
New Built Areas
1980-2040

Surface Water

Other Use/Cover

Built

µ

0 25 50 75 10012.5
Miles

Locations of new built areas
that are likely to occur from 1980
to 2040.  Future projections are
based on the Land Transformation
Model.

Michigan Land Resource Project
November 2001

Prepared for

Michigan Economic and Environmental Roundtable

Prepared by

Public Sector Consultants, Inc.
Lansing, Michigan

With support from

Frey Foundation
W.K. Kellogg Foundation



Michigan Land Resource Project

Prepared by
Public Sector Consultants, Inc.

Lansing, Michigan

Project Managers
Holly Madill

William Rustem

Editor
Diane Levy

Publication Specialist
Dyan Iansiti



i

Table of Contents

PREFACE v

ACKNOWLEDGEMENTS vii

INTRODUCTION 1
TRENDS 2
INDUSTRIES 9

SUMMARY OF FINDINGS 9
Agriculture 11
Natural Resource-Based Recreation and Tourism 12
Mining 12
Forestry 13
General 14

FURTHER STUDY 14

AGRICULTURE 17
INTRODUCTION 19

History of Agriculture and Recent Trends 20
Gains in Efficiency 22

LONG-TERM AND RECENT TRENDS IN NUMBERS 22
Michigan Agriculture as Share of U.S. 23
Current Status of Michigan Agriculture 23
Economic Outlook under Stated Assumptions 24

Macro-Economic and Policy Assumptions 24
The New Farm Bill 26

PROJECTIONS 26
Crops 27
Livestock 30
Farm Numbers and Acreage 34
Monetary Impacts 36

CONCLUSION 38
Policy Changes 38
Property Rights 38
Some Alternative Programs 39

REFERENCES 41

NATURAL RESOURCE-BASED RECREATION AND TOURISM 43
INTRODUCTION 46

Definitions 47
Challenges in Analysis 48

OVERVIEW OF THE MUTUAL IMPACTS OF LAND USE AND
NATURAL RESOURCE-BASED RECREATION AND TOURISM 49

Necessary Factors for Natural Resource Recreation 50
Natural Resources 50
Support Facilities 52
Access 52
Public Interest in and Tolerance for Participation 53



ii

ACTIVITY CASE STUDIES 55
Hunting 55

Economics 55
Huntable Populations 55
Huntable Lands 57
Access to Huntable Lands 57

Fishing 58
Economics 58
Fish Populations 58
Access to Fishable Waters 58

Snowmobiling 59
Economics 59
Trails 59
Access to Goods and Services 60

Downhill Ski/Golf 60
History 60
Economics 61
Land Use Challenges 61

CONCLUSION 62
REFERENCES 64

MINERALS INDUSTRY 67
INTRODUCTION 69

History of Mineral Production in Michigan 70
CURRENT STATUS OF THE MINERALS INDUSTRY IN MICHIGAN 72

Recent Trends for the Minerals Industry 75

MODEL'S PREDICTIONS AND FUTURE TRENDS AS THEY RELATE TO THE INDUSTRY 76
Issues and Examples 77
Analysis 78
Economic Outlook if Current Trends Continue 80

SUMMARY 83
Policy Challenges if Current Trends Continue 85

REFERENCES 87
APPENDIX 89

FOREST INDUSTRY 111
INTRODUCTION 113

History of Forest-Based Industries in Michigan 115

CURRENT STATUS OF FOREST INDUSTRIES IN MICHIGAN 115
Some Recent Trends in Forestry and Forest Industries in Michigan 115

National Forest Management 115
Endangered Species Management 116
Forest Certification 116
Commercial Forest Act 116
Canadian Softwood Lumber Imports 117
Forest Stewardship Program 117

PROJECTED LAND USE TRENDS IN AREAS OF FOREST USE 118
Effect of Projected Land Use Trends on Forest Industry 121

REFERENCES 125



iii

Table of Exhibits

INTRODUCTION
Exhibit 1: 1980 Built
Exhibit 2: 2020 Built
Exhibit 3: 2040 Built
Exhibit 4: Land to Population Growth Ratio 1960–1990
Exhibit 5: New Built Locations by 2040
Exhibit 6: Changes in Land Use, by Land Cover Type
Exhibit 7: Patch Dynamics: Built
Exhibit 8: Patch Dynamics: Other Vegetation
Exhibit 9: Patch Dynamics: Agriculture
Exhibit 10: Patch Dynamics: Forest

AGRICULTURE
Exhibit 1: Past and Future Built and Agricultural Areas in Southwest Michigan
Exhibit 2: Land in Farms in Regions of Michigan, 2000 and Projected Change

to 2040
Exhibit 3: Land in Farms by Category of Crops in Michigan, 2000 and Projected

Change to 2040
Exhibit 4: Acreage and Production of Major Crops in Michigan, 2000 and Projected

Change to 2040
Exhibit 5: Acreage and production of Specialty Crops in Michigan, 2000 and Pro-

jected Change to 2040
Exhibit 6: Acreage and Production on Land of Less Intensive Use in Michigan, 2000

and Projected Change to 2040
Exhibit 7: Livestock Numbers and Production in Michigan, 2000 and Projected

Change to 2040
Exhibit 8: Number of Farms by Acreage Classification and Associated Total Land in

Farms Compared to the LTM
Exhibit 9: Number of Farms in Michigan, 1964 to 1997 and Projected to 2040
Exhibit 10: Land in Farms in Michigan, 1980 to 2000 and Projected to 2040 under

Alternative Assumptions

NATURAL RESOURCE-BASED RECREATION AND TOURISM
Exhibit 1: Past and Future Built and Agricultural Areas in Grand Traverse County,

Michigan
Exhibit 2: Fragmented Land Uses in Central Livingston County
Exhibit 3: Large Forest Patches in Western Wexford County

MINERALS INDUSTRY
Exhibit 1: Oil and Gas Wells
Exhibit 2: State of Michigan Mineral Ownership Locations
Exhibit 3: Michigan Non-Fuel Mineral Values
Exhibit 4: Michigan Oil and Gas Production
Exhibit 5: Michigan Mineral Production by Commodity, State Totals
Exhibit 6: Sand and Gravel Locations, 1980



iv

Exhibit 7: Future Urban and Oil and Gas Wells in Northern Lower Michigan
Exhibit 8: Significant Michigan Coal Resources, by Sulfur Content

FOREST INDUSTRY
Exhibit 1: Past and Future Built and Forest Areas in Southeast Michigan
Exhibit 2: Total Projected Forestland Loss from Development in Michigan
Exhibit 3: Projected Forestland Loss by FIA Survey Unit
Exhibit 4: Projected Forestland Loss by Forest Cover Type
Exhibit 5: Estimated Forestland Changes from Natural Succession in Michigan,

1980–93
Exhibit 6: Hypothetical Combined Effects of Past Natural Forest Type Conversion

and the Projected 2020 Sprawl Forestland Losses on Forestland Acreage
in Michigan, by Forest Type

Exhibit 7: Change in Parcels, Land Use, and Forest Cover
Exhibit 8: Industrial Removal of Timber per Acre of Timberland, by Survey Unit,

1993



v

Preface

Over the past several years, public concern has grown about the impact of current development
patterns on the landscape of Michigan and the effect those patterns will have on the environmen-
tal future of the state.  More recently, concerns about “sprawl” or “land use issues” have extended
to include questions about the effects of current patterns on the economic future of Michigan.

A variety of groups ranging from urban, business, and agricultural leaders are all raising serious
questions about where we are headed as a state and whether or not the continuation of present
trends leads to where we want to be. One sector of Michigan’s economy—our land-based indus-
tries, including agriculture, forestry, mining, and tourism/recreation—will be particularly af-
fected by future land use decisions and development patterns.

In recognition of the common and challenging situation that land-based industries face, the
Michigan Economic and Environmental Roundtable (MEER) and Public Sector Consultants,
Inc. developed this study to analyze the implications of current and future land use trends on
these important industries. The intent of the study is not to develop policy or advocate any
particular change.  Rather, it is to examine where we are headed as a state and to develop a
clearer understanding of how current land use decisions will affect the future of these industries
in Michigan.

It may be that the changes and challenges predicted for these land-based industries are accept-
able to some in the state. On the other hand, the findings of this study should give pause to those
who believe that vibrant agriculture, forestry, tourism, and mining enterprises are important not
only to the overall economy of Michigan, but also contribute mightily to shaping the character of
our state and the quality of life of its people.

The first phase of this project, completed by Michigan State University, is a land use projection
for the entire state of Michigan, using geographic information systems (GIS). Projections are
made to the years 2020 and 2040, using sophisticated computer technology and assuming that
present land use development patterns continue. These years were chosen because they are not
too distant in the future to understand and not too close in time that it would be impossible to
effect policy change if that is deemed desirable. They are also far enough out that the effects of
economic swings will not skew the results.

While the year 2040 may—at first glance—appear to be far into the future, it is important to
recognize that from the year 2001, we are only talking about a generation and a half of Michi-
ganders. For those in their twenties and thirties, we are talking about the Michigan that their
children will experience.  And for those in their forties, fifties, and sixties we are talking about
the Michigan that their children and grandchildren will inherit.

During the second phase of the project, resource economists from across Michigan analyzed the
projections to identify implications for the resource-based industries, based on current land-
development patterns and future land use needs, and then prepared white papers with economic
forecasts for each industry—agriculture, forestry, tourism/recreation, and mining.
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Introduction

Ever since Native Americans first plied Michigan waters, natural resources have served as the
very basis of our economy. It was the value of those resources that brought the fur traders and
trappers to the wilds of what is now Michigan, the lumber industry to our shores, and the
farmers and industrialists to settle this state.

Today, Michigan’s economy thrives. Its vibrancy is owed in part to the current economy’s diver-
sity, which also helps maintain its stability. Resource-based industries—agriculture, forestry, tour-
ism, and mining—account for almost $63.2 billion (29 percent) of Michigan’s economic output.

n Agriculture and food processing contribute about $15 billion directly to the Michigan
economy and another $22 billion indirectly through support and related services.

n Tourism accounts for 350,000 jobs and $12 billion.
n Forestry provides 150,000 jobs to Michigan citizens and $9 billion to its economy. Tour-

ism and recreation directly attributed to forests is estimated to have provided an addi-
tional 50,000 jobs and $3 billion to the state’s economy.

n Twenty-one minerals are mined in Michigan and the non-fuel sector of the industry
provides 9,000 jobs and $1.6 billion to the economy. Oil and gas alone provide 11,500
jobs and $600 million to Michigan’s economy.

Each of Michigan’s resource-based industries depends absolutely on available, productive land
to produce the goods or opportunities that support our quality of life. Every day we sustain
ourselves and our lifestyles with products gleaned from the land through agriculture, forestry,
and mining practices. All of these industries are essential for our current quality of life. We need
agricultural enterprises for food; mineral excavation is necessary to produce our buildings, roads,
and energy; we depend on forest products to build our homes and businesses; and natural re-
source-based tourism and recreation is a part of Michigan’s economy and cultural heritage. Too
often, we have failed to recognize the critical link between the health of those industries and our
ability to sustain the environment that shapes us as a people.

In addition to substantially supporting Michigan’s economy and defining our quality of life, the
land-based industries help shape the character of the state. Michigan’s cropland and forestland
help create the scenic vistas upon which the tourism industry depends. Michigan would simply
not be Michigan without those views.

Perhaps former Michigan Governor William Milliken best described the finiteness of our valu-
able land resource when he pointed out to us that “the 37 million acres that are Michigan is all the
Michigan we will ever have.” With a finite resource such as land, society is charged with balanc-
ing its use based on its current cultural priorities and needs and future consumption requirements.

Michigan citizens are surrounded by one-fifth of the world’s surface freshwater supply, and bear
special stewardship responsibilities over the precious resources we call our home. Michigan’s 37
million acres include:
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n 75,000 acres of sand dunes
n 3,288 miles of Great Lakes shoreline
n 11,000 inland lakes
n 36,000 miles of rivers and streams
n 38,000 square miles of Great Lakes waters
n 7.5 million acres owned by the state and federal governments

It is clear that the citizens of Michigan care deeply about the special lands that exist in our state.
A 1997 study conducted for the W.K. Kellogg Foundation found that 72, 65, and 55 percent of
those polled felt the loss of forests, farmland, and recreation land, respectively, was a serious or
very serious problem. Additionally, 86 percent felt that maintaining and improving the quality of
the air, water, and land resources of the state was a very important goal for Michigan.

It is also clear, based on the findings in this paper, that our resource-based industries are threat-
ened if current land use patterns continue.

TRENDS

In order to project what Michigan’s landscape might look like in the future if present trends
continue, a spatialized trend model, developed by researchers at Michigan State University us-
ing the Land Transformation Model (LTM), was employed. This model simulates future change
in land use and land cover based on the input of recent, historical land use and land cover change
data. The model uses Geographic Information Systems (GIS), remote sensing, and a form of
artificial intelligence to help understand the most important factors causing land use change.
The model “learns” how social and natural factors influenced land use change historically and
applies present day land use data to project development patterns into the future. This model is
referred to in this document as the LTM.

Seven basic classes of land use and land cover characterize Michigan. Together, these classes
constitute the land cover and include built (residential, commercial, and industrial uses, roads,
etc.), agriculture, forest, non-forest non-agriculture vegetation (other vegetation), wetland, in-
land lake, and barren (dunes). Each class type consists of a mosaic of interacting patches, so that
patch is the basic entity. A statewide analysis was performed to examine the trend in 1) the
number of patches within each land cover class, and 2) the mean size of the patches in each land
use class.

The analysis was conducted on the Michigan base (1980), provided by the Michigan Depart-
ment of Natural Resources’ Michigan Resource Information System (MiRIS), the combined
updated base and projected values (1995)1 , the projected land use in 2020, and the projected
land use for 2040. This process produced three digital maps (see Exhibits 1–3).

1Seventeen counties have conducted updates to the 1980 base, most of which occurred around 1995. These updates were
used to “teach” the model how to change land use and land cover in the future so that this dataset becomes a combination
of updated land use (17 counties) and subsequent extrapolation to the entire state.
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EXHIBIT 1

1980 Built

SOURCE:  LTM.
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EXHIBIT 2

2020 Built

SOURCE:  LTM.
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EXHIBIT 3

2040 Built

SOURCE:  LTM.
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Changes in the amount of built area between the 1980 land use base and more current (1995)
data were calculated in relationship to population change during the same period.  In this 15-
year period, the amount of built area in those 17 counties with updated information increased
from 1,851 square miles to 2,322 square miles; a 25 percent increase.  During this same time
period, the total population of these counties increased from 6.13 million to 6.30 million people,
about a 3 percent increase.  This ratio (25:3) represents more than an eight-fold increase of
urban land usage in relation to the population increase. This ratio epitomizes the problem of
sprawl: the amount of land we are using is not commensurate with our population increase.
Exhibit 4 also demonstrates this phenomenon. The LTM produced results using the 8:1 ratio
and also a 1:1 ratio for comparison purposes. Most references throughout the paper refer to the
more probable 8:1 ratio described here unless otherwise noted.

By 2040, the built areas of Michigan are expected to increase by 178 percent (see Exhibit 5). The
other vegetation, agriculture, forest, and wetland areas are expected to decline in acreage. Ex-
hibit 6 summarizes the results from the analysis. Exhibit 7 illustrates the land use change to the
built class for that time period.

The analysis shows that the number of patches in the built areas declines and the mean patch size
increases in a linear fashion between 1980 and 2040. This implies that built areas are merging
and spreading in a fashion typical of urban sprawl.

EXHIBIT 4

Land to Population Growth Ratio 1960–1990

SOURCE:  LTM.
NOTE:  Percentages are approximate and used for comparative purposes only.
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EXHIBIT 5

New Built Locations by 2040

SOURCE:  LTM.
NOTE:  Percentages are approximate and used for comparative purposes only.
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EXHIBIT 6

Changes in Land Use, by Land Cover Type

Class 1980 2040 Change Percentage

Agriculture 11 9.1 –1.9 –17
Built 2.3 6.4 +4.1 +178
Forest 18.2 16.9 –1.3 –8
Other Vegetation 2.9 2.2 –0.7 –24
Wetland 1.8 1.7 –0.2 –10

SOURCE:  LTM.

EXHIBIT 7
Patch Dynamics:  Built

SOURCE:  LTM.

Built Number Patches Built Mean Patch Size

A land cover type potentially associated with “built” is the area of Michigan occupied by “other
vegetation.”  This land cover type shows a different pattern of change in patch dynamics and may
be a precursor to the impending built areas in the state. The number of patches increases over
time, while the mean patch size decreases, implying that more land in smaller pieces will be
available. Land slated for urban development will often be converted from forest or agriculture,
purchased by speculators, and left idle until sewage and water amenities are available. This land
(other vegetation class) will then transition into the built class (see Exhibit 8).

Agriculture and forest land cover types exhibit a similar pattern of change in patch dynamics.
The number of patches increases and the mean patch size decreases, meaning that these classes
are becoming increasingly fragmented and increasingly smaller in size (see Exhibits 9 and 10).
From an economic perspective, an important analysis will be to determine the smallest patch
size viable for commercial forest or agriculture production. This would depend upon the value of
the commodity being produced and might suggest that as fragmentation increases, shifts in the
type of commodity produced should change to maintain economic viability. This would suggest,
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for example, that Michigan should transition from an emphasis on corn to other more diverse
and valuable crops to maintain a viable agriculture infrastructure.

INDUSTRIES

As mentioned briefly in the introduction of the project, the second phase involved the creation of
white papers with economic forecasts for each industry—agriculture, forestry, recreation and
tourism, and minerals. Resource economists analyzed the GIS data and land use projection
maps from the first phase to uncover potential threats to the resource-based industries by com-
paring and overlaying current land development patterns with future land use needs and indus-
try resource demands. While each industry paper is unique, each examined the data produced
from the model in order to provide estimates for economic trends into the future.

What these papers present is the ability of each industry to meet demand from future population
needs given the land constraints of development patterns. One major finding that cuts across all
the resource-based industries is that fragmentation of the landscape makes resource extraction
or production much more difficult. While there are both positive and negative effects of our
development patterns, the papers presented point to the significant impacts on the future of
Michigan’s economy and rural character that defines who we are.

SUMMARY OF FINDINGS

This report takes a look at our projected growth patterns into the future and then analyzes our
resource-based industries in light of those patterns. These projections are based on current trends;
however, there are several variables that can affect land use patterns. For example, a new high-
way may significantly alter where and how development occurs, or a policy change may affect
the amount of land dedicated to forestry or agriculture. Even shifting gasoline prices can influ-
ence tourism patterns and can certainly affect transportation costs for mining, agriculture, and

EXHIBIT 8

Patch Dynamics:  Other Vegetation

SOURCE:  LTM.
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forestry. This project offers a possible glimpse into the future but by no means provides a crystal
ball examination, and it is recognized that this paper raises more questions than it answers. The
LTM can be further refined and more research can be done to develop more accurate projec-
tions. There are no easy solutions, but we can start to incorporate our values into our personal
and collective decision making and seriously consider the ecological and economic integrity of
the land in our decisions and policies, both now and for the future.

Presented below are the major findings of the project, first industry specific and then general.

EXHIBIT 10
Patch Dynamics:  Forest

SOURCE:  LTM.

EXHIBIT 9

Patch Dynamics:  Agriculture

SOURCE:  LTM.
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Agriculture
n As the Number 2 industry in the state, agriculture (including food processing) provides

needed stability to the state’s economy and aesthetics associated with open spaces.  A
trademark of Michigan agriculture has been its diversity, with substantial sectors in live-
stock, field crops, specialty food crops, and ornamentals.

n The close interface between agriculture and urban areas has a positive influence on farm
households but presents challenges for farmers to control nuisance factors, especially
odor from livestock operations.  This problem is intensified with urban sprawl.

n Using the LTM projections to 2040, Michigan will lose about 15 percent of its farmland
with about a 25 percent loss in metropolitan counties.

n Michigan agriculture is in danger of losing some of its diversity as the fruit area is pro-
jected to decline by about 25 percent, dry bean acreage by 36 percent, potato acreage by
16 percent, and vegetable acreage by 13 percent by 2040.  Acres in corn, soybeans,
wheat, and sugarbeets are not expected to change appreciably.  Acres in ornamentals will
continue to expand.

n Over 40 percent of the land in farms is in hay, pasture, woodland, and other less intensive
uses. Losses of these areas will approach one-third by the year 2040.

n In spite of the projected declines in crop acreages, increased yields per acre will more
than offset reduced areas harvested, with few exceptions.

n Dairying will shift out of metropolitan counties and cow numbers will drop by at least 25
percent.  Total milk production, however, will continue to increase.

n For the livestock industries to remain viable in Michigan, major adjustments will be
needed to comply with environmental and nuisance restrictions.  With rapid structural
change, conversion to larger units, and with new technology, remaining producers will
be more capable in making this adjustment.  If not, production will shift to less popu-
lated areas in other states.

n The number of farms in Michigan is projected to decline from 42,000 in 2000 to about
24,000 by 2040.  The number of very small farms will not change much, but dramatic
reductions will be noted in farms of 50 to 500 acres.  Farms over 1,000 acres will in-
crease significantly.  The output of Michigan agriculture will continue to increase as
farmers extract more product from less land and less labor.

n The main rationale for public policy dealing with the impact of urban sprawl on agricul-
ture is to preserve open space and the character of Michigan’s landscape.

n  A major dilemma is how to prevent conversion of farmland without diminishing farm
equities. In the 1990s, the annual gain in farm real estate values was 65 percent greater
than the average annual net farm income.

n Pressures for farmers to sell to non-farm buyers is illustrated by appraisers’ evaluation
of farmland in the Southern Lower Peninsula in 2000: $1,839 per acre for farming,
$7,423 per acre for residential, $19,495 per acre for commercial/industrial use, and $2,739
per acre for recreation.  Programs such as the Purchase of Development Rights will be
needed to slow down the exodus of farmland.
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Natural Resource-Based Recreation and Tourism
n The importance of natural resource-based recreation and tourism to the quality of life in

Michigan dwarfs its economic contributions.
n Many people now own wildlife habitat and waterfront property, which act as a gateway

to natural resource recreation. Backyards managed for wildlife, pond construction, large
lots of former agricultural land, woodlots, and re-flooded wetlands, all provide wildlife
habitat. Wildlife viewing, nature study, fishing, and hunting can be encouraged in such
environments.

n Michigan has approximately 6,000 miles of snowmobile trails. Approximately half of
those trails are on public lands while the other half are on private lands with voluntary
landowner permission formalized by short-term lease arrangements. The trail system is
only continuous if every landowner leases his/her property. As land fragmentation in-
creases, more and more easements are needed to connect trails. For motorized trail
activities, breaks in trails due to non-renewed leases will be the legacy of fragmentation.

n The great challenge for hunters will be finding huntable lands and gaining access. Op-
portunities for hunting will shift away from the countryside near major population cen-
ters as new neighbors arrive and safety zones are created. With a safety zone of 450 feet
from a structure off limits to hunting without landowner permission, this means that
every 30 x 30 foot structure constructed removes 15.6 acres of land for hunting.

n Angling for cool water species in lakes is likely to benefit from fragmentation because
more people than ever will have direct access to water, through their own property or
that of a friend or relative. However, there will be increasing conflicts over access to and
quality of many of Michigan’s premiere trout (cold water) streams as the banks become
more densely developed and vacant land and seasonal homes become permanent homes.

n The amount of impervious surfaces, introduction of pollutants to waterways, rise and
fall of floodwaters, and changes in water chemistry all damage aquatic environments and
can reduce fish populations of desired species and species diversity. Cold water species
are especially vulnerable to changes in environmental quality, such as increases in tem-
perature and pollutants and decreases in dissolved oxygen levels—all of which are exac-
erbated by sprawl. Homes with poorly engineered septic systems constructed along north-
ern Michigan streams coupled with the replacement of native vegetation with fertilized
lawns can spark rapid deterioration of blue-ribbon trout waters.

n The golf industry will continue to expand, often becoming the last open space in many
communities outside of public parks.

n As people move to destination resort areas to take advantage of the amenities and views,
those areas may lose the character and quality that defined them as a destination.  It is
often reported that the journey to the destination resort is an important element of the
entire trip.

Mining
n Pressure on the ability to produce local minerals will certainly affect the state’s economy.

These minerals will become more expensive if they must be shipped from farther away.
This expense will raise the cost of building and construction activities as well as other
industrial production, making for less profit and less competitive industries—all to the
detriment of Michigan.
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n Accessibility to land for mineral exploration, development, and production is a principle
factor that is directly and negatively impacted by urbanization, sprawl, and land frag-
mentation. Existing extraction sites come under pressure as urbanization occurs around
them and their neighbors engage in increasing conflict with them over their operations
and access. There is an even stronger impact on siting new mineral extraction opera-
tions. Potential mineral producers must compete against other land uses that are often
perceived as having higher direct value to the local community and, accordingly, higher
political value.

n There is a clear link between urbanization and the production of sand and gravel and
crushed stone. Their production is dependent on local economic patterns and therefore
should be highly influenced by urbanization and local land use patterns. Construction
materials cannot be economically transported more than about 40 miles.  Increased ur-
banization and development will clearly create additional need for these building materi-
als, but these industries are not welcome in urban, suburban, or resort areas. In a sense,
these industries will build themselves out of business, as they are closed down or squeezed
out of developed areas.

n The drilling of oil and gas wells is another segment of the minerals industry likely to be
affected by land fragmentation. The most relevant land-based constraint is ownership of
mineral rights. Conflicts with surface owners add to the costs and difficulty of exploring
for, developing, and producing oil and gas. Increased urbanization and land fragmenta-
tion will make it more difficult and costly for the industry to continue.

n The counties that recently lost clay and salt production show signs of an increase in popu-
lation density, built-up areas, and other signs of urban sprawl, hence there may be some
effect of increased land fragmentation on production of these minerals. Increased land
values and increased difficulty in gaining access to the minerals can drive up the costs of
production and may already have contributed to the loss in production in these counties.

n Peat production is likely to be sensitive to land fragmentation and especially to perceptions
about the environmental effects of its production. This is a problem since peat-producing
counties are forecasted to have greater urbanization growth than the state average.

Forestry
n Due to the abandonment of farmland and its conversion to forest, forestland acreage will

appear to increase in the future. However, the LTM data shows a 1–3 percent decrease
to 2020 and a 2–7 percent decrease to 2040.

n Forestland loss will be greatest in southern Lower Michigan, up to 13 percent in 2020
and up to 25 percent in 2040.

n Encroaching urbanization may force forest managers to alter practices, i.e., discontinue
pesticide use or prohibit scheduled, regenerative burns. This will most certainly delay
timber harvesting or restrict the frequency of harvests. It may also add costs if restric-
tions are imposed on harvesting methods.

n The primary effect of development on forestland in the future is fragmentation. As land
is divided and sold, contiguous, large tracts of land become small parcels of many own-
ers, who are not likely to manage a forest for harvesting. In order to keep harvesting
costs down, access to large parcels is necessary. As the land becomes more fragmented,
the price for harvesting Michigan’s timber will increase.
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General
n As now-rural areas become more populated, we can reasonably expect further confron-

tations from residents who are unfamiliar with the individuals and companies who gain
their livelihood from the land, or with industry practices and procedures (e.g. cutting of
forestland, manure spreading on agricultural fields, excavation of minerals, trucking as-
sociated with these industries).  There will also be growing societal intolerance for par-
ticipation in some natural resource-based recreation.

n For all the land-based industries, growing distances between supporting industries and
businesses make it more difficult to conduct business efficiently.  Transportation and
production costs are a major economic factor for these industries. If those costs increase,
the profitability of the industry declines.

n Most of the assets of the land-based industries are not in products or facilities, but in the
land. While the value of products may fluctuate, the value of the land for its development
potential is steadily increasing in both absolute and real terms. Much of that develop-
ment potential relates to opportunities to live in or near natural resources. We are expe-
riencing a phenomenon where agriculture, forestry, and mining are unable to compete
with the value of the land and therefore get priced out of the area, while development
fragments land once dedicated to those activities.

FURTHER STUDYAND DIRECTION

What is certainly clear from this paper is that more research and study is needed. This paper only
begins to explore how well we are developing and using our land resources.

One other note of certainty is the need for a uniform update to the 1980 land cover data for the
state of Michigan. While the land use projection model is as accurate as it can be, the only way to
increase its accuracy is to use real data, which has not been gathered statewide since 1980.
Seventeen counties (20 percent of Michigan’s counties) updated their own GIS information at
varying times simply because the information was needed. In order to make projections into the
future, we must have uniform, up-to-date information.

In addition, the land-based industries themselves can benefit from more accurate and uniform
data. The lack of information often precludes the industries from participating in land use dis-
cussions and policy recommendations. Decisions are made on gut instincts rather than solid
data.

As already stated, this paper and in particular the land use projections create opportunities for
further study. Now that a model exists to predict land use changes in the future, the next steps
are to update the model with forthcoming data and to test scenarios based on differing assump-
tions. For example, an infinite number of studies can be propagated by testing various policy
changes on the model and then watching the implications for the land-based industries or other
industries, economies, and populations. Examples of data and policy changes that can substan-
tially affect the output of the model include land valuation, transportation decisions, economic
swings, the impact of the purchase of development rights program on state agricultural land,
and parcel ownership.
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A natural flow from the testing of the model under differing scenarios is to disseminate the
knowledge gained to a wide variety of audiences. In order to effect change and inform decisions
in the future, school curricula should be developed to introduce these topics. It is imperative to
inform the next generation of leaders of the issues that they will be facing and will need to
understand to be prepared to plan for their own future.

A litany of studies has been produced and debate has been extensive on the topic of land develop-
ment and use. It is time to make decisions about Michigan’s future: either stay the course or
make changes. If we collectively decide that the land-based industries indeed contribute mightily
to Michigan’s economy and scenic landscape, then it is time to move on toward solutions. This
document offers the background needed to make policy and regulatory changes. The next step is
to identify alternatives to the status quo and begin implementing them.
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MICHIGAN AGRICULTURE AT A GLANCE:

n Agriculture and food processing represent the second largest industry in the state
and provide needed stability for an economy heavily dependent on durable goods.

n Agricultural production and processing (including associated wholesaling and
retailing) contribute $22 billion to the state economy directly and $37 billion if
multiplicative effects are considered.

n Employment on farms and processing operations totals nearly 100,000. If jobs
in input industries and forward-linked wholesaling and retailing are included,
agricultural employment totals more than 500,000 jobs or 13 percent of employ-
ment in the state.

n Land in farms in the southern half of the Lower Peninsula represents over 80
percent of the state’s total farmland and occupies about 50 percent of the land
area in this urbanized region.

n Dairying has been the most important livestock enterprise, with secondary con-
tributions from cattle on feed, beef cows, hogs, eggs, and turkeys.  Corn has led
the crop sector in acreage with soybeans as a close second, followed by hay, wheat,
dry beans, sugarbeets, fruit, vegetables, ornamentals, and potatoes.

n About 85 percent of the farmers are part-time but account for only 17 percent of
the output.  Also, many full-time farmers rent land, considering that over 40
percent of Michigan’s farmland is rented.

n Real net farm income per farm has been declining while real farmland prices
have been rising, reflecting a robust non-farm economy.

n Key challenges are to slow the conversion of farmland to development without
curtailing farm equities and to accommodate the trend to larger scale operations
in livestock.

INTRODUCTION

Agriculture and food processing represent the number two industry in the state, second only to
the manufacture of automobiles and parts. Significant features of Michigan agriculture are its di-
versity and close interface with the urban population. The major farm enterprise is dairy, followed
by ornamentals, corn, soybeans and hay. Besides dairy, the major livestock enterprises are cattle,
hogs, and equine. Other major crops include fruit, vegetables, sugarbeets, dry beans, wheat, and
potatoes. Of the nearly 10 million acres in farms in 1997, 81 percent was in the southern half of
the Lower Peninsula starting with the tier of counties from Oceana to Bay. Of the total land area
in this part of the state, which is also highly urbanized, 48 percent of the land was on farms.*

*The source of data cited in this paper is primarily from the Michigan Agricultural Statistics Service of the Michigan
Department of Agriculture and the Census of Agriculture, formerly of the U.S. Department of Commerce and in 1997
from the U.S. Department of Agriculture.  More detailed coverage of the trends and status of Michigan agriculture can be
found in Staff Papers No. 00-11 and No. 00-34 of the Department of Agricultural Economics of Michigan State
University.
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The degree of diversity in Michigan agriculture, probably second only to California among the
states, is considered an advantage in providing more stability to the entire agricultural sector
than is the case in states highly dependent on three or four major enterprises. Cash crop farms in
the Thumb and Saginaw Valley may have four or five major crops in their rotation compared
with states such as Iowa that are highly dependent on corn and soybeans.

The link is quite strong between agricultural production and processing for a number of farm
enterprises, particularly sugarbeets, fruit, and vegetables. For that reason, production and pro-
cessing are often viewed in tandem.

The close agriculture-urban interface can be considered both an advantage and a disadvantage.
Economic cycles in agriculture and manufacturing are not closely connected. Therefore, agricul-
ture and food processing lend stability to an economy strongly dependent on durable goods
industries that are sensitive to the business cycle. During depressed periods in manufacturing,
we have witnessed either some return of labor to agriculture or a slowing of the exodus of labor
from farm to non-farm employment. In any case, the availability of non-farm employment does,
in a major way, enhance and stabilize farm household income.

The non-farm population benefits in other ways from the presence of agriculture. While difficult
to measure, the open space associated with agriculture provides aesthetic benefits that can be
enjoyed by all. In addition to intensively cultivated crops, substantial acreage on farms is in
permanent vegetative cover. Of the land in farms in 1997, just over two-thirds was in harvested
cropland, about one acre in seven was in pasture, cover crops, or idle, and about one acre in nine
was in woodland. Michigan agriculture’s diversity enables consumers to select from a wide vari-
ety of fresh products at farmers markets and roadside stands. The strong ornamental industry
can be considered an asset for urban dwellers.

As stated by the U.S. Department of Agriculture (USDA, Natural Resources Conservation
Service, 1997):

America’s agricultural production is the envy of the world. Capturing the advantages
of fertile soils and favorable climate, our farmers and ranchers produce a safe, afford-
able supply of food and feed grains, meat and dairy products, fruits and vegetables,
and fiber crops. But our Nation’s farms and ranches produce far more than these
traditional commodities. Well-managed agricultural land also produces healthy soil,
clean air and water, wildlife habitat, and pleasing landscapes, all of which are increas-
ingly valued by rural and urban citizens alike.

On the other hand, the proximity of farms to non-farm population challenges farmers to mini-
mize annoyances that may result from their operations. This is particularly a problem for con-
fined livestock operations. Standards for environmental protection tend to be higher in states
with large non-farm populations.

History of Agriculture and Recent Trends
Native Americans made only nominal use of land for agriculture. The first farmers were French,
located mostly in the southeastern part of the state. The opening of the Erie Canal in 1825
provided passage to the state for New Englanders. Not long afterward, immigrants of farm
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stock from the Old World began arriving, including Germans, Dutch, and Finns among others.
Settlement and clearing of the forest proceeded rapidly in the 1830s and 1840s. Accompanying
the expansion in agriculture were improvements in transportation facilities, drainage laws, and
support from the federal and state governments, agricultural organizations and the pioneer land
grant Michigan Agricultural College (1855).

By the end of the nineteenth century, nearly 300,000 persons were engaged in agriculture, equal
to the total employed in manufacturing, trade and transportation. During the 50-year period
from 1860 to 1910, the number of farms had increased more than threefold from the 1860 total
of 62,000 to a peak of 207,000. After 1910, farm numbers declined to about 50,000 by the end
of the twentieth century, a 76 percent decrease. Land in farms, which reached a peak of 19
million acres in 1920, also declined but by a smaller percentage (52 percent), as consolidation
into larger units was a prevalent trend. By 1999, land in farms had dropped to about 10 million
acres. The average acreage per farm had doubled from about 100 acres in 1920 to 200 acres by
the end of the century. (Exhibit 1 illustrates projected changes in land devoted to agriculture.)

The Census definition of a farm, however, is rather minimal, with any unit annually selling
$1,000 or more of agricultural products qualifying. With the rapid growth of manufacturing in
Michigan, opportunities for off-farm employment have resulted in many part-time farmers.
While numerous, their contribution to the total agricultural product has been relatively small. In

EXHIBIT 1
Past and Future Built and Agricultural Areas in Southwest Michigan

1980 2020 2040
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A time sereis of past and future urban and agricultural uses in Southwest Michigan. 
The 1980 panel shows urban and agricultural areas that were mapped
in the MDNR's MIRIS database.  The year 2020 and 2040 panels show
urban and agricultureal areas as projected by the Land Transformation
Model.

The year 2020 and 2040 panels represent these two land uses if
the current urban sprawl scenario is exnteded 20 and 40 years into
the future.
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1997, 84 percent of farmers grossed less than $100,000 and produced only 17 percent of the
total output; conversely, a mere 16 percent of farmers grossed $100,000 or more and were
responsible for 83 percent of the product. A gross farm income of $100,000 is about minimal to
be considered a full-time farmer. The focus of the Census in the farm definition is on the opera-
tor, who may also be the owner but commonly rents land from others.

Gains in Efficiency
Even though land in farms, by the end of the twentieth century, had declined to nearly half of the
peak level of 1920, the output of Michigan farms had increased. Farmers were able to extract more
product from less land and less labor not only by increasing yields per acre and output per head
of livestock, but also by shifting from less profitable to more profitable enterprises. Essentially,
off-farm inputs substituted for land and labor. Farmers spend about three-fourths of their gross
cash income for production expenses. Also, agricultural research and extension has contributed
in a major way to this increased efficiency. Gains can be seen in many areas of agriculture:

n Corn yields averaged just over 30 bushels per acre from 1866 to 1950. With the intro-
duction of hybrid corn and earlier maturing varieties, state average corn yields increased
by nearly 100 bushels per acre by the end of the twentieth century. Wheat yields held close
to 15 bushels per acre from 1866 to 1910; then increased to 55–60 bushels by the end of
the century. Hay acreage dropped sharply after 1940 as tractors replaced horses, but
because of increased yields, production reached a new high plateau in the late 1980s and
1990s.

n Dairy farmers, with the assistance of research, extension and breeding services, increased
milk production per cow from 6,000 pounds per year in 1950 to 18,000 pounds by the
end of the century, offsetting a two-thirds drop in the number of dairy cows. This and
other developments in the livestock industry enabled farmers to gain feed efficiency.

LONG-TERM AND RECENT TRENDS IN NUMBERS

With Michigan’s comparative advantage in producing forages and with a growing population,
dairying emerged as the most viable livestock enterprise. Because fluid milk is perishable and
relatively costly to transport, the expanding urban market complemented the ability of dairy
farmers to capitalize on the productivity of the land in producing hay, pasture, corn silage and
haylage. In addition, the moderating effects of Lake Michigan provided opportunities for fruit
along the western counties; and muck land accommodated vegetable production, as did other
soils suited for potatoes, dry beans, and sugarbeets.

Corn production increased rapidly during the last half of the twentieth century, outpacing live-
stock requirements. By the end of the century, nearly 70 percent of the corn (for grain) crop was
shipped out of the state to eastern livestock operations or for export. At the same time, the
abundant feed supplies favored the expansion of cattle feeding and hog and turkey production.
Hog and turkey production was also encouraged by the presence of local slaughtering capacity.
Increased competition from the expansion of large hog operations in North Carolina, coupled
with the loss of the major slaughterer in the state, caused hog production to level off in the
1990s. Turkey growers also lost their major slaughtering facility late in the 1990s, putting pro-
duction on hold; however, they have launched efforts of their own to replace that loss.
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Beef cow numbers increased fourfold from 1950 to the mid-1970s, to over 200,000 head, then
dropped back to about 100,000 by the end of the century. Cattle feeding also increased into the
mid-1970s, fell back in the early 1980s and then recovered, holding at about 200,000 head in the
1990s.

Michigan farmers have adjusted over time to explore new opportunities in crops and livestock.
While oat acreage, which had been nearly equal to corn before 1930, dropped off sharply after-
ward as draft horses exited the rural scene, the introduction of soybeans has produced a dramatic
change in crop acreage and production. From 1930, when few acres were harvested, the area for
soybeans increased to about two million acres by the end of the century, nearly to the level of
corn. Michigan has been predominant in U.S. dry bean production over time, particularly navy
beans, but has lost ground to the Red River Valley of North Dakota and Minnesota. Recogniz-
ing the growing consumer demand for colored beans, Michigan growers have shifted to those
varieties. Sugarbeets became a fixture in the farm scene at the beginning of the twentieth cen-
tury. Acreage edged lower in the first half of the century but more than doubled after 1970. In
contrast, only about 50,000 acres of potatoes were harvested in the 1990s compared with the
average of about 275,000 acres from 1920 to 1935.

Measured in real dollars (inflation in consumer prices removed), the farm cash receipts from
ornamentals increased steadily from 1960 to 1999 and have exceeded returns from the combina-
tion of vegetables and potatoes and also from fruit. In terms of trends in real receipts, the
combination of vegetables and potatoes has been fairly steady, while fruit has edged lower.

Michigan Agriculture as Share of U.S.
Michigan farmers have competed somewhat more effectively in the national scene in terms of
crops, in comparison with livestock. This is evident in the relatively constant share of crop re-
ceipts as a percentage of U.S. totals while the share of livestock receipts has been declining. In
the last 20 years of the twentieth century, this difference may have been due to strong demands
for ornamentals and improved soybean varieties on the crop side, coupled with major structural
changes in dairy and hog production outside of Michigan in the livestock sector. Also, crop
production has fit more neatly into part-time farming than has livestock production, particularly
dairying.

Specifically, from 1960 to 1999, Michigan farmers significantly increased their share of U.S.
output on soybeans, sugarbeets, hogs, turkeys, and hay; held their own on ornamentals, pota-
toes, and cattle on feed; and lost share of fruit, milk, vegetables, dry beans, wheat, eggs, and beef
cows. However, in the 1990s, all livestock enterprises lost share. The crop enterprises main-
tained share in this recent period.

Current Status of Michigan Agriculture
Since the mid-1970s, real net cash income per farm in Michigan has been declining. This trend,
in combination with relatively high unemployment rates in the non-farm sector during the early
to mid 1980s, resulted in severe stress on farm household incomes. Coupled with high interest
rates, this situation resulted in a 25 percent decline in the average per acre value of farm real
estate. During the 1990s, however, in spite of continued downward trends in real net cash in-
come per farm (with the exception of a reversal in 1995 and 1996), farm real estate values per acre
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increased even in real terms. By 2001, the average value of farm real estate reached $2,250 per
acre, nearly 60 percent higher than five years earlier and double the price of a decade earlier
(USDA, National Agricultural Statistics Service, Agricultural Land Values,  2001).

This paradox is related to the robust non-farm economy and growing pressures for residential
housing in rural areas. While real cash flow from farm operations has been relatively low, farm-
ers’ equities have increased. Also, farm households have benefited from employment of mem-
bers off the farm. Based on national data, income of farm households are about the same as or
greater than non-farm households. The U.S. Department of Agriculture reports that the house-
hold income of the average farm operator in the U.S. was $64,300 in 1999, 17 percent above the
average for U.S. households (USDA, Economic Research Service, February 2001). Of particular
note is that 90 percent of these farm household incomes came from off-farm sources.

An important concern is the growing dependence of Michigan farmers, as well as farmers na-
tionally, on direct payments from the federal government. In the year 2000, an estimated 37
percent of net cash farm income in Michigan was received from various government programs.

There is growing recognition of the importance of value added for the viability of Michigan
agriculture. In efforts to expand this sector, some ventures have succeeded and others have
failed. Retaining existing food processors is also important. The food processing industry grew
in terms of real value added until the late 1990s, and maintained a share of the U.S. total at about
3.50 to 3.75 percent. Michigan processors have been forced to become more labor efficient and
have succeeded in generating significantly higher value added per employee than in other states.

While some sectors of Michigan agriculture and food processing have experienced negative
trends, the industry in total continues to command prominence in the economy. Total output of
the system was about $15 billion late in the 1990s; it was responsible for about $27 billion if the
indirect industries dependent on agricultural production and processing are taken into account.
Adding related wholesaling and retailing, a broad definition of agricultural production and pro-
cessing would total $21.5 billion directly and $37 billion if the multiplicative effects are mea-
sured.

Employment of 56,000 full-time equivalents on farms plus 41,000 in processing adds to nearly
100,000. Another 100,000 jobs are backward-linked in input industries, bringing the total to
over 200,000, which represents about 5.2 percent of total employment in the state. An addi-
tional 300,000 jobs are either directly or indirectly involved in forward-linked  wholesaling and
retailing. The total of over 500,000 employed represents nearly 13 percent of total employment
in the state.

Economic Outlook Under Stated Assumptions

Macro-Economic and Policy Assumptions
The USDA develops a baseline set of projections for an eight or nine year forward look each
year. In this study, the assumptions of the USDA for 2001 to 2010 will be extended to 2040.
Their assumptions (USDA Agricultural Baseline Projections to 2010), made in early 2001, are as
follows:
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n Strong growth in the world economy with the real gross domestic product (GDP) in-
creasing by an average of 3.5 percent per year compared with 2.6 percent in the last
decade.

n The U.S. GDP is expected to increase by 3.1 to 3.2 percent per year, somewhat slower
than the 4 percent annual gains in 1997–2000.

n Inflation is projected at less than 3 percent.
n From 2003 on, oil prices are expected to increase at a slightly higher rate than inflation.
n A strong dollar will continue to be a negative factor for U.S. agricultural exports.
n Provisions of the 1996 Farm Act will continue and additional direct payments will be

made to producers of major crops of importance in Michigan, including feed grain, wheat,
and soybeans.

Some elaboration needs to be made on what will be assumed in this document relative to the
farm program. The framers of the 1996 Farm Act, also called the “Freedom to Farm Bill,”
envisaged a phasing out of major direct payments to agriculture. Direct payments near levels
prior to 1996 were to continue at reduced levels until 2002, after which they were to be termi-
nated. These subsidies, called Agricultural Market Transition Act (AMTA) payments, were to
be made regardless of price levels and were designed to help farmers adjust to market realities.
A safety net on farm prices called “non-recourse loans” was retained. In the past, farmers who
participated in the government program (subject to acreage controls) were eligible to receive
these loans at harvest and would repay them if prices were above the loan rate. The Commodity
Credit Corporation stood by ready to accumulate the product in satisfaction of the loan should
prices fall below the loan rate. Under the 1996 Act, rather than having the government take over
the product, farmers were given a direct payment (Loan Deficiency Payment or LDP) to make
up the difference between the market price and the loan rate in the event that prices were below
the loan rate. Another feature of the 1996 Act was that acreage controls were eliminated and
farmers were free to plant whatever they wished, with only a few restrictions.

What was not anticipated was that the emerging supply-demand balance would push prices
below the loan rates (now called marketing assistance loans) for an extended period. This re-
sulted in a large exposure of the U.S. Treasury since, with the removal of acreage controls,
practically all of the feed grain, wheat and soybean crops were eligible for LDPs. Secondly, the
loan rate for soybeans was first set at a level that was favorable relative to corn. This has caused
a shift in acreage away from corn to soybeans. Also, since dry beans are not involved with LDPs,
Michigan farmers have shifted away from dry beans to soybeans. The Secretary of Agriculture
has the authority to lower loan rates on soybeans, as well as on other crops, but has not done so
under either Democratic or Republican administrations.

In the latter part of the 1990s, the U.S. economy was robust while in much of the rest of the
world, particularly Southeast Asia, economies were depressed. This had a negative impact on
U.S. farm exports and contributed to the surplus. With the strong non-farm economy in the
U.S., Congress was able to provide emergency funding to shore up agricultural incomes. The
combination of this funding along with AMTA payments and LDPs has made government pay-
ments a major component of net farm incomes in the U.S. and Michigan.
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The current farm program has muted the effect of market prices in guiding production. Foreign
competitors in agricultural export markets complain that our current program is distorting world
markets and is against the intent of the World Trade Organization (WTO). Framers of a new
farm bill will have to take into consideration subsidy limits imposed by WTO.

The New Farm Bill
The version of the new farm bill completed by the House Agriculture Committee in late July
with strong bipartisan support may suggest what the new bill will contain. One feature of the
House bill is a resumption of the target prices that were a part of past farm programs for many
years. These target prices are designed to introduce a counter-cyclical scheme—that is, pay-
ments decline in periods of high prices and rise as prices fall.

In addition, to replace the AMTA and special soybean payments, farmers would receive fixed
“decoupled” payments of $.30 per bushel on corn, $.53 per bushel on wheat, and $.42 per bushel
on soybeans. “Decoupled” means that the flexibility of the 1996 program is retained not only on
these fixed payments but also on the target prices.

The House Bill retains the Sugar Program with certain modifications, which would keep price sup-
ports at recent levels. The milk price support would be held at $9.90 per hundredweight through
2011; provisions for fruit and vegetables include $200 million for surplus commodity purchases.
The conservation section devotes over $16 billion over ten years to soil, water and wildlife pro-
grams. The Conservation Reserve Program (CRP) is reauthorized through 2011 with a 39.5-mil-
lion acre enrollment cap. Also reauthorized through 2011 are the Environmental Quality Incen-
tives Program (EQIP) and the Wetlands Reserve Program (WRP). With the exception of the Sugar
Program, federal benefits in the House bill continue to favor major crops.  In essence, this tends
to discriminate against minor crops of fruit, vegetables, dry beans, and potatoes.

Three developments may modify the support levels proposed by the House Agriculture Com-
mittee: 1) a tight federal budget; 2) the declared war on terrorism, which will command priority
in federal funding; and 3) a position statement from the administration that places more empha-
sis on safety nets, exports, conservation, and market orientation and less emphasis on direct
government payments (USDA 2001).

PROJECTIONS OF MICHIGAN AGRICULTURE TO THE YEAR 2040

The procedure to generate projections for Michigan agriculture to the year 2040 employed
several analytical tools. Two econometric models were involved. The first, AGMOD, a model
representing U.S. agriculture, evolved from a program to generate long-term forecasts in the
Department of Agricultural Economics at Michigan State University. This model includes major
crop and livestock enterprises and has an international component. The model consists of behav-
ioral equations estimated from annual data over the past 40 years plus many other equations.
With the macro-economic and policy assumptions as stated in the previous section, AGMOD is
designed to generate forecasts of national production, consumption, stocks, exports, prices, etc.,
for the next 10 years.

Projections from AGMOD, primarily farm prices and input costs, are fed into MIAGMOD, an
econometric model of Michigan agriculture. In addition to the major U.S. agricultural enter-
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prises, MIAGMOD also includes sectors on dry beans, sugarbeets, and potatoes. At the mo-
ment, fruit and vegetables are not included. Like AGMOD, MIAGMOD is designed to gener-
ate year-to-year forecasts for a 10-year horizon. Since the time period for the Michigan Land
Resource Project covers 40 years, other analytical tools were needed to extend the projections.

Based on the estimates and projections of land available to agriculture by county as provided by
the LTM, the effects of these changes were analyzed for five regions of Michigan and for the
state as a whole. The regions were: 1) the Upper Peninsula; 2) the Northern Lower Peninsula
above the tier of counties from Oceana to Bay; 3) the Southern Lower Peninsula outside of the
Metropolitan counties; 4) Metropolitan Fringe counties (Midland, Ottawa, Clinton, Lapeer, St.
Clair, Macomb, Oakland, Allegan, Eaton, Livingston, Van Buren, Lenawee and Monroe); and
5) Metropolitan Central counties (Muskegon, Bay, Kent, Saginaw, Genesee, Ingham, Kalamazoo,
Calhoun, Jackson, Washtenaw, Wayne and Berrien).

As can be seen in Exhibit 1, only modest losses in land available to agriculture are in prospect
statewide if the model’s 1:1 ratio of expansion of population to land occupancy holds. By the year
2040, only a 2.8 percent reduction in agricultural land would be required. However, if the more
likely 8:1 ratio, which is labeled “Sprawl” in Exhibit 2, were to proceed, the Metropolitan Cen-
tral and Fringe Counties would lose nearly a quarter of their agricultural land. Farmland in
other counties in the Southern Lower Peninsula would drop about 8 percent; the Upper Penin-
sula would decline about 5 percent and the Northern Lower Peninsula would lose about 11
percent. Total state losses would amount to 15.1 percent.

Crops
The implications for crops vary substantially by type of farm. Land in farms was divided into six
classifications: 1) Major; 2) Specialty; 3) Fruit; 4) Ornamentals; 5) Less Intensive (a catch-all
grouping that includes hay, pasture, small grains, idle land, house lots, ponds, roads and waste-

EXHIBIT 2

Land in Farms in Regions of Michigan, 2000 and Projected Change to 2040
(Assuming a Direct Relationship Between Population Change

and Urban Development and an 8:1 Relationship Representing Urban Sprawl)

2000 Percent Change from the Year 2000

Sprawl Sprawl
Region* (1,000 Acres) 2020 2040 2020 2040

UP 498 –0.3 –0.7 –1.1 –4.8
NL 1,347 –0.6 –1.4 –3.9 –11.1
SL 3,782 –0.4 –1.0 –2.3 –8.1
MF 2,240 –1.7 –3.8 –12.2 –22.0
MC 2,006 –2.8 –6.7 –10.8 –25.9
State 9,873 –1.2 –2.8 –6.4 –15.1

SOURCE: Census of Agriculture with projections derived from LTM.
* Code: UP = Upper Peninsula; NL = Northern Lower Peninsula (North of the tier of counties from Oceana to Bay);
SL = Southern Lower Peninsula outside of the Metropolitan Counties; MF = Metropolitan Fringe Counties in Southern Lower
Peninsula; MC = Metropolitan Central Counties in Southern Lower Peninsula.
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land); and 6) Woodland. The major crops of corn, soybeans, and wheat represented nearly half
of the land in farms in 2000. Specialty crops included dry beans, sugarbeets, potatoes, and veg-
etables, accounting for about 7 percent of the land in farms. The relative importance in land use
of other classifications were Fruit (1.6 percent), Ornamentals (1.0 percent), Less Intensive (31.5
percent), and Woodland (11.3 percent).

In 1997, the Census of Agriculture included for the first time Christmas trees, which were
classified as Ornamentals. This inclusion was a major change for certain counties in the state,
adding 64,000 acres or 0.65 percent to the total land in farms in the state. This and other defini-
tion changes between the 1992 and 1997 censuses added 3.74 percent to land in farms (Norris
and Deaton 2001).

Using a “shift-share” analysis, which tracks how land in agriculture has changed among the six
classes, Exhibit 3 indicates how an extension of these changes would develop over the next 40
years under the constraints of the LTM projections. Under both scenarios, land in ornamentals
will continue to expand by 20 percent or more. Area planted to the major crops will hold up even
under the most severe restrictions under the 8:1 ratio. Losses would be the greatest by 2040 in
the “sprawl” scenario for Woodland (37 percent), Less Intensive (30 percent), Fruit (25 per-
cent) and Specialty (19 percent). For total farmland in the state, losses under the sprawl scenario
would be 6.4 percent by 2020 and 15.1 percent by 2040.

The American Farmland Trust identified Michigan’s southwest and northwest fruit belts as two
of the nation’s 20 top “Major Land Resource Areas” threatened by sprawl (American Farmland
Trust 1997). Losses of land in fruit in this region may exceed the 25 percent drop projected for
the state as a whole.

EXHIBIT 3

Land in Farms by Category of Crops in Michigan, 2000
and Projected Change to 2040

(Assuming a Direct Relationship Between Population Change and Urban Development and
an 8:1 Relationship Representing Urban Sprawl)

2000 Percent Change from the Year 2000

Crop Sprawl Sprawl
Category (1,000 Acres) 2020 2040 2020 2040

Major (corn, soybeans, wheat) 4,721                       9.5 16.3 2.9 0.1
Specialty (dry beans, sugarbeets,
potatoes, and vegetables) 671 –6.2 –10.8 –9.4 –19.2
Fruit 161 –5.3 –11.6 –11.8 –25.3
Ornamentals

(includes Christmas trees) 99 20.4 37.9 13.8 20.2
Less Intensive

(includes all other lands) 3,108 –12.0 –21.6 –15.9 –30.1
Woodland 1,113 –14.9 –28.6 –18.7 –36.8
State 9,873 –1.2 –2.8 –6.4 –15.1

SOURCE: Census of Agriculture and Michigan Agricultural Statistics Service with projections derived from the LTM.
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Linear and semi-log regression equations fitted to annual data from 1980 to 2000 were em-
ployed to generate the projections for crops to 2040. The equations that appeared to be produc-
ing the most reasonable projections were selected, usually the ones that generated the smallest
change in the share a given land use category had of the total land available. This is a standard
procedure in shift-share analysis, and, of course, involves considerable judgement.

A breakdown of the major crops is presented in Exhibit 4. While acreage harvested in corn for
grain is not projected to change very much, continued yield increases could bring production up
by as much as 30 percent by 2040 even under the sprawl alternative, and even more under more
controlled urban growth. Acreage and production of corn silage is expected to tie into the dairy
and cattle feeding industries and increase from the very low level of 2000. Severe sprawl will
result in about 9 percent less production by 2040 than under normal growth conditions.

Soybeans represent a spectacular growth industry in the state and will not likely be halted by
urbanization. Acreage in soybeans has reached the level of corn, and for reasons relating to
rotations, the assumption was made that corn and soybean acreage will remain close. Acreage in
wheat has been declining but is expected to stabilize or even increase in the next 40 years with
higher yields resulting in a production gain of 30 to 50 percent under both scenarios.

The Specialty crops are somewhat vulnerable to urban expansion as indicated in Exhibit 3, with
more detail in Exhibit 5. With the assumption of continuation of the Sugar Program, sugarbeet
acreage and production should continue to expand. A major challenge for the other crops, dry
beans in particular, is that federal farm programs tend to favor Major crops over Specialty crops.

EXHIBIT 4
Acreage and Production of Major Crops in Michigan, 2000

and Projected Change to 2040
(Assuming a Direct Relationship Between Population Change and Urban Development and

an 8:1 Relationship Representing Urban Sprawl)

2000 Percent Change from the Year 2000

Sprawl Sprawl
Crop Unit Number 2020 2040 2020 2040

Corn for Grain
Acres harvested 1,000 1,970 3.2 11.1 –3.1 –5.1
Production 1,000 Bu 244,280 19.2 52.8 11.9 30.4

Corn Silage
Acres harvested 1,000 220 38.5 33.7 31.0 22.1
Production 1,000 T 3,080 36.9 36.2 29.5 24.3

Soybeans
Acres harvested 1,000 2,080 11.7 18.6 5.0 2.1
Production 1,000 Bu 74,880 46.8 84.8 37.9 59.1

Wheat
Acres harvested 1,000 500 17.2 24.4 10.0 7.1
Production 1,000 Bu 36,000 22.0 55.4 14.6 33.8

SOURCE: Michigan Agricultural Statistics Service.  Projections derived from the LTM.
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EXHIBIT 5
Acreage and Production of Specialty Crops in Michigan, 2000

and Projected Change to 2040
(Assuming a Direct Relationship Between Population Change and Urban Development and

an 8:1 Relationship Representing Urban Sprawl)

2000 Percent Change from the Year 2000

Sprawl Sprawl
Crop Unit Number 2020 2040 2020 2040

Dry beans
Acres harvested 1,000 275 –14.8 –28.7 –17.7 –35.5
Production 1,000 cwt. 4,125 19.7 20.3 15.5 8.9

Sugarbeets
Acres harvested 1,000 166 14.2 21.3 10.2 9.8
Production 1,000 T 3,403 11.4 28.5 7.5 16.3

Potatoes
Acres harvested 1,000 47.5 –4.4 –7.2 –7.8 –16.0
Production 1,000 cwt. 14,963 14.4 31.1 10.5 18.6

Vegetables
Acres harvested 1,000 125.7 –2.9 –4.1 –6.3 –13.1

SOURCE: Michigan Agricultural Statistics Service.  Projections derived from the LTM.

However, losses projected for dry bean and potato acreage are expected to be offset by increased
yields. Vegetable acreage is projected to decline by about 4 percent by 2040 under the low sprawl
scenario and 13 percent under severe sprawl.

Acres in hay and oats, tied to the livestock industry, are expected to decline significantly over the
next 20 to 40 years regardless of sprawl (Exhibit 6). Even so, production is expected to be ample
for ruminant animals and horses. Other “Less Intensive” land, which represents about 18 per-
cent of the land in farms, is projected to decline about 5 percent under the 1:1 urbanization ratio
by 2040 and near 20 percent under the 8:1 ratio.

Livestock
While models of sprawl can clearly delineate land available to agriculture in the future, such
analyses provide little insight on probable impacts on livestock production. The interface be-
tween livestock operations and non-farm residents will tend to expand exponentially if the 8:1
sprawl ratio prevails. Livestock producers who plan to remain in operation find themselves in a
much-weakened position if a neighboring farmer elects to sell land to developers or individual
non-farm buyers. What follows is a “domino effect” as additional farms are subdivided or as
farms shift from livestock to cash crop operations. Even cash crop operations have problems
with nearby residents, but much less so than with livestock accompanied by odor, flies, etc.

Qualitatively, sprawl will have a negative impact on the Michigan livestock industry—anecdotal
evidence is ample. Quantitatively, we do not know how great that effect might be. Part of the
challenge is to anticipate how managers under the major structural changes in the dairy and hog
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EXHIBIT 6
Acreage and Production on Land of Less Intensive Use in Michigan, 2000

and Projected Change to 2040
(Assuming a Direct Relationship Between Population Change and Urban Development and

an 8:1 Relationship Representing Urban Sprawl)

2000 Percent Change from the Year 2000

Sprawl Sprawl
Crop Unit Number 2020 2040 2020 2040

Hay
Acres harvested 1,000 1,300 –20.9 –44.0 –24.3 –46.5
Production 1,000 cwt. 4,330 0.1 –17.4 –4.3 –21.0

Oats
Acres harvested 1,000 75 –22.5 –22.5 –22.5 –22.5
Production 1,000 T 4,800 –22.2 –16.3 –22.2 –16.3

Other* Land use 1,000 A 1,733 –5.7 –5.5 –10.1 –18.8

SOURCE: Michigan Agricultural Statistics Service.  Projections derived from the LTM.
*Includes pasture, idle land, house lots, ponds, roads and wasteland.

industries will be able to cope in an urban state. One view is that these large operations will tend
to move to sparsely populated areas in other states. Another view is that they will shift to regions
of Michigan not in the path of urban sprawl and use the resources that accompany economies of
scale, entrepreneurship, and new technologies to compete and meet environmental restrictions.
Our analysis presumes the latter scenario.

That the livestock industry will have to change is supported by some quantitative evidence. The
documentation of complaints under the Right to Farm Program monitored and administrated by
the Michigan Department of Agriculture provides indication of the conflicts in the farm/non-farm
interface. As reported by Wayne Whitman in the Environmental Stewardship Division of the
Michigan Department of Agriculture (1998), the number of complaints in January to May 2001
was 44 percent higher than in the same period of the previous three years. A growing percentage
of the complaints concern dairy and equine facilities. Air quality issues are also increasing.

As an attempt to provide some perspective on the possible impact of urbanization on the live-
stock industry, trends in Michigan’s share of U.S. production were examined from 1960 to the
present and as projected by AGMOD and MIAGMOD to the year 2010. Since the database for
the model’s analysis of urban sprawl was from 1980 to 1995, this period and the AGMOD/
MIAGMOD projections to 2010 were considered as representative of severe sprawl over time.
Trends in Michigan’s share of U.S. livestock output in 1980 to 2010 were extended to 2040 by
simple regression equations with the share as the dependent variable with the log of time (in
years) and an autoregressive term as independent variables. These projections represented se-
vere sprawl.

To provide a baseline of what might be the scenario with nominal sprawl, the same equations
were estimated from annual observations for the 1960 to 2010 period—a 50 year time period—
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to represent a more gradual expansion of urban areas. The forecasts from each of the two sets of
equations were for the period of 2011 to 2040. The presumption was that even with a rigorous
program to control urban sprawl in Michigan, the effects would not be significant until after
2010. While, obviously, other forces besides sprawl have and will affect livestock production, this
analysis provides some insight on the impact of accelerated urban expansion on the state’s live-
stock industry.

The long-term outlook for Michigan’s livestock industry under moderate and severe sprawl is
summarized in Exhibit 7.

n Following a century-long decline, dairy cow numbers leveled off at 300,000 late in the
1990s but are projected to resume the decline to about 230,000 by 2040 under nominal
sprawl and 220,000 under severe sprawl—or down 23 and 27 percent respectively from
the year 2000. Even so, increased milk production per cow is slated to more than offset
declining cow numbers to bring milk production up 24 and 18 percent respectively. Such

EXHIBIT 7
Livestock Numbers and Production in Michigan,

2000 and Projected Change to 2040
(Assuming a Direct Relationship Between Population Change and Urban Development and

an 8:1 Relationship Representing Urban Sprawl

2000 Percent Change from the Year 2000

Sprawl Sprawl
Enterprise Unit Number 2020 2040 2020 2040

Dairy
Number of cows 1,000 300 –10.5 –22.8 –14.6 –26.8
Production Million lbs. 5,627 16.1 24.3 11.0 17.8
Number of cows*

UP 1,000 14 –17.8 –34.5 –21.4 –38.0
NL 1,000 47 –1.1 –6.4 –5.4 –11.3
SL 1,000 121 –6.2 –17.2 –10.4 –21.5
MF 1,000 71 –12.5 –25.9 –16.3 –29.8
MC 1,000 47 –25.4 –45.5 –28.6 –48.3

Beef
Number of cows 1,000 95 –2.4 –33.5 –16.8 –44.9
Cattle on feed 1,000 200 7.4 16.8 -2.2 -6.0

Hogs
Farrowings 1,000 192 0.4 –2.3 –10.7 –27.3

Turkeys
Production Million lbs. 115 63.6 100.0 51.7 60.9

Eggs
Production Million 1,609 11.7 16.4 7.0 5.5

SOURCE: Michigan Agricultural Statistics Service.  Projections derived from the LTM.
*Code: UP = Upper Peninsula; NL = Northern Lower Peninsula (North of the tier of counties from Oceana to Bay); SL =
Southern Lower Peninsula outside of the Metropolitan Counties; MF = Metropolitan Fringe Counties in Southern Lower
Peninsula; MC = Metropolitan Central Counties in Southern Lower Peninsula.
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increases in production would keep Michigan self sufficient in milk production, or even
with surpluses, relative to projected consumption in the state.

n Projections of dairy cow numbers by region of the state were based on trends in shares of
state totals. Declines are forecast for all regions with major shifts away from Metropoli-
tan Central, Upper Peninsula and Metropolitan Fringe counties and toward the North-
ern Lower Peninsula and rural Southern Lower Peninsula counties.

n Some cyclical recovery may be in prospect for beef cow numbers the short run, but in the
long run, further declines are in prospect—as much as 33 to 45 percent by 2040. Expan-
sion in cattle on feed under nominal sprawl is possible, in part due to the decline in dairy
cows. In the past, farmers leaving dairy have tended to use their facilities for cattle feed-
ing. However, accelerated sprawl would have a net negative effect.

n Urban sprawl is seen to be particularly restrictive for Michigan’s swine industry. Even
nationally, little increase is projected for farrowings as pigs saved per litter continue to
increase.

n In projecting turkey production, success in establishing slaughtering facilities is assumed.
While a doubling of production from 2000 to 2040 seems extreme, such a projection is
not much above the peaks reached in the mid-1990s when the BilMar company was still
operating.

n Modest expansion is projected in egg production.

While there are major concerns about the future of the livestock industry in a populous state
such as Michigan, the prospects under urban expansion are not all that grim. For example, in the
dairy industry, by far the most important livestock industry in the state, the number of cows is
expected to resume a long-term downward trend. At the same time, if the trend continues
toward cow herds of 2,000 head, the number of dairy farmers could be reduced from the present
level of 3,500 operations to a few hundred. Of course, these large operations will be challenged
to be environmentally responsible but will have the resources, entrepreneurship, and new tech-
nologies to handle the regulations that will be imposed. Research supports the presumption that
larger-scale operations will be able to handle nuisance problems more effectively than small
operations (Hadley 2001). Economies of scale and management skills are rapidly entering the
swine and other livestock industries as well. The future of the egg industry will remain in rela-
tively few hands.

Because of the uncertainty associated with the livestock industry and the impending structural
changes, this author was compelled to seek the opinion of others—some 16 individuals closely
connected to livestock and/or land use issues. No strong objections were voiced to counter the
projected decline in dairy cow numbers in Michigan. Concerns were expressed about retaining
the hog industry due to the loss of the Thornapple Valley slaughtering facility in southeastern
Michigan and the growing urban influence in the southwestern region of the state. It is possible
that Michigan will lose out to other states in hog production, particularly in finishing operations.

The consensus was that urbanization will generate major shifts in the location of dairy farms,
particularly with the emergence of large-scale operations. Outside of the Thumb, a three to
four-county area from northern Clinton County and above, and the central counties in the south-
ernmost tier, few suitable locations are available. The alternatives are further diminished if the
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*According to the GAAMPS (Generally Accepted Agriculture and Management Practices) standards suggested by the
Michigan Commission on Agriculture, odors from a livestock facility cannot annoy the nearest neighbor more than 5
percent of the time (=36 hours per month).  The odor is measured using the Minnesota Odor Setback Estimator
(MNOSE) model.

“5 percent of the time annoyance” criteria are required.*  The Northern Lower Peninsula has
isolated areas, but such locations would involve higher transportation cost. Expansion in this
region would also encounter resistance from the recreation market. Problems related to the
presence of bovine tuberculosis in the deer herd are another handicap for expansion of dairying
in that region.

There was agreement that management skills would be important for the large operations to
succeed and that the manure problem can be solved. One mode of operation would be the
installation of sewage plants like those found in small towns. A caveat is whether Michigan dairy
farmers will be on a level playing field with farmers in other states and other nations. Whether
technology problems are overcome or not, large scale dairy operations will face certain societal
concerns: 1) general opposition to large operations vis-a-vis a traditional view of family farms,
2) animal welfare, and 3) objections to “outsiders” coming into a community with the percep-
tion that such operations would replace existing farms.

While trends to larger-scale operations are strong, the consensus was that Michigan will have a
mix of dairy farms in 2040. Smaller dairy farms with little debt have considerable staying power.
Some evidence suggests limited returns to scale beyond 400-cow dairy herds. One must also
factor in the aggressive leadership that has generated strong political support for the dairy in-
dustry in Michigan over the years.

Even with declining acreage projected for hay and pasture, supplies will be ample for the rumi-
nant animal industries. Corn production will continue to exceed livestock requirements by a
wide margin. Projected utilization of corn for grain by livestock in Michigan by 2040 will only
take about a fourth of the crop, even under the most severe sprawl. Corn supplies will easily
accommodate the budding dry-mill ethanol industry.

The conclusion for the outlook for livestock production in the state is that the industry can
remain viable but will have to make major adjustments and adhere to growing regulatory pres-
sure to control air and water quality and minimize nuisances. If this is not accomplished to the
satisfaction of the expanding non-farm population, local political pressure will force the industry
to shift to sparsely populated areas, which in many cases will be out of state.

Farm Numbers and Acreage
Using empirical tools, an analysis was directed toward trends in the broad range of scale in
Michigan agriculture. Since 1964, the Census of Agriculture has a consistent set of data classify-
ing farms by acreage. Recognizing that the change in definition in 1997 would bias projections,
alternative projections were evaluated using data only through 1992.

The acreage classifications are presented in Exhibit 8 along with projections to 2040. The num-
ber of very small operations of one to nine acres has not changed much since 1964. With the new
definition of farms, which includes operations with five or more horses or ponies (without the
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$1,000 in sales required as in the past), these small operations are likely to persist in the future.
While tabulations on equine in the state have held at around 130,000, the assumption is that
these numbers will increase in the future, by about 10 percent by the year 2040.

Some decline is projected for farms of 10–49 acres, but the most rapid exit is seen for farms in
the 50–179 acre and 180–499 acre categories. Farms in the 500–999 acre classification are likely
to merge into 1,000 to 1,999-acre parcels. The number of farms with more than 2,000 acres
(averaging about 3,000 acres), now about 416, will likely more than double by 2040. Urbaniza-
tion will not likely have a major impact on this trend. The total number of farms,  about 42,000
in the year 2000, is projected to decline by 26 percent to 31,000 by 2020 and to 24,000 (a 43
percent drop) by 2040 (see Exhibits 8 and 9).

By considering the average acreage of each farm classification, total land in farms in Michigan,
in 2000 just under 10 million acres, is projected to decline by 10 percent to about 9 million acres
by 2040 (see Exhibits 8 and 10). This projection to 2040 is about 7 percent below the LTM
model’s 1:1 urbanization ratio forecast (9.6 million acres) but also about 7 percent above the 8:1
ratio scenario (8.4 million acres). In other words, urban sprawl would restrict the natural evolu-
tion of Michigan agriculture.

The projected 15 percent loss of farmland by 2040 under the 8:1 sprawl scenario may be conser-
vative if the rate of farmland sales for non-farm uses continues as tabulated by the USDA for
1999 (USDA, National Agricultural Statistics Service, Agricultural Economics . . ., August 2001).
Of the 103,405 owners of farmland in Michigan in 1999, 51,159 were owner-operators and
52,246 were non-operator owners. In other words, just over half of the owners are not opera-

EXHIBIT 8

Number of Farms by Acreage Classification and Associated Total Land
in Farms Compared to the LTM

Number of Farms

Acreage Class 1964 1980 2000 2020 2040

1–9 2,659 2,343 2,628 2,756 2,847
10–49 17,753 13,284 11,037 9,982 9,229
50–179 47,784 24,908 14,071 7,299 2,465
180–499 22,956 14,287 8,926 6,076 4,041
500–999 2,129 3,562 3,431 3,069 2,706
1,000–1,999 180 836 1,331 1602 1,796
2,000 and more 43 146 416 696 977

Total 93,504 59,366 41,840 31,480 24,061

Total Land in Farms (1,000 A)
(Derived from
number of farms) 13,599 10,990 9,873 9,185 8,946

1:1 Ratio 9,873 9,755 9,598

8:1 Ratio 9,873 9,238 8,384

SOURCE: Derived from the Census of Agriculture.
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tors. Of the 11.6 million acres owned (a somewhat higher figure than the 9.8 million acres
tabulated in the 1997 Census of Agriculture), operators owned 6.8 million acres (59 percent)
and non-operators owned the balance of 4.4 million acres (41 percent).

Owners sold 245,000 acres in 1999, which represented 2.1 percent of the land owned. Tradition-
ally, most farmland sales have been between farmers; typically, farmers who want to expand buy
farms from those who want to leave the business. This continues to be the case at the national
level as 82 percent of the acres sold in 1999 was to other farmers or ranchers. However, of the
245,000 acres sold in Michigan, only 52 percent was sold to other farmers; the balance of 48
percent was sold for non-farm purposes. These sales for non-farm purposes amounted to just
over 1 percent of farmland owned.

Somewhat intriguing is the difference in the rate of sales for non-farm purposes for owner-
operators versus non-operator owners. Owner-operators sold 20,000 acres for non-farm pur-
poses representing only 0.3 percent of the land they owned. Non-operator owners, on the other
hand, sold 97,000 acres, which represented 2 percent of their land. If this rate of sales by these
two classes of owners were to continue, farmland would drop by 18 percent in 20 years and 30
percent in 40 years.

Among other Midwestern states (Minnesota, Wisconsin, Ohio, Indiana, Illinois, Iowa and Mis-
souri), only in Wisconsin were rates of sales for non-farm purposes as high as in Michigan. For
these states collectively, sales of farmland for non-farm purposes represented only 0.37 percent
of land owned. At that rate, the attrition in farmland would amount to only 8 percent by 2020
and 14 percent by 2040.

One must take care in extrapolating 40 years into the future with observations for only one year.
Unfortunately, the USDA survey is the only one of this detail that is known to exist. A previous
survey of owners taken by the USDA in 1988 did not include information on sales classified by
farm and non-farm buyers. Other caveats about interpreting this survey are that 1) land sold for
non-farm purposes may not be developed immediately, 2) some of the land may be for recre-
ational purposes and 3) the character of the land may be retained at least in part, such as preser-
vation of woodland around residences.

Monetary Impacts
As a means to assess the total impact of urban sprawl on the Michigan agriculture and food
industry, values were estimated on the loss of sales under the severe sprawl scenario relative to
the nominal case by the year 2040. Adjustments were made to take into account that part of the
corn for grain crop, all of the corn silage crop, and most of the hay crop were not sold but fed to
livestock on the farms where they were produced. Average prices received by farmers for 1996
to 2000 were applied to the projected amounts sold in 2040; direct government payments to
farmers were not included.

Losses amounted to $367 million on crops and $142 million on livestock for a total of just over
$500 million annually at the 2040 year mark. This is about 11 to 12 percent of projected sales of
farm commodities under the nominal sprawl alternative. Using a “backward linked” multiplier
of 1.678, the total impact on agriculture and the farm supply industry would be about $850
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EXHIBIT 9

Number of Farms in Michigan, 1964 to 1997 and Projected to 2040*

SOURCE: Derived from the Census of Agriculture.
*Based on Census of Agriculture.
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EXHIBIT 10
Land in Farms in Michigan,

1980 to 2000 and Projected to 2040 Under Alternative Assumptions

SOURCE: Derived from the Census of Agriculture.
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million (Ferris, May 2000). This amount does not include impacts that are forward linked, such
as transportation, marketing and processing of farm products. If this sector is included, the total
impact of severe sprawl could approach a loss of $1.5 to $2.0 billion annually by the year 2040.

CONCLUSION

Policy Challenges
In the past, a popular argument for public policies to preserve farmland was to protect food
supplies. Often heard was the comment that “the land paved over will not come back into agri-
culture.”  While this argument retains some validity, authorities with a long view of global food-
population balances do not believe that land will be a limiting factor, certainly within the 40-year
time frame of this study. Eventually, and well beyond 2040, availability of fresh water may
become limiting, a prospect that might be cited as a reason to keep Michigan agriculture viable.
In any case, the major rationale for attenuating sprawl in Michigan is to preserve open space.
Another rationale for programs such as the federal Conservation Reserve Program is that soci-
ety gains by having land in reserve that could be brought into production should global food
supplies become tight. Such a program is preferable to the expensive option of stockpiling large
inventories of grain and other storable commodities for emergency purposes.

At the federal level, this is a crucial time to influence new farm legislation. Most important for
Michigan is to make certain that consideration is given to the conservation needs of the state. In
the current political environment, it is likely that more funds will be available, including an
expansion in the Conservation Reserve. The Federal Farm Protection Program (FPP) was es-
tablished in the 1996 Farm Act to provide funding to state or local agencies with existing farm-
land protection programs for purchase of conservation easements or other interests. Priority has
been given to perpetual easements although a minimum of 30 years is required. FPP was funded
at $35 million in the 1996 Farm Act and is set at $50 million annually in the proposed new farm
bill reported out of the House Agriculture Committee.

Michigan’s specialty and fruit industries are at risk and have been discriminated against in federal
farm legislation in the past. The diversity of Michigan agriculture, which has been prized in the
past, is now vulnerable. Also, one of the rationales for the GREEEN Project at Michigan State
University has been that chemical companies were not putting resources into developing pesticides
to replace those being banned for minor crops since such endeavors were not profitable.

Property Rights under Planned Development
Local policies directed toward attenuating the loss of farmland present some major dilemmas.
Programs which restrict farmer’s rights and opportunities to sell land without due compensation
will be strongly resisted. In the past decade, real net returns to farmers in Michigan have been
trending downward while farmland prices have been increasing, reflecting a robust non-farm
economy. Return on investment in agriculture from current income has been well below what
land, labor, and capital could earn in alternative employment. However, one of the main reasons
that resources have remained in agriculture over the years has been equity gains. Based on data
from the USDA Economic Research Service (2001), net farm income in Michigan averaged
$477 million annually in the 1990 to 1999 period. The average annual gain in equity in this
period was $839 million, primarily due to an annual increase of $787 million in farm real estate
values—in a period in which land in farms dropped by 5 percent. In other words, the annual gain
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in farm real estate values was 65 percent greater than the annual net farm income.

In a survey of those close to the farm real estate market in 2000, the most frequently cited
agricultural factor influencing land values was low prices on farm commodities. On non-agricul-
tural factors, an overwhelming number of respondents cited urban sprawl and residential devel-
opment. As stated by Hanson and Schwab (2000),

While the impact of urban growth has been obvious for some time in the more heavily
populated regions in Southern Michigan where residents spread out from city popu-
lation centers, the most striking aspect of the comments was the wide-spread impact
that residential development is having in nearly every area of the state.

Recreational use was also often mentioned as impacting farmland values in all districts of the
state. The value of land used for recreational purposes was reported to be higher than the value
per acre for tiled cropland.

The survey also revealed a wide spread in use value. In the southern Lower Peninsula, tiled field
cropland averaged $1,839 per acre for farming. The average value of farmland converted to
recreation was $2,739 per acre; for residential development, $7,423 per acre; and for commer-
cial/industrial use, $19,495 per acre.

One key to holding back sprawl will be to enhance farm incomes. Research and education will
play a major role. The projections in this paper assume that biotechnology will play an important
role in increasing crop yields and livestock performance. However, it is also clear that financial
incentives for farmers to sell to developers will be very strong even if farm product prices exceed
expectations.

Some Alternative Programs
The issue of urban sprawl has been addressed by a large variety of programs throughout the
U.S. over a number of years. Some consensus has emerged that this is an urgent problem but
solutions appear to be somewhat elusive. Local control and administration have been traditional
and will likely continue to have a strong presence. Questions remain about more centralized
efforts at the state and federal levels. Public Act 116 was introduced in Michigan to help farmers
resist selling out to developers. While it succeeded in providing property tax relief in a state with
one of the highest farm property tax rates in the nation, it has failed to be concentrated in urban
fringe areas as intended. With the recent reduction in property taxes, the incentive to enter
Public Act 116 has been diminished. To assist farmers in addressing environmental and nuisance
concerns, the Right to Farm Act accompanied by the Michigan Agricultural Environmental
Assurance Program are among the statewide tools paving the way for viable crop and livestock
enterprises located among non-farm residents. Another role for the state is to enforce more
consistency among townships in their zoning and ordinances.

The American Planning Association identified six states as having substantially modernized plan-
ning legislation to address growth management issues: Maryland, New Jersey, Oregon, Rhode
Island, Tennessee, and Washington (USDA, Economic Research Service, June 2001). The asso-
ciation also cited Michigan as one of ten states that have not updated their land use statutes or
proposed significant legislation or studies to address reforms.
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A “catch-all” phrase called “smart growth” is used to describe an assortment of policies designed
to influence the pattern and density of new development. According to Hirschhorn (2000),
“Smart growth principles favor investing resources in central cities and older suburbs, support-
ing mass transit and pedestrian-friendly development, and encouraging mixed-use development
while conserving open space, rural amenities, and environmentally sensitive resources.”

Some convergence appears toward the Purchase of Development Rights (PDR) and similar
programs as major vehicles for attenuating urban sprawl. As a voluntary program and one
which offers competitive compensation rates, it ranks among the more popular vehicles among
farmers, especially in comparison with zoning, and is regarded as effective in targeting funds
toward parcels with the highest quality and/or subject to the highest degree of development
pressure. However, PDRs are relatively expensive alternatives. Research may be helpful in evalu-
ating what affected residents would be willing to pay for such programs.

Michigan is one of 19 states to have a state-level PDR program. Expenditures were about $15
million by February 2000 on 6000 acres. The U.S. Department of Agriculture estimated expen-
ditures for a comprehensive PDR program in Michigan would total about $2257 million for
urban influenced cropland (USDA, Economic Research Service, June 2001). The estimate was
divided into low urban sprawl potential ($85 million), medium urban sprawl potential ($645
million), and high urban sprawl potential ($1528 million).

Indiana, which does not have a PDR program, did take a step toward state activity when the
legislature established the Indiana Land Resources Council in 1999 (State of Indiana, 2001). Its
purpose is to collect information and provide assistance and advice to local governments regard-
ing land use strategies and issues across the state. Perhaps there is a need for a similar institution
in Michigan.
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NATURAL RESOURCE-BASED RECREATION AND TOURISM AT A GLANCE

Hunting:

n About 935,000 people hunt annually in Michigan, totaling 18.4 million hunter
days. This is the largest number of hunters of any state in the U.S.

n Hunters annually spend $304 million on Michigan trips.
n Key challenges are loss of huntable lands through sprawl and access to those that

remain.

Fishing:

n About 1,824,000 people fish annually in Michigan, totaling 28.7 million angler
days. Michigan is fourth in the number of anglers behind Florida, California, and
Texas.

n Anglers annually spend $583 million on Michigan trips, including $123 million
of boating expenses.

n Key challenges for fishing are sprawl contributing to degradation of fish habitats
and conflicts over shoreline use.

Snowmobiling:

n Over 200,000 Michigan snowmobile trail permits are sold annually, with 40 per-
cent to non-residents.

n Permitted machines account for 2.4 million snowmobile days annually with more
than three-fourths on the 6,000 mile designated trail system.

n Annually 1.4 million snowmobile days are spent on tourist trips away from home,
with $110 million in trip spending. Each year an additional $235 million is spent
on equipment.

n Key challenges are breaks in the designated trail system and limited safe access to
goods and services as a result of land fragmentation.

Golf and skiing:

n Michigan has 794 golf courses open to the public. About 15.8 million 18-hole
rounds are played annually, with 20 percent considered tourist golf (played away
from home).

n $330 million is spent annually on greens fees/cart rental; $459 million is spent on
travel.

n Downhill skiers in Michigan have 2.2 million days of participation annually, in-
cluding 1.4 million skier days on trips away from home.

n Tourist ski travel spending is estimated at $110 million for winter 2000–01.
n Key challenges are managing facilities to better promote environmental quality

and using infrastructure in positive ways to reduce sprawl in surrounding com-
munities.
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INTRODUCTION

Michigan travel for recreation and tourism began in earnest during the 1870s. Tourism destina-
tions developed, such as Bay View in Petoskey, and towns like Grayling became associated with
fishing opportunities. Early recreationists saw the environmental havoc of a land use policy of
rampant resource extraction and little thought for tomorrow. This concern sparked natural re-
source recreationists to spearhead Michigan’s conservation movement in the late nineteenth and
early twentieth centuries. Early conservation successes included outlawing commercial hunting,
regulating sport harvest of fish and wildlife, establishing a system of user pay for game resource
management, the acquisition and retention of millions of acres of public land, and the establish-
ment of professional management for forests, fish, wildlife, conservation enforcement, and parks.

Michigan’s industrial base also fueled natural resource-based recreation. The automobile pro-
vided transportation enabling the majority to visit distant recreation sites. Hundreds of thou-
sands of manufacturing jobs in the auto industry provided the disposable income to purchase
second homes, vacant land, and outdoor recreation equipment. Second home development rap-
idly mushroomed through the 1920s on lakeshores near Detroit, Grand Rapids, and Kalamazoo
as well as at more northern locales such as Houghton and Higgins Lakes.

Today, natural resource recreation is part of the fabric of Michigan life. Michigan’s 3,200 miles
of Great Lakes coastline, 11,300 inland lakes, 36,000 miles of streams and 19 million acres of
forestlands provide the setting for many adventures, as well as serving commercial, residential,
and environmental interests. Over 21 percent of Michigan’s land base is in public ownership,
providing more than 7.5 million acres managed under a legal mandate to provide a range of
natural resource-based recreation opportunities for residents and visitors. In particular, Michigan’s
3.9 million-acre state forest system is the largest state-owned public land system east of the
Mississippi River. Michigan also has 2.7 million acres of national forests, 300,000 acres of state
park and recreation areas, 300,000 acres of state game and wildlife areas, over 100,000 acres of
national wildlife refuges, more than 100,000 acres of national park and lakeshore, and over
100,000 acres of regional, county, city, township, and public school parks and forests.

Much of Michigan’s identity is tied to natural resource recreation. Recreation sites such as
Tahquamenon Falls, the AuSable River, Mackinac Island, and the Great Lakes are complemented
by support facilities such as state parks and by commercial retailers who outfit recreationists.
When Michiganians and those from nearby states and Ontario were asked about the attributes
of Michigan as a pleasure trip destination, the highest rated attributes were Michigan’s scenic
appeal and opportunities for natural resource-based recreation (Don Holecek, Director Michi-
gan Travel, Tourism and Recreation Resource Center, 2001, personal communication).

In terms of participation, the state has the largest number of registered boats and snowmobiles
in the nation. Michigan is second only to Florida in the number of seasonal homes, second only
to New York in downhill ski runs, has almost 800 golf courses open to the public and is in the top
five nationally in hunting and fishing activity. Our state parks annually have over 25 million
recreation visits and our state forests over 18 million recreation visits. Voters have supported
state parks and have ensured that the Michigan Natural Resources Trust Fund steadily provides
funds to acquire and develop public recreation land, even as federal commitments to this en-
deavor have declined.
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Definitions
Natural resource recreation is voluntary, free time experience in the outdoors that is socially toler-
ated and based on natural resources. Participants view it as an integral part of their quality of life.
Examples most would characterize as natural resource recreation include camping, snowmobiling,
hunting, hiking, canoeing, fishing, swimming in lakes and rivers, and nature observation. Some
other activities are “borderline” (i.e., golf). While golf is very natural resource dependent (soils,
water, vegetation), it occurs in a highly developed setting, meticulously manicured to maintain a
specific image. It does not fragment land; rather it typically combines parcels, often providing
the largest area of greenspace in highly built environments.

In summary, natural resource recreation defines for many people their frame of reference con-
cerning the environment, while also allowing for freedom of action away from the constraints of
work, and an opportunity to rediscover skills that sustained our predecessors.

Tourism is defined by Spotts (1991, xxxii) as “recreation involving travel outside one’s home
area.”  Home area means a maximum radius distance from one’s principal residence (defined as
ranging from 50 to 100 miles, depending on the source). Hence, a case can be made that visiting
one’s second home on a lake 100 miles from one’s principal home is natural resource tourism.

Not all natural resource recreation is tourism, however. Many people have acquired home sites
that allow recreation in the back yard, while others have nearby friends, relatives or public lands
that allow them to participate in natural resource recreation with minimal travel. Conversely,
tourism does not always involve natural resource recreation. A visit to a casino, holiday dinner
with relatives, Detroit Tiger baseball game, or an auto show does not focus on natural resources.

Natural resource tourism is a part of natural resource recreation. For Michigan it is especially
important, as it motivates non-residents to visit the state and those from southern Michigan to
travel north. Michigan is a destination, not a pass-through state, in large part because the Great
Lakes preclude efficient travel through Michigan. Conversely, Michigan’s outstanding natural
resources attract tourists as a destination, not a stopover on the way to somewhere else.

In economic terms, natural resource tourism forms a significant part of Michigan’s tourism
industry and economy. Holecek (1996) suggests that 40 percent of Michigan’s tourism is based
on natural resources. Stynes and Sun (2001) report that non-duplicated tourism spending for
travel to support key natural resource-based recreation activities is as follows: snowmobiling,
$110 million; downhill skiing, $110 million; off-road vehicle riding, $40 million; camping, $360
million; golf, $306 million; boating, $300 million; and rental canoeing, $12 million. This totals
over $1.2 billion for these seven activities. The U.S. Fish and Wildlife Service and the U.S.
Bureau of the Census (1998) estimate that hunters annually spend $303 million on hunting trips
and anglers spend $463 million on fishing trips, not including boat expenses. The spending on
these nine segments does not include any spending on equipment (snowmobiles, fishing rods
and reels, golf clubs, etc.) or spending on second homes to provide ready access to recreation
opportunities.

This report will examine how both the quality of life and economic benefits of natural resource
recreation and tourism are affected by land use trends. It will also suggest that natural resource-
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based recreation and tourism are driving many land use trends, creating significant challenges
for the future of natural resource recreation and other land-based industries.

Challenges in Analysis
There are three significant challenges in the analysis of land use trends and natural resource-
based recreation and tourism. First, natural resource recreation is rarely thought of as a broad
industry, either by providers, government, or participants. Rather, specific activity participant
groups (Michigan Mountain Biking Association, Michigan Duck Hunters Association, etc.) or
more environmentally oriented groups that are comprised of recreationists focused on a re-
source (Ducks Unlimited, Michigan Wildlife Habitat Foundation, Upper Manistee River Asso-
ciation, etc.) tend to represent the participant viewpoint. The Michigan United Conservation
Clubs (MUCC) represents the broadest range of natural resource recreationists. Those who
provide services (the industry) to these participants also tend to be narrowly represented (Rec-
reational Canoe Association, Michigan Boating Industries Association, Michigan Charter Boat
Association, etc.). Broad associations of retailers who provide travel support services often fail to
recognize or distinguish tourists from local customers, or distinguish outdoor recreationists
from other customers.

Second, natural resource tourism is often lumped in with tourism in general. Travel Michigan,
the state’s tourism arm, and regional tourism associations (West Michigan Tourist Association,
Upper Peninsula Tourism and Recreation Association, etc.) often market all types of tourism,
from urban to natural resources. Regional tourism associations gain their financial support from
“bed taxes” (levied on overnight stays in commercial lodging), thus limiting their specific inter-
est in natural resource tourism. Attempts have been made through Michigan State University
Extension and the Michigan Agricultural Experiment Station to provide an umbrella organiza-
tion for natural resource tourism, as evidenced by the 1985 creation of the Michigan Travel,
Tourism and Recreation Resource Center and sponsorship of conferences such as the annual
Northern Michigan Nature-Based Tourism Conference.

Third, natural resource recreation and tourism present a study in messy data. Many natural
resource recreation activities lack regular, reliable estimates of participation, and data on trends
in spending, opinions of participants, etc. are rarely available. Generally, managers of activities
where participants pay a fee for entry or for a license to participate have better data than those
without. Hence, there is better information about hunters, campers, anglers, snowmobilers, off-
road vehicle riders, and power boaters, while relatively little exists concerning hikers, lake swim-
mers, dispersed campers, bird watchers, and berry and mushroom pickers. Tourism spending is
notoriously difficult to separate from local expenditures, considering that much of it occurs at
businesses patronized by both local residents and tourists, such as restaurants and bars, gasoline
stations, and grocery stores. Moreover, many recreational trips involve more than one activity,
such as a camping trip that also involves fishing, swimming, boating, bird watching, berry pick-
ing, or golf. It is challenging to accurately allocate travel spending by activity and to avoid double
counting.

Fortunately, some positive changes have occurred in recent years. Data from businesses targeted
to specific natural resource tourists, such as canoe liveries and charter boats, do provide a mea-
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sure of trends in participation and spending for natural resource tourism. The DNR (Michigan
Department of Natural Resources) and Travel Michigan also have invested in significant eco-
nomic impact studies of key natural resource recreation activities to better gauge these indus-
tries and their trends. The Michigan Travel, Tourism and Recreation Resource Center is con-
ducting regular studies of recreational travelers in Michigan, distinguishing natural resource
tourists from others. These studies suggest that natural resource tourism accounts for 56 per-
cent of pleasure trips in Michigan taken by residents of Michigan, Illinois, Indiana, Minnesota,
Ohio, Ontario, and Wisconsin.

OVERVIEW OF THE MUTUAL IMPACTS OF LAND USE
AND NATURAL RESOURCE RECREATION AND TOURISM

More than any other land-based industry, natural resource recreation and tourism are driving
land use decisions rather than being driven by them, with mixed results. This is true at the
individual, corporate, and governmental levels. On an individual level, primary and secondary
home ownership is often driven by personal interest in natural resource-based recreation. What
agriculturalists in the 1800s considered relatively worthless land near lakes has become the most
valuable real estate in many communities. Fragmentation has become so significant that land is
sold by the front-foot.  Prices upwards of $1,000 per foot are not uncommon, and can range as
high as $5,000–$7,000 per foot on Lake Michigan shoreline. Exhibit 1 highlights the rapid pace
of development in Grand Traverse County, especially along shorelines.

Consider the family farm. Most of its assets are based not in crops or facilities, but in the land.
While the value of farm crops has been steady (although declining in real terms), the value of the
land for its development potential has steadily increased in both absolute and real terms. Much
of that development potential relates to opportunities to live in or near natural resource-based
recreation sites. Exhibit 2 highlights the predicted development scenario in two formerly agri-
cultural counties that have changed and continue to rapidly shift to development on former
farms.

At the corporate level, there are positive and negative effects of land use changes on natural
resource recreation and tourism. The symbiotic effects of natural resource recreation and past
industrial practice are often overlooked. One spectacular example is the development of Bay
Harbor from an abandoned industrial site along Little Traverse Bay. Millions of cubic yards of
kiln dust were capped with clay and a 100-acre quarry and other major excavations were incorpo-
rated into this major complex. Today it has a large boat harbor, multiple golf courses, two public
parks with fishing piers, a rail-trail, and an upscale housing development of 800 units. Else-
where, fully mined gravel pits below the water table are becoming lakes, providing waterfront
lots and parks adjacent to or within urban and suburban areas in southern Michigan.

In contrast, negative corporate effects unfortunately abound. Greenfield development of sprawling
shopping facilities hastens the decline of urban centers, while eliminating agriculture, forestry,
and natural resource recreation near cities and towns. Attendant infrastructure to provide trans-
portation, power, and other needs spurs development of additional adjacent greenfields, causing
further sprawl and urban decay.
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At the governmental level, the Natural Resources Trust Fund is the major State of Michigan
program to purchase land for public benefits. The fund is earmarked to buy natural resource
recreation land and provide for development of recreation support facilities. In Kent County,
Millennium Park—currently being acquired from a variety of industrial owners along the Grand
River—provides an example of the force of natural resource-based recreation. This county park
will add over 1,500 acres of parkland within Grand Rapids, the state’s second largest city, con-
solidating land ownership and restoring ecological integrity in an urban setting.

Necessary Factors for Natural Resource Recreation
Aside from the natural resources themselves, natural resource-based recreation depends in vary-
ing degrees on three factors: access, support facilities provided by the public or private sector,
and public interest in and tolerance for participation.

Natural Resources
The presence of abundant, healthy resources is the obvious foundation of natural resource recre-
ation. Without the resources, other factors are moot. In general, resources that are unimpaired
by pollution are more productive and attractive than those altered by chemical contamination, silt-
ation, etc. It should be noted, however, that while more shallow, fertile waters such as Saginaw
Bay and western Lake Erie now produce more fish resources per acre foot of water than do nu-

EXHIBIT 1

Past and Future Built and Agricultural Areas in Grand Traverse County, Michigan

SOURCE: LTM.
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Past (1980) and future (2020 and 2040) built and agriculture areas for Grant Traverse County, Michigan. 
Data from 1980 are from the Michigan Resource Information System (MIRIS) of the MDNR.  
Projections are from the Land Transformation Model.  Extrapolations to 2020 and 2040 are based on
urbanization to population growth trends that occurred during the 1980 to mid/late-1990s.
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trient-poor resources like the open waters of Lake Superior, it is only through the reduction of point
source and non-point source pollution that these shallower waters have become productive. In the
1960s they were considered “dead zones” due to pollution and lack of sufficient oxygen.

Disturbance that mimics nature and does not result in pollution or impairment of the productive
capability of the environment, such as clear-cutting that sets back natural succession without
hastening erosion, may actually enhance recreation resources by providing optimal habitat for
ruffed grouse and other wildlife species dependent on young forests. Nature is also surprisingly
resilient, as witnessed by the regeneration of Michigan’s forests under scientific management
from the indiscriminant harvest and resultant fires of a hundred years ago. The challenge society
faces is to understand tradeoffs among different courses of action and to seek, identify, and
facilitate symbiotic relationships among various natural resource uses.

EXHIBIT 2

Fragmented Land Uses in Central Livingston County, 1980

SOURCE: LTM.
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Support Facilities
Support facilities allow us to make reasonable use of natural resources. While support facilities
may be elaborate in some instances, such as golf courses or modern campgrounds with electric-
ity and running water, in others they may be as simple as a marked hiking trail. Boating and
fishing are useful examples of dependency on suitable support facilities. The lack of a properly
designed and maintained boat launch may preclude fishing opportunities on many large bodies
of water. Conversely, if more public water access sites are developed, even small parcels of land
can open a sizeable acreage of water for public use and may benefit many forms of natural
resource recreation, despite land fragmentation.

On rivers, proper placement of canoe launch/retrieval and streamside rest areas may reduce
environmental damage by providing canoeists appropriate access away from steep, erodable
banks and restroom facilities at needed intervals. This can also reduce social conflict by limiting
trespass onto private property, when watercraft users know that facilities are available at rela-
tively standard intervals.

The development of a commercial golf course provides a study in the complexity of support
facilities. This is a multi-million dollar investment to create a visually enticing environment, an
opportunity for challenging play, and an acceptable return on investment. It may involve a wide
range of land alteration, including major earth moving, type conversion of vegetation, shifts in
drainage, application of fertilizers, herbicides and pesticides, and the exclusion of other land-
based industries such as agriculture, forest products, and mining. However, in southeastern
Michigan today, golf courses (along with urban and suburban parks) are often the largest re-
maining open spaces. These facilities are able to financially survive in an environment that long
ago priced or regulated agriculture, forestry, and other land-based industries out of the area and
fragmented lands once dedicated to those activities.

Support facilities may enhance both recreation and the environment. Along the Boardman River
in Grand Traverse County, the County Conservation District, in cooperation with the DNR, has
used vegetation and fieldstone to stabilize banks at access sites and constructed stairs and canoe
slides to facilitate safe access for anglers, watercraft, and boaters. Water quality, fish habitat,
natural resource recreation, and tourism have all benefited.

Support facilities may also be controversial. Converting a walk-in water access site to one that
allows trailered boats to be launched may change the character of boating use from slow, quiet,
non-motorized craft to faster, noisier motorized craft. Another watercraft-related example of
more developed access sparking conflict is the facilitation of drift fishing on a river where previ-
ously only wading/shore fishing occurred. Similarly, recent cutting of hazard trees along the
hiking trail to Upper Tahquamenon Falls has pitted the preservation of one of the largest and
most heavily visited old growth hardwood stands in Michigan against the state’s desire for liabil-
ity protection and public safety in a state park.

Access
Access to resources is essential for recreation. Many dispersed recreation activities such as stream
fishing, hunting, and mushroom and berry picking don’t depend on a network of support facili-
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ties. Rather, public land and a place to park a vehicle off a main road are the key requisites. These
activities focus on the resource as it is, with little support or guidance for recreationists.

Hunting and angling have led the way with innovative programs to provide access to private
lands of willing landowners. The Commercial Forest Act provides hunting and fishing access to
over two million acres of lands primarily managed for wood and fiber resources. Most of this
land is owned by the forest products industry, with the majority in the central and western Upper
Peninsula. While some corporations, notably Mead, have continued to acquire and manage lands,
others, such as Kimberly Clark, have sold their holdings by fragmenting large parcels, resulting
in a threat to activities dependent on a large land base. For example, recent controversies about
bear hunting, especially in the eastern Upper Peninsula, have centered on trespass issues as bears
and dogs cross numerous property lines. As the number of owners and parcels increases and
access is restricted, traditional activities like bear hunting with hounds are jeopardized.

The DNR Public Access Program provides hunting access to over 100,000 acres in southern
Michigan through per acre payments to willing landowners from hunting license revenues. Again,
as the number of owners increases and parcel size decreases, the transaction costs to execute
such agreements grows. Further complications can result if non-participating owners of small
parcels control part of a key natural feature, such as a marsh or woodlot.

Second homes provide a special case for the discussion of land fragmentation. Their develop-
ment on lakes has greatly increased access to fishing, as the second home of a senior family
member is likely to be the gathering place for summer fun for the extended family and their
friends. Hence, a couple in their 60s may host five, ten, twenty, or even a hundred guests over
the course of a summer, all of whom gain access to an angling resource.

However, land fragmentation adjacent to public lands often negatively affects access for those
other than the adjacent owners and their guests. For example, landlocked parcels of public land
located within the dedicated boundary of a park, forest, or wildlife area may be isolated by
private land, development, etc. This may be exacerbated as the surrounding private lands are
further fragmented, making it nearly impossible to acquire legal public access. Past “handshake”
agreements are unenforceable as the land passes to third parties, often under the guidance of
heirs with no knowledge of or interest in past verbal commitments.

Public Interest in and Tolerance for Participation
Many people today live in an environment comprised of mowed grass, fences, and concrete,
while underground tile drains and detention ponds replace natural watercourses and wetlands.
Many children today don’t know anyone who hunts, fishes, owns a recognizable piece of wildlife
habitat, farms, or works in the woods. Their leisure-time habits develop in a natural resource
vacuum. Their view of careers doesn’t include land-based industries and their knowledge of
ecology is at best academic.

While children enjoy many more recreational opportunities today than in the past, their expo-
sure to natural resource recreation is actually less common than it may have been for their
parents. A plethora of manufactured toys and games and organized sports has replaced free
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time out of doors for many children. The range of available activities, coupled with the increased
time that parents spend at work and the decline in two-parent households, has a powerful influ-
ence on the recreational choices children make. Activities that are self-taught and take place in
the home often receive the parental seal of approval, not because they are inherently better than
other choices, but because they fit the family’s time schedule and don’t require the commitment
of another family member. Parents, too, may find that they lack the time to pursue outdoor
activities.

Some efforts have been made to enhance exposure to outdoor recreation. One significant ex-
ample is Project FISH (Friends Involved in Sportfishing Heritage). This partnership among
Michigan State University, the DNR, Michigan 4-H, major outdoor equipment retailers and
other commercial interests, and outdoor non-profit groups and volunteers introduces new an-
glers to fishing as a lifetime sport. Key program areas include aquatic ecology, fisheries manage-
ment, tackle crafting and angling skills. Since 1999, the program has involved thousands in
hands-on fishing activities, with much of the emphasis targeted at urban areas and people tradi-
tionally unlikely to participate in fishing.

In addition to less exposure to the outdoors, there is growing social intolerance for participation
in some kinds of natural resource-based recreation. Organizations exist with clearly stated goals
of stopping hunting, fishing, trapping, motorized recreation, etc. The media portrayal of those
who harvest and consume renewable resources is often negative, whether participants act re-
sponsibly and legally or not. The symbiotic relationship of managed hunting, fishing, trapping,
and other consumptive activities with the conservation of natural resources, including popula-
tions of fish and wildlife, receives little media attention.

Government provides little in the way of incentives for landowners to maintain large landhold-
ings, especially those that are not focused on commercial forestry or agriculture. When these
lands are fragmented, government also provides few tangible incentives for new owners of smaller,
non-agricultural or forestry parcels to consider the productive capability of the resources on
which all other aspects of natural resource-based recreation depend. Fortunately, organizations
such as County Conservation Districts and watershed councils, as well as private, non-profit
organizations like Ducks Unlimited, Pheasants Forever, the Michigan Wildlife Habitat Founda-
tion, and others have focused increasing attention on this issue through an array of programs,
some in partnership with government.

Land fragmentation can have either a positive or negative effect on natural resource recreation
participation. Many people now own wildlife habitat and waterfront property. This property is a
gateway to natural resource recreation. Backyards managed for wildlife, pond construction, large
lots of former agricultural land reverting to brush, and woodlots and wetlands re-flooded when
private drainage tile systems are broken, all provide wildlife habitat that is often superior to
monoculture farm fields. Wildlife viewing, nature study, fishing, and hunting can be encouraged
in such environments.

However, fragmentation has also increased the range and magnitude of  “not in my back yard”
social conflict about the management and use of adjacent public lands. The placement or contin-
ued management of trails, pathways, and water access sites has been controversial and is often
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deterred by new neighbors. Hunting has been legally restricted by the placement of homes and
the requisite safety zones for adjacent public lands.

ACTIVITY CASE STUDIES

To illustrate some specific impacts of land use trends on natural resource recreation and tourism,
several activities will be discussed in depth. Hunting, fishing, snowmobiling, and downhill ski/
golf resorts provide four case studies that represent the range of dispersed (hunting and fish-
ing), moderately developed (snowmobiling), and highly developed (downhill ski/golf) natural
resource recreation. These activities were selected because of their significance in the natural
resource tourism industry and because they are affected by and affect land fragmentation in
many ways.

Hunting
The U.S. Fish and Wildlife Service and the U.S. Bureau of the Census (1998) estimate that
935,000 people annually hunt in Michigan, more than in any other state. Of these, an estimated
93 percent are Michiganians. Species hunted include big game such as deer, bear, and turkey, and
small game such as rabbit, pheasant, and waterfowl. Hunting is dependent on huntable popula-
tions of game wildlife, huntable lands and waters, and access to those hunting locations.

Economics
For 1996, the U.S. Fish and Wildlife Service/U.S. Bureau of the Census (1998) study estimated
that hunters in Michigan spent $1.2 billion on hunting, with $303 million on trip expenditures
and $733 million on equipment. Equipment spending included actual hunting equipment such as
guns and ammunition, as well as auxiliary equipment such as clothing, camping gear, and spe-
cialty vehicles and watercraft that can also be used for other purposes. Big game hunting ac-
counted for 67 percent of trip expenditures, with small game and waterfowl hunting providing
33 percent.

Huntable Populations
Land use has an extraordinary influence on wildlife populations. Aldo Leopold’s Game Manage-
ment (1933), the formation of Ducks Unlimited (1934), and the concept of the federal “Duck
Stamp” (and its many state-level descendents) to purchase and restore habitat, as well as the
many modern day habitat-related organizations, all attest to the interest in preserving wildlife
habitat.

Many land management practices in agriculture and forestry provide quality game wildlife habi-
tat. Active forest products and agricultural industries provide lands with high-quality food re-
sources that favor many game wildlife species. Farmlands converted to sizeable recreational/
home site ownership may provide favorable habitat if native vegetation is encouraged instead of
manicured lawns.

However, wildlife typically requires a complex mosaic of habitat conditions within a home range
where travel corridors allow wildlife to use the full extent of their territory. This connectivity of
habitat is threatened by land use patterns that cut natural travel corridors such as floodplains.
The result is habitat that does not fulfill the annual life cycle requirements of a species (see
Exhibit 3).
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Some land use initiatives regarding agriculture have sought to improve this connectivity. These
initiatives include voluntary incentive programs such as the Conservation Reserve, Wetlands
Reserve, and Conservation Reserve Enhancement that pay agricultural owners to preserve key
habitat. Unfortunately, these programs target only agriculture and disregard the importance of
non-agricultural land. Considering the growth in large home site/recreational ownership, these
lands often contain habitat superior to that of agricultural lands and owners are often intensely
interested in preserving and enhancing habitat benefits. Recently the Saginaw Bay Watershed
Initiative Network (WIN) adopted a Wildlife Habitat Conservation Framework to guide the
dispersion of WIN grants to maximize wildlife benefits. Of highest value were those projects
that focused on maintaining the zone of transition around Saginaw Bay and up the Saginaw
River, where all the watershed’s Great Lakes coastal marshes are found, and the connectivity of
these marshes to inland wetlands through floodplains.

Huntable populations of game wildlife are also dependent on regulation and law enforcement.
Overharvesting or underharvesting may result in species decline or in conflicts with other land

EXHIBIT 3

Large Forest Patches in Western Wexford County, 1980

SOURCE: LTM.
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uses or human activities. Deer populations that significantly exceed the biological carrying capac-
ity result in agricultural crop depredations, limit forest regeneration, and are associated with
outbreaks of disease. Nelson and Schomaker (1996) noted that 40 percent of a random sample
of 1,064 southern Lower Michigan farmers reported crop damage from deer in 1994. The
potential interchange of disease between domestic and wild animals is at the heart of Michigan’s
bovine tuberculosis outbreak.

Law enforcement is a critical aspect of regulating harvest. With fewer than 200 conservation
officers in the field, a social covenant about the importance of obeying wildlife regulations is
needed to sustain huntable populations of all game wildlife. However, for those who do not
agree with or obey the law, targeted enforcement is needed to safeguard the interests of society.

Huntable Lands
Huntable lands are those where huntable populations exist and it is legal to hunt. Some town-
ships in Michigan restrict hunting and the discharge of firearms. While huntable populations of
deer may exist in these townships, there is no room to hunt due to a lack of large blocks of public
or private land. A more significant reduction of huntable area occurs through the mandated
safety zone of 450 feet from a structure, which is off limits to hunting without landowner per-
mission. This means that every 30 x 30 foot structure constructed removes 15.6 acres of land for
hunting (3.14 x 465²/43,560) unless the landowner gives permission for hunting within that
area. However, deep, narrow lot development may preclude hunting on a parcel, even if an
owner does give permission because a neighbor’s safety zone may impinge. In areas with small
lot development, hunting will disappear.

The influence of private lands with structures adjacent to public lands (state forests, game and
wildlife areas, national forests, national wildlife refuges, state parks) has a sizeable impact on all
hunters. A structure near a private lot line can put five to fifteen acres off limits to hunting in a
state game area. Inholdings (privately owned land within the boundaries of dedicated public
lands) and their development have an especially negative effect on hunting opportunity within
the dedicated boundaries of public lands.

Access to Huntable Lands
Access is the third criterion for hunting. Without it, huntable lands and wildlife populations can-
not support hunting. Interestingly, small tracts of land (10–40 acres) had a higher density of hunting
effort than larger tracts (>40 acres) in a 1996 study of landowners and deer hunting in southern
Michigan. Small tract owners were more likely to hunt themselves and they were also more likely
to involve friends and relatives. Large tract owners were just as likely to allow hunting, but still
tended to restrict access to relatively few people, resulting in lower densities of hunters. Landowners
of all sizes of acreage were unlikely to allow people they did not know to hunt, unless the individuals
were “sponsored” by people they did know (Nelson and Schomaker 1996).

Hence, public lands and programs that allow hunters access to private lands on a first come, first
served basis are especially valuable. These include hunting access on Commercial Forest lands
and through the Michigan Public Access program as well as public forests, parks, game areas,
wildlife areas, and refuge lands.
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FISHING
The U.S. Fish and Wildlife Service and the U.S. Bureau of the Census (1998) estimate that
1,824,000 people annually fish in Michigan. This is the fourth highest number in the nation
behind Florida, California and Texas. Of those fishing in Michigan, 80 percent are Michiganians.
Anglers accounted for 28.7 million days of fishing, with 93 percent by residents and 7 percent by
visitors. Key species supporting angling are coldwater species such as trout and salmon and cool
water species such as bass, walleye and pan fish.  Fishing, like hunting, is dependent on popula-
tions of desired species and access to waters that can be fished.

Economics
For 1996, the U.S. Fish and Wildlife Service/U.S. Bureau of the Census (1998) study estimated
that anglers spent $583 million on Michigan fishing trips and $821 million on fishing equip-
ment. Fishing equipment sales included $230 million for fishing tackle and another $591 million
of auxiliary equipment such as boats that could be used for fishing or another outdoor recreation
purpose.

Fish Populations
Unlike wildlife such as waterfowl and deer, fish are often less mobile, especially when in the
relatively confined waters of small lakes and streams. Coldwater species like brook trout are
especially vulnerable to changes in environmental quality, such as increases in temperature and
pollutants and decreases in dissolved oxygen levels—all of which are exacerbated by sprawl. For
example, second homes with poorly engineered septic systems constructed along northern Michi-
gan streams and replacement of native vegetation with fertilized lawns can spark rapid deterio-
ration of blue-ribbon trout waters. This can be exacerbated as second homes are converted into
permanent residences, without improving already suspect septic systems.

As the proportion of impervious surfaces in a watershed increases, the filtering effect of soils
and vegetation on non-point source pollution such as eroded soil, grease and oil, and other
substances is diminished. Further, the rise and fall of floodwaters following storm events be-
comes more pronounced, scouring stream bottoms and disturbing the aquatic ecosystem. The
result is a less productive environment, with reduced populations of desired species and less
species diversity. When impervious surfaces (such as buildings, roads, and parking lots) amount
to less than 10 percent of the basin, streams are unlikely to be significantly impacted. When
impervious surfaces make up 10–25 percent of the basin, negative impacts are widespread, but
mitigation can restore some functions. If the land is covered by 25 percent or more impervious
surface in the watershed, the streams are degraded and mitigation and restoration cannot fully
renew stream health and functioning (NEMO 1998).

When a high percentage of impervious surface is coupled with pollution events such as combined
sewer overflow and the dumping of raw sewage into surface waters, the results can be disasterous.
Significant fish die-offs, reproductive failures, and dissolved oxygen levels insufficient to sustain
most aquatic life can occur.

Access to Fishable Waters
The Public Access Site program, which provides access to waterways for boating and fishing, has
been slowed by a 1997 Michigan Court of Appeals ruling that the DNR must comply with local
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zoning ordinances in the placement of water access sites. Fragmentation, which has created
more shoreline property owners, has also generated increasing pressure to exclude the public
from accessing Michigan waterways with watercraft. There is concern that this principal may be
applied to other types of access or recreational facilities (Wilson 1998).

Conflict also continues over the use of stream banks for wading anglers. As sprawl creates more
shoreline owners and as the number of houses and their use as principal residences increases, the
unique nature of public access to Michigan rivers is often forgotten—including the right on
public streams to wade and to use the shoreline to traverse locations where wading is not pos-
sible. This may result in harassment and intimidation of anglers by landowners.  Conversely,
anglers sometimes exceed their rights, flagrantly trespassing, littering, or causing other damage
and hardening the attitudes of riparian landowners.

Snowmobiling
Snowmobiling in general, and especially as part of the natural resource tourism industry, is
dependent on lengthy scenic trails and safe, appropriate access to supporting goods and services.
Land use changes that further fragment ownership will have a significant negative impact on
trail length and access to services, thus to economic benefit.

Economics
In winter 1996–97, those snowmobiling in Michigan on an overnight trip or 100 or more miles
from home on a day trip spent $110 million in Michigan en route to snowmobiling destinations
or in the local area where they rode. Forty percent of this trip spending was by non-residents, a
much higher proportion than for most other natural resource recreation activities. This provided
substantial inflows of money to Michigan, as well as moving in-state money from the more
prosperous southern Lower Peninsula to the northern two-thirds of the state. With multiplier
effects, the total economic activity generated by snowmobile trip spending in Michigan was
$168 million in sales, $93 million in income and 3,838 jobs. This spending had special regional
significance as it accounted for 11 percent of all tourism spending in the western Upper Penin-
sula and 7 percent in the eastern UP. This tourist snowmobile spending represents about 1.4
percent of Michigan tourism spending, excluding airfares (Stynes et al. 1998).

This may be coupled with the $235 million spent by Michigan residents during the previous year
on snowmobile equipment. This spending generated an additional $94 million in income and
2,617 jobs for Michigan. The ratio of income to direct sales is lower than for trip spending, as
snowmobiles are not manufactured in Michigan and dealer markup is only a portion of the
snowmobile’s cost to the consumer. Considering the direct and multiplier effects of trip and
equipment snowmobile spending, a total of  $321 million in sales, $187 million in income and
over 6,455 jobs was generated for the state of Michigan in a 12-month period in 1996–97.

Trails
Michigan has approximately 6,000 miles of snowmobile trails that serve the operators and rid-
ers of over 210,000 machines with Michigan snowmobile trail permits. These machines are
ridden by more than 500,000 users. Of those trails, approximately half are on public lands and
half are on private lands with voluntary landowner permission formalized by short-term lease
arrangements (Nelson 1999). Each landowner requires a lease. Hence, more leases must be
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executed if there are more landowners. Also, the trail is only continuous if every landowner
leases his/her property. As property sizes shrink and it is more difficult to isolate snowmobiling
from dwellings, conflicts with landowners are likely to increase.

Access to Goods and Services
Most trip-related expenditures and employment for snowmobiling were in the restaurant/bar,
lodging, and snowmobile fueling/repair sectors, with 32 percent, 25 percent and 17 percent
respectively of the 6,455 Michigan jobs generated by snowmobiling (Stynes et al. 1998). To
support and expand this employment and economic benefit, it is critical for snowmobilers on
their machines to legally reach these services through safe, convenient access to commercial
areas. Sprawl around northern Michigan communities has made such access more difficult. Some
landowners resent the presence of snowmobilers, while others have been unwilling to lease land
on small parcels for snowmobile trail access. As a result, many riders use road shoulders in
counties where this is permitted or illegally road ride in those where it is not permitted.

Lynch (2000) found that of the 983 persons cited for snowmobile law violations by Michigan
Conservation Officers in winter 1996–97, the majority (52 percent) of all citations were for
riding illegally on roads. Another 14 percent of tickets were for improper operation on a road
shoulder where riding was legal. Hence, two-thirds of all tickets written for snowmobilers were
in response to illegal operation related to roadways.

A study of 146 snowmobile fatalities using police accident reports from winter 1993–94 through
1996–97 showed that almost half (48 percent) of snowmobile fatalities occurred on state or
county roadways or road shoulders. These accidents involved cars, trucks, snowplows, mail-
boxes, and other snowmobiles, as well as the loss of control of a single snowmobile on curves, at
“Ts,” etc. (Nelson et al. 1998).

Downhill Ski/Golf
Golf and downhill skiing depend on sizeable tracts of land. Both activities attract large numbers
of participants and require substantial support facilities such as parking, food service and often
lodging. The typical 18-hole resort course provides more than 6,000 yards of golf holes. Down-
hill ski runs range from a few hundred yards to close to a mile in length, and most resorts offer
more than ten runs.

History
In northern Lower Michigan, these two natural resource-based activities have increasingly been
provided by businesses offering both. Many resorts began as downhill ski resorts, but found it
difficult to retain quality employees with only seasonal employment. Having the advantage of
name recognition with many relatively affluent visitors to northern Michigan through their down-
hill ski business, ski resorts correctly reasoned that this, coupled with picturesque terrain, the
possibility that skiers were also golfers, and other complementary attractions of northern Michi-
gan would make golf a profitable venture. This year-round combination of activities has allowed
the resorts to offer full-time employment to key employees, filling in with additional seasonal
employees where needed. The addition of golf has also resulted in expansion of the parcel size of
ski/golf resorts.
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Economics
The golf industry has grown steadily for the past 30 years. In 1989 there were 575 golf courses
available to the public (Larsen and Spotts 1991) and in 2000 there were 794 (Stynes et al. 2000).
Golfer spending is also substantial. From an estimated 15.8 million rounds (1 person playing 18
holes in one day) Michigan’s golf industry generated $330 million in spending on greens fees/
cart rentals and another $459 million on food, lodging, transportation, and other items in 2000,
not including equipment.

When considering only tourism golf spending (on trips 60 or more miles from home), about 20
percent of golf rounds (3.2 million 18-hole rounds) and 40 percent of golfer spending is classi-
fied as tourism. Tourist golfers spent $306 million on greens fees/cart rental and travel spend-
ing. This golf tourism spending supported 9,500 jobs and represents about 4 percent of all
tourism spending in Michigan, excluding airfares. Much of it is focused on the northern Lower
Peninsula, where more than two-thirds of the golf rounds played are by tourists, compared to
southeastern Lower Michigan, where only 12 percent of the rounds are by tourists (Stynes et al.
2000).

The downhill ski industry had the largest percentage of skier visits at northern Lower Peninsula
ski areas (45 percent) versus the Upper Peninsula (18 percent) and southern Michigan (36
percent) in winter 2000–01. Tourist skiers (those traveling 60 or more miles one way to ski)
were responsible for 1.4 million skier days (a skier skiing for any portion of a day) and $110
million of travel spending, with the majority spent in the northern Lower Peninsula. A northern
Michigan ski resort with 150,000 skier visits generates about $11.5 million in local spending,
supporting 383 jobs (Stynes and Sun 2001).

Land Use Challenges
Land use changes have a profound impact on both industries. Downhill ski locations are in
essence limited in a state with relatively little relief. While there are a few instances of  “creation”
of a downhill skiing opportunity (e.g., Bintz’s Apple Mountain near Saginaw), high quality loca-
tions are limited. Hence, land uses at and near desirable locations can derail a ski operation. Golf
course development is somewhat more flexible, as earthmoving equipment, additional topsoil,
and other inputs of capital and labor can make up for some site deficiencies.

One interesting challenge for such tourism businesses is to maintain a corps of quality employ-
ees in northern Michigan, where there may be a scarcity of qualified applicants. Often, there is
little infrastructure to support employees living nearby. Crystal Mountain Resort is working
with a local community housing initiative to develop a compact, moderately priced housing
development targeted at employees in maintenance, housekeeping, and similar occupations near
the resort. This development will minimize sprawl while providing residents with adjacent
greenspace and related recreational activities. It will use the resort’s wastewater treatment sys-
tem and trash pickup, thus reducing the number of potentially poorly operated septic systems
and removing incentives to dump trash in the state or national forest as a way to save money by
avoiding trash collection fees.

Golf/ski operations may also negatively impact nearby resources. Consider the controversy sur-
rounding water withdrawal from the Cedar River in Antrim County. To support an adjacent
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commercial golf/ski operation, substantial quantities of water were withdrawn from the rela-
tively pristine trout stream near its headwaters. A proposal to increase that withdrawal from 10
percent to 17 percent of the river’s average flow, as well as to develop part of a new golf course
that crisscrossed the river, resulted in a lawsuit against the resort. A court injunction halted
construction. During this lull, 50 tons of sediment washed into the river from a single storm.
This led to a $100,000 cleanup of the sediment by the resort. In the end, the project as initially
designed was radically altered, with the course staying on one side of the river and a new ten-inch
well supplying the additional water for irrigation and snowmaking instead of more water being
withdrawn from the river (Pearce 1999).

CONCLUSION

Hunting is likely to suffer the greatest negative impact based on future land use projections. The
greatest problem will not be wildlife habitat or huntable populations of wildlife. Indeed, popula-
tions of major game species such as turkey, Canada geese, and white-tailed deer are favorably
responding to land use trends. The great challenge will be finding huntable lands and gaining
access. While large lot development may provide some access now, opportunities for hunting
will shift away from the countryside near major population centers as new neighbors arrive and
additional safety zones are created and overlap with existing safety zones.

Angling for cool water species has positive and negative impacts from fragmentation. More
people than ever will have direct access to water, either through their own property or that of a
friend or relative. Cool water species are resilient to some environmental degradation, such as
increased nutrients that may be caused by fragmentation and development. For coldwater spe-
cies, the future is less sanguine. There will be increasing conflicts over access to many of Michigan’s
premiere trout streams as the banks become more densely developed and vacant land and sea-
sonal homes become permanent homes. Small losses in environmental quality may significantly
impact fisheries and other riverine resources that support cold water species.

For motorized trail activities, breaks in trails due to non-renewed leases will be the legacy of
fragmentation, as half the trail system is on private lands. This will have severe impacts on
snowmobiling tourism, especially in the northern Lower Peninsula, where individuals, not cor-
porations, own most private lands. Off-road vehicle opportunities are likely to be more stable,
since most trail systems exclusively use state or federal lands and the total system has received
significant development attention in the past five years. For non-motorized trail activities, shorter
trails are sufficient for many hikers, cross-country skiers, and equestrian users. One key chal-
lenge will be how abandoned rail corridors are shifted to other uses during the next decade.
Since 1970, Michigan has aggressively pursued retention of these irreplaceable corridors, con-
sidering transportation, communication, and recreation needs of the present and future. Almost
1,200 miles have been preserved through this approach. During the next decade, the fate of
another thousand miles of corridor will be decided. Once broken, these corridors will never
again be reassembled for carrying information on fiber optic cables or for recreational or trans-
portation links among communities.

The golf industry will continue to expand, often becoming the last open space in many commu-
nities outside of public parks. Economically, it successfully competes with other land uses and is
a viable open space option in suburban locations, along with some aspects of production agricul-
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ture. The downhill ski industry is less likely to expand, working instead to maintain skiing as a
major recreational activity as the proportion of younger people in the population declines. Trans-
forming skiing into a lifetime sport, the status golf currently enjoys, is a significant challenge.
Both the golf and ski industries will face increasing environmental scrutiny unless they work to
harmonize with nature, for example, using vegetation that requires less chemical input and
irrigation and relying more on the natural landscape and vegetation regimes.

Natural resource recreation and the tourism it supports are vital to Michigan’s economy, espe-
cially as one travels north and west. However, the importance of natural resource-based recre-
ation to Michigan’s quality of life may dwarf the economic contributions. Its greatest contribu-
tion to our society may be Michigan’s heritage of the outdoor life and the understanding it
provides to residents and visitors about the interrelationship of clean air, fresh water, green
plants, and living creatures to our survival, prosperity and happiness.
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INTRODUCTION

Geologically, Michigan is made up of two distinctly different regions. In the western and central
portion of the Upper Peninsula (UP), there are very old rock formations from the Precambian
period. These types of rocks are often a good source for commercial metallic ore deposits for
base and precious metals. In Michigan, commercial sources of copper, iron ore, silver, and gold
have been found and developed. The rest of Michigan is covered by sedimentary rocks that are
often a source of fuel minerals and industrial minerals. Commercial sources of oil and gas, coal,
gypsum, salt, potash, and other industrial minerals have been found in these formations. Both
types of rock formations are covered to widely varying depths by the material dropped by gla-
ciers. Such material is usually a good source of sand and gravel and other aggregate materials,
and this is certainly the case for Michigan. Glaciers, waves, and weather also created the dune
sands that are used for foundry or industrial purposes. This geology permits Michigan to have a
significant potential in mineral production for a variety of minerals, and the minerals industry
has a long history in Michigan.

The economic impact of mineral production in Michigan has varied greatly over time and be-
tween regions within the state. The greatest impact was during the period of world-class produc-
tion of copper and iron ore in the UP that was the dominant economic activity of the region.
Today, only two iron ore mines remain, reflecting the decline in the region’s economic impor-
tance. More typical for the rest of the state is the production of industrial minerals. Industrial
minerals can be broken into two very general categories. One category is comprised of minerals
that are provided locally (to neighboring counties) or regionally (to the upper Midwest) for
lower-value uses that are common in construction and building needs. Value is low relative to
bulk for these minerals such as crushed stone or sand and gravel; thus transportation costs are a
very important factor in their final costs. These minerals tend to be widely produced near the
sites where they are demanded in order to keep costs low. Output of these types of minerals is
often based on population because large communities have greater demands for the material.

MICHIGAN’S MINERALS INDUSTRY AT A GLANCE

n In 1999, non-fuel mineral production value reached $1.66 billion. Oil and gas
production value added another $600 million.

n The industry directly accounted for nearly 18,000 jobs.
n Michigan is the 7th largest producing state for non-fuel minerals.
n Michigan is the 10th largest producing state for natural gas and 18th for oil.
n Michigan is the first or second producing state for magnesium compounds, iron

ore, industrial sand, crushed stone, peat, and iron pigments.
n Michigan’s highest value mineral output are oil and gas, iron ore, Portland ce-

ment, construction sand and gravel, and crushed stone.
n Accessibility to land for mineral exploration, development, and production is a

principle factor that is directly and negatively impacted by urbanization, sprawl,
and land fragmentation.
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The second category includes industrial minerals that have higher-value uses that allow them to
be produced in one area and shipped to another—quite far away if necessary (regionally and
nationally). This situation is similar to that for metals. These mineral deposits tend to be less
numerous and of greater economic value per unit of output but have potentially less interest for
the local community, which may not have a strong direct demand for the product. Michigan
examples include salt, industrial sand, potash, peat, some types of crushed stone, gypsum, lime,
and cement. All production of oil and gas and other fuel minerals in Michigan occurs solely in
the Lower Peninsula. The level of production is small by national standards, but it adds signifi-
cant economic value to the state’s economy and is marketed nationally.

The production of industrial and fuel minerals was not, and is not now, a key economic activity
by size for the state or any of its regions, but the minerals that are produced are vital raw
materials for the economic well-being of Michigan and the U.S.  Americans use large quantities
of minerals in their daily life. It is estimated that each American will use 1,750 tons of minerals
in a lifetime (per capita share of minerals used for fuel, construction, etc.). In just one year, each
person requires 23 tons of minerals. Half of this annual total is for fuel minerals (fairly equally
divided between petroleum, coal, and natural gas). Stone, sand, and gravel account for 85 per-
cent of the non-fuel minerals. Each American requires nearly 10 tons of these aggregate materi-
als alone every year. Other important contributors to the non-fuel mineral total are cement, iron
ore, salt, and phosphate (Mineral Information Institute 1997). Mineral production is an indus-
try whose importance to the economic health of a community is easy to underestimate because
its direct value is low relative to its overall contribution to the economy. For example, the min-
eral values in a new car are low relative to its selling price, but there can be no car without the
minerals. This tendency to underestimate the importance of the minerals industry is likely to
increase and to cause policy concerns as alternative land use demands grow.

History of Mineral Production in Michigan
Historically, the most significant mineral industries in Michigan have been the metal mines in
the Precambian rock formations of the UP. The main outputs were copper and iron, but gold and
byproduct silver were also present. Copper mining is the oldest activity, with the exploitation of
native copper in the Keweenaw area occurring as long as people have been present. Some of the
old mining sites have been dated back 5,000 years. Modern mining of copper in the Keweenaw
Peninsula and adjacent areas began shortly after Michigan became a state in the 1840s. The UP
was the dominant source of copper for the U.S. well into the 1880s. Its importance began to fade
in the early 1900s. By 1969, the copper mines of the Keweenaw had all closed after producing
approximately five million tons of copper (Sommers 1984). The last copper mine in the UP at
White Pine in Ontonagon County closed in 1997, although some copper processing continues
there.*

The other major metal mining industry in the UP is iron ore mining. This type of mining also
began in the 1840s, and at its peak involved mines in the three counties of Marquette, Menominee,

*For general background on the history of mineral production in Michigan, see Willis Dunbar, “The Mining Boom,” in
Michigan: A History of the Wolverine State (Grand Rapids, Mich.: William B. Eerdmans Publishing Co., 1980), pp. 411–
415 and Robert Holzbeierlein, The Michigan Coal Basin  (Urbana-Champaign, Ill.: University of Illinois, unpublished
dissertation, 1949).
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and Gogebic. The actual production of iron ended in the UP in 1890. The initial mined product
began to play out in the 1950s and was replaced by lower-grade taconite ores from the new
open-pit mines at Republic, Empire, and Tilden in Marquette County. The switchover was com-
pleted by 1978. In recent years, iron ore mining has been reduced to the output from the Cleve-
land-Cliffs company at its Empire and Tilden mines in the Marquette area. Output from these
mines depends on the economic condition of the U.S. steel industry.

There is no history of fuel minerals production in the UP, and its geology does not favor such
activity. There is a limited amount of industrial mineral production in the UP to provide low-
value, bulk materials for local construction activity. These are limited to sand and gravel pits and
rock quarries. Higher-valued industrial minerals being mined for export to other areas is limited
to industrial sand and limestone production in Mackinac County in the eastern UP.

The Lower Peninsula of Michigan has a long history of mineral production as well, although the
output has been in the form of fuel and industrial minerals and was never as regionally impor-
tant as the metallic mining in the UP. Metal mining has never been a commercial activity in this
part of Michigan. There has, however, been significant mining of industrial minerals such as
gypsum, salt, and limestone. Gypsum deposits are present in the central region of the Lower
Peninsula. The best deposits are found in the Michigan Formation that forms a semicircle from
Grand Rapids to north of Saginaw Bay. Gypsum mining began in the Grand Rapids area in the
1840s and the Saginaw Bay region followed in the 1860s. Production ended in the Grand Rapids
area in 1999 but continues in Iosco County. Salt is another important mineral product of Michi-
gan. Michigan produces salt from both brines and rock deposits in several areas of the state.
Michigan was the leading producer of salt in the U.S. for much of the first half of the 20th
century. Michigan limestone production is important for industrial processes like the making of
Portland cement and lime. Limestone formations can be found in the southeastern part of the
UP, the northeastern part of the Lower Peninsula, the Saginaw Bay area, and the Detroit area.
Michigan has the world’s largest limestone quarry at Rogers City (Michigan Historical Mu-
seum 2000). The production of construction material like sand, gravel, and stone occurs across
the state, as the material is readily available in many sites. Industrial sand is produced from sand
dunes near the Lake Michigan shore and from inland sites.

The central region of the Lower Peninsula of Michigan has coal seams.  The Pennsylvania period
(Paleozoic era) strata of the Michigan Basin contain many coal beds and Michigan was a coal
producing state from 1835 until 1948. Peak production occurred in 1907, when there were 37
mines operating to produce 2,036,000 tons. The most productive coal counties were Bay and
Saginaw; however, there is recorded production in many other lower-Michigan counties. Mines
closed and production gradually declined as Michigan mines could not economically compete
against imports of coal from Ohio, West Virginia, and other much more productive coal regions.
Prior to World War II, Michigan coal cost two or three times more to produce than coal from
Ohio and West Virginia.

The reasons for Michigan’s lack of competitiveness as a coal producer are many. Of the 14 or
more distinct coal beds, only four or five contain enough mineable acreage to be economic.
None of these areas exceeds 2,000 acres, a small deposit by modern standards, especially consid-
ering the thin seam. Most of the coal beds are buried by water-saturated strata or glacial debris,
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which makes all mining operations very wet and requires extensive and costly water pumping.
Most of the coal must be mined by underground methods, and the roof conditions are weak,
requiring costly roof support. Although Michigan coal is of good heat value, it is generally of
high sulfur content, very wet, and is hard to handle because it lacks physical strength. The coal
seams are thin (usually less than three feet), of irregular form, and they roll and plunge, all of
which lead to very costly mining conditions.

The presence of oil and gas in much of the Lower Peninsula of Michigan has been known since
the 1830s. The first oil wells were drilled in the Port Huron area in 1886, but significant produc-
tion did not occur until the 1920s, when oil fields near Saginaw were opened. Activity has cen-
tered on the counties of Bay, Grand Traverse, Gratiot, Isabella, and Midland. Natural gas pro-
duction has been especially active in the northern portion of the Lower Peninsula.

CURRENT STATUS OF THE MINERALS INDUSTRY IN MICHIGAN

Today, metal mining in Michigan is limited to the Empire and Tilden iron ore pits in Marquette
County in the Upper Peninsula, operated by Cleveland-Cliffs, and these mines are subject to
periodic closures. Production of industrial minerals and oil and gas extraction are widespread
activities in the Lower Peninsula of Michigan, with some production of low value industrial
minerals in the UP. Any one site for oil and gas extraction may be small but the sites are numer-
ous. In 1998, there were 11,538 oil and gas wells in Michigan located in 63 of the 68 counties in
the Lower Peninsula. The state of Michigan comprises 36,500,000 total acres (not including the
area under the Great Lakes). Michigan had 762,000 of these acres (2 percent) under state oil
and gas lease in 1998, with 13,000,000 more acres (35.6 percent) under private and other leases
(see Exhibits 1 and 2).

Despite the end of the copper mining era in the Upper Peninsula with the closing of the White
Pine Mine, Michigan remains in the top ten states (seventh in 1999) for annual non-fuel mineral
production value (metals and industrial minerals), in the top 20 states for oil production value
and in the top ten states for natural gas production value. Michigan is not significantly active in
the coal sector currently. Michigan has noteworthy production in a variety of non-fuel minerals,
although in recent years it has been limited mostly to industrial minerals with the decline of
metal mining in the Upper Peninsula. Michigan is the top producing state of magnesium com-
pounds, and it is the second leading state in the production of iron ore, industrial sand, crushed
stone, peat, and iron ore pigments. Michigan is also one of the leading producing states of
construction sand and gravel, Portland cement, and crude gypsum. Michigan produces sizeable
amounts of masonry cement, salt, crushed stone, lime, bromide, potash, and common clays as
well. Michigan is the fifth leading producer of steel (Gere 1999).

The total value of non-fuel mineral production in 1999 for Michigan was estimated at $1.66
billion (Exhibit 3). Michigan’s most valuable non-fuel mineral output is iron ore (value is with-
held in cases where there is only one producer). Portland cement is the second most valuable
output at $445 million, followed by construction sand and gravel at $242 million (Gere 1999).
Supporting activities for mining added another $165 million. Paid employees numbered 7,826
(National Mining Association 1998).
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EXHIBIT 1

Oil and Gas Wells, 1998

SOURCE:  LTM.

!

!

!

!!

!

!

!

!

!

!

!

!!
!

!

!

!

0 30 60 90 12015
Miles

µ
Legend

Oil and Gas Production Wells

Other Wells

Oil and gas well data are from the Michigan Department of Environmental 
Quality, Geological Survey Division and the Michigan Department of 
Natural Resources Land and Mineral Services Division, Resource 
Mapping and Aerial Photography Section. 

Data were combined into two categories.  Oil and gas production wells 
contain gas condensation, gas injection, gas wells, oils wells, other Part
615 injection wells, and water injection wells.  Other wells consist of brine
disposal wells, dry holes, gas storage wells, observation wells and other wells. 
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EXHIBIT 2

State of Michigan Mineral Ownership Locations, 1998
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Oil and gas value for the year 1998 was over $600 million (see Exhibit 4). Production involved
268 companies and individuals and was estimated to employ 9,887. Among the states, Michigan
ranks 18th in oil wells drilled and 17th in oil reserves. Michigan ranks eighth in natural gas wells
drilled and 13th in natural gas reserves. Michigan ranks ninth overall in the nation for energy
consumption and sixth in the use of natural gas (Michigan Oil and Gas Association 1998).

Recent Trends for the Minerals Industry
As shown in Exhibit 3, the annual value of Michigan non-fuel mineral production has not been
growing much during the 1990s. The non-fuel mineral value peaked in 1989 ($1.6 billion) and
has risen by 4 only percent since ($1.66 billion—much lower than the inflation rate). Five years
ago, Michigan was the fourth leading mineral-producing state and now it varies between sev-
enth and eighth. The source of mineral production values has been changing over the years as
well. Metal production value is decreasing while industrial mineral production value is increas-
ing. Metal values have dropped significantly since the peak while the main industrial mineral
values have risen: Portland cement (+76 percent), construction sand and gravel (+83 percent),
and crushed stone (+34 percent). This trend is similar to what is seen nationally. Over the last
ten years, national metal and coal production values have declined 20 percent and 10 percent
respectively. The value of industrial minerals production has grown by nearly 50 percent during
the same period. Industrial mineral values now account for more than 50 percent of the value of
annual mining production in the country and involve 6,400 companies and 11,000 production
sites. This countertrend in industrial minerals is indicative of the importance of building and
construction activities in the U.S. economy. In 1999, building and construction uses accounted
for nearly 70 percent of total industrial mineral consumption (Barsotti and Morse 2001).

Exhibit 5 shows the production of the most important minerals in Michigan for representative
years. Other minerals, such as potash, titanium, brines and various chemicals, and magnesium
are also produced but the data is not reported because there is usually only one company produc-
ing the mineral and the reporting agencies do not disclose individual company production.

EXHIBIT 3

Michigan Non-fuel Mineral Values

Total Portland Construction Crushed Other (including
Value Cement Sand & Gravel Stone iron ore)

1999 value (in $ millions) 1,660 445 242 166 685
Percent change since 1989 4 % 76 % 83 % 34 % –30 %

SOURCE: U.S. Bureau of Mines and U.S. Geological Study.  Calculations by authors.

EXHIBIT 4
Michigan Oil and Gas Production

Petroleum Natural Gas

1998 Production 8,900,000 barrels 271,000 million cu. feet
Percent change since 1986 –68 % +92 %

SOURCE: Michigan Oil and Gas Association.
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As shown in Exhibit 4, oil production in the state of Michigan has declined by more than two-
thirds from its annual production levels in the mid-1980s and even farther from its high in 1979.
This long-term decline is likely to be more a function of depletion of oilfields than an issue of
land use. Natural gas production in the state, on the other hand, has nearly doubled over the
same time period. This increase corresponds to the deregulation of natural gas prices, advances
in exploration, drilling, and production technologies, and favorable economies.

MODEL’S PREDICTIONS AND FUTURE TRENDS AS THEY RELATE
TO THE INDUSTRY

The purpose of this section is to assess the likely impact on Michigan’s mineral industries if
changes in land use happen as predicted. This assessment can be made by determining how past
trends in land use have affected the mineral industries, and then assuming that similar influences
will take place in the future.

It must be recognized that access to minerals as determined by land use and ownership is only
one of the many factors that influence mineral production. These other factors must be taken
into account when trying to determine the influence of land use patterns on mineral production.
Often, economic factors are much more important in determining whether a specific locality
produces minerals or not. For example, the closing of the White Pine copper mine in Ontonagon

EXHIBIT 5

Michigan Mineral Production by Commodity, State Totals

Minerals
(Thousand metric tons) 1980 1990 1995 1999

Cement (Portland + Masonry) 4,406 5,605 5,629 6,152
Clays 1,798 1,202 623 648
Copper W W minor 0
Gypsum 1,255 1,814 1,510 1,860
Iron Ore 16,150 10,034 13,500 14,997
Lime 758 564 653 760
Peat 230 254 173 193
Salt 2,183 W W W
Sand and Gravel 29,516 48,743 53,500 65,000
Industrial Sand 3,685 2,096 2,940 2,300
Crushed Stone 29,140 39,100 37,500 42,300
Dimension Stone 6 NR NR NR

Fuels
Petroleum and Condensates
     (Thousand Barrels) 33,808 22,811 11,462 8,899*
Natural Gas
     (Billion cubic feet) 158.30 172.15 238.20 271.42

SOURCE: Data from 1981, 1991, 1999 U.S. Bureau of Mines/U.S. Geological Survey Minerals Yearbook, Michigan Chapter.
(Oil and Gas from miscellaneous sources)
W = withheld
NR = not reported
*1998



77

County was due to exhaustion of the easy-to-mine ore, increasing mining costs, and permitting
difficulties and had nothing to do with changes in land use patterns in the region.

The procedure used in this paper to determine the impact of land use changes on Michigan
mineral extraction projects the changes in mineral production and land use patterns for each of
the producing counties. This is done for each mineral by looking at past trends in land use while
also considering the other factors that may have influenced changes in production. If relevant
correlations between changes in land use and changes in mineral production can be identified in
the past, then there is some support for the notion that future land use changes may affect future
mineral production. (A detailed explanation of the methodology used for this model can be
found in the Introduction.)

Issues and Examples
Mineral production in many cases entails significant industrial activity in an area. Such activity
often conflicts with the interests of the local resident community. The largest mineral extraction
operation in Michigan is the iron ore mining in the central UP. While growing urbanization is
less of a land use issue in this very rural part of the state, problems do occur as mineral extraction
and increased urbanization in the Marquette area become neighbors. For example, the iron ore
mining operations require the movement of a large amount of material by truck along a second-
ary road. As homes have been built along the road, complaints have been raised about the trucks
on the road as a safety hazard. Another set of complaints has been raised about the excessive
dust created in the area even though all the dust control requirements were being met. Since the
Cleveland-Cliffs operations are a very important source of employment, tax revenue, and eco-
nomic activity in the area, the general point illustrated here is that people do not like industrial or
commercial activity near their homes no matter how important these activities are. If urbaniza-
tion can cause conflict in the Upper Peninsula, with its very rural situation and the large local
economic importance of mineral extraction activities, the problem must be much more signifi-
cant in the Lower Peninsula, where urbanization is more common and the local economic im-
portance of mineral extraction activities is less significant.

The production of aggregate minerals is a key minerals industry in Michigan. Each resident of
Michigan uses 11 tons of aggregate minerals per year. Aggregates are produced in every county
and account for 70 percent of the direct employment in the minerals industry; according to the
Michigan Aggregates Association (2001), aggregate minerals are the dominant ingredient in
asphalt (95 percent) and Portland cement (80 percent).  Despite the ubiquity of these materials,
attitudes toward their production are often negative. A typical case for a proposed sand and
gravel operation in Macomb County was recently summarized in The Detroit News (Wowk 2000)
and illustrates the public perception. The sand and gravel pit was to be operated for a period of
time and then the site would be developed afterwards. The development would include a lake,
new homes, parks, and beaches. There was little controversy about the later development, but
there was significant debate about the sand and gravel pit operation itself. The strongest concern
was about the impact of the operation on the local water table and residents’ wells—a matter of
dispute already between the local community and a nearby town. The original proposal was
rejected because of this concern. The second proposal addressed this concern and gave the town-
ship the right to close down the sand and gravel operation if it impacts the water table or if
residents complain about the associated noise and dust. It is clear that the residents did not
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perceive any significant advantages to the mineral operation and did not want to face any per-
ceived costs from the operation either.

The sand dunes of Michigan are another focus of the type of conflicts that can arise between
growing urbanization and mineral production. The sand (high purity quartz) is a very desirable
material for making metal casting molds and is used by the automobile industry. Permitted
mining has increased from 15 sites covering 3,228 acres in 1976 to 20 sites covering 4,848 acres
in the late 1990s (McConkey 1999). At the same time, the tourism business and urban develop-
ment has grown rapidly in the same areas.  This type of growth creates strong pressure to
protect and/or develop areas for recreational tourism. People do not want to share their recre-
ational sites with industrial activity. In the case of the sand dunes, several groups are advocating
the phasing out of sand dune mining and a ban on future operations. People want cars at cheap
prices, but they want the associated mineral production to happen elsewhere, not at their living
and recreational sites. These pressures increase with the numbers of people living or recreating
in an area.

The examples presented here illustrate that there are two likely negative impacts on mineral
extraction in Michigan as conflicts arise with urbanization. The most common types of mineral
extraction in Michigan today are low-value, high-bulk industrial minerals used in building and
construction activities and oil or natural gas wells. Urbanization will restrict the opportunity to
reach and extract these types of minerals since land developers for residential uses will be willing
to pay more for land than the potential mineral developers. This fragmentation will make it very
difficult for mineral developers to consolidate land ownership to the point needed for mineral
production to be feasible. Although mineral production does not require extensive amounts of
land, it uses the land very intensively and requires consolidated ownership. Increased develop-
ment around mineral extraction sites will also lead to increased conflict as people demand that
mineral extraction operations be reduced, eliminated, or prevented to avoid any perceived nega-
tive impacts on their property and lifestyle. This tension will lead to zoning laws and other legal
restrictions that will make it very difficult for mineral extraction to occur. It is clear that increas-
ing land fragmentation and urbanization will reduce the opportunity for mineral production,
despite the fact that development also increases the need for minerals.

Analysis
The Exhibits in the attached Appendix provide the analytical data for comparing the effect of
changing land use patterns on the production of major reported minerals in Michigan. The
information on county production is the best detail available; in most cases, this simply notes
(indicated by an X) whether there was production in that county or not for that year. Only the
counties with reported production of each major mineral for the years 1980 (1988 was used for
sand and gravel and industrial sand to maintain consistent data), 1995, and 1999 are shown.
This production record can then be compared with the projected changes in land fragmentation
for 1995–2020 and 2020–2040 (the raw measures and not the changes are used in the case of oil
and gas wells drilled).

Four land fragmentation measures are used for the counties reporting mineral production:  popu-
lation density (PD), percent built (% B), Simpson’s Diversity Index (SDI), and mean parcel size
(MPS). PD is defined as population divided by county land area.  Percent built is defined simply
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as the percentage of the county land area that is built up. SDI is a measure of the size and mix of
types of land parcels for a county. MPS is a measure of the average land-use parcel size in a
county. The data in the Exhibits show the actual and projected change in these measures over the
relevant time period. The analysis is performed by comparing changes in mineral production
against the changes in land use fragmentation. This is done for each producing county as well as
for the state totals, shown at the bottom of each Exhibit. Meaningful interpretations of the
influence of land use and fragmentation on mineral production must also include judgments
about the impact of the other economic variables.

A study of the Exhibits comparing the effect of land use changes on mineral production by
county shows a mix of historic results because of the widely differing circumstances among the
mineral industries, but some interesting trends are highlighted here.

n There seems to be a strong correlation between the cessation of gypsum mining opera-
tions in Kent County and the county’s increasing urbanization, as predicted in the analy-
sis (Exhibit A-1). Industry reports note the loss of access to gypsum deposits because of
urban growth. Gypsum sales must compete in a regional market in which prices have
been declining and the Kent County mines were not able to overcome the increasingly
urbanized land values and other local costs. Production in Iosco County has increased
and appears to offset the loss of Kent County production.

n Salt production has ceased in both Midland and Muskegon Counties, where there have
been increases in population density and other measures of urbanization and land frag-
mentation. (Exhibit A-2). Increased land values and increased difficulty in gaining access
to the salt resulting from land fragmentation and urbanization can increase the costs of
salt production and may have contributed to the loss in production in these counties.
Production has been intermittent in Wayne County due to increasing costs and decreas-
ing competitiveness with other salt sources, not for lack of salt. Land use changes are not
likely to have been a major influence because the Wayne County salt producing areas
have been heavily urbanized for decades.

n The counties that lost clay production (Exhibit A-3) show signs of an increase in popula-
tion density, built-up areas, and other signs of sprawl, hence there may be some effect of
increased land use fragmentation on clay production.

n For the most part, there have not been many changes in lime production (Exhibit A-4),
and many of the counties involved are showing declines in population density. Thus, there
appears to be less urban pressure on those plants. Mason County may be the exception:
a plant was closed and there are signs of increasing urbanization in this county.

n Peat production in Michigan presents a mixed record (Exhibit A-5). Production ceased in
Ionia, Ingham, and Kent Counties, where there were increases in population density and
urbanization. However, production began in Livingston County despite increased ur-
banization. Peat competes in regional markets but local production could easily be influ-
enced by local regulations and attitudes.

n The non-fuel mineral industries of sand and gravel (Exhibit A-6) and crushed stone
(Exhibit A-7) do not show any obvious impacts of land fragmentation on mineral pro-
duction in the Exhibit data. However, crushed stone and sand and gravel production are
very dependent on local economic patterns and therefore should be highly influenced by
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urbanization and local land use patterns. The statewide increases over time clearly corre-
spond to increased building and urbanization in Michigan.

n Industrial sand (Exhibit A-8) has shown some decline over time, but this is best ex-
plained by the decline of the auto and metal casting industries and not by increased land
fragmentation.

n Cement (Exhibit A-9) and iron ore (Exhibit A-10) do not show any direct impact by land
fragmentation in the exhibit data.

n The results for the oil and gas industry are shown in Exhibits A-11, A-12, and A-13. The
steep decline in oil production (Exhibit A-11) seems most associated with the depletion
of the big fields that were first brought into production. The newer finds are field exten-
sions and smaller fields that did not offset the lost production. Natural gas production
(Exhibit A-12) has expanded with deregulation. The drilling of oil and gas wells (Exhibit
A-13) is the most likely segment of the industry to be affected by land fragmentation,
and the Exhibit indicates that drilling tends to be in less urbanized counties. Given the
large number of counties involved, a regression model was used to test how strong the
relationship was between the four land fragmentation variables and drilling and produc-
tion activity. The results had very poor statistical significance (many other factors are
involved), but urbanization had, in general, the predicted negative impact.

Clearly, the historic impact of urbanization and land fragmentation on Michigan’s minerals industry
has been highly variable. In the case of Kent County and its production of gypsum and peat, it has
been very significant. On the other hand, it has had little impact on the iron ore industry. The
changes in iron ore production are determined entirely by the economics of the North American
iron and steel business and this has been very cyclical. Other mineral cases fall between these two
extremes. Some minerals like sand and gravel and crushed stone have a complicated relationship
with urbanization since production grows with the increased demand and must occur in proxim-
ity to building, but this production then comes into direct conflict with other land uses. As a broad
generalization, however, mineral production seems to occur more readily in less urbanized areas
and to decline in areas where urbanization is increasing. This effect is shown at the bottom of the
Exhibits, where producing counties and state averages are presented. Producing counties are typi-
cally less urbanized than the state average. This is an important point because the LURE model
forecasts that the mineral-producing counties will rise to the state average in urbanization in the
future, thus putting pressure on mineral production areas.

Economic Outlook if Current Trends Continue
Based on what has been determined so far, the following conclusions are suggested by the future
land use trends forecasted by the LTM and the characteristics of the individual mineral indus-
tries:

Gypsum: Gypsum demand will continue to grow with increased construction, but the remain-
ing sources of gypsum in Iosco County should be sufficient and not especially vulnerable to
increased land fragmentation.

Salt: The production of salt may be influenced by land fragmentation changes in the producing
areas, but national and even international market influences are much more critical to the com-
petitiveness and viability of this industry.
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Clays: Clay production could be impacted by urbanization and development around existing
clay pits as the producing areas develop to the state average in urbanization.

Lime: Lime production is not overly sensitive to changes in land use fragmentation and pro-
duction counties are forecasted to stay less urbanized than the state average. The industry may
continue to contract due to a variety of economic reasons, however.

Peat: Peat production is likely to be sensitive to land use fragmentation and especially percep-
tions about the environmental effects of its production. This is a problem since peat-producing
counties are forecasted to have greater urbanization growth than the state average.

Sand and Gravel and Crushed Stone: Clearly these operations are not desirable in subdivi-
sions, urban, and resort areas; however, construction materials are essential to the building
activities in these areas. Construction materials cannot be economically transported more than
about 40 miles. Therefore, as areas develop and build, these operations are necessary. But once
these areas are built, these operations are often viewed as undesirable and close down. These
operations may not be able to compete against high land values. Local uses of crushed stone for
building and road construction will be subject to the same pressures as for sand and gravel.
Exhibit 6 shows where sand and gravel pits may clash with population in the future.

Certain types of crushed stone, such as high purity limestone and dolomite, are traded in re-
gional markets and are not overly influenced by land use changes. The economics and land use-
related issues of this segment of the crushed stone business are similar to those for cement.

Industrial Sand: Industrial sand production has become quite controversial in Michigan be-
cause much of it is produced from coastal dunes that have gained public value in recent years as
recreation, natural habitat, and scenic areas. The development of these areas for recreational and
second home purposes has put the industrial sand industry under increasing pressure, and the
model forecast is that these areas will continue to urbanize toward the state average. Industrial
sand is experiencing increased competition for land from other uses. Environmental protection,
recreation, and land use fragmentation will continue to place pressure on the industrial sand
producers.

Cement: There were no changes in the opening or closing of cement plants at the county level
in recent years, hence land use changes do not appear to have had any effect on cement produc-
tion. The growth in production is being driven by the increased needs for cement as building and
construction activities increase. We expect cement production from existing facilities to continue
and even expand due to growing demand from the construction industries. Land fragmentation
is not likely to have much influence on this.

Iron Ore: The loss of iron ore production from Dickinson and Iron Counties is due entirely to
the depletion and rising costs of those ore bodies in relation to an increasingly competitive
North American iron ore market. Low-cost foreign iron ore and steel imports have put severe
pressure on all North American iron ore mines, and only the Tilden and Empire Mines in
Marquette County have managed to survive this competition in Michigan. Changes in land use
have little to do with this, other than to add some local costs. Marquette County’s iron ore
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EXHIBIT 6

Sand and Gravel Locations, 1980, Northwest Lower Michigan
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production will not be determined by land fragmentation; nevertheless, it could easily close due
to the fundamental economic changes in the North American iron and steel business climate.

Oil and Natural Gas: Although Michigan’s oil and gas industry is not large by national or
international standards, it is a significant industry for the state, employs many people, and pro-
duces a lot of value. Geologically, the Michigan oil and gas fields are small, dispersed, and
numerous; therefore, access to mineral rights on much land is required. Even though the land
required for each well is only a few acres, many wells must continually be drilled to keep produc-
tion flowing as old wells are depleted. Land fragmentation is thus an important issue for the oil
and gas industry. The most relevant land-based constraint is ownership of the mineral rights,
and conflicts with surface owners add to the costs and difficulty of exploring for, developing, and
producing oil and gas. Increased urbanization and land fragmentation will make it more difficult
and costly for the industry to continue (see Exhibit 7).

Coal: Exhibit 8 summarizes the relevant coal statistics for the seven Michigan counties that
contain the most significant coal resources. Any coal above 1 percent sulfur content is considered
to be high sulfur and its use is severely constrained by air quality regulations. We do not believe
that these resources will be mineable for the foreseeable future because they are:  generally deep
(requiring costly underground mining), high sulfur, and are contained in thin, unproductive
seams. Other Lower Michigan counties also contain coal resources, but they are even less likely
to be mineable than these. Notice that these resources are small compared to those of modern
mines. Many mines produce ten million or more tons per year; thus most Michigan coal areas
are too small to support a modern coal mining industry.

SUMMARY

For internationally traded minerals produced in specific ore bodies, such as copper or iron, local
demands have nothing to do with production decisions as long as there is access to the ore body.
The production decision depends almost entirely on national and world markets and the specific
economics of the operation. Metal mining in Michigan is now limited to the two iron ore mines
in Marquette County. The high cost of producing iron ore from the UP (low grade and high
transportation costs) is the key factor affecting the industry under current and likely future mar-
ket conditions. The same is true for any potential production of metals in the UP. A similar
analysis holds for the coal potential in the Lower Peninsula of Michigan. These industries have
closed or are in decline, and Michigan land use trends will not change the situation.

For locally produced and traded minerals such as crushed stone or sand and gravel, access to
minerals as determined by land use issues is an important factor, along with market demand,
transportation costs, production costs, and other considerations. In many cases, local urbaniza-
tion and development will spur increased local construction mineral production because of in-
creased local demand. Land use issues can influence the production costs, but this is only one
cost among many.

Other industrial minerals such as salt, cement, gypsum, peat, and others have regional markets
and the production decision depends on local costs compared to other regional sources. Land
issues can be important, but so long as the particular mineral deposit is of high quality and low
cost, the land issue may be relatively minor. For dispersed deposit minerals such as oil and gas,
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EXHIBIT 8

Significant Michigan Coal Resources, by Sulfur Content
(Michigan Coal Resources for Bay, Genesee, Huron, Saginaw, Shiawasee,

Tuscola, and Midland Counties, in millions of short tons.)

Less than More than
1 %  sulfur 1 % sulfur Total

Deep 9.18 240.56 249.74
Surface 0 2.66 2.66
Total 9.18 243.22 252.40

SOURCES: Data from Kalliokoski and Welch (1997).  Calculations by authors.

EXHIBIT 7

Future Urban and Oil and Gas Wells
in Northern Lower Michigan

SOURCE: LTM.
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which must compete in national or global markets, land issues can be quite important because
access to fairly large amounts of land is required.

Policy Challenges if Current Trends Continue
The minerals industry is restricted by the necessary condition that mineral extraction must occur
at the sites where the resources are available or not occur at all. Finding new mineral extraction
sites requires an expensive and risky exploration effort. To be successful, mineral exploration
must occur in a region that is geologically feasible and is accessible and open to exploration and
future extraction. Furthermore, the economics of the industry must also justify the expense and
effort of the search. Actual production at a new site requires an economic resource and the
adequate access required for a successful extraction operation. The attempt to extend the mining
life at the White Pine mine in Ontonagon County, for example, was stymied in part by efforts to
block the access of acid needed for the proposed operation.

Michigan has favorable geological conditions for a variety of minerals. The economic viability of
these minerals varies over time as market and industry conditions change. Over the years, Michigan
has seen a decline in some mineral industries like copper, iron ore, coal, and salt, while other
mineral industries like construction materials and natural gas have risen as market conditions
and consumption needs have changed. This cycle of declines and upswings is a normal aspect of
mineral production.

In contrast, accessibility to land for mineral exploration, development, and production is a prin-
ciple factor that is directly and negatively impacted by urbanization, sprawl, and land fragmenta-
tion. Existing extraction sites come under pressure as urbanization occurs around them and their
neighbors come into increasing conflict with them over their operations and access. There is an
even stronger impact on siting new mineral extraction operations. Potential mineral producers
must compete against other land uses that are often perceived as having higher direct value to
the local community and, accordingly, higher political value. To some degree, this paper prob-
ably underplays the impact of land fragmentation on mineral production because of the limits of
the available methodology.

The forecasts of the LTM used by this paper indicate the continuing increase of urbanization and
land fragmentation for Michigan. Based on the four land fragmentation measures reported in
the Exhibits of this paper, the model predicts that urbanization and land fragmentation for
mineral-producing counties in Michigan will, in general, move from well below average (com-
pared to the state as a whole) to average or above average by 2020–2040. The impact of this
change will vary greatly across the different mineral industries. As previously noted, some of the
mineral industries will be much more affected by national and international market conditions
than local land use issues. Iron ore mining in Marquette County is an excellent example of this
type. Other mineral industries are located in a limited number of sites that are forecasted to have
less urbanization growth and do not seem overall to be at much risk of being cut off from access.
Examples of these types of mineral industries are gypsum production in Iosco County, cement
production, and lime production. Other mineral industries, including the economically valuable
oil and gas, sand and gravel, crushed stone, industrial sand, and peat, are at much greater risk for
being denied access because they are produced in a number of locations around the state that are
rapidly increasing in urbanization and land fragmentation.
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A typical case is sand and gravel production (crushed stone is similar). This is the most wide-
spread mineral industry in Michigan with an economic value that places it fourth after oil and
gas, iron ore, and Portland cement. It has been the fastest-growing mineral industry in Michigan
over the last decade, even without counting the small operations that are not included in the
official statistics. The material is especially important for road repair and construction in urban
areas. Transportation costs are 10–15 cents per ton-mile. This cost limits the economic value of
the material to about 40 miles; any greater distance makes the material prohibitively expensive.
Sand and gravel operations tend to be on the fringe as urbanization sprawls out and they are
displaced as they deplete. Sand and gravel pits often have short lives that allow them to be made
into lakes and reclaimed landscapes that fit in well with the urbanization around them. However,
the need for sand and gravel continues in urban areas long after the initial pits are reclaimed.
Urbanization and land fragmentation make it very difficult to develop the later-generation sand
and gravel pits needed in the urbanized area. The fringe over time will expand too far for eco-
nomic use. Areas within the urban region must be preserved to provide the necessary material
for construction needs or costs will rise dramatically.

Pressure on the ability to produce local minerals will certainly affect the state’s economy. The
direct economic impact would initially seem to be minimal for Michigan (with the possible
exception of oil and gas and iron ore) since the mineral extraction industry in Michigan is small
with little employment relative to other industries in Michigan. However, there is a potentially
large, indirect effect. These minerals would become more expensive if they must be shipped
from farther away. This expense will raise the cost of building and construction activities as well
as other industrial production, making for less profit and less competitive industries—all to the
detriment of Michigan.

Since mineral production is an important supporting activity to urban development, it is impor-
tant that urban development planning incorporate mineral supplies and their availability into
their planning and zoning process. However, the small direct economic impact of these mineral
productions puts these industries at a political disadvantage relative to alternative land uses and
their concerns. It is necessary and important to inform and convince people and policy-makers
that minerals are needed for development and best come from the local area. Education on this
issue is vital. The perceived benefits of mineral extraction must outweigh the perceived nega-
tives before any changes of attitudes toward mineral production will occur.
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EXHIBIT A-1

Michigan Gypsum Production (thousand metric tons)

Change in Fragmentation Measures

Major Producing
Counties 1980 1995 1999 PD % B SDI MPS PD % B SDI MPS PD % B SDI MPS

Iosco X X X –0.03 1.6 0.02 –0.59 0.01 5.0 0.02 –0.49 — 5.4 0.01 –0.03
Kent X X   0.33 4.4 0.01 –1.29 0.39 4.7 0 –0.83  — 8.8 –0.01 –0.24

Averages for the producing counties shown
State Production,
   kmt 1255 1510 1860 0.15 3.01 0.01 –0.94 0.20 4.81 0.01 –0.66 — 7.11 0.00 –0.14

Averages for the State of Michigan
–0.38 2.892 –0.03 –1.228 –0.16 11.3 –0 –0.453  — 6.79 –0.02 –0.137

SOURCE:  Data from U.S. Geological Survey, Michigan Economic Census, LTM.
PD = Population Density
% B = Percentage of land area that is "Built"
SDI = Simpson's Diversity Index
MPS = Mean Parcel Size
X = Some Production Reported

1980–1995 1995–2020 2020–2040
Production (actual) (projected) (projected)
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EXHIBIT A-2

Michigan Salt Production (thousand metric tons)

Change in Fragmentation Measures

Major Producing
Counties 1980 1995 1999 PD % B SDI MPS PD % B SDI MPS PD % B SDI MPS

Manistee X X X 0.00 0.2 0.01 –1.05 0.00 2.4 0.01 –0.75  — 5.3 0.01 –0.77
Midland X     0.04 1.1 0.01 –0.46 0.06 10.7 0.02 –0.47  — 9.2 0.01 –0.59
Muskegon X     0.04 3.2 0.02 –1.16 0.04 17.4 0.01 –0.69  — 7.8 0 –0.26
St. Clair X X X 0.07 2.1 0.01 0.01 0.12 10.9 0.01 –0.21  — 8.8 0.01 –0.06
Wayne X   X –1.71 6.8 –0.15 –2.38 –0.94 11.3 –0.1 0  — 1.9 –0.12 1.09

Averages for the producing counties shown
State Production,
   kmt 2,183 W W –0.31 2.68 –0.02 –1.01 –0.14 10.55 –0.02 –0.42 — 6.61 –0.02 –0.12

Averages for the State of Michigan
–0.38 2.892 –0.03 –1.228 –0.16 11.3 –0 –0.453  — 6.79 –0.02 –0.137

SOURCE:  Data from U.S. Geological Survey, Michigan Economic Census, LTM.
PD = Population Density
% B = Percentage of land area that is "Built"
SDI = Simpson's Diversity Index
MPS = Mean Parcel Size
X = Some Production Reported

1980–1995 1995–2020 2020–2040
Production (actual) (projected) (projected)
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EXHIBIT A-3

Michigan Clay Production (thousand metric tons)

Change in Fragmentation Measures

Major Producing
Counties 1980 1995 1999 PD % B SDI MPS PD % B SDI MPS PD % B SDI MPS

Alpena X X X –0.01 0.5 0.01 0.02 0.00 1.0 0.01 –0.18 — 4.6 0.01 –0.18
Antrim X     0.02 0.7 0.01 –1.24 0.04 4.2 0.01 –1.15  — 7.1 0.01 –0.80
Arenac X     0.01 0.5 0.01 0.31 0.02 7.6 0.02 –0.37  — 8.3 0.01 –0.09
Charlevoix   X X 0.02 0.8 0.01 –0.53 0.04 6.7 0.02 –0.74  — 6.3 0.01 –1.06
Clinton X     0.03 1.2 0.01 –0.38 0.03 4.3 0.02 –1.07  — 9.3 0.02 –0.44
Emmet X     0.03 0.7 0.01 –0.53 0.04 4.2 0.02 –0.57  — 6.2 0.01 –0.85
Monroe X X X 0.02 2.2 0.01 –1.88 0.07 22.2 0.03 –1.13  — 8.6 0.02 –0.57
Shiawassee X X X 0.00 0.8 0.01 –0.53 0.01 1.3 0.02 –0.49  — 8.7 0.01 –0.56
Wayne X X X –1.71 6.8 –0.15 –2.38 –0.94 11.3 –0.1 0  — 1.9 -0.12 1.09

Averages for the producing counties shown
State Production,
   kmt 1798 623 648 –0.17 1.56 –0.01 –0.79 –0.08 6.98 0.00 –0.63 —  6.80 0.00 –0.38

Averages for the State of Michigan
–0.38 2.892 –0.03 –1.228 –0.16 11.3 –0 –0.453  — 6.79 –0.02 –0.137

SOURCE:  Data from U.S. Geological Survey, Michigan Economic Census, LTM.
PD = Population Density
% B = Percentage of land area that is "Built"
SDI = Simpson's Diversity Index
MPS = Mean Parcel Size
X = Some Production Reported

1980–1995 1995–2020 2020–2040
Production (actual) (projected) (projected)
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EXHIBIT A-4

Michigan Line Production (thousand metric tons)

Change in Fragmentation Measures

Major Producing
Counties 1980 1995 1999 PD % B SDI MPS PD % B SDI MPS PD % B SDI MPS

Bay X X X –0.07 1.4 0.01 –0.66 –0.02 10.0 0.02 –1.12   7.3 0.01 0.32
Huron X X X –0.01 0.2 0.01 0.39 0.00 0.9 0 –0.18   3.1 0.01 0
Mason X X   0.01 0.4 0 –0.11 0.00 7.4 0.01 –0.63   5.0 0.01 –0.47
Saginaw X X X –0.08 1.9 0.02 0.26 0.01 12.2 0.02 0.19   11.2 0.02 0.03
Sanilac X X X 0.00 0.3 0.01 0.55 0.01 2.3 0.02 –0.09   4.9 0.01 –0.47
Tuscola X X X 0.00 0.3 0 0.03 0.01 6.4 0.01 –0.16   5.0 0.01 –0.20
Wayne X X X –1.71 6.8 –0.15 –2.38 –0.94 11.3 –0.10 0   1.9 -0.12 1.09

Averages for the producing counties shown
State Production,
   kmt 758 653 760 –0.26 1.61 –0.01 –0.27 –0.13 7.21 –0.01 0 — 5.48 –0.01 0.04

Averages for the State of Michigan
–0.38 2.892 –0.03 –1.228 –0.16 11.3 –0 –0.453  — 6.79 –0.02 –0.137

SOURCE:  Data from U.S. Geological Survey, Michigan Economic Census, LTM.
PD = Population Density
% B = Percentage of land area that is "Built"
SDI = Simpson's Diversity Index
MPS = Mean Parcel Size
X = Some Production Reported

1980–1995 1995–2020 2020–2040
Production (actual) (projected) (projected)
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EXHIBIT A-5

Michigan Peat Production (thousand metric tons)

Change in Fragmentation Measures

Major Producing
Counties 1980 1995 1999 PD % B SDI MPS PD % B SDI MPS PD % B SDI MPS

Allegan X X X 0.07 1.3 0.02 0.2 0.07 17.0 0.02 –0.21 — 13.4 0.02 –0.18
Eaton X X X 0.06 1.6 0.02 –0.16 0.09 8.1 0.02 –0.11 — 10.3 0.02 0.09
Ingham X X   0.02 2.6 0 –0.28 0.01 9.0 0 –0.46  — 13.9 0 0.31
Ionia X     0.05 0.9 0.02 –1.29 0.03 2.3 0.02 –0.54  — 11.1 0.01 –0.11
Kent X     0.33 4.4 0.01 –1.29 0.39 4.7 0 –0.83  — 8.8 –0.01 –0.24
Lapeer X X X 0.07 1.1 0.01 –0.07 0.12 6.7 0.02 –0.26  — 12.7 0.01 –0.07
Livingston     X 0.19 3.8 0.02 –1.99 0.33 4.8 0 –0.71  — 9.5 0 –0.13
Mecosta X X X 0.01 0.5 0.01 –0.56 0.01 1.1 0.01 –0.64  — 4.3 0.01 –0.35
Monroe X X X 0.02 2.2 0.01 –1.88 0.07 22.2 0.03 –1.13  — 8.6 0.02 –0.57
Oakland X X X 1.83 9.3 –0.1 –1.08 –0.48 11.9 –0.1 –0.57  — 6.0 –0.11 0.29
St. Joseph X X X 0.03 0.9 –0.01 1.36 0.02 1.10 0 –0.2  — 7.8 0 0.04
Sanilac X X X 0.00 0.3 0.01 0.55 0.01 2.30 0.02 –0.09  — 4.9 0.01 –0.47
Shiawassee X X X 0.00 0.8 0.01 –0.53 0.01 1.30 0.02 –0.49  — 8.7 0.01 –0.56

Averages for the producing counties shown
State Production,
   kmt 230 173 193 0.21 2.28 0.00 –0.54 0.05 7.10 0.00 –0.48 — 9.26 0.00 –0.15

Averages for the State of Michigan
–0.38 2.892 –0.03 –1.228 –0.16 11.3 –0 –0.453  — 6.79 –0.02 –0.137

SOURCE:  Data from U.S. Geological Survey, Michigan Economic Census, LTM.
PD = Population Density
% B = Percentage of land area that is "Built"
SDI = Simpson's Diversity Index
MPS = Mean Parcel Size
X = Some Production Reported

1980–1995 1995–2020 2020–2040
Production (actual) (projected) (projected)
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EXHIBIT A-6

Michigan  Sand & Gravel Production (thousand metric tons)

Change in Fragmentation Measures

Major Producing
Counties 1980 1995 1999 PD % B SDI MPS PD % B SDI MPS PD % B SDI MPS

Allegan X X X 0.07 1.3 0.02 0.2 0.07 17.0 0.02 –0.21 — 13.4 0.02 –0.18

Alpena X X X –0.01 0.5 0.01 0.02 0.00 1.0 0.01 –0.18 — 4.6 0.01 –0.18

Barry X X X 0.04 1.0 0.01 0.15 0.04 1.2 0.02 –0.09 — 7.0 0.01 –0.09

Branch X X X 0.01 0.7 0.02 –1.03 0.03 5.3 0.01 –0.86 — 8.9 0.02 –0.34

Calhoun X X X –0.01 1.7 0.01 –0.03 0.03 6.5 0.01 –0.1 — 16.9 0.01 –0.2

Cass X X X 0.00 1.1 0.01 –0.6 0.01 8.6 0.02 –0.34 — 10.6 0.02 –0.13

Charlevoix X X X 0.02 0.8 0.01 –0.53 0.04 6.7 0.02 –0.74 — 6.3 0.01 –1.06

Chippewa   X X 0.02 0.8 0.01 –1.85 0.02 1.6 0.01 –0.43 — 2.3 0.01 –0.31

Clare X X X 0.03 0.8 0.02 –0.14 0.04 1.2 0.02 –0.77 — 3.1 0.02 –0.47

Clinton X X X 0.03 1.2 0.01 –0.38 0.03 4.3 0.02 –1.07 — 9.3 0.02 –0.44

Delta X X X 0.00 0.2 0 –1.75 0.00 0.3 0 –0.86 — 2.4 0.01 –0.46

Dickinson X X X 0.01 0.0 –0.01 0.42 0.00 0.3 0 0 — 0.4 0 –0.04

Gogebic   X X –0.01 0.0 –0.01 0.81 –0.01 0.1 0 0 — 0.1 0 0

Gratiot X X X 0.00 0.2 0.01 0.23 0.00 1.0 0 –0.17 — 4.5 0.01 –0.33

Hillsdale X X X 0.02 0.4 0.01 –0.37 0.03 1.8 0.01 –1.23 — 3.7 0 –0.9

Huron X X X –0.01 0.2 0.01 0.39 0.00 0.9 0 –0.18 — 3.1 0.01 0

Ingham X X X 0.02 2.6 0 –0.28 0.01 9.0 0 –0.46 — 13.9 0 0.31

Ionia X X X 0.05 0.9 0.02 –1.29 0.03 2.3 0.02 –0.54 — 11.1 0.01 –0.11

Isabella X X X 0.02 0.7 0.02 –0.23 0.02 0.9 0.01 –0.77 — 4.5 0.01 –0.32

Jackson X X X 0.01 2.9 0.01 –0.42 0.04 8.0 0.01 –0.86 — 20.8 0 –0.55

Kalamazoo X X X 0.11 3.4 0.01 –1.76 0.08 5.8 0.01 –0.1 — 9.0 –0.01 0.31

Kent X X X 0.33 4.4 0.01 –1.29 0.39 4.7 0 –0.83 — 8.8 –0.01 –0.24

Lapeer X X X 0.07 1.1 0.01 –0.07 0.12 6.7 0.02 –0.26 — 12.7 0.01 –0.07

Leelanau X X X 0.04 0.7 0.02 –0.11 0.03 1.3 0.01 –0.42 — 10.7 0.01 –0.46

Lenawee X X X 0.03 0.9 0.01 –0.27 0.05 1.2 0.02 –0.66 — 2.0 0.01 –0.85

Livingston X X X 0.19 3.8 0.02 –1.99 0.33 4.8 0 –0.71 — 9.5 0 –0.13

Mackinac X X X 0.00 0.2 –0.01 2.51 0.01 1.1 0 –0.1 — 2.8 0.01 0.02

1980–1995 1995–2020 2020–2040
Production (actual) (projected) (projected)

exhibit continues on next page
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1980–1995 1995–2020 2020–2040
Production (actual) (projected) (projected)

Change in Fragmentation Measures

Major Producing
Counties 1980 1995 1999 PD % B SDI MPS PD % B SDI MPS PD % B SDI MPS

Macomb X X X 0.27 8.4 –0.08 –3.03 0.37 22.3 –0 0.75 — 5.0 –0.03 0.52

Marquette X X X –0.01 0.3 0.01 –0.72 0.00 0.5 0.01 –0.69 — 1.6 0.01 –0.59

Montcalm X X X 0.05 0.9 0.02 –0.05 0.05 1.0 0.01 –0.12 — 6.7 0.02 –0.21

Oakland X X X 1.83 9.3 –0.1 –1.08 –0.48 11.9 –0.1 –0.57 — 6.0 –0.11 0.29
Ogemaw X X X 0.03 0.6 0.01 0.26 0.04 4.4 0.02 –0.38 — 5.9 0.01 –0.29

Ontonagon X     0.00 0.3 0 1.35 0.00 0.3 0.01 0.16 — 0.4 0.01 –0.24

Osceola X X X 0.02 0.4 0.01 0.1 0.01 0.6 0.01 –0.25 — 4.7 0.01 –0.19

Ottawa X X X 0.32 3.7 0.03 0.76 0.43 19.9 0.01 –0.33 — 9.4 0.01 0.3

Sanilac X X X 0.00 0.3 0.01 0.55 0.01 2.3 0.02 –0.09 — 4.9 0.01 –0.47

Tuscola X X X 0.00 0.3 0 0.03 0.01 6.4 0.01 –0.16 — 5.0 0.01 –0.2

Washtenaw X X X 0.14 3.4 0.01 –0.48 0.21 8.2 0.01 –0.22 — 13.0 0.01 –0.41

Wayne X X X –1.71 6.8 –0.15 –2.38 –0.94 11.3 –0.1 0 — 1.9 –0.12 1.09

Averages for the producing counties shown
State Production,
   kmt 53508 53500 65000 0.05 1.72 0.00 –0.37 0.03 4.94 0.00 –0.38 — 6.85 0.00 –0.20

Averages for the State of Michigan

–0.38 2.892 –0.03 –1.228 –0.16 11.3 –0 –0.453  — 6.79 –0.02 –0.137

SOURCE:  Data from U.S. Geological Survey, Michigan Economic Census, LTM.
PD = Population Density
% B = Percentage of land area that is "Built"
SDI = Simpson's Diversity Index
MPS = Mean Parcel Size
X = Some Production Reported
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EXHIBIT A-7

Michigan Crushed Stone Production (thousand metric tons)

Change in Fragmentation Measures

Major Producing
Counties 1980 1995 1999 PD % B SDI MPS PD % B SDI MPS PD % B SDI MPS

Alpena X X X –0.01 0.5 0.01 0.02 0.00 1.0 0.01 –0.18 — 4.6 0.01 –0.18

Charlevoix X X X 0.02 0.8 0.01 –0.53 0.04 6.7 0.02 –0.74 — 6.3 0.01 –1.06

Chippewa X X   0.02 0.8 0.01 –1.85 0.02 1.6 0.01 –0.43 — 2.3 0.01 –0.31

Huron X X X –0.01 0.2 0.01 0.39 0.00 0.9 0 –0.18 — 3.1 0.01 0

Mackinac X X X 0.00 0.2 –0.01 2.51 0.01 1.1 0 –0.1 — 2.8 0.01 0.02

Monroe X X X 0.02 2.2 0.01 –1.88 0.07 22.2 0.03 –1.13 — 8.6 0.02 –0.57

Presque Isle X X X 0.00 0.2 0 0.24 0.00 1.2 0.01 –0.49 — 2.8 0.01 –0.27

Schoolcraft X X X 0.00 0.0 0.01 –0.3 0.00 0.1 0.01 –0.52 — 1.2 0.01 –0.4

Wayne X X X –1.71 6.8 –0.15 –2.38 –0.94 11.3 –0.1 0 — 1.9 –0.12 1.09

Averages for the producing counties shown

State Production,
   kmt 38800 37500 42300 –0.18 1.30 –0.01 –0.42 –0.09 5.12 –0.01 –0.42 — 3.72 0.00 –0.19

Averages for the State of Michigan

–0.38 2.892 –0.03 –1.228 –0.16 11.3 –0 –0.453  — 6.79 –0.02 –0.137

SOURCE:  Data from U.S. Geological Survey, Michigan Economic Census, LTM.
PD = Population Density
% B = Percentage of land area that is "Built"
SDI = Simpson's Diversity Index
MPS = Mean Parcel Size
X = Some Production Reported

1980–1995 1995–2020 2020–2040
Production (actual) (projected) (projected)
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EXHIBIT A-8

Michigan Industrial Sand Production (thousand metric tons)

Change in Fragmentation Measures

Major Producing
Counties 1980 1995 1999 PD % B SDI MPS PD % B SDI MPS PD % B SDI MPS

Berrien X X X –0.06 2.2 0.01 –0.72 –0.01 22.1 0.01 –0.93 — 10.6 0 –0.45
Mackinac X X X 0.00 0.2 –0.01 2.51 0.01 1.1 0 –0.1 — 2.8 0.01 0.02
Mason X X X 0.01 0.4 0 –0.11 0.00 7.4 0.01 –0.63 — 5.0 0.01 –0.47
Montcalm X X X 0.05 0.9 0.02 –0.05 0.05 1.0 0.01 –0.12 — 6.7 0.02 –0.21
Muskegon X X X 0.04 3.2 0.02 –1.16 0.04 17.4 0.01 –0.69 — 7.8 0 –0.26
Oceana X X X 0.01 0.3 0 –0.04 0.01 9.0 0.01 –0.37 — 5.7 0.01 –0.2
Ottawa X X X 0.32 3.7 0.03 0.76 0.43 19.9 0.01 –0.33 — 9.4 0.01 0.3
St. Clair X X X 0.07 2.1 0.01 0.01 0.12 10.9 0.01 –0.21 — 8.8 0.01 –0.06
Tuscola X X   0.00 0.3 0 0.03 0.01 6.4 0.01 –0.16 — 5.0 0.01 –0.2
Van Buren X X X 0.04 1.1 0.02 –0.92 0.08 24.0 0.01 –0.92 — 9.1 0.02 –0.57
Wayne X X X –1.71 6.8 –0.15 –2.38 –0.94 11.3 –0.1 0 — 1.9 –0.12 1.09
Wexford X X X 0.02 0.3 0 –1.13 0.01 1.8 0.01 –0.67 — 3.2 0.01 –0.66

Averages for the producing counties shown
State Production,
   kmt 3045 2940 2300 –0.10 1.79 0.00 –0.27 –0.02 11.03 0.00 –0.43 — 6.34 0.00 –0.14

Averages for the State of Michigan
–0.38 2.892 –0.03 –1.228 –0.16 11.3 –0 –0.453  — 6.79 –0.02 –0.137

SOURCE:  Data from U.S. Geological Survey, Michigan Economic Census, LTM.
PD = Population Density
% B = Percentage of land area that is "Built"
SDI = Simpson's Diversity Index
MPS = Mean Parcel Size
X = Some Production Reported

1980–1995 1995–2020 2020–2040
Production (actual) (projected) (projected)
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EXHIBIT A-9

Michigan Cement Production (thousand metric tons)

Change in Fragmentation Measures

Major Producing
Counties 1980 1995 1999 PD % B SDI MPS PD % B SDI MPS PD % B SDI MPS

Alpena X X X –0.01 0.5 0.01 0.02 0.00 1.0 0.01 –0.18 — 4.6 0.01 –0.18
Bay X X X –0.07 1.4 0.01 –0.66 –0.02 10.0 0.02 –1.12 — 7.3 0.01 0.32
Charlevoix X X X 0.02 0.8 0.01 –0.53 0.04 6.7 0.02 –0.74 — 6.3 0.01 –1.06
Monroe X X X 0.02 2.2 0.01 –1.88 0.07 22.2 0.03 –1.13 — 8.6 0.02 –0.57
Wayne X X X –1.71 6.8 –0.15 –2.38 –0.94 11.3 –0.1 0 — 1.9 –0.12 1.09

Averages for the producing counties shown
State Production,
   kmt 4406 5629 6152 –0.35 2.32 –0.02 –1.09 –0.17 10.3 –0.01 –0.63 — 5.73 –0.01 –0.08

Averages for the State of Michigan
–0.38 2.892 –0.03 –1.228 –0.16 11.3 –0 –0.453  — 6.79 –0.02 –0.137

SOURCE:  Data from U.S. Geological Survey, Michigan Economic Census, LTM.
PD = Population Density
% B = Percentage of land area that is "Built"
SDI = Simpson's Diversity Index
MPS = Mean Parcel Size
X = Some Production Reported

1980–1995 1995–2020 2020–2040
Production (actual) (projected) (projected)
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EXHIBIT A-10

Michigan Iron Ore Production (thousand metric tons)

Change in Fragmentation Measures

Major Producing
Counties 1980 1995 1999 PD % B SDI MPS PD % B SDI MPS PD % B SDI MPS

Dickinson X     0.01 0.0 –0.01 0.42 0.00 0.3 0 0 — 0.4 0 –0.04

Iron X     0.00 0.0 –0.01 –0.5 0.00 0.5 0 0 — 0.4 0 0

Marquette X X X –0.01 0.3 0.01 –0.72 0.00 0.5 0.01 –0.69 — 1.6 0.01 –0.59

Averages for the producing counties shown

State Production,
   kmt 16150 13500 14997 0.00 0.11 0.00 –0.27 0.00 0.45 0.00 –0.23 — 0.80 0.00 –0.21

Averages for the State of Michigan

–0.38 2.892 –0.03 –1.228 –0.16 11.3 –0 –0.453  — 6.79 –0.02 –0.137

SOURCE:  Data from U.S. Geological Survey, Michigan Economic Census, LTM.
PD = Population Density
% B = Percentage of land area that is "Built"
SDI = Simpson's Diversity Index
MPS = Mean Parcel Size
X = Some Production Reported

1980–1995 1995–2020 2020–2040
Production (actual) (projected) (projected)
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EXHIBIT A-11

Michigan Crude Oil & Condensates Production (thousand barrels)

Change in Fragmentation Measures

Major Producing
Counties 1980 1995 1999 PD % B SDI MPS PD % B SDI MPS PD % B SDI MPS

Alcona     0.55 0.00 0.3 0.01 –0.04 0.00 2.0 0.01 –0.26 — 3.9 0.01 –0.08

Allegan 126.97   15.82 0.07 1.3 0.02 0.2 0.07 17.0 0.02 –0.21 — 13.4 0.02 –0.18

Alpena     11.78 0.01 0.5 0.01 0.02 0.00 1.0 0.01 –0.18 — 4.6 0.01 –0.18

Antrim 155.01   16.94 0.02 0.7 0.01 –1.24 0.04 4.2 0.01 –1.15 — 7.1 0.01 –0.8

Arenac 138.99   143.62 0.01 0.5 0.01 0.31 0.02 7.6 0.02 –0.37 — 8.3 0.01 –0.09

Barry 8.77     0.04 1.0 0.01 0.15 0.04 1.2 0.02 –0.09 — 7.0 0.01 –0.09

Bay 171.72   210.71 –0.07 1.4 0.01 –0.66 –0.02 10.0 0.02 –1.12 — 7.3 0.01 0.32

Benzie 81.76   116.05 0.02 0.6 0.01 0.05 0.03 1.0 0.02 –0.6 — 7.0 0.01 –0.6

Calhoun 901.59   144.43 –0.01 1.7 0.01 –0.03 0.03 6.5 0.01 –0.1 — 16.9 0.01 –0.2

Cass 24.00   0.14 0.00 1.1 0.01 -0.6 0.01 8.6 0.02 –0.34 — 10.6 0.02 –0.13

Cheboygan 1.56   93.17 0.01 0.4 0.01 0.4 0.01 8.9 0.01 –0.1 — 4.9 0.02 –0.27

Clare 436.40   178.32 0.03 0.8 0.02 –0.14 0.04 1.2 0.02 –0.77 — 3.1 0.02 –0.47

Crawford 1487.67   308.03 0.03 0.2 0 0.43 0.03 0.2 0.01 0 — 0.1 0 –0.32

Eaton 412.00   20.58 0.06 1.6 0.02 –0.16 0.09 8.1 0.02 –0.11 — 10.3 0.02 0.09

Genesee 14.32   5.80 –1.89 5.8 –0.02 –0.77 1.77 7.7 –0 –0.76 — 15.4 –0.05 0

Gladwin 322.79   77.70 0.03 0.6 0.01 0.21 0.03 1.2 0.01 –0.25 — 6.3 0.02 –0.16

Grand Traverse 4149.47   595.11 0.12 1.9 0.02 –1.67 0.14 3.6 0.02 –0.74 — 8.3 0.01 –0.77

Gratiot 8.29     0.00 0.2 0.01 0.23 0.00 1.0 0 –0.17 — 4.5 0.01 –0.33

Hillsdale 1242.53   64.20 0.02 0.4 0.01 –0.37 0.03 1.8 0.01 –1.23 — 3.7 0 –0.9

Huron 0.79     –0.01 0.2 0.01 0.39 0.00 0.9 0 –0.18 — 3.1 0.01 0

Ingham 977.13   92.80 0.02 2.6 0 –0.28 0.01 9.0 0 –0.46 — 13.9 0 0.31

Iosco     164.02 –0.03 1.6 0.02 –0.59 0.01 5.0 0.02 –0.49 — 5.4 0.01 –0.03

Isabella 104.19   8.38 0.02 0.7 0.02 –0.23 0.02 0.9 0.01 –0.77 — 4.5 0.01 –0.32

Jackson 9.97   52.53 0.01 2.9 0.01 –0.42 0.04 8.0 0.01 –0.86 — 20.8 0 –0.55

1980–1995 1995–2020 2020–2040
Production (actual) (projected) (projected)
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Kalamazoo 2.08     0.11 3.4 0.01 –1.76 0.08 5.8 0.01 –0.1 — 9.0 –0.01 0.31

Kalkaska 3953.44   706.95 0.02 0.4 0.01 –0.73 0.03 6.2 0.01 –1.05 — 2.2 0.01 –0.74

Kent 99.30   5.11 0.33 4.4 0.01 –1.29 0.39 4.7 0 –0.83 — 8.8 –0.01 –0.24

Lake 82.80   25.10 0.01 0.4 0.01 –0.16 0.01 0.4 0.01 –0.3 — 1.0 0.01 –0.55

Lapeer 244.47   159.65 0.07 1.1 0.01 –0.07 0.12 6.7 0.02 –0.26 — 12.7 0.01 –0.07
Lenawee 0.57     0.03 0.9 0.01 -0.27 0.05 1.2 0.02 –0.66 — 2.0 0.01 –0.85

Livingston 3.29   92.88 0.19 3.8 0.02 –1.99 0.33 4.8 0 –0.71 — 9.5 0 –0.13
Macomb 26.59   55.10 0.27 8.4 –0.08 –3.03 0.37 22.3 -0 0.75 — 5.0 –0.03 0.52

Manistee 7981.35   1245.38 0.00 0.2 0.01 –1.05 0.00 2.4 0.01 –0.75 — 5.3 0.01 –0.77

Mason 194.06   47.70 0.01 0.4 0 –0.11 0.00 7.4 0.01 –0.63 — 5.0 0.01 –0.47

Mecosta 20.79   51.98 0.01 0.5 0.01 –0.56 0.01 1.1 0.01 –0.64 — 4.3 0.01 –0.35

Midland 180.61   43.94 0.04 1.1 0.01 –0.46 0.06 10.7 0.02 –0.47 — 9.2 0.01 –0.59

Missaukee 967.01   300.36 0.02 0.3 0 –0.47 0.02 0.3 0.01 –0.79 — 1.1 0.01 –0.43

Monroe 2.79     0.02 2.2 0.01 –1.88 0.07 22.2 0.03 –1.13 — 8.6 0.02 –0.57

Montcalm 77.72   28.04 0.05 0.9 0.02 –0.05 0.05 1.0 0.01 –0.12 — 6.7 0.02 –0.21

Montmorency     74.87 0.01 0.6 0.01 –1.11 0.03 0.7 0.02 –0.94 — 1.1 0.01 –2.15

Muskegon 6.49     0.04 3.2 0.02 –1.16 0.04 17.4 0.01 –0.69 — 7.8 0 –0.26

Newaygo 15.56   25.95 0.04 0.3 0 –0.35 0.05 1.6 0.01 –0.5 — 2.6 0.01 –0.29

Oakland 128.38   260.15 1.83 9.3 –0.1 –1.08 –0.48 11.9 –0.1 –0.57 — 6.0 –0.11 0.29

Oceana 23.90   99.50 0.01 0.3 0 –0.04 0.01 9.0 0.01 –0.37 — 5.7 0.01 –0.2

Ogemaw 589.00   303.98 0.03 0.6 0.01 0.26 0.04 4.4 0.02 –0.38 — 5.9 0.01 –0.29

Osceola 158.50   122.52 0.02 0.4 0.01 0.1 0.01 0.6 0.01 –0.25 — 4.7 0.01 –0.19

Oscoda 0.79   78.01 0.01 0.6 0.01 0.24 0.02 1.0 0.02 –0.35 — 0.7 0.02 –0.16
Otsego 6456.86   910.55 0.04 1.4 0.03 0.01 0.06 8.1 0.02 –0.29 — 4.8 0.03 –0.42
Ottawa 9.63   14.51 0.32 3.7 0.03 0.76 0.43 19.9 0.01 –0.33 — 9.4 0.01 0.3

Presque Isle 2.75   341.50 0.00 0.2 0 0.24 0.00 1.2 0.01 –0.49 — 2.8 0.01 –0.27

Roscommon 418.14   250.30 0.04 0.2 0 0.68 0.04 0.1 0 0.06 — 0.1 0 0.02

Saginaw 51.39   22.08 –0.08 1.9 0.02 0.26 0.01 12.2 0.02 0.19 — 11.2 0.02 0.03

St. Clair 521.26   58.30 0.07 2.1 0.01 0.01 0.12 10.9 0.01 –0.21 — 8.8 0.01 –0.06

1980–1995 1995–2020 2020–2040
Production (actual) (projected) (projected)

Change in Fragmentation Measures

Major Producing
Counties 1980 1995 1999 PD % B SDI MPS PD % B SDI MPS PD % B SDI MPS
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1980–1995 1995–2020 2020–2040
Production (actual) (projected) (projected)

Change in Fragmentation Measures

Major Producing
Counties 1980 1995 1999 PD % B SDI MPS PD % B SDI MPS PD % B SDI MPS

Shiawassee 12.22     0.00 0.8 0.01 –0.53 0.01 1.3 0.02 –0.49 — 8.7 0.01 –0.56

Tuscola 58.82   19.86 0.00 0.3 0 0.03 0.01 6.4 0.01 –0.16 — 5.0 0.01 –0.2

Van Buren 15.80     0.04 1.1 0.02 –0.92 0.08 24.0 0.01 –0.92 — 9.1 0.02 –0.57

Washtenaw     8.28 0.14 3.4 0.01 –0.48 0.21 8.2 0.01 –0.22 — 13.0 0.01 –0.41

Wayne 9.48   119.30 –1.71 6.8 –0.15 –2.38 –0.94 11.3 –0.1 0 — 1.9 –0.12 1.09

Wexford 716.76   18.03 0.02 0.3 0 –1.13 0.01 1.8 0.01 -0.67 — 3.2 0.01 –0.66

Averages for the producing counties shown
State Production,
   kmt 33808 11462 8899 0.01 1.60 0.00 –0.43 0.06 6.20 0.01 –0.45 — 6.67 0.00 –0.27

Averages for the State of Michigan

–0.38 2.892 –0.03 –1.228 –0.16 11.3 –0 –0.453  — 6.79 –0.02 –0.137

SOURCE:  Data from Michigan Geological Survey, USDE, Michigan Oil & Gas Association, Michigan Economic Census, LTM.
PD = Population Density
% B = Percentage of land area that is "Built"
SDI = Simpson's Diversity Index
MPS = Mean Parcel Size
X = Some Production Reported
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EXHIBIT A-12

Michigan Natural Gas Production (billion cubic feet)

Change in Fragmentation Measures

Major Producing
Counties 1980 1995 1999 PD % B SDI MPS PD % B SDI MPS PD % B SDI MPS

Alcona     6.08 0.00 0.3 0.01 –0.04 0.00 2.0 0.01 –0.26 — 3.9 0.01 –0.08

Allegan 0.03   0.02 0.07 1.3 0.02 0.2 0.07 17.0 0.02 –0.21 — 13.4 0.02 –0.18

Alpena     20 –0.01 0.5 0.01 0.02 0.00 1.0 0.01 –0.18 — 4.6 0.01 –0.18

Antrim 0.4   18.2 0.02 0.7 0.01 –1.24 0.04 4.2 0.01 –1.15 — 7.1 0.01 –0.8

Arenac     0.52 0.01 0.5 0.01 0.31 0.02 7.6 0.02 –0.37 — 8.3 0.01 –0.09

Bay     3.83 –0.07 1.4 0.01 –0.66 –0.02 10.0 0.02 –1.12 — 7.3 0.01 0.32

Benzie 0.12   0.99 0.02 0.6 0.01 0.05 0.03 1.0 0.02 –0.6 — 7.0 0.01 –0.6

Calhoun 1.72   0.01 –0.01 1.7 0.01 –0.03 0.03 6.5 0.01 –0.1 — 16.9 0.01 –0.2

Charlevoix     0.78 0.02 0.8 0.01 –0.53 0.04 6.7 0.02 –0.74 — 6.3 0.01 –1.06

Cheboygan     0.07 0.01 0.4 0.01 0.4 0.01 8.9 0.01 –0.1 — 4.9 0.02 –0.27

Clare 0.63   1 0.03 0.8 0.02 –0.14 0.04 1.2 0.02 –0.77 — 3.1 0.02 –0.47

Crawford 3.46   3.73 0.03 0.2 0 0.43 0.03 0.2 0.01 0 — 0.1 0 –0.32

Eaton 4.62   0.08 0.06 1.6 0.02 –0.16 0.09 8.1 0.02 –0.11 — 10.3 0.02 0.09

Gladwin     0.5 0.03 0.6 0.01 0.21 0.03 1.2 0.01 –0.25 — 6.3 0.02 –0.16
Grand Traverse 38.7   4.62 0.12 1.9 0.02 –1.67 0.14 3.6 0.02 –0.74 — 8.3 0.01 –0.77

Hillsdale 5.94   1.24 0.02 0.4 0.01 –0.37 0.03 1.8 0.01 –1.23 — 3.7 0 –0.9

Ingham 2.8   0.38 0.02 2.6 0 –0.28 0.01 9.0 0 –0.46 —  13.9 0 0.31

Iosco     1.16 –0.03 1.6 0.02 –0.59 0.01 5.0 0.02 –0.49 — 5.4 0.01 –0.03

Isabella 0.01   0.01 0.02 0.7 0.02 –0.23 0.02 0.9 0.01 –0.77 — 4.5 0.01 –0.32

Jackson     0.53 0.01 2.9 0.01 –0.42 0.04 8.0 0.01 –0.86 — 20.8 0 –0.55

Kalkaska 29.8   10 0.02 0.4 0.01 –0.73 0.03 6.2 0.01 –1.05 — 2.2 0.01 –0.74

Lapeer 0.03   0.21 0.07 1.1 0.01 –0.07 0.12 6.7 0.02 –0.26 — –2.7 0.01 –0.07

Livingston 0.46   0.15 0.19 3.8 0.02 –1.99 0.33 4.8 0 –0.71 — 9.5 0 –0.13

Macomb 5.88   1.15 0.27 8.4 –0.08 –3.03 0.37 22.3 -0 0.75 — 5.0 –0.03 0.52

Manistee 40.6   13.2 0.00 0.2 0.01 –1.05 0.00 2.4 0.01 –0.75 — 5.3 0.01 –0.77

1980–1995 1995–2020 2020–2040
Production (actual) (projected) (projected)
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Mason 1.98   0.48 0.01 0.4 0 –0.11 0.00 7.4 0.01 –0.63 — 5.0 0.01 –0.47

Mecosta 0.01   1.11 0.01 0.5 0.01 –0.56 0.01 1.1 0.01 –0.64 — 4.3 0.01 –0.35

Missaukee 1.11   0.22 0.02 0.3 0 –0.47 0.02 0.3 0.01 –0.79 — 1.1 0.01 –0.43

Montcalm     0.37 0.05 0.9 0.02 –0.05 0.05 1.0 0.01 –0.12 — 6.7 0.02 –0.21

Montmorency     71.5 0.01 0.6 0.01 –1.11 0.03 0.7 0.02 –0.94 — 1.1 0.01 –2.15

Newaygo 0.02   0.26 0.04 0.3 0 –0.35 0.05 1.6 0.01 –0.5 — 2.6 0.01 –0.29

Oakland 1.43   0.47 1.83 9.3 –0.1 –1.08 –0.48 11.9 –0.1 –0.57 — 6.0 –0.11 0.29

Oceana     3 0.01 0.3 0 –0.04 0.01 9.0 0.01 –0.37 — 5.7 0.01 –0.2

Ogemaw 0.13   2.26 0.03 0.6 0.01 0.26 0.04 4.4 0.02 –0.38 — 5.9 0.01 –0.29

Osceola 0.01   2.03 0.02 0.4 0.01 0.1 0.01 0.6 0.01 –0.25 — 4.7 0.01 –0.19

Oscoda     7.89 0.01 0.6 0.01 0.24 0.02 1.0 0.02 –0.35 — 0.7 0.02 –0.16

Otsego 13.5   66.5 0.04 1.4 0.03 0.01 0.06 8.1 0.02 –0.29 — 4.8 0.03 –0.42

Ottawa 0.13     0.32 3.7 0.03 0.76 0.43 19.9 0.01 –0.33 — 9.4 0.01 0.3

Presque Isle     0.6 0.00 0.2 0 0.24 0.00 1.2 0.01 –0.49 — 2.8 0.01 –0.27

Roscommon 0.26   0.02 0.04 0.2 0 0.68 0.04 0.1 0 0.06 — 0.1 0 0.02

St. Clair 1.6   0.45 0.07 2.1 0.01 0.01 0.12 10.9 0.01 –0.21 — 8.8 0.01 –0.06

Washtenaw 0.03     0.14 3.4 0.01 –0.48 0.21 8.2 0.01 –0.22 — –3.0 0.01 –0.41

Wayne     0.12 –1.71 6.8 –0.15 –2.38 –0.94 11.3 –0.1 0 — 1.9 –0.12 1.09

Wexford 2.95   0.13 0.02 0.3 0 –1.13 0.01 1.8 0.01 –0.67 — 3.2 0.01 –0.66

Averages for the producing counties shown

State Production,
   kmt 158.3 172.2 238.2 0.04 1.54 0.00 –0.39 0.03 5.61 0.01 –0.46 — 6.34 0.00 –0.28

Averages for the State of Michigan

–0.38 2.892 –0.03 –1.228 –0.16 11.3 –0 –0.453  — 6.79 –0.02 –0.137

SOURCE:  Data from Michigan Geological Survey, USDE, Michigan Oil & Gas Association, Michigan Economic Census, LTM.
PD = Population Density
% B = Percentage of land area that is "Built"
SDI = Simpson's Diversity Index
MPS = Mean Parcel Size
X = Some Production Reported

1980–1995 1995–2020 2020–2040
Production (actual) (projected) (projected)

Change in Fragmentation Measures

Major Producing
Counties 1980 1995 1999 PD % B SDI MPS PD % B SDI MPS PD % B SDI MPS
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EXHIBIT A-13

Oil & Gas Wells Drilled (number of wells, all types)

Change in Fragmentation Measures

Major Producing
Counties 1980 1995 1999 PD % B SDI MPS PD % B SDI MPS PD % B SDI MPS

Alcona     80 0.00 0.3 0.01 –0.04 0.00 2.0 0.01 –0.26 — 3.9 0.01 –0.08

Allegan 2   3 0.07 1.3 0.02 0.2 0.07 17.0 0.02 –0.21 — 13.4 0.02 –0.18

Alpena     68 –0.01 0.5 0.01 0.02 0.00 1.0 0.01 –0.18 — 4.6 0.01 –0.18

Antrim 3   64 0.02 0.7 0.01 –1.24 0.04 4.2 0.01 –1.15 — 7.1 0.01 –0.8

Arenac 3   2 0.01 0.5 0.01 0.31 0.02 7.6 0.02 –0.37 — 8.3 0.01 –0.09

Bay 11   4 –-0.07 1.4 0.01 –0.66 –0.02 10.0 0.02 –1.12 — 7.3 0.01 0.32

Benzie     2 0.02 0.6 0.01 0.05 0.03 1.0 0.02 –0.6 — 7.0 0.01 –0.6

Berrien 1     –0.06 2.2 0.01 –0.72 –0.01 22.1 0.01 –0.93 — 10.6 0 -0.45

Branch     1 0.01 0.7 0.02 –1.03 0.03 5.3 0.01 –0.86 — 8.9 0.02 –0.34

Calhoun 43   4 –0.01 1.7 0.01 –0.03 0.03 6.5 0.01 –0.1 — 16.9 0.01 –0.2

Cass 12     0.00 1.1 0.01 –0.6 0.01 8.6 0.02 –0.34 — 10.6 0.02 –0.13

Charlevoix     11 0.02 0.8 0.01 –0.53 0.04 6.7 0.02 –0.74 — 6.3 0.01 –1.06

Cheboygan 5     0.01 0.4 0.01 0.4 0.01 8.9 0.01 –0.1 — 4.9 0.02 –0.27

Clare 19   2 0.03 0.8 0.02 –0.14 0.04 1.2 0.02 –0.77 — 3.1 0.02 –0.47

Crawford 12   2 0.03 0.2 0 0.43 0.03 0.2 0.01 0 — 0.1 0 –0.32

Eaton 17   4 0.06 1.6 0.02 –0.16 0.09 8.1 0.02 –0.11 — 10.3 0.02 0.09

Gladwin 24   1 0.03 0.6 0.01 0.21 0.03 1.2 0.01 –0.25 — 6.3 0.02 –0.16

Grand Traverse 102   6 0.12 1.9 0.02 –1.67 0.14 3.6 0.02 –0.74 — 8.3 0.01 –0.77

Hillsdale 10   2 0.02 0.4 0.01 –0.37 0.03 1.8 0.01 –1.23 — 3.7 0 –0.9

Ingham 25   1 0.02 2.6 0 –0.28 0.01 9.0 0 –0.46 — 13.9 0 0.31

Ionia     1 0.05 0.9 0.02 –1.29 0.03 2.3 0.02 –0.54 — 11.1 0.01 –0.11

Iosco     1 –0.03 1.6 0.02 –0.59 0.01 5.0 0.02 –0.49 — 5.4 0.01 –0.03

Isabella 10     0.02 0.7 0.02 –0.23 0.02 0.9 0.01 –0.77 — 4.5 0.01 –0.32

Jackson 7   1 0.01 2.9 0.01 –0.42 0.04 8.0 0.01 –0.86 — 20.8 0 –0.55

1980–1995 1995–2020 2020–2040
Production (actual) (projected) (projected)

exhibit continues on next page
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1980–1995 1995–2020 2020–2040
Production (actual) (projected) (projected)

Change in Fragmentation Measures

Major Producing
Counties 1980 1995 1999 PD % B SDI MPS PD % B SDI MPS PD % B SDI MPS

Kalamazoo 1     0.11 3.4 0.01 –1.76 0.08 5.8 0.01 –0.1 — 9.0 -0.01 0.31

Kalkaska 59   32 0.02 0.4 0.01 –0.73 0.03 6.2 0.01 –1.05 — 2.2 0.01 –0.74

Lapeer 14     0.07 1.1 0.01 –0.07 0.12 6.7 0.02 –0.26 — 12.7 0.01 –0.07

Leelanau       0.04 0.7 0.02 –0.11 0.03 1.3 0.01 –0.42 — 10.7 0.01 –0.46

Lenawee 4     0.03 0.9 0.01 –0.27 0.05 1.2 0.02 –0.66 — 2.0 0.01 –0.85

Livingston 6   4 0.19 3.8 0.02 –1.99 0.33 4.8 0 –0.71 — 9.5 0 –0.13

Macomb 10   12 0.27 8.4 –0.08 –3.03 0.37 22.3 –0 0.75 — 5.0 –0.03 0.52

Manistee 74   41 0.00 0.2 0.01 –1.05 0.00 2.4 0.01 –0.75 — 5.3 0.01 –0.77

Mason 2   1 0.01 0.4 0 –0.11 0.00 7.4 0.01 –0.63 — 5.0 0.01 –0.47

Mecosta 11   3 0.01 0.5 0.01 –0.56 0.01 1.1 0.01 –0.64 — 4.3 0.01 –0.35

Midland 4     0.04 1.1 0.01 –0.46 0.06 10.7 0.02 –0.47 — 9.2 0.01 –0.59

Missaukee 29   3 0.02 0.3 0 –0.47 0.02 0.3 0.01 –0.79 — 1.1 0.01 –0.43

Monroe 1     0.02 2.2 0.01 –1.88 0.07 22.2 0.03 –1.13 — 8.6 0.02 –0.57

Montcalm 12   1 0.05 0.9 0.02 –0.05 0.05 1.0 0.01 –0.12 — 6.7 0.02 –0.21

Montmorency 7   77 0.01 0.6 0.01 –1.11 0.03 0.7 0.02 –0.94 — 1.1 0.01 –2.15

Muskegon 1     0.04 3.2 0.02 –1.16 0.04 17.4 0.01 –0.69 — 7.8 0 –0.26

Newaygo 5   2 0.04 0.3 0 –0.35 0.05 1.6 0.01 –0.5 — 2.6 0.01 –0.29

Oakland 14   5 1.83 9.3 –0.1 –1.08 –0.48 11.9 –0.1 –0.57 — 6.0 –0.11 0.29

Oceana 4   5 0.01 0.3 0 –0.04 0.01 9.0 0.01 –0.37 — 5.7 0.01 –0.2

Ogemaw 17   2 0.03 0.6 0.01 0.26 0.04 4.4 0.02 –0.38 — 5.9 0.01 –0.29

Osceola 3     0.02 0.4 0.01 0.1 0.01 0.6 0.01 –0.25 — 4.7 0.01 –0.19

Oscoda     45 0.01 0.6 0.01 0.24 0.02 1.0 0.02 –0.35 — 0.7 0.02 –0.16

Otsego 61   74 0.04 1.4 0.03 0.01 0.06 8.1 0.02 –0.29 — 4.8 0.03 –0.42

Ottawa 1     0.32 3.7 0.03 0.76 0.43 19.9 0.01 –0.33 — 9.4 0.01 0.3

Presque Isle 34   2 0.00 0.2 0 0.24 0.00 1.2 0.01 –0.49 — 2.8 0.01 –0.27

Roscommon 17     0.04 0.2 0 0.68 0.04 0.1 0 0.06 — 0.1 0 0.02

Saginaw 7     –0.08 1.9 0.02 0.26 0.01 12.2 0.02 0.19 — 11.2 0.02 0.03

St. Clair 5   4 0.07 2.1 0.01 0.01 0.12 10.9 0.01 –0.21 — 8.8 0.01 –0.06

exhibit continues on next page
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1980–1995 1995–2020 2020–2040
Production (actual) (projected) (projected)

Change in Fragmentation Measures

Major Producing
Counties 1980 1995 1999 PD % B SDI MPS PD % B SDI MPS PD % B SDI MPS

Sanilac 1   2 0.00 0.3 0.01 0.55 0.01 2.3 0.02 –0.09 — 4.9 0.01 –0.47

Tuscola 6     0.00 0.3 0 0.03 0.01 6.4 0.01 –0.16 — 5.0 0.01 –0.2

Van Buren 8     0.04 1.1 0.02 –0.92 0.08 24.0 0.01 –0.92 — 9.1 0.02 –0.57

Washtenaw 1     0.14 3.4 0.01 –0.48 0.21 8.2 0.01 –0.22 — 13.0 0.01 –0.41

Wayne 2     –1.71 6.8 –0.15 –2.38 –0.94 11.3 –0.1 0 — 1.9 –0.12 1.09

Wexford 5   1 0.02 0.3 0 –1.13 0.01 1.8 0.01 –0.67 — 3.2 0.01 –0.66

Averages for the producing counties shown
State Production,
   kmt 732 554 576 0.04 1.51 0.01 –0.46 0.03 6.70 0.01 –0.47 — 6.85 0.01 –0.29

Averages for the State of Michigan

–0.38 2.892 –0.03 –1.228 –0.16 11.3 –0 –0.453  — 6.79 –0.02 –0.137

SOURCE:  Data from Michigan Geological Survey, USDE, Michigan Oil & Gas Association, Michigan Economic Census, LTM.
PD = Population Density
% B = Percentage of land area that is "Built"
SDI = Simpson's Diversity Index
MPS = Mean Parcel Size
X = Some Production Reported
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MICHIGAN’S FOREST INDUSTRY AT A GLANCE

n Michigan’s timber products economy supports approximately 150,000 jobs and
$9 billion of value added statewide, including those associated with the service
and support sectors for the forest products industry (1994).

n Forestland in Michigan totals 19.3 million acres (53 percent of the overall land
area of Michigan), of which 18.6 million acres is considered timberland.

n More than 353,000 private forest landowners own more than 8,400,000 acres of
Michigan timberland.

n The diminishing of the forest base through fragmentation of ownership is a ma-
jor issue for the future.  This leads to a loss of aesthetics, recreation, wildlife
habitat, forest-based employment, and harvested forest products, and to increased
pressure on infrastructure (e.g. roads, utilities, and fire protection).

n Other issues include opposition from relocated urbanites to traditional forest
pest control methods, timber harvesting, and the siting of timber processing
facilities such as sawmills and pulp mills. As more and more second homes are
built, particularly in northern Michigan, local opposition to the locating of pro-
cessing plants increases.

INTRODUCTION

Michigan’s public and private forests are a great asset to the state and provide many benefits to
its citizens. The Michigan Department of Natural resources (DNR) notes that these benefits
“include habitat for flora and fauna, recreational and sightseeing opportunities, filtration for air
and water quality, and timber.” Economic benefits to the state are significant. When tourism/
recreation is included, there are over $9 billion of value added and 150,000 jobs supported
statewide through forest-based industries. These forests contribute significantly toward quality-
of-life values shared by both residents and nonresidents of our state (DNR 2001).

The 1993 completion of Michigan’s fifth statewide forest inventory, conducted by the Michigan
Department of Natural Resources and the U.S. Department of Agriculture (USDA) Forest Ser-
vice-North Central Forest Experiment Station, provides essential data to assess statewide forest
conditions. Michigan’s forests are extensive, covering more than half of its land base. They are lo-
cated predominantly in the northern two-thirds of the state. Forestland acreage (land that is at least
16.7 percent stocked with forest trees of any size) totals 19.3 million acres, a 5 percent increase
since 1980. Forestland acreage classified as timberland (land suitable for producing timber crops
and not administratively withdrawn from timber production) is the fifth largest in the United States
(18.6 million acres), exceeded only by the states of Georgia, Oregon, Alabama, and North Caro-
lina. Timberland acreage has increased 7 percent since 1980 (DNR 2001).

Active forest management and protection activities have resulted in a maturing forest resource,
increasing in both tree size and age. Almost 50 percent of the forest stands in Michigan are clas-
sified as sawtimber, trees that meet the minimum standards for conversion to lumber
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(Leatherberry and Spencer 1996). The hardwood (broad-leafed and deciduous) forest types that
comprise 75 percent of the total timberland acreage base include maple-beech-birch, aspen-birch-
oak-hickory, and elm-ash-soft maple. Principal softwood (coniferous) forest types include red-
white-jack pine and spruce-fir-northern white cedar (see Exhibit 1, Forest Types in Michigan).

The Michigan Department of Natural Resources reports that ownership patterns of the forests
within Michigan reflect the healthy and diverse values of the individuals and institutions involved
in the stewardship of these properties. Forestlands are owned predominately by the private
sector. Nonindustrial private owners and farms collectively control 57 percent of the total tim-
berland acres, while forest industry owns 8 percent. The remaining 35 percent is controlled by
the public sector: 20 percent state owned; 1 percent county/municipal owned; 14 percent feder-
ally owned (Schmidt et. al. 1997).

Three factors—forest health, forest fire protection, and second home development—are inter-
twined with the future of the forest industry in Michigan.  The health of Michigan’s forests is
good. Timber volume has increased as a result of professional forest management. Growing
stock (trees 5 inches in diameter and larger) inventory was 26.9 billion cubic feet in 1993, a 35
percent increase since 1980. Average net annual growth of growing stock from 1980–1992 was
2.8 times greater than average annual removals during the same period. Michigan is simply
growing much more timber than is being harvested. This excess growth is added to the inven-
tory to further accumulate for the future needs of Michigan’s citizens (Schmidt et. al. 1997).

Fire protection for Michigan’s forestlands is provided through the cooperative effort of local,
state, and federal fire agencies, according to the DNR (2001). Active fire prevention programs,
the use of aerial detection techniques, development and use of highly specialized equipment, and
progressive ideas have made Michigan a recognized leader in the protection of its natural re-
sources. The state agency indicates that prescribed burning is readily employed to reduce fire
risk and improve objectives for wildlife habitat and silviculture (the science of growing trees).

Insect and disease outbreaks as well as other stresses, such as climate and air pollution, affect the
health of forestlands in Michigan. Constant monitoring of forest health conditions by state and
federal agencies is necessary to provide the information to develop plans for implementing con-
trol techniques.  Some traditional methods, such as use of pesticides, require public education
and understanding.

Extensive numbers of second homes are located in Michigan’s forested regions, generally in
what is referred to as the “urban-wildland interface” in northern Lower Michigan. The 1990
Census listed 224,000 seasonal homes in Michigan; in the 2000 Census, the number has in-
creased to 234,000. Stynes (1995) reports that seasonal homes are located in rural areas, prima-
rily in the northern part of the state. He states that seasonal homes account for more than half of
the housing units in Alcona, Lake, Montmorency, Oscoda, and Roscommon Counties. As more
fragmentation of larger properties occurs, and as more city dwellers move to forested areas, fire
and forest health protection needs increase. These relocated citizens will have a voice in all
activities associated with the state’s forests.
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History of Forest-Based Industries in Michigan
The exploitation of the extensive white-pine forests, raging forest fires, and the beginning the
conservation movement all came together in the late 1800s to awaken an interest in forestry in
the Great Lakes States. The early forest industry grew rapidly due to the availability of the
resource, strong markets for lumber, water transportation for logs, development of the “big
wheels” that opened up all-season logging (these vehicles can haul logs all year, unlike sleds,
which need icy roads), and the development of narrow gauge-railroads that made it much easier
to transport logs to mills.

In Michigan, white and red pine and hemlock were logged first. The hardwood-logging era
began after 1910 and continued until the Depression. This was followed by the mechanized
pulpwood era following World War II. The huge variety of Michigan forest-based industries
since settlement is astounding: Grand Rapids fine furniture, construction lumber, maple butcher-
block production, mine props and timbers, charcoal, shipbuilding, cooperage and crating, high-
quality flooring, and special products such as bowling-pins and musical instruments.

Today, the forest industry is still diverse. There are over 350 primary wood-using mills in Michi-
gan that take the raw material and convert it to lumber, veneer, and pulp. In addition, there are
some 1,700 secondary manufacturers that convert the products of the primary wood-using mills
into hundreds of different products, including millwork, paper, pallets, and furniture.

Constant change in the technology of forest-product processing has resulted in the development
of such new products as composition board, wafer board, and oriented strand board (OSB).
New methods of laminating wood, improvements in pulping processes, and development of
highly effective glues have also changed the forest industry. Sophisticated sawmilling processes,
including the use of lasers, have moved the industry into the space age. Computerized manufac-
turing processes are now commonplace.

CURRENT STATUS OF FOREST INDUSTRIES IN MICHIGAN

The Michigan Wood Products Directory (2001), published by the Michigan Department of
Natural Resources, presently shows over 2,600 businesses in Michigan directly related to wood
products, including those engaged in the harvesting of timber (logging firms).

In terms of employment, the directory shows five companies with over 1,000 employees, 12
with 501 to 1,000 employees, and 48 with 201 to 500 employees. There are 544 companies with
five employees or fewer. Almost 400 companies have annual sales that exceed $1 million, and
more than 39 companies have annual sales exceeding $50 million.

Some Recent Trends in Forestry and Forest Industries in Michigan

National Forest Management
Michigan’s three national forests have been actively engaged in forest resource planning for
many years. Managers have striven to implement “ecosystem management” approaches despite
often changing and undefined guidelines. Substantial reductions in harvesting have occurred on
each of Michigan’s National Forests. This is, in part, the result of public opinion towards public
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land management. Harvest levels on all national forests in the United States have dropped dra-
matically since 1989, from 12 billion board feet per year to 3 billion board feet per year.

Endangered Species Management
Management of endangered species has resulted in an increased awareness of forest manage-
ment in Michigan. At the forefront is the monumental effort towards recovery of the Kirtland’s
warbler, an endangered species. The count in 2001 of these small birds (that nest only in Michi-
gan) was 1,085 singing males, the highest count since the first census was taken in 1951. This
represents an increase of nearly 200 singing males over the year 2000 count. The record low
count of 167 singing males was recorded in both 1974 and 1987. Several state and federal
agencies cooperate in managing the jack pine barrens for nesting habitat. The bird is a ground
nester and has historically selected stands of young jack pine that were created by the natural
wildfires that frequently swept through northern Michigan.

Kirtland’s warbler habitat was altered when fire suppression programs became necessary to pro-
tect lives, land, timber, and property. To simulate wildfire, the federal and state agencies conduct
a combination of clearcutting, burning, seeding, and replanting on about 150,000 acres. At least
1,500 acres of jack pine were seeded on state and federal lands in the spring of 2001, and 1,000
additional acres will be planted in the fall. These new plantations will provide habitat for warblers
in six to ten years. Eventually, when the trees reach commercial size, they will be harvested and
the cycle will be repeated, ensuring continued habitat for the birds. Opposition to prescribed burn-
ing by new residents and neighbors could have an effect on this program in the future.

Forest Certification
Forest certification, often referred to as “green” certification, provides independent, third party
verification that a woodland operation is operating according to a set of principles and criteria
determined by a particular certification program (criteria may vary, depending on the program).
It is an important issue for forest managers, woodland owners and the wood-using industry.
Forest certification is similar to a financial audit of a corporation. It was conceived as a way to
promote sustainable forest production. In this context, sustainability includes ecological, eco-
nomic, and social components. It also may function as a market-based mechanism to reward
superior forest management. A special label identifies products from certified forestland. This
allows landowners to let customers know how they manage their forest.

Forest certification is a growing trend. Recently, companies and landowners from all over the
world have become involved. Environmental organizations, industry and forestry organizations,
and forest products companies have all driven the movement toward certification. Several firms
in Michigan have had or are in the process of having their operations certified. This relatively
new program will gain greater prominence in the future.

Commercial Forest Act
Michigan’s Commercial Forest Program provides a property-tax reduction to private landown-
ers as an incentive for them to retain and manage forestland for long-term timber production.
This program is an example of how state policy-makers can address a land use problem. Enacted
in 1925, its purpose was to help owners carry stands of immature timber and slow the rampant
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tax reversion that occurred after lands were logged. Today, participating landowners pay a re-
duced property tax of $1.10 per acre listed in the program. Additionally, the State of Michigan
pays $1.20 per acre annually to each county where land is listed.

Landowners in this program agree to develop, maintain, and manage the land as commercial
forest through planting, natural reproduction, or other silvicultural practices. The landowner
must have a forest management plan written by a registered forester or other natural resource
professional that describes how the listed land will be managed and schedules operations such as
reforestation and timber harvesting. Lands listed in this program are open to the public for
hunting and fishing.

Approximately 2.2 million acres in Michigan are listed, under the ownership of more than 1,250
private landowners. Participating landowners include private individuals, clubs, forest industry,
and other businesses. The forest industry is the major participant in the program, with more
than 85 percent of the acreage listed owned by the top ten forest industry or forest management
companies (DNR 2001).

Interest in the program was very limited from 1925 until the middle 50s. The total acres listed
reached 500,000 in 1964, a million acres in 1973, and 2 million acres in 1983. The amount of
listed acreage has remained more or less constant for the past ten years. Lands can be withdrawn
from the program by paying an application fee and withdrawal penalty, which is calculated using
ad valorem information provided by county and township governments (Potter-Witter et. al.
1991).

Canadian Softwood Lumber Imports
The U.S. International Trade Commission recently ruled that the United States forest products
industry was facing harm from Canadian imports. This is the latest action in a long-standing
dispute. In August 2001, the U.S. Commerce Department imposed a 19 percent tariff on Cana-
dian lumber imports from all but the Atlantic Provinces. The Commerce Department ruled that
Canadian lumber was subsidized through low provincial timber cutting fees. Clearly, this issue is
not totally resolved and will impact Michigan’s forest products industry in the future.

Forest Stewardship Program
In 1924 the federal Clarke-McNary Act dictated greater federal-state cooperation in managing
the nation’s natural resources. Educational assistance and technical advice from states was made
available to farm woodland owners, funded in part by the federal government. During the past
75 years, a variety of programs have enhanced and expanded this effort. The 1990 Farm Bill
contained the first forestry title, which created permanent forestry programs for private land-
owners. The Forest Stewardship Program was included in this Act.

This program encourages the active management of forest resources owned by non-industrial
private landowners. Its purpose is to increase the economic and environmental benefits of these
lands and to keep them in a productive and healthy condition for present and future owners. The
1996 Farm Bill renewed the Forest Stewardship Program. However, this program reaches only
a limited number of large forest landowners. The proposed 2001 Farm Bill as developed by the
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House Agriculture Committee contains several provisions for providing incentives and support-
ing sustainable forestry practices for small forest landowners as well.

PROJECTED LAND USE TRENDS IN AREAS OF FOREST USE

The projections for land use changes assumed for this project for the years 2020 and 2040
provide estimates only of total forestland loss by county. To express these changes in terms of
forest cover type, it was necessary to overlay them onto the more familiar USDA Forest Service
Forest Inventory & Analysis (FIA) data. This also provided an opportunity for comparison with
past FIA trends, as well as a conversion of projections into the more familiar acreage units

In contrast to data from the Michigan State University LTM, which showed a less than 1 percent
loss of forestland from 1980 to 1995, FIA data show a 7.1 percent increase in forestland from
1980 to 1993. The FIA increase includes some redefinition of forestland, but is generally thought
to reflect the natural succession of abandoned farm fields and pastures. This conclusion is sup-
ported by the fact that virtually the entire increase occurred in southern Lower Michigan, where
forestland acreage increased by 32 percent (but where the LTM data concentrated its loss, esti-
mated to be 3.5 percent).  Exhibit 1 shows these trends for southeast Michigan.

EXHIBIT 1

Past and Future Built and Forest Areas in Southeast Michigan

SOURCE:  LTM.

1980 2020 2040

®
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A time sereis of past and future urban use and forest cover in Southeast Michigan. 
The 1980 panel shows urban and forested areas that were mapped
in the MDNR's MIRIS database.  The year 2020 and 2040 panels show
urban and agricultureal areas as projected by the Land Transformation
Model.

The year 2020 and 2040 panels represent these two land uses if
the current urban sprawl scenario is exnteded 20 and 40 years into
the future.
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Next, the county-level percentage forestland-loss projection data for the years 2020 and 2040
were applied to the 1993 FIA county data to derive projections of forestland loss by forest cover
type. Before this was done, however, two tests were made to determine whether there would be
a bias in using the simple approach of applying the projected losses equally across all forest types
(by county). The first test involved correlating the projected county-level forestland losses with
the FIA 1993 county-level forest-type composition. These regressions yielded no significant
correlation between forest type and projected forestland loss. For the second test, because there
are significant correlations between forest-ownership category and forest type, projections were
also run assuming that all projected forestland loss would come from the “non-industrial private
forest” group. This test also yielded no significant change in estimates when compared to the
simple assumption that forestland loss would occur equally across all forestland by county. As a
result, the simple projection overlay technique was used, and results are shown in Exhibit 2.

The two “basic” scenarios for the two projection years are interpreted to estimate direct loss of
forestland due to conversion to another land use. The sprawl scenarios for the two projection
years represent forestland loss by direct conversion plus forestland effectively withdrawn from
timber production as a buffer around the new land use. (This buffer could be on the land-use
converter’s own land, on adjacent land—the “good neighbor” effect, or could represent a will-
ingness to cut timber less often or less intensively.)  The projected forestland losses are fairly
modest under the two basic scenarios, but are more than three times as great in the sprawl
scenarios.

The county-level forestland loss scenarios, when aggregated up to the four FIA survey units in
Michigan (see Exhibit 3), show a strong concentration of the projected losses in southern Lower
Michigan, where human populations are highest and the percentage of forestland cover is the
lowest.  Notice that the forestland loss projections are relatively modest for the Upper Peninsula
(even under the year 2040 sprawl scenario), are somewhat larger for northern Lower Michigan,
and become rather substantial for southern Lower Michigan, especially in the sprawl scenarios.

When these projected forestland losses are allocated by forest type (again, equally across all
forest types at the county level), the impacts are substantially greater for the forest types concen-
trated in Lower Michigan (see Exhibit 4). These include the oak and hickory found in drier sites
and the river-bottom elm, ash, and cottonwood.

EXHIBIT 2

Total Projected Forestland Loss from Development in Michigan

From 1995   Projected Percentage
to Year Scenario  Forestland Loss

2020 basic –1.0%
sprawl –3.4

2040 basic –2.0
sprawl –7.3

SOURCE: LTM.
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If the past natural successional changes of Michigan’s aging forests (see Exhibit 5, based on
estimates from FIA data) continue into the future:

n Projected pine losses will be more than offset by natural conversion to white pine, espe-
cially in northern Lower Michigan;

n Minor spruce-fir losses will be counterbalanced by minor gains;
n The oak-hickory losses in Lower Michigan could be moderated somewhat, and even

more than offset in the north;
n The elm-ash-cottonwood losses will likely intensify (primarily in southern Lower Michi-

gan);
n The northern-hardwood losses will probably be more than balanced by gains, especially

in northern Michigan; and
n The aspen acreage lost to development will be overshadowed by continued major losses

due to natural type conversion (most likely on private lands in northern Lower Michi-
gan).

EXHIBIT 3
Projected Forestland Loss by FIA Survey Unit

From 1993   Western Eastern Northern Southern
to Year Scenario UP UP LP LP State

2020 basic –0.2% –0.2% –0.7% –4.1% –1.0%
sprawl –0.3 –0.5 –2.9 –12.9 –3.4

2040 basic –0.3 –0.3 –1.3 –7.8 –2.0
sprawl –1.1 –2.1 –6.6 –24.6 –7.3

SOURCE: LTM.

EXHIBIT 4
Projected Forestland Loss by Forest Cover Type

Northern
White- Hardwood

From 1993 Red-Jack- Spruce Oak- Elm-Ash- Maple- Aspen-
to year Scenario Pine Fir Hickory Cottonwood Beech-Birch Birch

2020 basic -0.7% -0.3% -2.1% -2.2% -1.0% -0.6%
sprawl -2.5% -1.0% -6.9% -6.8% -3.4% -2.1%

2040 basic -1.4% -0.5% -4.1% -4.2% -1.9% -1.1%
sprawl -5.5% -2.8% -13.3% -13.5% -7.4% -4.9%

SOURCE: LTM.

Projected Percentage Forestland Loss

Projected Percentage Forestland Loss
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A combination of the 1980–1993 type conversions with the 2020 sprawl losses are shown in
Exhibit 6.

Effect of Projected Land Use Trends on Forest Industry
Land development affects the supply of timber to the forest-products industry in three basic
ways. First, land development clears trees and replaces forests with buildings, pavement, and
lawns. These impacts, although the most direct, are probably the smallest in magnitude.

Second, trees left on developed parcels often become unavailable for harvest because landown-
ers consider them to be irreplaceable scenic amenities. These changes are difficult to quantify
because even the landowners themselves are not fully conscious of their own management inten-
tions. People who have no intention of harvesting timber when they buy a parcel often change
their minds later as they learn more about forest management or as their economic needs change.
Also, as property changes hands, a new owner may be more willing to harvest than a previous
owner, and as wood volume accumulates on an uncut parcel, it becomes more attractive to a
purchaser interested in harvesting timber. Generally:

n the larger a land parcel, the more likely it will be harvested;
n the more valuable trees and those amenable to single-tree selection are more likely to be

harvested; and
n forest types that require clearcutting for regeneration are more likely to be left to con-

vert to other species, especially on smaller parcels.

EXHIBIT 5

Estimated Forestland Changes from Natural Succession in Michigan, 1980–93

Northern
Elm-Ash- Hardwood

Pine Spruce-Fir Oak-Hickory Cottonwood Maple-Beech-Birch Aspen

9% 1% 2% –5% 6% –15%

SOURCE: USDA Forest Service, 2001.

EXHIBIT 6

Hypothetical Combined Effects of Past Natural Forest Type Conversion and the Pro-
jected 2020 Sprawl Forestland Losses on Forestland Acreage in Michigan,

by Forest Type

Example of Forestland Acreage Changes from
Combined Effects of Natural Succession and Development

Northern
Elm-Ash- Hardwood

Pine Spruce-Fir Oak-Hickory Cottonwood Maple-Beech-Birch Aspen

6% 0% –5% –11% 3% –18%

SOURCE: LTM.
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Finally, owners of developed parcels (or even owners of undeveloped parcels) may object to the
harvesting of timber on adjacent lands. Although there is no legal basis in Michigan for such an
objection to become an outright prohibition, both public and private owners frequently restrict
or alter timber harvests simply to avoid unpleasant repercussions. To date, such pressure has yet
to result in legal limitations on private forest use in Michigan, but the threat may well be causing
private landowners to think twice about how wood is harvested. Perhaps the greatest effect on
wood supply may result from pressures brought by rural landowners to decrease timber har-
vests on public lands.

These factors may operate directly (by taking forestland out of timber production) or indirectly
(by affecting the way in which lands are harvested). Indirect effects can include delays in timber
harvesting or restricting the frequency of timber harvests. Alternatively, timber harvests might
proceed with special restrictions that raise the cost of harvesting. In this case, increased harvest-
ing costs might not raise wood costs for timber users, but—by reducing the fees paid to land-
owners— they could further discourage timber harvesting.

Measures of the combined effects of all these factors are difficult to estimate. For the most part,
the sprawl effects of development will be greatest on the forested parts of land experiencing
direct conversion, especially if the parcel is fragmented. Exhibit 7 demonstrates the effects of
fragmentation on forested areas.

As an independent test of the potential for less cutting of timber as a result of development,
industrial removal of timber per acre of timberland were calculated from the 1993 data. A lower
harvest per acre was found to occur in the southern Lower Peninsula, but this seems to be
primarily the result of the predominance of private individual land owners (who cut at a lower
rate statewide) in that survey unit (see Exhibit 8).

The economic baseline against which such changes are occurring is changing rapidly:

n Technological change in the timber-using industries is constantly developing new uses
for smaller-diameter trees and for “less desirable” tree species.

n Technological change in timber harvesting creates ways to handle smaller trees and per-
mits more efficient ways to access all kinds of timber.

n Higher wood prices and improved technology tend to encourage better utilization of
wood wastes and recycled materials.

n An aging forest is making short-lived species like aspen and jack pine often less promi-
nent on the landscape and increasing the availability of northern hardwoods and other
more long-lived species.

The pattern of land use changes and their effects on wood supply vary greatly from one end of
the state to the other. In southern Lower Michigan, where the greatest changes are expected to
occur, forestland is already scarce, parcel sizes are small, and the wood-using industry is rela-
tively used to operating on smaller parcel sizes. In the Upper Peninsula, where land-use changes
are likely to be more modest, people are more accepting of timber harvesting. The greatest
impacts seem most likely to occur in northern Lower Michigan, where forests are still common,
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EXHIBIT 7

Change in Parcels, Land Use, and Forest Cover

SOURCE:  LTM.

1970s

1980s

1990s

0 1 2 30.5
Miles

Built

Agriculture

Other Vegetation

Young Forest

Mature Forest

Open Water

Wetland µ

Parcels were digitzied from county plat books
for each of the three decades.  Aerial photographs 
of the study areas where superimposed on the
parcel boundaries so that land use/cover could
be assigned to each parcel.

Note the size of the ownership parcels for young and 
mature forest cover decreases over time.

Data were developed as part of a
NASA funded project to Dan
Brown and Bryan Pijanowski.
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land use changes are expected to be most significant, and newcomers from southern Michigan
cities have little understanding of forest management or tolerance for timber harvesting.

Impacts on timber harvesting are likely to vary greatly by forest type and location. In all parts of
the state, the desirability of parcels on water will tend to affect forest types and sites adjacent to
bodies of water. In many places, timber harvesting near water is somewhat limited anyway, so
direct effects of land use changes may be limited as well. However, as development spreads out
from bodies of water, the more indirect “neighbor” effects may become more pronounced.

On sandy sites, easy well-drilling, good percolation, and uncomplicated foundation construction
have resulted in exceptional development in jack-pine areas. These areas are extraordinarily
prone to wildfires. In general, a reluctance to clearcut seems to be reducing harvests of aspen, a
relatively mature forest type that is giving way to other types, notably northern hardwoods.

The issues described in this analysis are fairly complex. It is difficult to determine all of the
effects of fragmentation of forestlands. Many studies are underway in the various regions of the
United States trying to assess the overall impacts of fragmentation.

The future of the forest industry in Michigan depends on overcoming a number of hurdles. The
demand for forest products of all types continues to increase in Michigan and worldwide. It will
be necessary for governments, industry, and the public to work together to ensure future avail-
ability of raw materials to meet the society’s needs. Of major importance is the recognition of
how fragmentation of forestlands will affect the industry in the future, especially how the reloca-
tion of former urban dwellers to the forested landscape will affect the ability of the industry to
continue to provide the goods society demands.

EXHIBIT 8

Industrial Removal of Timber per Acre of Timberland, by Survey Unit, 1993

Timber Removal/Timberland Acre (cu.ft.)

All Owners Private Individuals

Western UP 14.4 Western UP 11.6
Eastern UP 18.0 Eastern UP 11.2
Northern LP 14.1 Northern LP 12.5
Southern LP 11.6 Southern LP 11.1

State 14.7 State 11.8

SOURCE: USDA Forest Service 2001.



125

REFERENCES

Leatherberry, Earl C., Neal P. Kingsley, and Thomas W. Birch. 1998. Private Timberland Owners
of Michigan, 1994. Resource Bulletin NC-191. St. Paul, Minn.: U.S. Department of Agricul-
ture (USDA) Forest Service, North Central Forest Experiment Station.

Leatherberry, Earl C. and John S. Spencer, Jr. 1996. Michigan Forest Statistics, 1993. Resource
Bulletin NC-170. St. Paul, Minn.: USDA Forest Service, North Central Forest Experiment
Station.

Michigan Department of Natural Resources (DNR). 2001. Commercial Forest Program. [On-
line]. Available: http://www.dnr.state.mi.us

Michigan Department of Natural Resources. 2001. Michigan Wood Products Directory. [On-line,
August 27, 2001]. Available: http://www.dnr.state.mi.us

Michigan Department of Natural Resources. 1996. Michigan Timberland Highlights. [On-line].
Available: http://www.dnr.state.mi.us

Michigan Department of Natural Resources-Wildlife Division and Forest Management Divi-
sion, and USDA Forest Service-North Central Forest Experiment Station. 1995. Michigan’s
Forests. Lansing, Mich.: DNR.

Potter-Witter, Karen, Jeffrey Niese, Carol Hyldahl, and David Walker. 1991. Analysis of Michigan’s
Commercial Forest Act for the Michigan Department of Commerce and the House of Representa-
tives, Subcommittee on Forestry and Minerals. East Lansing, Mich.: Department of Forestry,
Michigan State Univesity.

Schmidt, Thomas L.,  John S. Spencer, Jr., and Robin Bertsch. 1997. Michigan’s Forests 1993: An
Analysis.  Resource Bulletin NC-179. St. Paul, Minn.: USDA Forest Service, North Central
Forest Experiment Station.

Stynes, Daniel J., JiaJia Zheng, and Susan I. Stewart. 1995. Seasonal Homes in Michigan. East
Lansing, Mich.: Department of Park, Recreation and Tourism Resources, Michigan State
University.

United States Department of Agriculture (USDA) Forest Service. 2001. Forest Inventory and
Analysis Database Retrieval System. [On-line]. Available: http://www.srsfia.usfs.msstate.  edu/
scripts/ ew.htm


