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INTRODUCTION 

The fruit and tree nut industry in Wisconsin includes over 1,700 growers in almost every 

county in the state. In 2007, the industry sold over $210 million worth of product – about 0.1% 

of the state's GDP (USDA). Hazelnuts, which are a high quality source of both protein and oil, 

are currently a small, but rapidly expanding, product of this agricultural sector. 

The vast majority of hazelnuts consumed in the U.S. are imported from Turkey, with the 

only significant U.S. production occurring in Oregon. Over the last 10 years, however, the 

hazelnut industry has taken off in the Upper Midwest, with over 50 growers with greater than 

100 plants in Illinois, Iowa, Minnesota, and Wisconsin (UMHDI).  

Wisconsin has experienced the majority of this expansion and now includes over 30 

growers with greater than 100 plants. This amounts to over 53,000 hazelnut plants in the ground 

and the potential for Wisconsin to produce over 53,000 pounds of hazelnuts with just the current 

growers (UMHDI & FAE). Southwestern Wisconsin is dominating this growth, with Vernon 

County boasting the highest concentration of hazelnut growers, Richland County containing the 

most hazelnut plants, and Monroe County housing the greatest number of fruit and tree nut 

growers (USDA, UMHDI, FAE). This geographical hub comes as no surprise since this region 

also contains one of the highest concentrations of organic and specialty crop growers in the 

country (USDA). Furthermore, La Farge, WI is home to Organic Valley Coop, the largest 

organic producer in the U.S. and a strong driving force for the expansion of sustainable 

agriculture in the Midwest. 

While the number of hazelnut plants has increased over 30 fold in the last 10 years, 

demand for hazelnuts still significantly outweighs production. Despite the industry’s efforts, the 

single largest factor restraining its expansion is the lack of any processing and distribution 

facility (PDF) that can handle their product. The processing equipment (sorters, huskers, 

crackers, oil presses, etc.) all exists at the necessary scale, but no facility is in place to house the 

equipment and coordinate the industry’s needs (UMHDI). The majority of current growers husk, 

crack, and sort their nuts by hand – a tedious and inefficient undertaking, and a major detriment 

for larger plantings and market access. A few growers have developed homemade equipment that 

mildly improves their capacity. In a 2010 survey by the Upper Midwest Hazelnut Development 
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Initiative, the majority of hazelnut growers would prefer to process their crop through a grower 

cooperative or by sending their nuts to a processor (UMHDI).  

This processing and distribution problem presents the issue of where to site the one or 

more facilities required to allowing this burgeoning industry to reach its potential. The power of 

Geographic Information Systems (GIS) is perfectly adapted to answer the necessary questions 

holding back this industry. This paper will provide a spatial analysis of Wisconsin’s current 

hazelnut growers in order to provide various recommendations on where to site potential 

processing and distribution facilities. 

DATA  

Three primary datasets were used in this analysis: 

1) Geographic Features (shapefiles): Shapefiles for Wisconsin counties, primary roads, 

railroads, and zip codes were downloaded from the TIGER database of the U.S. Census 

Bureau. A complete U.S. street shapefile was used from the Bureau of Transportation 

Statistics and clipped to just Wisconsin using the geoprocessing tools in ArcMap. This data 

was then used to create a network dataset on which to run the network analysis. 

2) USDA Agricultural Data: Data on fruit and tree nut growers is part of the 2007 U.S. Census 

of Agriculture and was acquired from the National Agricultural Statistics Service website. 

Data was provided as large spreadsheets improperly formatted for use in ArcGIS and were 

then converted to the proper format using Microsoft Excel pivot tables.  

3) Hazelnut Grower Data: This data was acquired from two sources. The first is the UW 

Extension, which conducted the 2010 Regional Hazelnut Growers Survey, a voluntary survey 

sent out to known purchasers of hazelnut plants. The second source is the records of Forest 

Agriculture Enterprises, the largest hazelnut nursery and supplier in the Midwest, located 

near Viola, WI. Both data sets contained the location of growers and quantity of plants at 

each site. The data sets were cross-checked for duplicate growers and merged to produce the 

most complete data set possible. While this combined data set is the best available in the 

industry, the voluntary nature of the UW survey and the fact that other small hazelnut 

suppliers do exist, ensures that the actual numbers of hazelnut growers and plants present in 

Wisconsin are higher than estimated here. Within this data set, only growers with greater 
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than 100 plants were used for analysis since growers with less than this number of plants are 

likely growing them solely for personal use and are not contributing to the commercial 

industry.  

ANALYSIS 

All analyses were conducted using ArcMap 10.0 (ESRI Inc.).  Three maps were produced 

and are attached as an appendix. 

1) Hazelnuts in the Developing Fruit & Tree Nut Industry 

For an initial analysis, Wisconsin counties were symbolized using graduated colors based 

on the number of fruit and tree nut farmers operating within each county. This symbology 

provides a base measure for where this agricultural sector operates within the state and a context 

for the developing hazelnut industry. The 34 hazel growers were then added to the map by 

creating a point feature, opening an editing session, and manually adding each grower to the 

feature. Addresses were looked up on Google maps and pinpointed via comparison with the 

streets layer in the map document. Automatic geocoding was initially attempted, but the poor 

quality and non-standard format of the received address data resulted in almost no matches. The 

statistics function was used to sum the number of hazelnut plants of all the mapped growers. This 

initial analysis is shown on Map #1. 

2) Recommended Location for Hazelnut PDF using Central Tendency Analysis 

Once the individual growers were placed, they were symbolized based on number of 

hazelnut plants. Graduated symbol size was manually classified into five classes in order to 

provide the best contrast given the non-symmetric range of plant values. As a first approach to 

determining the recommended location for a single hazelnut PDF, three different central 

tendency analyses were performed with each grower weighted by the number of trees planted. 

The "central feature" is the existing grower having the shortest total distance to all other 

growers. This analysis is used when attempting to site a facility at a currently existing demand 

feature. Siting a hazelnut PDF on a currently existing farm is likely the most feasible scenario 

considering the size of the industry. This is probably also the cheapest solution. The central 

feature analysis indicates New Forest Farm near Viola, WI as the recommended facility location. 
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NFF clearly dominated this analysis because, as home of Forest Agriculture Enterprises (the 

largest hazelnut distributor), it has ~15,000 hazelnut plants, which is significantly more than any 

other farm in the state. Since the analysis was performed with growers weighted by number of 

trees, NFF received a heavy advantage. Using this weight, nevertheless, provides the best sense 

of reality to the analysis because it is most important for the PDF to be closest to the greatest 

number of nuts as opposed to individual farms. NFF is shown as the central feature of growers as 

a blue circle on Map #2. 

The "median center" is the x,y-coordinate having the shortest distance to all growers. 

This analysis is typically used to site a newly built facility, regardless of current feature location, 

and minimize distance to all features. This analysis also indicates a location that is essentially 

new Forest Farm as the recommended PDF location.  

The "mean center" is the average x,y-coordinate of all growers. This analysis is similar to 

the median center except that it is not as heavily influence by feature clusters. The mean center 

analysis indicates Mauston, WI as the recommended facility location. While there are currently 

no hazelnut growers located in Mauston itself, it is still very close to the majority of hazelnut 

growers in southwestern Wisconsin. In addition, this location may be further supported by its 

proximity to both a railroad and an interstate (I-90). Proximity to these major transportation lines 

may outweigh and supersede advantages of hosting the PDF at NFF, especially as the industry 

continues to grow and needs to use larger transport containers.  

Both mean and median centers of the hazelnut growers are shown on Map #2. Primary 

roads, secondary roads, and railroads are also shown on the map in order to provide a sense of 

the transportation connectivity available in Wisconsin. 

3) Recommended Locations for Hazelnut PDFs using Network Analysis 

The basic central tendency analyses provide insight into the spatial distribution of the 

growers, without regard to transportation networks. While this is a good initial approach, a more 

sophisticated method is to perform a network analysis using all Wisconsin roads as the 

transportation network connecting the hazelnut growers and potential PDF locations. Crucial to 

the success of this analysis is the quality of the network database used. An initial attempt to use 

Census Bureau and ESRI road features proved unsuccessful due to discontinuities throughout the 
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shapefiles. Troubleshooting this problem was easily the longest and most difficult part of the 

project. In the end, the Bureau of Transportation Statistics primary road shapefile for Wisconsin 

allowed successful completion of the network analysis. The network analysis method used was 

the Minimize Impedance Method of Location-Allocation, which locates facilities such that the 

sum of all weighted costs (distance along the road network, in this case) between demand points 

(hazelnut growers) and solution facilities is minimized. Just as with the central tendency 

analyses, growers in this analysis were weighted by their number of plants. 

For the first version of this analysis, a single solution facility is allowed to serve all 

growers, and the possible facility locations provided are the existing grower locations. This 

analysis produced similar results to the central tendency analysis. Next, the possible facility 

locations were changed to be the network vertices (road intersections), essentially allowing for 

PDF placement along any road in Wisconsin (Table 1, Map #3). 

It is clear from a simple visual inspection of Map #1 that Wisconsin’s hazelnut growers 

exist in several clusters. As the industry develops, these clusters will likely persist, as new 

growers are more likely to start up near existing ones. Eventually, several PDFs will be 

necessary, and therefore further analysis to site multiple facilities is necessary. Keeping all other 

parameters identical, the same location-allocation network analysis was resolved for both 

scenarios with the number of allowable solution facilities increased to two, three, and four (Table 

1, Map #3). Only the scenario for three facilities at new locations is visualized on Map #3. 

CONCLUSION 

Based on the results from the several spatial and network analyses, it is recommended 

that, given the various siting scenarios, hazelnut PDFs be sited in the following locations:  

 
# OF FACILITITES EXISTING LOCATION NEW FACILITY 

ONE New Forest Farm (Viola) New Forest Farm (Viola) 

TWO Living Forest Coop (Ashland) 
plus above facility 

Richland Center 
Ashland 

THREE Herold Family Farm (Eagle) 
plus above facilities Viola, Genesee, Ashland 

FOUR Soda Family Farm (Princeton) 
plus above facilities 

Princeton plus 
three facility solution 

Recommended PDF Locations"Table 1!
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Each scenario above returns a value for the total “tree-miles” associated with the solution 

facilities. This value is simply the sum of each grower’s distance to their allocated PDF weighted 

by the number of trees they have. A lower total “tree-miles” value is consistent with a more 

globally efficient solution. That said, however, lower values are not necessarily always the better 

choice. For example, even though four facilities technically produce a more efficient network 

solution than three facilities, the capital may not be available to construct all four facilities. 

Therefore, all objective solutions presented in this paper are provided only as an aid for more 

holistic, subjective decision-making.  

 

# OF FACILITITES EXISTING LOCATION NEW FACILITY 
ONE 4,901,540.345 4,869,192.213 
TWO 2,833,423.387 2,838,642.354 

THREE 1,123,883.908 1,189,902.492 
FOUR 805,237.795 895,235.3577 
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APPENDIX – Maps 

Map #1: Hazelnuts in the Developing Fruit & Tree Nut Industry 

Map #2: Recommended Location for Hazelnut PDF Using Central Tendency 

Map #3: Recommended Locations for Hazelnut PDFs Using Network Analysis 

Total Tree-Weighted Miles"Table 2!
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The fruit and tree nut industry in Wisconsin includes over 1,700 growers in almost every county in the state. In
2007, the industry sold over $210 million worth of product, about 0.1% of the state's GDP. Hazelnuts are currently a
small, but rapidly expanding, product of this agricultural sector.

The vast majority of hazelnuts consumed in the U.S. are imported from Turkey, with the only significant U.S.
production occurring in Oregon. Over the last 10 years, however, the hazelnut industry has rapidly expanded in the
Upper Midwest, with over 50 growers with >100 plants in Illinois, Iowa, Minnesota, and Wisconsin.

Wisconsin has experienced the majority of this expansion and now includes over 30 growers with >100 plants. This
amounts to over 53,000 hazelnut plants in the ground and the potential for Wisconsin to produce over 53,000
pounds of hazelnuts with just the current growers. Southwestern Wisconsin is dominating this growth, with Vernon
County boasting the highest concentration of hazelnut growers, Richland County containing the most hazelnut
plants, and Monroe County housing the greatest number of fruit and tree nut growers.

Demand for hazelnuts, however, significantly outweighs production. The single largest factor restraining the
expansion of the Wisconsin hazelnut industry is the lack of a processing and distribution facility. All current growers
process their nuts by hand, which is a major detriment for larger plantings and market access.

Hazelnuts in the Developing

Fruit & Tree Nut Industry

>53,000 hazelnut plants 

on >30 farms

*hazelnut growers with only >100 plants are shown

Fruit & Tree 

Nut Growers

(per county)

!( Hazelnut Growers

61 - 120
31 - 60
16 - 30
11 - 15

3 - 10
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Author: Kevin Wolz     Date: 4/30/12

Hazelnut Source: UW Extension

Feature Source: US Census Bureau

Three different spatial center analyses determined the optimal location for a single hazelnut processing
and distribution facility in Wisconsin. All analyses were performed with each grower weighted by the
number of trees planted.

FACILITY SITED ON EXISTING FARM
The "central feature" is the existing grower having the shortest total distance to all other growers. This
analysis indicates New Forest Farm near Viola, WI as the recommended facility location. New Forest
Farm dominated this analysis because it has ~15,000 hazelnut plants, significantly more than any other
farm in the state.

FACILITY SITED AT NEW LOCATION
The "median center" (the x,y-coordinate having the shortest distance to all growers) analysis also
indicates New Forest Farm as the recommended facility location. However, the "mean center" (the
average x,y-coordinate of all growers) analysis indicates Mauston, WI as the recommended facility
location. While there are currently no hazelnut growers located in Mauston, this location is highly
advantageous over New Forest Farm due to its proximity to both a railroad and an interstate.

Recommended Location for Hazelnut 

Processing & Distribution Facility

Tree-Weighted 

Spatial Centers

of Hazelnut Growers

*hazelnut growers with only >100 plants are shown

Hazelnut 

Growers

(by # of plants)

! Central Feature/Median Center

# Mean Center

!( 15,000

!( 3,000 - 8,000

!( 1,200 - 1,900

!( 600 - 1,000

!( 100 - 475
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The map shows the recommended facility
locations of the scenario of three new
facilities. Solutions to all potential scenarios
are shown in the table below.

Recommended Locations for Hazelnut 

Processing & Distribution Facilities

Tree-Weighted 

Network Analysis

for Facility Allocation

*hazelnut growers with only >100 plants are used

Tree-Miles to Grower

0 - 3,500

3,501 - 7,000

7,001 - 20,000

20,001 - 40,000

40,001 - 310,000

[
Recommended 

Facility 

Locations

Hazelnut Growers

(by # of plants)

!( 15,000

!( 3,000 - 8,000

!( 1,200 - 1,900

!( 600 - 1,000

!( 100 - 475


