so without the benefit of a data-driven system to determine the best sites in Michigan (MI) for 
planting.   

One of the stated goals of the MI Grape and Wine Industry Council is to increase wine grape production 
area from approximately 3,050 acres currently to 10,000 acres by 2024 (Michigan Grape and Wind 
Industry Council, 2013). This funded project looks to help the industry meet this goal by modeling and 
mapping suitable areas for wine grapes in counties close to the Lake Michigan shoreline using geospatial 
data and modern techniques. Further, this project looks to make the data easily available to those most 
in need of the knowledge, the growers. We focus specifically on Vitis vinifera cultivars, though red and 
whites were modeled separately, which are characterized by different degrees of cold hardiness and of 
summer heat and length of the growing season requirements. 
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Grant Recap 
 
This proposal looked to help the industry meet this goal by identifying suitable areas for wine grapes in 
counties close to the Lake Michigan shoreline using geospatial data and modern techniques.  
 
Research Objectives 

1. Create modern suitability scoring rubrics for Vitis vinifera 
2. Build and execute geospatial processing models to generate suitability maps for Michigan 

counties adjacent, or close to, Lake Michigan 
3. Generate maps and disseminate information to the industry 

 
Value of Data and Maps 

• Assist prospective growers in the selection of land parcels suitable for growing vinifera grapes. 

• Assist current growers in identifying future planting areas.   

• Assist current growers in assessing current plantings. 

Project Personnel 
 
Erin L. Bunting, Ph.D. 
Assistant Professor 
Department of Geography, Environment and Spatial Sciences, MSU; Director – RS&GIS 
Project Role: Principal Investigator 
 
Jeffrey Andresen, Ph.D. 
Professor of Geography 
Department of Geography, Environment and Spatial Sciences, MSU; Director – ENVIRO-Weather 
Program, State Climatologist 
Project Role: Co-Principal Investigator 
 
Paolo Sabbatini, Ph.D. 
Associate Professor 
Department of Horticulture, MSU 
Project Role: Co-Principal Investigator 
 
Robert Goodwin, GISP 
Sr. Geospatial Analyst 
RS&GIS, Department of Geography, Environment and Spatial Sciences, MSU 
Project Role: Geospatial Analyst 
 
Nick Weil, GISP 
Geospatial Analyst 
RS&GIS, Department of Geography, Environment and Spatial Sciences, MSU 
Project Role: Geospatial Analyst 
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Project Site 

This project was heavily reliant upon precise topographic data. Specifically, LiDAR-derived elevation 
data.  LiDAR data, which is being collected throughout Michigan through a partnership between the 
State of Michigan Statewide Aerial Imagery and LiDAR (MiSAIL) program and the United States 
Geological Survey (USGS), Natural Resources Conservation Service (NRCS) and the Federal Emergency 
Management Agency (FEMA), was not yet complete when this project was begun.  Additionally, selected 
counties included only those bordering the Great Lakes since these are the areas where vinifera is most 
likely to thrive (Figure 1).  Additional efforts will seek to include counties further from the Great Lakes 
shoreline, as well as those along the shoreline where precise elevation data now exists.   

Figure 1. Counties included in this study included Allegan, Arenac, Bay, 
Berrien, Emmet, Grand Traverse, Huron, Iosco, Leelanau, Manistee, 
Mason, Muskegon, Oceana, Ottawa, St. Clair, Sanilac and Van Buren.  
Additional counties will be included in future efforts, including all 
counties in the lower peninsula along the Great Lakes shoreline.  
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Project Site Variables 

Site Variables fall into four categories – Soils, Topography, Land Cover and Climate (Table 1). 

Table 1. Site selection variables and data source 

Variable Name Category Description Data Source 

Growing Degree Days Climate Number of growing degree 
days (April-October) by 
month and total for growing 
season for each year 

PRISM 

Frequency of Cold 
Days 

Climate Number of days less than or 
equal to 20 degrees Celsius  

PRISM 

Frost Free Days Climate Number of days between 
last spring frost and first fall 
frost by year 

PRISM 

Spring Temperatures Climate Average Spring (March-June) 
temperatures 

PRISM 

Precipitation-Growth Climate Precipitation amounts during 
key growth periods 

PRISM 

Precipitation-Rot Climate Precipitation amount when 
rot is of critical concern 

PRISM 

Soil Drainage Soils Soil drainage characteristics SSURGO 

Depth of Rooting 
Zone 

Soils Depth of rooting zone of the 
soil polygons 

SSURGO 

Soil pH Soils pH of soils SSURGO 

Depth to Bedrock Soils Depth to bedrock SSURGO 

Land Cover Land Cover Land use and cover across 
the state of MI 

CCAP and 
NWI 

Slope Topography Percent Slope USGS LiDAR 

Slope Aspect Topography Direction of slope USGS LiDAR 

Soils 

Specific soil characteristics that are important for growth of vinifera grapes include drainage, pH, depth 
to rooting zone and depth to bedrock.  The most important of these is drainage since vinifera grape 
vines do not grow well, or at all, in wet soils. Depth to bedrock, at least in the lower peninsula of 
Michigan, is the least important of the soil Variables since bedrock depth is almost always greater that 
what is necessary for vinifera growth.  
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Soils Data Pre-Processing 

SSURGO digital soils from the Natural Resources Conservation Service (NRCS) were used to generate soil 
variables.  These data contain both soil polygons and soil attributes.  The relevant soil attributes were 
joined to the soil polygons in GIS software.  

Soil variables include: 

• Drainage

• pH

• Depth to Rooting Zone

• Depth to Bedrock

All variables were joined to soil polygons from the soils database tables contained within SSURGO using 
ArcGIS software (v10.6).  Drainage values varied from very poorly drained to excessively drained (Figure 
2).  Soil pH varied from 3.5 to 9 (Figure 3). Depth to bedrock (Figure 4) and rooting zone depth (Figure 5) 
values are expressed in centimeters.   

Figure 2. Soil Drainage  Figure 3. Soil pH 
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Figure 4. Depth to Bedrock      Figure 5. Depth of Rooting Zone 

 

Soils Data Scoring 
 
Utilizing information both within the literature, as well as expert knowledge, scores were assigned to 
values or ranges of values for each soils variable.  See tables 2 through 5 below. 
 
 

Table 2. Soil Drainage Suitability Values       
(0 - 10) 

 Table 3. Soil pH Values (0 - 10) 

Excessively drained 7  < 4.7 NoData 

Somewhat excessively drained 8  4.7 - 5.3 2 

Well drained 10  5.4 - 6.0 5 

Moderately well drained 8  6.1 - 6.8 10 

Somewhat poorly drained 4  > 6.8 5 

Poorly drained 0  Null (99) 0 

Very poorly drained NoData    

No Information 0    
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Table 4. Soil Depth to Rooting Zone Values 
(0 - 10) 

Table 5. Soil Depth to Bedrock Values 
(0 - 10) 

0 - <30 cm NoData 0-25 cm NoData 

30 - 33 cm 1 26 - 30 cm 1 

34 - 37 cm 2 31 - 35 cm 2 

38 - 41 cm 3 36 - 40 cm 3 

42 - 45 cm 4 41 - 45 cm 4 

46 - 49 cm 5 46 - 49 cm 5 

50 -53 cm 6 50 - 53 cm 6 

54 -57 cm 7 54 - 57 cm 7 

58 - 61 cm 8 58 - 61 cm 8 

62 - 64 cm 9 62 - 64 cm 9 

>= 65 cm 10 >= 65 cm 10 

Null (999) 0 null (999) 10 

Soils data source: USDA, Natural Resources Conservation Service SSURGO Digital Soils 
(https://www.nrcs.usda.gov/wps/portal/nrcs/main/soils/survey/) 

The model in Figure 6 below, is an example of how data were processed using Esri ArcGIS ModelBuilder.  
Individual models were created for all variables.  

Figure 6. Typical layout of model created in ModelBuilder. 

https://www.nrcs.usda.gov/wps/portal/nrcs/main/soils/survey/
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Topography 

Specific topographic characteristics that are important for growth of vinifera grapes include slope, slope 
aspect and topographic depressions. Vinifera does poorly in areas where cold air may settle. Slope 
provides a good measure of cold air drainage from a site, but too much slope impedes operations. 
Direction of slope, also called slope aspect, affects growth as well.  Vinifera prefers sites that where 
exposure to the sun is high.  

Topographic Data Pre-Processing 

This project utilized LiDAR-derived digital elevation models (DEMs) to generate topographic data 
variables.  The LiDAR data, which is available from the United States Geological Survey (USGS), 
represents a 10x increase in precision over previous topographic data. The native resolution of this data 
is 1-meter. However, for this analysis, the data was downgraded slightly to 2-meter resolution. The high 
precision of this data allowed for creation of local-scale slope, slope aspect and topographic depression 
information. Due to the large size of these datasets, full resolution versions at the native bit depth were 
not generated. Rather, slope, aspect and topographic depression data were created and then 
reclassified to the final lower bit depth representative of the final scoring values.    

Topographic variables include: 

• Percent Slope

• Slope Aspect

• Topographic Depressions/Sinks

Percent Slope: Slope was calculated using the generate slope tool within the Spatial Analyst toolbox in 
ArcGIS software (ArcGIS v10.6). Figure 7 shows a subset of slope data calculated for the project area. 
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Figure 7. Percent slope subset area. 

Slope Aspect: Aspect was calculated using the generate aspect tool within the Spatial Analyst toolbox in 
ArcGIS software (ArcGIS v10.6). Figure 8 shows a subset of aspect data calculated for the project area. 
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Figure 8. Aspect subset area. 

Topographic Depressions/Sinks: Topographic depressions were generated from DEM data using 
hydrology and map algebra tools in ArcGIS Software (ArcGIS v10.6). This dataset served as a mask layer 
to null out large depressions since these areas tend to collect cold air and are therefore unsuitable for 
growing vinifera. Figure 9 shows a subset area containing depressions.  
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Figure 9. Topographic depressions for a subset area. 

Topographic Data Scoring 

Utilizing information both within the literature, as well as expert knowledge, scores were assigned to 
values or ranges of values for each topographic data variable.  Variable scoring is presented in tables 6 
through 8 below. All depressions > 0.5 acre were set to NoData to null out these areas entirely from the 
project. 

Table 6. Slope Values (0 - 10) Table 7. Slope Aspect Values (0 - 10) 

> 100% NoData 0 - 134 0 

>15% to ≤100% 1 135 - 224 10 

>10% to ≤15% 8 225 - 269 5 

>5% to ≤10% 10 270 - 360 0 

1 - 4% 5 

< 1% 1 

Table 8. Topographic Depressions (Mask) 

≤ 0.5 acres 1 

> 0.5 acres NoData 

Topographic data sources: United State Geological 
Survey (USGS) 3DEP, (https://www.usgs.gov/core-
science-systems/ngp/3dep); State of Michigan MiSAIL 
(https://www.michigan.gov/som/0,4669,7-192-
78943_78944_78949_78952_63834---,00.html) 

https://www.usgs.gov/core-science-systems/ngp/3dep
https://www.usgs.gov/core-science-systems/ngp/3dep
https://www.michigan.gov/som/0,4669,7-192-78943_78944_78949_78952_63834---,00.html
https://www.michigan.gov/som/0,4669,7-192-78943_78944_78949_78952_63834---,00.html
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Land Cover 

For this project, land cover categories were not used a measure of what is suitable from a growth 
perspective.  Rather, land cover indicates the level of effort to establish vinifera for these areas. For 
instance, built environments are nulled out for obvious reasons. Developed open space, however, is a 
category that is primarily landscaped land lacking structures over most of its area.  Grassland and 
agricultural land score the highest and forestland scores low due to the effort of clearing land.   
Wetlands and water are nulled out (NoData) since vinifera cannot grow in wet soils or water areas.  

Land Cover Data Pre-Processing 

This project utilized two datasets for scoring land cover data.  The first is the Coastal Change and 
Analysis Program (C-CAP) land cover dataset from the National Oceanic and Atmospheric Administration 
(NOAA).  C-CAP land cover data is compiled from multi-temporal Landsat satellite data.  Dataset 
resolution is 30 meters and coverage is statewide (https://coast.noaa.gov/digitalcoast/tools/lca.html). 
The second dataset used to characterize land cover was the National Wetlands Inventory (NWI) dataset 
available from the United States Fish and Wildlife Service (USFWS).  This dataset includes data for both 
wetlands and deepwater habitats (https://www.fws.gov/wetlands/).  NWI data is used to mask out 
wetlands and water features since vinifera cannot be grown in those locations.  

Land cover is its own variable.  Figure 10 shows this data. Wetlands are also their own variable.  These 
are shown in Figure 11. 

https://coast.noaa.gov/digitalcoast/tools/lca.html
https://www.fws.gov/wetlands/
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Figure 10. 2016 NOAA C-CAP Land Cover data. 
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Figure 11. National Wetland Inventory Data. 
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Land Cover Data Scoring 

Land cover scoring is presented in tables 9 and 10 below.  Note that most developed land is set to 
NoData.  These areas are unsuitable for growing vinifera and are therefore nulled out. Additionally, note 
that wetlands are set to 0 in the land cover scoring, but NoData in the wetlands mask dataset. These 
areas also get nulled out during final processing.  

Table 9. C-CAP Land Cover Values (0 - 10) Table 10. NWI Wetlands/Water 
Values 

Developed, High Intensity NoData Wetlands NoData 

Developed, Medium Intensity NoData Rivers/Streams NoData 

Developed, Low Intensity NoData Lakes/Ponds NoData 

Developed, Open Space 5 

Cultivated Crops 10 

Pasture/Hay 10 

Grassland/Herbaceous 10 

Deciduous Forest 2 

Evergreen Forest 2 

Mixed Forest 2 

Scrub/Shrub 3 

Bare Land 0 

Open Water 0 

Wetlands 0 

The process for creating the scored land cover dataset was a simple value reclass. 

Climate 

Climate plays a large role in vinifera growth.  Vinifera vines cannot sustain long periods of winter 
temperatures at or below -20° Celsius. Spring temperatures should be warm, but not too warm and the 
number of frost-free days during the growing season should be high for ideal growth. Growing degree-
days (GDD), which, according to MSU Extension, are a measure of heat units, are variable for red and 
white cultivars.  Optimal GDD are higher for red cultivars than for white cultivars. Precipitation, while 
important for growth, can be problematic from the standpoint of plant disease. For example, 
precipitation in late spring and early summer is good. However, excessive precipitation during most of 
the growing season, including up to harvest, can be detrimental.   

Climate Data Pre-Processing 

PRISM climate data from Oregon State University was used to generate climate variables in this study.  
Data included both temperature and precipitation information from 1983 to 2018 (PRISM Climate 
Group, Oregon State University, http://prism.oregonstate.edu, created 4 Feb 2004). Variables were 
generated as long-term means over the period, with the exception of precipitation, which was 

Land Cover data sources: National Oceanic and 
Atmospheric Administration (NOAA), Digital Coast C-CAP 
Land Cover Atlas 
(https://coast.noaa.gov/digitalcoast/tools/lca.html); 
United States Fish and Wildlife Service (USFWS) National 
Wetlands Inventory (NWI) 
(https://www.fws.gov/wetlands/); USGS National 
Hydrography Dataset (https://www.usgs.gov/core-
science-systems/ngp/national-hydrography). 

https://coast.noaa.gov/digitalcoast/tools/lca.html
https://www.fws.gov/wetlands/
https://www.usgs.gov/core-science-systems/ngp/national-hydrography
https://www.usgs.gov/core-science-systems/ngp/national-hydrography
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generated as both long-term mean and long-term standard deviation. Data covered the entire state of 
Michigan and were available at a resolution of 4 km.   

All the climate variables were initially processed in R (R Core Team 2013). R was used to download all 
the climate raster files for temperature and precipitation variables, stack the time series variables into 
one raster brick/stack and summarize the data according to critical time periods/seasons.  

Climate variables include: 

• Growing Degree Days (GDD)

• Frequency of Cold Days

• Frost Free Days

• Spring Temperatures

• Precipitation – Growth

• Precipitation – Rot

Growing Degree Days (GDD): GDD for this project was calculated by generating the long-term mean of 
GDD values for the period April 1 through October 31. Figure 12 shows this data. 

Frequency of Cold Days: This variable was calculated by generating the long-term mean of days where 
the minimum temperature fell to -20° Celsius or less during the period December 1 through February 
28. Figure 13 shows this data. 
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Figure 12. Growing Degree Days (GDD).   Figure 13. Frequency of Cold Days. 
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Frost Free Days: This variable was calculated by generating the long-term mean of days where 
temperature did not reach freezing (0 ° Celsius) from April 1 to October 31. Figure 14 shows this data. 
 
Spring Temperatures: This variable was calculated by generating the long-term mean of average 
temperatures in Celsius from March 1 to June 30. Figure 15 shows this data. 
 

  
Figure 14. Frost Free Days.     Figure 15. Spring Temperatures. 
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Precipitation – Growth: This variable was calculated first as the long-term mean and then the long-term 
standard deviation of the amount of precipitation in centimeters in June only. Figures 16 and 17 show 
these data. 
 

   
Figure 16. Long-Term mean precipitation Figure 17. Standard deviation from long-term mean 
related to growth. for precipitation related to growth. 
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Precipitation – Rot: This variable was calculated first as the long-term mean and then the long-term 
standard deviation of the amount of precipitation in centimeters from August 1 through October 31. 
Figures 18 and 19 show these data. 
 

  
Figure 18. Long-Term mean precipitation Figure 19. Standard deviation from long-term mean 
related to rot. for precipitation related to rot. 
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Climate Data Scoring    

 
Utilizing information both within the literature, as well as expert knowledge, scores were assigned to 
values, or ranges of values, for each climate variable.  Variable scoring is presented in the tables 11 
through 17 below. 
 

Table 11. Frequency of Cold Days Values   (0 
- 10) 

 Table 12. Number of Frost-Free Days Values 
(0 - 10) 

< 15 10  Old Value New Value 

15 - 25 8  140 - 160 0 

25 - 40 6  160 - 180 3 

40 - 50 3  180 - 200 7 

> 50 1  > 200 10 

Days ≤ -20 ° C from December 1 to February 
28 

 Number of days > 0 ° C from April 1 to 
October 31 

 

Table 13. Spring Temperatures Values       (0 
- 10) 

>30 2 

20 - 29 8 

15 - 20 10 

10 - 15 6 

5 - 10 4 

0 - 5 2 

< 0 0 

Average temperatures in degrees Celsius 
from March 1 to June 30 

 

Table 14.  
White Cultivars: Growing Degree-Days Values 
(0 - 10)  

Table 15.  
Red Cultivars: Growing Degree-Days Values 
(0 - 10) 

Old Value New Value  Old Value New Value 

<1093 0  <1093 0 

1093 - 1370 10  1093 - 1370 8 

1370 - 1650 8  1370 - 1650 10 

1650 - 1930 6  1650 - 1930 8 

1930 - 2200 4  1930 - 2200 6 

2200 - 2480 2  2200 - 2480 4 

>2480 0  >2480 0 

GDD tallied from April 1 to October 31  GDD tallied from April 1 to October 31 
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Table 16. Precipitation for Growth Values   (0 
- 10)  

Table 17. Precipitation for Rot/Disease 
Values (0 - 10) 

+3 10  +3 0 

+2 9  +2 0 

+1 8  +1 2 

Average precipitation 5  Average precipitation 5 

-1 2  -1 8 

-2 0  -2 9 

-3 0  -3 10 

Growth period for precipitation is restricted 
to the month of June.  Values were 
calculated for +/- 3 standard deviations of 
the long-term average.    

The period for precipitation related to 
rot/disease is August 1 to October 31. Values 
were calculated for +/- 3 standard deviations 
of the long-term average.   

 
All climate data represent long term averages from 1983 to 2017. 
Climate data sources: PRISM Climate Group (Oregon State University)(http://www.prism.oregonstate.edu/) 

 
As with other variables, geoprocessing models were created within the ModelBuilder geoprocessing 
module of ArcGIS (v10.6) to perform spatial cell statistics and generate final scored climate variable 
datasets.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

file:///C:/RSGIS/Projects/1_IN_PROGRESS/Vinifera/(http:/www.prism.oregonstate.edu/
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Creating Final Vinifera Suitability Datasets 
 
As mentioned previously, the scoring rubric for all variables was determined through extensive research 
of existing scientific literature, as well as considerable, Michigan-specific expert knowledge.   
 
However, variables used in this project were not given equal importance for generating a final Vinifera 
suitability dataset. Some variables were determined to be of higher significance than others and were 
weighted to reflect varying importance. The weighting used for this project is detailed in table 17 below. 
 
Table 17. Variable weighting. 

Variable Weight* 

Spring Temperatures 9 

Growing Degree-Days 8 

Frequency of Cold Days  10 

Monthly Precipitation (Growth) 5 

Monthly Precipitation (Disease/Rot) 8 

Frost-Free Days  9 

Soil Drainage 6 

Depth of Rooting Zone 4 

Soil pH 5 

Depth to Bedrock 3 

Slope 7 

Slope Aspect 6 

Land Cover/Use 8 

*A weight of 1 = no weight.  A weight of 2 means 2x 
the weight, etc. 

 
As with variable-specific processing, the final suitability datasets were generated using ModelBuilder.  
Outputs included scored datasets for climate (Figures 20 and 21), soils (Figure 22) and a combination of 
topography and land cover (Figure 23).  Red and white vinifera suitability datasets were also generated 
and represent the final scoring.  These final suitability datasets only contain a subset of the entire state 
due to the limited availability of high-resolution topographic data at the time of the study.   
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Figure 20. Red varietals climate score.  Figure 21. White varietals climate score. 
 
The images above show climate score layers for both red and white varietals.  The climate score layers 
consist of all properly weighted climate variables. 
 

  
Figure 22. Soils score composed of all soil   Figure 23. Topography + Land Cover score after 
Variables after weighting.     weighting. 
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The images above show soils and topography/land cover score layers. Both layers consist of all properly 
weighted soil and topography/land cover variables. 
 
Based on weighting applied to each variable, scores could theoretically range from a low of 5 to a high of 
880.  In practice, the lowest score was 271, while the highest score was 829. These values are detailed in 
Table 18. 
 
Table 18. Weighting and maximum score possible by variable. 
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Figure 24 represents the final suitability layer for red varietals.  It takes into account all variables and 
weights.  Green areas represent the most suitable growing areas, while red represents the least suitable.  
Missing areas (masked areas) represent areas of NoData.  NoData areas are detailed in the individual 
variable scoring tables and include such things as waterbodies, rivers, wetlands, soils with very low pH, 
very shallow soils, very poorly drained soils, urban areas, areas of extreme slope and topographic 
depressions.  
 

 
Figure 24. Final scores for red varietals for the project area. 
 
Figure 25 represents the final suitability layer for white varietals.  It takes into account all variables and 
weights.  Green areas represent the most suitable growing areas, while red represents the least suitable.  
Missing areas (masked areas) represent areas of NoData.  NoData areas are detailed in the individual 
variable scoring tables and include such things as waterbodies, rivers, wetlands, soils with very low pH, 
very shallow soils, very poorly drained soils, urban areas, areas of extreme slope and topographic 
depressions.  
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Figure 25. Final scores for white varietals for the project area. 

 

Final Analysis and Findings 
 
Following data creation, RS&GIS generated histograms of suitability values for each county for both red 
and white varietals.  Distributions were created from a sample of 10,000 pixels of downsampled 10-
meter datasets.  
 
While the results showed variation between counties as expected, all the data conformed to a normal, 
or near normal distribution. Examples for both red and white varietals are shown for Berrien County in 
Figures 26 and 27 and Emmet County in Figures 28 and 29.  
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Figure 26. Distribution of suitability values for red 
varietals in Berrien County. 

Figure 27. Distribution of suitability values for 
white varietals in Berrien County. 

 

  
Figure 28. Distribution of suitability values for red 
varietals in Emmet County. 

Figure 29. Distribution of suitability values for 
white varietals in Emmet County. 
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Spatial Observations 
 
Southern and western counties exhibited higher suitability overall across both red and white varietals 
than northern and eastern counties.  In some circumstances, such as Berrien County (most southwest 
county in Michigan) and Emmet County (most northwest county in the lower peninsula), the differences 
were considerable.  Suitability for both red and white varietals is centered on about 625 for Berrien 
County and 475 for Emmet County. 
 
Additionally, southern and western counties were more likely to be more suitable for growing red 
varietals than northern and eastern counties.  The distributions in Figures 30 and 31 show that Allegan, a 
southwest county, has higher suitability values overall than Manistee County, a northwest county.  
Values for Allegan are not only higher; they exhibit less variability. 
 

  
Figure 30. Distribution of suitability values for red 
varietals in Allegan County. 

Figure 31. Distribution of suitability values for red 
varietals in Manistee County. 
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Figures 32 and 33 show red varietal scoring for Allegan County and Manistee County.  While the area 
where vinifera can be grown at all is significantly larger in Allegan County, note the overall darker greens 
associated with higher suitability in Allegan as well. 
 

 
 

Figure 32. Allegan County suitability scores.  
Green areas represent more suitable conditions, 
while red areas represent less suitable conditions. 
Yellow and orange represent moderate 
suitability. 

Figure 33. Manistee County suitability scores.  
Green areas represent more suitable conditions, 
while red areas represent less suitable conditions. 
Yellow and orange represent moderate 
suitability. 

 
For the entire project area, red and white suitability values are similar to one another. It was assumed 
that conditions in more northern and eastern counties would be better for white varietals than red 
varietals. Additionally, although final analysis was limited to a limited number of counties which were 
adjacent to the Great Lakes shoreline, scoring, particularly for climate did not show as much variability 
as expected.  It is thought that the analysis did not account for variability in climatic events, such as 
spikes in cold temperatures in the winter and early warm-up periods in the spring before the frost 
season was complete.  These factors will be examined in future studies. 
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Next Steps 
 

Data Access 
 
Currently, access to data created up to this point is limited to static, township maps contained within 
county “map books”.  Efforts focused on more effective data distribution have been made and will 
continue. An online, searchable map that allows the public to quickly find prospective property and view 
vinifera suitability will be available in late 2019 or early 2020. This map will make suitability 
determinations simple and efficient.  
 

Ongoing Research and Analysis 
 
Analysis of vinifera suitability in Michigan is continuing through funding from MSU AgBioResearch and 
the Michigan State Horticultural Society.  The goals of ongoing research include: 
 

• Addition of at least 42 additional counties.  High-resolution topographic data is now available for 
all but 9 Lower Peninsula counties.  This analysis will assist with identifying differences related to 
suitability between counties along the Great Lakes shoreline and those more inland. 

• Varietal-specific suitability.  Ongoing research will generate suitability information for the 10 
most common vinifera varietals currently being grown in Michigan.  This effort will be 
supplemented with grower surveys. Varietal-specific data will give growers more precise, 
actionable information. 

• Examination of variability rather than long term averages for climate variables, focusing primarily 
on spring and winter temperatures.  This analysis is expected to show greater suitability 
differences between northern and southern counties, as well as distance from the Great Lakes. 
Currently, data for long term averages may not be capturing “spikes” in temperatures, both low 
and high. 

• Changing suitability due to climate change.  Climate change modeling will result in projected 
changes in suitability based on expected precipitation and temperature trends. This information 
may impact medium and long-term planning in the industry. 

 
 
 
 
 
 
 


