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The Minnesota 81 sl Legislative Session passed an appropriations bill in the spring of May 2000 directing the
University of Minnesota Duluth, acting through its Bureau of Economic Research (BBER) in the School of
Business and Economics, to "conduct an inventory of state-owned land located within the Boundary Waters
Canoe Area Wilderness (BWCAW) for the purpose of providing the legislature and state officers with more
precise information as to the nature, extent, and value of this land." This inventory was to be submitted to the
Legislature by January 15,2002.

The status of the project was reviewed by the Minnesota Department of Natural Resources (DNR) and the state
legislature in May 2001. An important motivation for the project was reiterated. Most of the state-owned tracts
within the BWCAW have School Trust status, although they produce no School Trust revenue because no
commercial extraction of natural resources is permitted within the BWCAW. One possible alternative to
enhance School Trust fund revenues is for the state to exchange state lands it holds within the BWCAW for
federal lands outside the BWCAW which would be subject to less restrictive uses. Before such an exchange
can occur, however, the state-owned lands need to be appraised according to state and federal standards. Thus,
while the legislature remained interested in an estimate of the value of all lands held within the BWCAW, it was
seen as more important to appraise as many acres as possible. The lands actually appraised could then be used
in a possible exchange.

The project's end date was extended one year to January 15,2003 to allow for appraisals to be made in the
summer of 2002, however, no additional funds were allocated to the project. This necessitated a new approach
for the project in light of insufficient funds for the statistical approach that had been proposed (even with only
20 sample tracts).

On behalf of the members of the research team and our partners it is my pleasure to transmit this report, A
Physical Inventory and Valuation ofState-Owned Lands within the Boundary Waters Canoe Area Wilderness,
including three volumes as follows. Volume 1: Valuation Report, Volume 2: 2002 Appraisal Report, and
Volume 3: GIS Maps and Physical Inventory.

The UMD BBER appreciates the excellent cooperation of the Minnesota Department of Natural Resources,
Division of Lands and Minerals, as well as the University of Minnesota Natural Resources Research Institute
GIS Laboratory. BBER is looking forward to making a presentation of these findings and reports to the
legislature at their convenience. Please contact the Bureau to arrange this presentation.

Respectfully,
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Richard W. Lichty
Principal Investigator
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PROJECT SUMMARY 
  
Charge 
 
Provide a legal and physical  inventory and valuation of all state-owned lands within the 
Boundary Waters Canoe Area Wilderness. 
 
Components 
 
(1) Maps and an inventory of legal and physical characteristics of target lands 
 produced by the Geographic Information Systems (GIS) lab of the Natural 
 Resources Research Institute using land records provided by the Minnesota 
 Department of Natural Resources. 
 
(2) Complete and self-contained 2002 appraisal of approximately 5280 acres of target 
 lands jointly produced by Tom Turner & Associates and Ramsland & Vigen, Inc. 
 
(3) Valuation report produced by the University of Minnesota Duluth Bureau of 

Business and Economic Research using (1) and (2) above, as well as, appraisal 
results from 1978-1998 U.S. Forest Service appraisal reports. 

 
Findings 
 
Acreage of target lands by land category: 
 

Description Acres  

A Islands 5,192.83
B Large Lake Frontage 13,161.24
C Large-Medium Lake Frontage 2,886.28
D Medium-Small Lake Frontage 4,554.14
E Small Lake Frontage 14,000.14
F Major Flowage 41,932.47
G Flowage Influence 14,869.63
H Wetlands 2,213.25
I Uplands 17,748.99

A-I Total 116,558.97

y g y

Land Category

Non-Waterfront

 Waterfront

   Source: UMD Bureau of Business and Economic Research 
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Estimated value of all target lands as of September 2002: 
 
 Based on 2002 Vigen-Turner appraisal:   
  $88.80 - $96.84 million with a “medium” value of $91.71 million 
 
 Based on 1978-1998 U.S. Forest Service appraisals:   
  $78.17 - $99.26 million with a “medium” value of $90.39 million 
 
 
Acreage and 2002 valuation of target lands by county and land type: 
 

St. Louis Cook Lake TOTALS

34672.1 25982.7 25640.7 86295.5

$29,478,531 $19,737,211 $23,088,565 $72,304,306

390.2 2070.0 0.0 2460.1

$172,760 $1,672,878 $0 $1,845,637

17804.5 0.0 0.0 17804.5

$10,198,843 $0 $0 $10,198,843

3662.1 2262.3 4074.6 9999.0

$2,082,243 $2,187,592 $3,092,863 $7,362,698

56528.7 30315.0 29715.3 116559.0

$41,932,376 $23,597,680 $26,181,427 $91,711,483
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                Source: UMD Bureau of Business and Economic Research 
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PROJECT HISTORY AND DEVELOPMENT 
 
 
Project Charge 
 
The Minnesota 81st Legislative Session passed an appropriations bill (Exhibit 1) in the 
spring of May 2000 directing the University of Minnesota Duluth, acting through its 
Bureau of Economic Research (BBER) in the School of Business and Economics, to 
“conduct an inventory of state-owned land located within the Boundary Waters Canoe 
Area Wilderness (BWCAW) for the purpose of providing the legislature and state 
officers with more precise information as to the nature, extent, and value of this land.”  
More specifically, the inventory of all state-owned tracts within the BWCAW was to 
include:  (1) legal description of each tract, (2) acreage of each tract, (3) a general 
description of any existing shoreline within the tract, (4) a general description of the 
predominant vegetation cover and topography of the tract, and (5) an estimated value for 
each tract based on established real estate valuation techniques (exclusive of mineral 
interests).  This inventory was to be submitted to the Legislature by January 15, 2002.   
 
The principal focus of this project was to be the completion of (5) above, an assessment 
of the fair market value of approximately 116,500 acres of state-owned lands comprising 
roughly 11.2% of all lands within the BWCAW.  The “fair market value” is generally 
defined as that amount of cash, or terms equivalent to cash, for which in all probability 
the property would be sold by a knowledgeable owner willing but not obligated to sell to 
a knowledgeable purchaser who desired but is not obligated to buy.  Fair market value is 
usually determined with reference to the land’s “highest and best use,” that is, the highest 
valued use for which the property is adaptable and needed or likely to be needed in the 
near future. 
 
How land is used determines the type and amount of goods and services generated by it.  
This includes goods such as minerals, timber, and agricultural products and services such 
as recreational, residential and/or recreational housing, industrial siting, and ecological.  
The value of these goods and services is based on how much people are willing and able 
to pay for them and ultimately determines the value of the land itself (Hartwick and 
Olewiler, 1998).  For those goods and services which are marketable, such as timber or 
housing, these values may be determined from direct market observation.  For others, 
such as recreational or ecological, other valuation techniques must often be employed. 
 
This project proposed to assess two general use categories: development and natural 
(Pearce and Moran, 1994).  Development uses would include logging, mining, 
agriculture, residential/recreational housing, commercial/industrial siting, golf courses, 
and other recreational facilities such as lodges.  Natural uses are basically those that leave 
the land in its natural state.  The benefits derived from this natural state include 
recreational (hiking, camping, wilderness experiences), ecological (habitat preservation, 
climate stabilization, bio-remediation of chemicals), and non-use (option, existence, and 
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bequest values).  It seems reasonable to assume that the establishment of the BWCAW 
itself was based on the belief that these benefits were and are significant.   
 
Clearly the value of both development and natural uses depends on the physical 
characteristics of the land itself (topology, productivity/fertility, geology, hydrology, and 
accessibility, to name a few).  Thus, in order to complete (5) above (the valuation of 
state-owned lands), an inventory of the physical characteristics of these lands, (1) through 
(4) above, would be required. 
 
 
Initial Project Plan and Methodology 
 
Most development uses of land are private in nature in that only the owner or user 
receives any direct benefit from the ownership.  In such cases, there are often well-
established markets and observable sales.  The proposed valuation methodology for 
assessing land for development purposes involved essentially two steps:  (1) a 
professional appraisal of a systemized random sample of tracts and (2) development of a 
tract valuation model based on these appraisals and tract characteristic data collected 
from the physical inventory.   
 
Depending upon how one wishes to define “contiguous,” there are more than 750 
contiguous tracts of state-owned land with the BWCAW.  Appraising each and every one 
of these tracts was clearly beyond the budget of this project.  Thus, only a representative 
sample of all these tracts was to be appraised.  Instead of selecting a truly random sample 
(one in which each tract has an equal probability of being in the sample), it was 
considered desirable to choose a stratified random sample to be sure all relevant physical 
characteristics were being accounted for.  In such a sample, certain characteristics of the 
tracts are identified and then the sample is chosen so that the proportion of tracts in the 
sample with a given characteristic is roughly the same as the proportion of all tracts that 
have that characteristic.  For example, if 40% of all tracts had some sort of shoreline on 
them, then roughly 40% of the sample tracts should also have some shoreline on them.  
Depending on the tracts chosen and their size, 75-100 tracts would be needed to ensure a 
sample size of roughly 10% of the total acreage (which was considered desirable for 
statistical analysis).  Thus, step (1) would require first an inventory of tract characteristics 
(acreage, topology, vegetation, accessibility, etc.) and then selection of the sample tracts 
to be appraised.  The chosen tracts would then be professionally appraised according to 
the Uniform Standards of Professional Appraisal Practice (USPAP), Uniform Standards 
for Federal Land Acquisitions (USFLA) and Minnesota state statute, including on-site 
inspection of each sample tract.  It was anticipated that these appraisals would largely be 
based on analysis of sales of comparable lands near the BWCAW. 
 
Step (2) would develop a multiple regression model using each of the sample tracts as an 
observation.  The dependent variable in the model would be the appraised value of the 
tract as determined by the professional appraisers, while the independent variables would 
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be the physical characteristics of the tract itself (determined from the initial inventory and 
adjusted as necessary from additional information provided by the professional 
appraisers’ on-site inspection).  With this model, an estimate of the appraised value of 
tracts outside the sample could be obtained using information about their physical 
characteristics (provided by the physical inventory).   
 
Assessing the value of leaving land in its natural state is more difficult in that natural uses 
of the land tend to be more public in nature.  A use is public when the benefits of it 
accrue to more than just the owner and when it is difficult to exclude people who don’t 
pay for these benefits from receiving them anyway (Field and Field, 2002).  For example, 
everyone in the world presumably benefits from forests absorbing carbon dioxide or the 
ecological stabilization provided by preserving bio-diversity, regardless of whether they 
pay for it or not.  It is well-known that markets for these types of use generally do not 
develop and thus, there is no observable flow of income from which to make value 
estimates.  Nevertheless, there are established methodologies for assessing the value of 
natural uses.  Originally, this project proposed to assess these uses by (1) utilizing travel-
cost methodology and (2) making extrapolations from secondary data sources which 
utilized contingent valuation techniques to assess these.   
 
Very early in the project, however, it was discovered that the Interagency Land 
Acquisition Conference in April 1995 (Exhibit 2) established a position that “a non-
economic highest and best use is not a proper basis for the estimate of market value and, 
accordingly, that a highest and best use of conservation, preservation, or other use that 
requires property to be withheld from economic production in perpetuity, is not a valid 
use upon which to estimate market value.  Such an estimate is, therefore, not in 
conformance with the Uniform Appraisal Standards for Federal Land Acquisitions.”  
While the project investigators might wish to disagree with this ruling, it made any 
further assessment of natural uses a moot point.  Thus, the project focused solely on the 
development use methodology described earlier.   
 
Given this constraint, the project was to proceed in five phases:  (1) Summer/Fall 2000—
determination of physical characteristics relevant to valuation (including useful measures 
of such characteristics) and development of basic physical inventory of all state-owned 
tracts, (2) Winter 2000/Spring 2001—selection of sample tracts and development of 
request for bids for professional appraisal services, (3) Summer 2001— appraisal of 
sample tracts by professional appraisers, (4) Fall 2001— development of multiple-
regression valuation model from appraisal information and estimation of values for all 
tracts, (5) Winter 2001— writing final report for delivery by January 15, 2002. 
 
 
Project Realities 
 
Phase (1) required identifying and measuring physical characteristics that would be 
relevant in the valuation of tracts.  This phase began with discussions with professional 



 
 

BWCAW Land Valuation Report, Vol. 1 
UMD Bureau of Business and Economic Research, 1/15/2003 

8 
 

appraisers, as well as, a review of appraisal reports involving similar types of lands.  In 
particular, this review included appraisal reports on the market value of all lands in the 
BWCAW prepared for the U.S. Forest Service in 1978 (Ash, 1978), updated in 1987 and 
1988 (Brasch, 1987 and 1988), and then most recently updated in 1998 (Steigerwaldt, 
1998).  These reports segregated all lands into two basic categories—those with water 
frontage (referred to as “frontage,” “shoreland,” and “waterfront,” respectively, in these 
reports) and those without (referred to as “woodland,” “non-shoreland,” and 
“timberland”).  From the position that the regression valuation model might be more 
robust in terms of characteristics, discussions with professional appraisers led to a much 
wider set of potential characteristics which might reasonably affect the valuation of a 
tract.  These are described in greater detail in Volumes 2 and 3 of this project report but 
include factors such as size and shape of the tract; accessibility to the tract (distance to 
nearest road and/or trail, potential for float plane access, distance to nearest utilities, 
distance to nearest portage, etc.); topology of the tract (percent upland/lowland, 
steepness); type of water frontage (lake, perennial stream, marsh, amount of shoreline); 
type of vegetation (type/quantity of timber); and others (sediment type, geomorphology, 
and any unusual features).   
 
Unfortunately, some disconcerting information also surfaced from these discussions.  
This involved Phase (3), the actual appraising of the sample tracts.  There was 
widespread concern that the cost of professionally appraising such a large number of 
separate tracts (75-100 tracts) in an area as remote as the BWCAW could well be 
prohibitive, and certainly beyond the budget for this project ($120,000 of the project’s 
total budget of $200,000 had been designated solely to cover appraisal costs).  This 
necessitated two changes in the project in an attempt to keep the project within budget.  
First, the physical inventory would have to be less detailed than originally planned, 
relying primarily on readily available data and digital maps.  Second, the number of tracts 
in the sample would have to be reduced and yet still be sufficient to yield statistically 
useful results. 
 
Originally, a systemized random sample of contiguous tracts of varying sizes 
representing roughly 10% of all tracts was desired.  But as noted above, this would have 
involved 75-100 different tracts (depending on the size of the tracts chosen).  To reduce 
the costs of appraising the sample tracts it was necessary to reduce the number of tracts to 
be appraised, which, if 10% of the lands were still to be appraised, meant that each tract 
appraised needed to be larger.  To accomplish this, instead of considering all possible 
state-owned tracts within the BWCA, only sections wholly-owned by the state (all 16 of 
the 40-acre parcels) or near-wholly-owned by the state (at least 12 out of 16 of the 40-
acre parcels) were considered as possible sample candidates.  This amounted to 100 
sections, 86 wholly-owned and 14 near-wholly-owned.  This strategy would constitute 
the population from which a stratified sample of 20 would be chosen.  This would reduce 
the sample size (and number of separate tracts to be appraised) from 75-100 down to 20 
and yet still have roughly 10% of all state-owned lands appraised (20 sections x 640 acres 
per section = 12,800 acres).  Of course, there is not necessarily 640 acres in each section.  
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The actual number of acres in the sample chosen was approximately 11,740 acres, or 
10.1% of all state-owned lands.  Given the project’s budget, this allowed for a per-section 
appraisal cost of $6000 ($120,000/20).  
 
The characteristics used to stratify the sample were amount of lakeshore, type of 
vegetation, type of sediment, and accessibility.  Lakeshore is essentially the characteristic 
used in the U.S. Forest Service appraisal reports, and vegetation and sediment were easy 
to ascertain for each section from available maps.  While accessibility was considered an 
important characteristic to include, developing accessibility measures at this point in the 
project appeared to be too costly.  Instead, the sample was chosen to ensure locations all 
throughout the BWCAW were represented.  Exhibit 3 shows all state-owned lands within 
the BWCAW, as well as the sections selected for appraisal.  Exhibit 4 illustrates that the 
percent of a given characteristic in the sample chosen was roughly equal to the percent of 
this characteristic within the population of all 100 sections, making the sample 
reasonably representative of the whole.  A map of the 20 sections chosen, as well as, their 
legal descriptions was included in the Request for Bids (RFB) sent to professional 
appraisers in December 2000 (Exhibit 5).  Bids were requested on or before February 28, 
2001 so that a bid could be accepted and appraisals could occur in the summer of 2001. 
 
On January 17, 2001 a public informational briefing on the project was held on the 
University of Minnesota Duluth campus (Exhibit 6) to update participants and 
stakeholders on the project’s purpose and progress to date, to answer any questions, and 
listen to any concerns.  All appraisers who were sent a RFB were also invited so they 
could get any necessary clarifications.  Appraisers raised numerous issues related to the 
project, none the least of which was that even 20 sections, spatially separated throughout 
an area as remote as the BWCAW, would be very time-consuming and costly to assess as 
individual tracts.  None of the appraisers present felt they had sufficient information or 
time to prepare for a summer appraisal.  These concerns led to a follow-up forum with 
interested appraisers in February 2001.  Informational needs, estimates of appraisal costs, 
and time lines to complete such a task were discussed.  Two things became clear: (1) 
given the informational requirements by the appraisers to even develop a reasonable 
proposal, the time necessary to fulfill those needs, and the time required to physically 
inspect and appraise 20 tracts “spread from one end to the other of the BWCAW,” a 
summer 2001 appraisal was probably not feasible and (2) even if it were possible, it 
would likely cost more than the budget allowed for this project given the need for 
experienced guides and the number of days in the field that would be required (per 
section estimates as high as $10,000, depending on accessibility, were expressed 
informally). A decision was subsequently made to recall the original RFB.  
 
The status of the project was reviewed by the Minnesota Department of Natural 
Resources (DNR) and the state legislature in May 2001.  An important motivation for the 
project was reiterated.  Most of the state-owned tracts within the BWCAW have School 
Trust status, although they produce no School Trust revenue because no commercial 
extraction of natural resources is permitted within the BWCAW (see Exhibit 7).  One 
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possible alternative to enhance School Trust fund revenues is for the state to exchange 
state lands it holds within the BWCAW for federal lands outside the BWCAW which 
would be subject to less restrictive uses.  Before such an exchange can occur, however, 
the state-owned lands need to be appraised according to state and federal standards.  
Thus, while the legislature remained interested in an estimate of the value of all lands 
held within the BWCAW, it was seen as more important to appraise as many acres as 
possible.  The lands actually appraised could then be used in a possible exchange. 
 
The project’s end date was extended one year to January 15, 2003 to allow for appraisals 
to be made in the summer of 2002, however, no additional funds were allocated to the 
project.  This necessitated a new approach for the project in light of insufficient funds for 
the statistical approach that had been proposed (even with only 20 sample tracts). 
 
 
Revised Project Plan and Methodology 
 
The revised plan was primarily designed to reduce the anticipated appraisal costs, while 
still appraising a significant number of acres that could be potentially exchanged in the 
future.   This necessitated looking for a reasonably contiguous group of larger tracts that 
were relatively easy to access and could reasonably be thought of as a good candidate in 
whole or part for possible exchange.  Since value estimates for all state-owned tracts 
within the BWCAW would be generated by extrapolating from the appraisals of these 
tracts, it was also important that it have a mix of natural features.  The DNR took the 
responsibility for selecting the tracts to be appraised. 
 
Since the tracts to be selected could not reasonably be viewed as any kind of random 
selected sample of all state-owned tracts, no statistical approach or analysis to estimating 
the value of all state-owned tracts would be possible.  However, it would still be possible 
to estimate these values by extrapolating from appraisal results. Of course, no confidence 
levels could be placed on these estimates as would have been the case with the statistical 
approach.  Two extrapolations were suggested: one based on the primary data provided 
by the 2002 appraisal of the selected tracts, and another based on the secondary data 
provided by the 1978-1998 U.S. Forest Service appraisals of all lands with the BWCAW.  
 
A simple extrapolation model would be utilized.  The physical inventory would be used 
to identify the land characteristics of each state-owned tract.  Based on these 
characteristics, the tract would then be classified according to land categories established 
in the above appraisals.  Finally, each tract would be valued according to the per acre 
values identified in these appraisals for each land category.  The details of this process 
are described later in this report.   
 
The project was thus revised to proceed as follows:  (1) Summer 2001—DNR selection 
of tracts to be appraised and continued development of physical inventory by BBER, (2) 
Fall/Winter 2001— preparation of appraisal RFB, including necessary maps and data 
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requested by appraisers, and analysis of U.S. Forest Service appraisal reports on all lands 
within the BWCAW,  (3) Spring/Summer 2002— appraisal of selected tracts by 
professional appraisers and development of extrapolation model based on physical 
inventory, (4) Fall 2002— estimation of values of all state-owned tracts with 
extrapolation model, (5) Winter 2002— writing of final report for delivery by January 15, 
2003. 
 
 
Project Process 
 
The project proceeded through the steps described above with some minor, but 
recoverable, delays.  In September 2001 the DNR provided BBER with the tracts to be 
appraised.  The tracts, amounting to 5,281 acres, are located in the “island-like” W-SW 
part of the BWCAW, that part which is separated from the rest of the BWCAW by the 
Echo Trail corridor.  Based on these tracts, maps and other data from the physical 
inventory were developed and a new RFB was prepared (Exhibit 8).  Bids were requested 
on or before March 15, 2002.  Subsequently, a joint proposal by John M. Vigen, SRA 
(representing Ramsland & Vigen, Inc.) and Tom Turner, MAI (representing Tom Turner 
& Associates) was accepted. 
 
An April 2001 meeting with the selected appraisers emphasized the need to be able to 
link their prospective appraisal with the extrapolation process to be conducted utilizing 
the physical inventory already being developed.  To incorporate these needs, the deadline 
for their work was extended from September 30, 2002 to October 31, 2002.  This raised 
concern about the having sufficient time to perform the necessary extrapolations from the 
physical inventory before the project deadline.  The inventory was not in a form that 
would make it easy to classify and re-classify tracts into different land categories.  This 
led to one last major revision of the project.  Since the cost of appraising was to be less 
than originally budgeted, this allowed for additional funds to upgrade the physical 
inventory.  So, in the summer of 2002, BBER contracted with GIS (Geography 
Information Systems) specialists at NRRI (Natural Resources Research Institute) to not 
only summarize all the data collected for the physical inventory, but also to put it into a 
form that would allow for easy classification and re-classification of tracts into different 
land categories.  This not only would make the extrapolation task much more 
manageable, but more importantly, would allow for sensitivity analysis related to this 
classification.  This was completed during November and December 2002. 
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PROJECT DELIVERABLES AND FINDINGS 
 
This project has three deliverables:  (1) a 2002 professional appraisal of approximately 
5280 acres of state-owned lands within the BWCAW (Volume 2: 2002 Appraisal 
Report), (2) a legal and physical inventory of all state-owned lands within the BWCAW 
produced by the GIS lab at the Natural Resources Research Institute (Volume 3: GIS 
Maps and Physical Inventory), and (3) a valuation report based on extrapolating appraisal 
values from (1) and from 1978-1998 U.S. Forest Service appraisal reports to all state-
owned lands in the inventory (Volume 1: Valuation Report).  Volumes 2 and 3 are briefly 
summarized below with respect to information relevant to the valuation process.  The 
valuation methodology and results are contained below in this report. 
 
 
Summary of Volume 2: 2002 Appraisal Report 
 
During the summer of 2002, Tom Turner (representing Tom Turner and Associates) and 
John Vigen (representing Ramsland and Vigen, Inc.) conducted field and comparables 
analysis of approximately 5,280 acres of state-owned lands within the BWCAW.  In 
November 2002 they delivered the attached document, “Appraisal Report of State of 
Minnesota Lands Located in the BWCAW” (Volume 2: 2002 Appraisal Report). 
 
The subject of the appraisal is a 5,281-acre tract of non-contiguous but geographically   
near, undeveloped land in the W-SW part of the BWCAW (that “island-like” section of 
the BWCAW which is separated from the remainder of the BWCAW by the Echo Trail 
corridor).  The subject acreage is characterized as School Trust Fund land owned in fee 
by the state of Minnesota.  The purpose of the appraisal was to estimate the most 
probable market value of these lands under the guidelines of the 2002 Uniform Standards 
of Professional Appraisal Practice and subject to the hypothetical condition that the 
BWCAW regulatory standards did not exist.  
 
The subject was divided into six marketable units based on potential use opportunity, 
location, size, physical/functional characteristics, and other factors.  In addition, five land 
categories were identified based on physical characteristics.  These land categories served 
as the basis for acreage classification used in the valuation model based on this appraisal.  
The categories are: 
 
Category 1: Lands characterized by a dominance of river flowage, extensive   
  adjacent wetlands, intermittent tributary streams and undulating perimeter  
  uplands. 
 
Category 2: Lands characterized by an undulating topography of low wetlands, 
  intermittent ponds, and moderate uplands of general interior forest. 
 
Category 3:  Lands characterized by their close proximity to a regional (larger) natural 
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                   environment lake and featuring mixed coastline characteristics of low 
  wetland and moderate uplands. Use opportunities focus toward lakeshore 
  subdivisions. 
 
Category 4:  Lands characterized by remote forest locations which benefit from the 
  proximity to small natural environment lakes.  Mixed topographic 
  characteristics afford development opportunities. 
 
Category 5:   Lands characterized by a developable island location accessible by boat or 
  floatplane. 
 
Three to five comparables were selected for each category.  The analysis of these 
comparables took into consideration quantifiable adjustments for date of sale and 
regional location as well as qualitative allocations applicable to accessibility, size, 
physical/functional characteristics and eco-quality.  Based on this analysis, an estimated 
value per acre for each category was developed as follows: 
 
Category 1, Flowage Influence: $350 
Category 2, Interior Forest/Wetlands: $450 
Category 3, Lakeshore Development: $1,200 
Category 4, Remote Small Lake: $950 
Category 5, Developable Island: $5,000 
 
These values led to an estimated value for the subject property as of September 1, 2002 
of $3,916,000. 
 
 
Summary of Volume 3:  GIS Maps and Physical Inventory 
 
The task of producing a legal and physical inventory of all state-owned lands within the 
BWCAW was delegated to the GIS (Geography Information Systems) lab at the Natural 
Resources Research Institute.  Using land records data provided by the Minnesota 
Department of Natural Resources and GIS data sets, they produced Volume 3:  GIS Maps 
and Physical Inventory (attached to this report). This volume includes topological maps, 
as well as, legal and physical data for 3253 identified parcels of state-owned land with the 
BWCAW.  Each parcel in general is a 40-acre government lot, although due to legal and 
geographic irregularities, some are larger while others are smaller.  The combined 
acreage of all the parcels is 116,559 acres. 
 
Legal characteristics identified for each parcel include the following: 
 
Location (Range, Township, Section, Quadrant) 
County (St. Louis, Cook, Lake) 
Land Type (School Trust, University Trust, DNR Acquired, County Tax Forfeit) 
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Land Administrator (Division of Forestry, County, etc.) 
Lseqky code (link to other DNR data sets) 
 
 
Physical characteristics identified for each parcel include the following: 
 
Acreage 
Land category (A-I, see next section) 
Land use (% wetlands, % forest, % grassland, % open water) 
Shoreline feet 
Distance to nearest road 
Distance to nearest lake 
Distance to nearest perennial stream 
Steepness  
Acreage of lake on which shoreline exists 
 
The physical characteristics above were used to assign each parcel to a specific land 
category for valuation purposes.  This is described in the following section. 
 
 
Valuation Based on 2002 Vigen and Turner Appraisal Report 
 
Vigen and Turner (2002) classified lands in the appraised tracts into five categories and 
provided an estimated value per acre for each of those categories.  To extrapolate these 
results to the remaining state-owned lands in the BWCAW largely requires placing these 
lands into the categories suggested by Vigen and Turner (VT).  This presented two issues 
which needed to be resolved.  The first was to decide upon a reasonable level of analysis, 
in other words, how big or small an area would be classified.  Clearly, the larger the area 
chosen, the more likely it would exhibit characteristics of more than one category, while 
the smaller the area chosen, the more difficult it would be to get accurate physical 
information.  Since classification would be based on the physical characteristics of the 
lands, the unit of analysis of the physical inventory, government lots (parcels of 
approximately 40 acres each), seemed most reasonable. 
 
Classification of parcels into land categories 
This step basically amounted to developing a system to classify each of the 3253 parcels 
identified in the inventory into one of VT’s five land categories (Categories 1-5).  This 
raised the second issue of how to classify parcels that may exhibit characteristics of more 
than one of the categories. In looking at the VT categories, there are three general types 
of lands identified:  islands (Category 5), lands with lake frontage (Categories 3 and 4), 
and then all other lands (Categories 1 and 2).  Ultimately, a nine-category system 
(Categories A-I) was devised. 
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Island acreage is the least ambiguous.  Thus, the first category established was: 
 
Category A:  Island acreage. 
 
This category is essentially the same as VT’s Category 5. 
 
The distinction between VT’s Categories 3 and 4 is largely based on remoteness and size 
of the lake the land fronts.  Development opportunities are enhanced the more 
recreational activities a lake can support and the more accessible it is.  Both of these are 
in turn associated with the size of the lake—larger lakes not only provide greater 
recreational opportunities, but also are more accessible by float planes.  Based on this, we 
decided to use lake size (acreage) as the measure for classifying lands with lake frontage 
into either Category 3 or Category 4.  There was still the question of what the dividing 
line should be between a “large” and “small” lake.  Due to the subjectivity of this 
question, we decided to divide these lands into four categories so that we might assess the 
sensitivity of the valuation to different classification scenarios.  Thus, lands with lake 
frontage were divided into the following four categories: 
 
Category B: Large lake (frontage on lakes of more than 320 acres). 
Category C:   Large-medium lake (frontage on lakes of more than 160 but less than  
  or equal to 320 acres). 
Category D:   Medium-small lake (frontage on lakes of more than 80 but less than 
  or equal to 160 acres). 
Category E:   Small lake (frontage on lakes of more than 10 but less than or equal to 
  80 acres). 
 
With respect to all remaining lands (Categories 1 and 2), the principal distinction made 
by VT was the degree to which flowage and wetlands were present.  Again, a clear 
dividing line is not apparent.  Thus, we again decided to divide these lands into four 
categories so that we might assess the sensitivity of the results to various classification 
scenarios.  As such, these lands were divided in the following four categories: 
 
Category F:    Significant flowage (includes a perennial stream or is less than or equal 
  to 0.25 miles from one)  
Category G:   Flowage influence (greater than 0.25 but less than 0.50 miles from a 
  perennial stream) 
Category H:   Wetlands (greater than or equal to 50% wetlands) 
Category I:   Uplands (less than or equal to 50% wetlands). 
 
The classification of each parcel into one of these categories was done based on the 
hierarchy established above.  Each parcel was classified according to the first category 
for which it satisfied the stated conditions (starting with Category A and moving through 
to Category I).  In other words, any parcel with island acreage was classified in Category 
A.  Then all remaining parcels with lake frontage were classified in Categories B-E 
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according to the size of the largest lake on which it had frontage.  Next, all remaining 
parcels were checked for their distance from a perennial stream.  If they were within 0.50 
miles, then they were classified into either Category F or G, depending on the distance.  
Finally, all remaining parcels (basically all non-island lands without lake frontage or 
having insignificant flowage) were classified according the percentage of wetlands 
present into Categories H and I. 
 
Given this classification methodology, Table 1 shows the breakdown of all state-owned 
acreage by the categories A-I above.  The largest category is Category F which includes 
parcels with significant flowage, while the smallest is wetlands without significant 
flowage.  
 

Description Acres  

A Islands 5,192.83
B Large Lake Frontage 13,161.24
C Large-Medium Lake Frontage 2,886.28
D Medium-Small Lake Frontage 4,554.14
E Small Lake Frontage 14,000.14
F Major Flowage 41,932.47
G Flowage Influence 14,869.63
H Wetlands 2,213.25
I Uplands 17,748.99

A-I Total 116,558.97

Table 1. Total Acreage of State-Owned Lands                               
within the BWCAW by Land Category

Land Category

Non-Waterfront

 Waterfront

  Source: UMD Bureau of Business and Economic Research 
 
 
Assigning appraisal values to each land category 
As described by VT, Category A above is clearly the same VT’s Category 5 and hence, 
such acreage will be assigned a value of $5000/acre.  With respect to the other 
“waterfront” categories (Categories B-E), Category B parallels VT’s Category 3, while 
Category E most closely matches their Category 4.  Thus, all Category B acreage will be 
assigned a value of $1200/acre, while all Category E acreage will be assigned a value of 
$950/acre.  Categories C and D include lake frontage that falls between these two 
extremes.  As such, acreage in these categories will be assigned a value of $950 or 
$1200/acre based on the following scenarios: 
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Low:  Both Category C and D acreage assigned a value of $950/acre. 
Medium: Category C acreage assigned a value of $1200/acre, Category D acreage 
  assigned a value of $950/acre. 
High:    Both Category C and D acreage assigned a value of $1200/acre.  
 
A similar procedure was used to assign values to the “non-waterfront” categories 
(Categories F-I).  Here Category F most closely resembles VT’s Category 1, while 
Category I and their Category 2 are most alike.  Thus, all Category F acreage will be 
assigned a value of $350/acre, while all Category I acreage will be assigned a value of 
$450/acre.  Categories G and H represent those lands that are more difficult to classify as 
either Category 1 or 2 lands.  As such, acreage in these two categories will be assigned a 
value of $350 or $450/acre based on the following scenarios: 
 
Low:    Both Category G and H acreage assigned a value of $350/acre. 
Medium:  Category G acreage assigned a value of $350/acre, while Category H 
  acreage assigned a value of $450/acre. 
High:    Both Category G and H acreage assigned a value of $450/acre. 
 
What these scenarios allow us to do is see how sensitive the valuation results are to where 
the lines are drawn with respect to categorizing acreage within the waterfront and non-
waterfront general classes.  Vigen and Turner provide two values for each of these 
general classes.  The scenarios above provide a systematic method to assign these values 
to that acreage which is between the two extremes described for each class. 
 
Valuation of state-owned lands with the BWCAW 
 Using the values assigned above, nine scenarios may be considered, as shown in Table 2.  
As shown in the table, the valuation results are not very sensitive to the alternative value 
assignments.  The estimated value of all state-owned land ranges from a low of $90.77 
million (low-low scenario) to a high of $94.34 million (high-high scenario).  The most 
reasonable scenario (medium-medium), which essentially draws the classification line 
where Vigen and Turner seem to draw it in their appraisal analysis, yields a value of 
$91.71 million.   
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A: $5,000 A: $5,000 A: $5,000
B: $1,200 B, C: $1,200 B-D: $1,200

C-E: $950 D, E: $950 E: $950

F-H: $350
I: $450

F, G: $350
H, I: $450

F: $350
G-I: $450

1 "m" :  millions of dollars

Table 2.  Valuation of State-Owned Lands within the BWCAW Based 
on 2002 Appraisal Report
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e $90.77m1

$90.99m

low

medium

high

low medium high

$92.63m

$92.85m

$94.34m

Waterfront Value/Acre

$92.48m

$91.49m

$91.71m

$93.20m

 
Source: UMD Bureau of Business and Economic Research 

 
It might also be noted that for every 10% of the total acreage in Category A (islands) that 
is reclassified as Category B (large lake), the total valuation falls by $1.973 million (this 
is equivalent, to valuing all the original 5192.83 acres of island lands at $4,620 or a 7.6% 
reduction in Vigen and Turner’s appraised value).  Also, for every 5% of Category B 
acreage that could be considered unique enough to be placed in Category A, the total 
valuation rises by $2.501 million (an equivalent change would result from valuing all 
island acreage at $5,482 or a 9.6% increase in Vigen and Turner’s appraised value).  We 
offer these calculations to provide additional information on the sensitivity of the 
valuation results to the classifications.  Even with these considerations, however, the 
range remains fairly tight, $88.80 to $96.84 million. 
 
Finally, Table 3 provides a breakdown of acreage and valuation by county, land category, 
and land type.  The valuation estimates are based on the medium-medium classification 
of lands described above.  For example, the amount of School Trust lands in St. Louis 
County within the BWCAW with lake frontage on a large or medium-large lake 
(Categories B and C combined) is 4396.9 acres with an estimated value of $5,276,256. 
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Acres Value Acres Value Acres Value Acres Value

34672.1 $29,478,531 25982.7 $19,737,211 25640.7 $23,088,565 86295.5 $72,304,306

2383.4 $11,916,750 792.6 $3,963,100 1471.3 $7,356,450 A 4647.3 $23,236,300

4396.9 $5,276,256 3587.1 $4,304,568 5454.0 $6,544,812 BC 13438.0 $16,125,636

3519.6 $3,343,601 5951.5 $5,653,878 3533.7 $3,356,987 DE 13004.7 $12,354,465

20255.8 $7,089,544 12275.0 $4,296,254 10014.7 $3,505,135 FG 42545.5 $14,890,932

4116.4 $1,852,380 3376.5 $1,519,412 5167.1 $2,325,182 HI 12659.9 $5,696,973

390.2 $172,760 2070.0 $1,672,878 0.0 $0 2460.1 $1,845,637

0.0 $0 23.5 $117,500 0.0 $0 A 23.5 $117,500

30.8 $36,900 505.7 $606,840 0.0 $0 BC 536.5 $643,740

0.0 $0 628.1 $596,648 0.0 $0 DE 628.1 $596,648

258.8 $90,563 588.3 $205,888 0.0 $0 FG 847.0 $296,450

100.7 $45,297 324.5 $146,003 0.0 $0 HI 425.1 $191,300

17804.5 $10,198,843 0.0 $0 0.0 $0 17804.5 $10,198,843

281.3 $1,406,500 0.0 $0 0.0 $0 A 281.3 $1,406,500

682.0 $818,340 0.0 $0 0.0 $0 BC 682.0 $818,340

2732.0 $2,595,400 0.0 $0 0.0 $0 DE 2732.0 $2,595,400

9705.4 $3,396,897 0.0 $0 0.0 $0 FG 9705.4 $3,396,897

4403.8 $1,981,706 0.0 $0 0.0 $0 HI 4403.8 $1,981,706

3662.1 $2,082,243 2262.3 $2,187,592 4074.6 $3,092,863 9999.0 $7,362,698

0.0 $0 120.8 $603,850 120.0 $600,000 A 240.8 $1,203,850

605.1 $726,096 332.8 $399,312 453.3 $543,900 BC 1391.1 $1,669,308

331.8 $315,229 893.4 $848,683 964.4 $916,142 DE 2189.5 $2,080,054

1854.0 $648,914 762.1 $266,718 1088.1 $380,825 FG 3704.2 $1,296,456

871.1 $392,004 153.4 $69,030 1448.9 $651,996 HI 2473.4 $1,113,030

56528.7 $41,932,376 30315.0 $23,597,680 29715.3 $26,181,427 116559.0 $91,711,483

D
N

R
 A

qu
ire

d
C

ou
nt

y 
Ta

x 
Fo

rf
ei

t
TO

TA
LS

LA
N

D
 T

YP
E

Sc
ho

ol
 T

ru
st

 F
un

d
U

ni
ve

rs
ity

 T
ru

st
 F

un
d

Land 
Cate-
gory

Table 3. Acreage and Valuation by County and Land Type

St. Louis Cook Lake

COUNTY TOTALS

    Source: UMD Bureau of Business and Economic Research 
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Valuation Based on 1978-1998 U.S. Forest Service Appraisal Reports 
 
Since 1978, four appraisals have been conducted for the U.S. Forest Service on all lands 
within the BWCAW: Ash (1978); Brasch (1987); Brasch (1988); and Steigerwaldt 
(1998).  Ash conducted a standard appraisal, while Brasch and Steigerwaldt primarily 
focused on updating this appraisal by estimating the growth in value of comparable tracts 
and then applying the estimated increase to Ash’s appraised values.  While these studies 
employed multiple approaches, a common feature is the broad categorization of all lands 
into essentially two categories: those with water frontage (referred to as “lake and river 
frontage,” “frontage,” “shorelands,” and “waterfront,” respectively, in these reports) and 
those without water frontage (referred to as “non-shore lands” and “timberland”).  The 
basic findings of these appraisals for waterfront and non-waterfront lands are summarized 
in Table 4.  

Report (Year)
Waterfront 

($/acre)

Ash (1978) $214.50 1 $70.00 2 3.1
Brasch (1987) $384.90 3 $70.04 4 5.5
Brasch (1988) $384.90 5 $74.59 6 5.2
Steigerwaldt (1998) $586.30 7 $165.45 8 3.5

8 Steigerwaldt, pg. 39, "Timberland" estimate

2 Ash (1978), pg. 59, "Timberland" estimate
3 Brasch (1987), pg. 45, "Frontage" estimate, line I.F.
4 Brasch (1988), pg. 45, "Non-shore Lands" estimate, line II.E.
5 Brasch (1988), pg.14, "Shorelands" estimate, 0.0% increase from 1987 estimate

Table 4. Estimated Value of Lands within the BWCAW                    
from U.S. Forest Service Appraisal Reports

1 Ash (1978), pg. 59, "Lake and River Frontage" estimate ($69,049,803/321,926 acres)

6 Brasch (1988), pg. 14, "Non-shore" estimate, 6.5% increase from 1987 estimate, or $70.04 X 1.065
7 Steigerwaldt, pg.39, "Waterfront" estimate

Non-waterfront 
($/acre) ValuewaterfrontNon

ValueWaterfrontRatio
−

=

          Source: UMD Bureau of Business and Economic Research/MN Department of Natural Resources 
 
 
Establishing the base values 
To obtain estimated values for these two types of lands in 2002, it is necessary not only to 
extrapolate beyond 1998, but also to be sure the base for those extrapolations are 
reasonable and consistent with the data.  The most robust and recent data appears in the 
Steigerwaldt report, especially for the years from 1988 to 1998.  Given this, we note that 
he did not base his extrapolations on the 1988 Brasch estimates; instead he revised the 
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1978 estimates of Ash and extrapolated from them over a 20-year period.  Generally, the 
longer the extrapolation period, the less reliable are estimates derived from them.  We 
might speculate that a concern about the Brasch estimates was the lack of increase in the 
non-waterfront estimate from 1978 to 1987 and then, somewhat suddenly, an estimated 
change of 6.5% from 1987 to 1988.  It appears that Steigerwaldt may have had some 
concerns about using the Brasch non-waterfront estimate as his base.  This concern may 
be reinforced by considering the ratio between the waterfront and non-waterfront 
estimates provided in these reports.  Note that the ratios for the Brasch reports are over 
five, while the other reports place this closer to three (Vigen and Turner’s 2002 estimates 
also place this closer to three).  So, while we would like to use the Steigerwaldt data to 
extrapolate over the 1988-1998 period and beyond, using the Brasch estimates as a base 
may be problem.  Thus, we considered a revision of the Brasch estimates based on the 
Steigerwaldt data. 
 
Steigerwaldt provides three important data sets.  First, he tracked the Estimated Market 
Value (EMV) per acre for 60 selected waterfront and timberland tracts in Cook, Lake, 
and St. Louis Counties.  Although these are not actual appraisals or sale prices (in fact, 
they are usually quite conservative relative to these other indicators), the EMV indicated 
on the tax rolls is based upon county wide sales information and other value criteria.  
Thus, changes in these over time should provide reasonable information about value 
trends.  Second, he collected sales data for this 20-year period based on Certificates of 
Real Estate Value (CRVs) for both waterfront and timberland tracts.  Considering only 
the data from 1988 and beyond, this involved 785 sales of timberland tracts (an average 
of 71 per year) and 171 sales of waterfront tracts (an average of 15.5 per year).  Finally, 
he included 11 “sale and resale” cases.  These three data sets are reproduced in Exhibit 9. 
 
Analysis of the sales data provided some interesting comparisons to Brasch’s 1988 
estimates.  For 1988 the average sales price per acre of waterfront tracts was $371.25.  
The figure for 1987 was $383.28 and for 1990, $407.07.  The simple average for these 
three years “around 1988” is $387.20, which is remarkably similar to Brasch’s estimate 
of $384.90.  The data for the timberland tracts told a different story.  For 1988 the 
average sales price per acre of timberland was $137.15.  The figures for years “around 
1988” were $142.44 for 1986 and $143.65 for 1989.  The simple average for these years 
is $141.08.  This is twice Brasch’s 1987 and 1988 estimates ($70.00 and $74.59, 
respectively).  However, it is important to note that Brasch’s 1987 $70.00 estimate was 
based on his conclusion that there was no definitive evidence that the value of timberland 
tracts had increased from 1978 to 1987, and so, he simply ended up using the 1978 Ash 
estimate of $70.00 per acre.  His willingness to do this invites inquiry, given that his own 
sales data indicated an average sales price per acre for such tracts in 1987 of $138.17 
(Brasch (1987), pg.15), while his own multiple regression analysis indicated a price of 
$148.39/acre.  It was this same regression which indicated that this did not represent a 
significant change from 1978 ($154.42), and so, Brasch concludes essentially that such 
values had remained reasonably flat since 1978.  It is our view that while these values 
may have indeed remained somewhat constant between 1978 and 1988 (which is strongly 
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supported by Steigerwaldt’s EMV and CRV data), they were not constant around Ash’s 
estimate of $70, but instead around $140.  It is noteworthy that Ash’s $70/acre figure was 
based on a highest and best use for non-waterfront lands of timber production and 
harvest, while in later appraisals recreational and residential uses are highlighted.       
 
Given the Brasch 1988 estimate of $384.90 (based on a 80% indicated increase from 
Ash’s 1978 estimate) and the Steigerwaldt 1988 sales data estimate of  $371.25, we chose 
to use $380.00/acre as the base estimate of the value of waterfront tracts in 1988.   
Given the Steigerwaldt 1988 sales data estimate of $137.15 and Brasch’s sales data 
estimate of $138.17 (along with his multiple regression estimate of $148.39), we chose to 
use $140.00/acre as the base estimate of the value of non-waterfront tracts in 1988.  
The ratio of these waterfront and non-waterfront values, 2.7, is also more in line with 
what would be expected.  
 
Establishing the annual rate of growth in values from 1988 to 1998 
The next step was to extrapolate these figures to 2002.  This was accomplished in two 
steps.  First, Steigerwaldt’s data was used to estimate the annual growth rate indicated for 
each of these values for the period 1988-1998.  These were then used to obtain revised 
1998 values.  Second, these 1998 values were extrapolated to create 2002 estimates based 
on various growth assumptions about that period. 
 
The equation for a variable growing at a fixed rate over time is given by the following 
exponential equation: 

Y = a (1 + r)t, 
 
where Y is the variable in question, a is the variable’s beginning or initial value (at t = 0), 
r is the rate of growth of Y, and t is the number of time periods.  This may also be written 
in logarithm form as: 

log Y = log a + [log(1 + r)]t . 
 
In this form the growth rate of Y, r, may be estimated by simple linear regression using t, 
or time, as the independent variable and log Y as the dependent variable.   Four such 
regressions were run with the 1988-98 Steigerwaldt data on EMV values and sales 
information (see Exhibit 10).  The results of this analysis are given in Table 5.   
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Waterfront Timberland Waterfront Timberland

7.81% 6.22% 11.10% 7.31%

Table 5. Estimated Annual Growth Rates Based on Steigerwaldt 1988-1998 Data1

EMV Sales

1 Steigerwaldt (1998), EMV waterfront and timberland values, pg. 14, Waterfront Sales, pg. 31, Timberland 
Sales pg. 30.

   Source: UMD Bureau of Business and Economic Research 
 
As shown, the estimated annual increases in the value of waterfront and timberland tracts 
from the EMV data are 7.81% and 6.22%, respectively. The estimated annual increases 
from the sales data are 11.10% and 7.31, respectively.  These estimates are different from 
those reported by Steigerwaldt for two reasons.  First, we only considered the period from 
1988 to 1998.  Second, the “annual percentage increases” reported by Steigerwaldt are 
based on simply dividing the total percentage increase over twenty years by 20.  This 
ignores the effect of compounding and as such, overstates the actual annual growth rate 
for any time period greater than one year.   
 
Additional trend information was provided by Steigerwaldt’s resale information.  Once 
again Steigerwaldt’s calculations of the indicated annual growth are incorrect.  
Determining this requires solving the following equation for r, the rate of annual growth: 
 

R = S (1 + r)t, 
 
where R is the resale price of a tract, S is its original sale price, and t is amount of time 
between these two events (measured in years if one wishes to obtain an annual rate for r).  
To find r, the above equation may be equivalently expressed as: 
 

r =  e{[ln (R/S)]/t} – 1. 
 

Table 6 shows Steigerwaldt’s original resale data and the indicated annual rate of growth 
based on the formula above.  Taking the simple average these eleven growth rates yields 
9.06%.  This differs significantly from the 5.9% figure reported by Steigerwaldt.  One 
reason is again due to the way Steigerwaldt chose to inappropriately calculate annual 
percentage increases.   However, even though our indicated rates are less than those 
reported by Steigerwaldt for most cases (those where the time period was greater than 12 
months), our average turns out to be higher.  This anomaly lies in how Steigerwaldt 
calculated his “weighted average” of 5.9% (which he unfortunately does not explain).  
This appears to be an oversight, since virtually every value he is averaging is greater than 
5.9%. 
 



 
 

BWCAW Land Valuation Report, Vol. 1 
UMD Bureau of Business and Economic Research, 1/15/2003 

24 
 

Resale # Sale Resale

1 10,000$          22,000$          196 4.9
2 3,000$            7,500$           73 16.3
3 15,000$          20,000$         32 11.4
4 38,000$          39,000$         6 5.3
5 25,000$          29,000$         38 4.8
6 9,000$            14,000$         37 15.4
7 17,200$          18,500$         9 10.2
8 15,000$          16,000$         8 10.2
9 8,500$            9,500$           33 4.1

10 10,000$          12,000$         20 11.6
11 10,000$          11,700$         35 5.5

1 Steigerwaldt (1998), pg. 37.

Time Span       
(in months)

Indicated Annual 
Rate of Growth

Table 6. Revised Annual Growth Rates for Steigerwaldt's Resales1

    Source: UMD Bureau of Business and Economic Research 
 
Based on the estimates shown in Table 5, an annual growth rate of waterfront values 
around 9% between 1988 and 1998 seems reasonable.  Not only is this value between 
the EMV estimate of 7.81% and the sales estimate of 11.1%, but is also supported by the 
resale estimate of 9.06%.  For non-waterfront tracts an annual growth rate in value 
from 1988 to 1998 of 7% appears appropriate.   This is supported by both the EMV 
estimate of 6.22% and the sales estimate of 7.31%.   
 
Applying these growth rates on a compound basis to the base figures for 1988 yields 
an estimated waterfront value in 1998 of $275/acre and an estimated non-waterfront 
value in 1998 of $900/acre.  These are both higher than those indicated by Steigerwaldt, 
but based on what we believe is more detailed analysis not only of his data, but also that 
of Brasch.   
 
Establishing the annual rate of growth in values between 1998 and 2002 
None of these appraisals provide any information on trends since 1998.  Thus, as a final 
step to arrive at estimated values for 2002, we will consider a few reasonable scenarios, 
providing low, medium, and high estimates.  The low scenario assumes the growth rates 
established from 1988 to 1998 have simply continued.  Thus, the growth rate in the value 
of waterfront tracts has increased annually by 9% since 2002, while the rate for non-
waterfront tracts has been 7%.  The medium scenario assumes that growth rates in values 
have increased since 1998.  Here we will utilize information in Vigen and Turner (2002) 
with respect to adjusting comparable sales data for time.  Based on information gathered 
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from queries to several local county assessors Vigen and Turner decided it was 
reasonable to adjust comparable data dating from 1998 by 8% per annum from 1998 to 
2000, and then by 18% per annum from 2000 to 2002.  This represents an annual rate of 
increase (with compounding) of approximately 13% from 1998 to 2002.  Thus, the 
medium scenario will assume a growth rate in the value of waterfront tracts of 13%, 
while the rate for non-waterfront will be 11% (note that it has been generally 
acknowledged in several of these appraisals that waterfront values are rising faster than 
non-waterfront values).  Finally, the high scenario will consider the possibility that values 
have accelerated even more than suggested above since 1998.  Vigen and Turner (2002) 
mention this very real possibility on page 40.  They report the high end of estimates of 
annual price increases from county assessors to be in the range of 18% and 25%, while 
the low end estimates were around 12% to 15%.  For the high scenario we will use 
conservative estimates, 16% for waterfront tracts and 13% for non-waterfront tracts.   
 
Table 7 summarizes the results of this section.  The estimated value of waterfront 
tracts is between $1,270 and $1,630/acre, while for non-waterfront tracts it is 
between $360 and $448/acre.   These compare well to those of Vigen and Turner, 
especially for the non-waterfront tracts (Categories 1 and 2, $350 and $450, respectively).  
The waterfront value is also quite comparable if we reduce the Vigen and Turner 
estimates for Categories 3-5 to a single, average value.  Taking the estimated value in 
each category ($1200, $950, and $5000, respectively) and weighting them by the number 
of total acres in each category (16047.52, and 18554.28, and 5192.83, respectively) yields 
a weighted average for waterfront tracts of $1,579. 
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Year

1988 $380 $140

1998
(9%, 7%)1

Low-2002
(9%, 7%)2

Medium-2002
(13%, 11%)2

High-2002
(16%, 13%)2

1

2

$1,467 $417

Table 7. Estimated Values of Waterfront and 
Non-Waterfront Tracts

Non-Waterfront 
($/acre)

Waterfront Value 
($/acre)

$1,270 $360

$900 $275

$1,630 $448

Assumed annual growth rates for waterfront and non-
waterfront tracts, respectively, from 1988 to 1998.               

Assumed annual growth rates for waterfront and non-
waterfront tracts, respectively, from 1998 to 2002.  

                                    Source: UMD Bureau of Business and Economic Research 
 
 
Valuation of state-owned lands within the BWCAW 
The next step is to categorize all state-owned tracts as either “waterfront” or “non-
waterfront.”  Ash (1978, pgs. 12-13) provides the basis for this categorization upon which 
all the U.S. Forest Service appraisals were subsequently based.  Ash considers both lake 
and river frontage, but notes that virtually all (98.55%) of the “useable” (for 
development) frontage is lake frontage.  All non-useable frontage, which includes 
virtually all river frontage, is classified in the “woodland” (non-waterfront) category.   
Applying this classification to the categories we have established in the physical 
inventory essentially means Categories A-E (a total of 39,794.63 acres) represent the 
waterfront tracts and Categories F-I (a total of 76,764.34 acres) represent the non-
waterfront tracts.  
 
Multiplying the acreage figures above by the values generated in the last section yields 
the estimates shown in Table 8.  This table is designed to illustrate the sensitivity of the 
estimated value of the state-owned lands with the BWCAW to the various assumptions 
made about the 2002 value per acre estimates.  As shown, the estimates range from a 
low of $78.17 million to a high of $99.26 million with a “medium” estimate of $90.39 
million. 
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$360

$417

$448 $99.26m

$92.50m

$96.88m

$84.93m $92.77m

$78.17m1 $86.01m

$82.55m $90.39m

(39,794.63 acres)

$1,630

Table 8.  Valuation of State-Owned Lands within the BWCAW 
Based on 1978 - 1998 U.S. Forest Service Appraisal Reports

Waterfront Value/Acre 

$1,460$1,270

 
                      Source: UMD Bureau of Business and Economic Research 
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CONCLUSIONS 
 
The valuation range provided by using Vigen and Turner’s land classifications and 
appraisal values, $88.80 to $96.84 million, is entirely within the range produced by using 
the land classifications and appraisal values derived from the U.S. Forest Service 
appraisals, $78.17 to $99.26 million.  Moreover, the “medium” estimates in these two 
cases are virtually identical, $91.71 million versus $90.39 million.  This suggests a high 
degree of reliability with respect to these values.  Since the methodology used in this 
project is based on a more current appraisal and a more discriminating classification of 
lands, we believe an estimated 2002 value of $91.71 million for all state-owned lands 
within the BWCAW is both reasonable and supportable.  We further note that, given 
recent trends in the values of such lands, this value could easily exceed $100 million as 
early as 2003 (this would only require a 9% annual increase in values). 
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Exhibit 1:  Legislative Charge 

 
S.F No. 1288, 3rd Engrossment: 81st Legislative Session (1999-2000)  
Posted on May 10, 2000  
 
12.31     Sec. 21.  [APPROPRIATIONS.]  
 12.32     $200,000 is appropriated from the state forest suspense  
 12.33  account to the commissioner of natural resources for transfer to  
 12.34  the University of Minnesota Duluth for the purpose of funding  
 12.35  the inventory conducted pursuant to this section and is  
 12.36  available until expended.  Because the University of Minnesota  
 13.1   is a land grant university, and because most of the state-owned  
 13.2   land to be inventoried is granted land, the chancellor of the  
 13.3   University of Minnesota Duluth is requested to direct the School  
 13.4   of Business and Economics to conduct an inventory of state-owned  
 13.5   land located within the Boundary Waters Canoe Area for the  
 13.6   purpose of providing the legislature and state officers with  
 13.7   more precise information as to the nature, extent, and value of  
 13.8   the land.  The inventory must include the following:  (1) a list  
 13.9   of the tracts of state-owned land within the area, together with  
 13.10  the available legal description by government tract, insofar as  
 13.11  possible; (2) the number of linear feet of shoreline in each  
 13.12  tract, together with a general description of that shoreline,  
 13.13  whether it is rocky, sandy, or swampy, or some other descriptive  
 13.14  system that generally describes the shoreland; (3) the acreage  
 13.15  of each tract; (4) a general description of the surface of each  
 13.16  tract, including topography and the predominant vegetative cover  
 13.17  for each tract and any known unique surface features, such as  
 13.18  areas of virgin and other old growth timber; and (5) using  
 13.19  available real estate market value information and accepted real  
 13.20  estate valuation techniques, assign estimates of the value for  
 13.21  each tract, exclusive of minerals and mineral interests, using  
 13.22  each of the real estate valuation techniques adopted for the  
 13.23  inventory.  For the purposes of this section, "state-owned land"  
 13.24  is defined as any class of state-owned land, whether it is  
 13.25  granted land such as school, university, swampland, or internal  
 13.26  improvement, or whether it is tax-forfeited, acquired, or  
 13.27  state-owned land of any other classification.  At the request of  
 13.28  the university, the commissioner of natural resources shall  
 13.29  promptly provide the university with all published maps, whether  
 13.30  federal, state, or county, together with a descriptive list of  
 13.31  state-owned land in the area, using available legal  
 13.32  descriptions, forest inventories, and other factual information,  
 13.33  published data, and photographs that are necessary for the  
 13.34  university's inventory.  From these maps, lists, data, and other  
 13.35  information, the university is requested to prepare a report of  
 13.36  its inventory.  The legislature requests that the University of  
 14.1   Minnesota submit the report to the legislature by January 15,  
 14.2   2002.  
 
Source:  http://www.senate.leg.state.mn.us/departments/scr/billsumm/SF1288.htm 
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Exhibit 2:  Interagency Land Acquisition Conference Position Paper 
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appreCiation. Recently however, a small group of appraisers and others have advocated that the
highest and best use of such lands is for the very purpose for which the government is acquiring
them - such as preservation in their natural state, or other non-economic uses.

The validity of appraisals, based on non-economic highest and best uses, as legitimate estimates
of market value has been the subject of numerous articles in professional journals, and has been
the subject of committee research and/or forums at the national meetings of the International
Right-of-Way Association, the American Society of Farm Managers and Rural Appraisers, ·and
the Appraisal Institute. In many of these articles and forums it has been suggested thai estimates
of such value are not estimates of market value, but rather estimates of value in use, value to
the government or public, natural value, or public interest value.!

Value estimates and appraisal reports have been developed on this premise of "preservation" as
a property's highest and best use. Legal counsel for some property owners have submitted these
reports to Conference members urging that they be accepted as reliable opinions of market
value. They have argued that such reports are in conformance with the Uniform Appraisal
Standards for Federal Land Acquisitions, (Washington, D.C.: U. S. Printing Office, 1992), the
Uniform Standards of Professional Appraisal Practice, and are in keeping with generally
accepted deftnitions of highest and best use and market value.

Conference members, to whom such reports have been submitted, have found within them a
common thread. Authors of these reports have adopted a deftnition of highest and best use that
encompasses consideration of non-economic uses. The appraisals develop an indication of value
that clearly falls outside of the traditionally accepted deftnition of market value.

Under established law the criterion for just compensation is the fair market value of the property
at the time it is acquired. 2 Because the purpose of the Uniform Appraisal Standards for Federal
Land Acquisitions is to set forth the principles applicable to the appraisal of property for Federal

I The Conference fmds the term "public interest value" inappropriate and misleading.
After a review of several of these reports the Conference has concluded that what is being
estimated is not a value, but a prediction of the price at which a transaction will be consum­
mated berween rwo speciftc parties rather than market value. The Dictionary of Real Estate
Appraisal, 3d. ed. (The Appraisal Institute, 1993) defmes "price" as "The amount a
particular purchaser agrees to pay and a particular seller agrees to accept under the circum­
stances surrounding their transaction. "

2 Uniform Appraisal Standards for Federal Land Acquisitions, (Washington, D.C.: U.S.
Printing Offtce, 1992), §A-2. p. 3, citing United States v. 50 Acres ofLand. 469 U.S. 24, 29
(1984); Kirl7y Forest Industries. Inc. v. United States, 467 U.S. 1, 9 (1984); United States v.
Miller, 317 U.S. 369, 373-378 (1943); Olson v. United States, 292 U.S. 246, 255 (1934);
United States v. Petty Motor Co., 327 U.S. 372,377-378 (1946).

3
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Exhibit 3:  Map: State-Owned Lands Administered by DNR and Counties 
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Exhibit 4:  Initial Sample Stratification Data 
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SECTION/OWNERSHIP/LAKESHORE/VEGETATION/SEDIMENT
(*denotes a section chosen for the stratified sample

1 1 1 34 1 51 1 1 3 3
2 1 0 34 1 52 1 1 3 3
3 1 1 3 1 53 1 0 12 1

*4 1 1 4 1 54 1 0 12 3
5 1 1 4 1 55 0 0 5 3
6 1 1 9 1 *56 1 0 3 1
7 1 1 9 1 57 1 1 14 1
8 1 0 4 1 *58 1 1 15 1

*9 1 0 5 1 59 1 0 5 5
10 1 1 1 1 *60 1 1 4 25
11 1 0 13 1 61 1 1 4 2
12 1 0 13 1 62 1 1 24 2
13 1 1 4 1 63 1 0 4 15
14 1 0 4 1 64 1 1 4 1

*15 1 1 34 1 65 2 1 4 1
16 1 1 4 1 66 1 1 4 12
17 1 0 4 1 *67 1 1 24 2
18 1 0 45 1 68 1 1 2 1
19 1 1 1 1 69 1 1 12 1
20 1 0 15 14 70 1 1 25 1
21 1 1 3 1 *71 1 1 1 1
22 1 0 13 1 72 1 0 12 1
23 1 0 3 1 *73 1 0 2 1
24 1 0 3 1 74 1 1 1 1
25 1 0 3 1 75 1 0 3 1
26 1 0 34 1 76 0 0 3 13
27 1 0 13 1 77 0 0 3 3
28 1 1 34 1 *78 1 0 34 3

*29 1 1 34 1 79 0 0 14 3
30 1 0 3 1 *80 1 1 1 1

*31 1 1 13 1 81 1 0 1 1
*32 1 0 35 3 82 1 1 1 1

33 1 1 13 3 83 1 1 14 1
34 1 1 3 3 84 1 1 4 1
35 1 0 3 13 85 1 1 1 1
36 1 0 3 1 86 1 0 4 1

*37 1 0 3 1 87 1 1 4 2
38 1 0 13 3 88 0 1 4 2
39 1 1 34 1 *89 1 1 14 2

*40 1 0 3 1 90 2 0 4 2
41 1 1 5 1 91 1 1 4 1

*42 1 1 45 1 92 0 0 13 13
43 1 1 43 13 93 0 0 3 14

*44 1 0 4 13 94 0 0 3 1
45 1 0 45 1 95 0 0 13 1
46 1 0 15 1 96 0 0 3 1
47 1 1 15 1 97 1 1 9 1
48 1 1 1 1 98 0 0 35 1

*49 1 0 15 1 99 0 0 13 1
50 1 1 5 1 100 0 1 1 1
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Exhibit 5:  Original Request for Bids for Professional Appraisal Services 
 

REQUEST FOR BIDS 
FOR PROFESSIONAL APPRAISAL SERVICES 

 
 
 
SECTION 1.  Statement of Objectives 
 
 
The University of Minnesota Duluth, School of Business and Economics, Bureau of Business and Economic 
Research is seeking to contract a qualified,  professional appraiser to appraise state-held lands in the 
Boundary Waters Canoe Area.  The selected appraiser will be asked to appraise twenty pre-selected sections 
and provide a report on each section subject to the conditions and standards detailed in Attachment A.  This 
work is to be completed during the period of (approximately) April 1, 2001 to September 30, 2001.  Joint 
proposals are welcomed. 
 
This request for bids does not obligate the University to complete the proposed project and the University 
reserves the right to cancel this solicitation if it is considered to be in its best interest. 
 
 
 
 
SECTION 2.  Structure of Responses 
  
 
Interested parties are asked to submit responses for each of the following items: 
 
1.  Company Identifiers.  Provide the full company name and address, a principal contact person with title, 
phone and fax numbers, and e-mail address (if available).  Also provide Federal Employer ID # and 
Minnesota Tax ID # (if applicable). 
 
2.  Company Work History.  Summarize the last five years of your work experience, highlighting any 
work comparable to the objectives of this request. 
 
3.  Resumes of Key Personnel.  Provide resumes (including a listing of licenses currently held) for each 
lead professional and/or project team leader. 
 
4. Work Plan.  Describe briefly the work plan and time table that will be used to complete the objectives of 
this request. 
 
5.  Bid.  Provide a bid for the work outlined above. 
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SECTION 3.  Evaluation of Responses 
 
All proposals will be reviewed for completeness.  Only completed proposals will be given further 
consideration.  Proposals will be evaluated using the following criteria: 
 
1.  Company work experience in general and with respect to the specific needs of this 
     project. 
2.  Qualifications and credentials of key personnel. 
3.  Reasonableness of the work plan to complete the objectives given the remote and 
     unusual properties to be appraised and a deadline of September 30, 2001.  Should these 
     appraisals be received after the agreed-upon delivery date, a daily penalty will be 
     assessed equal to 1.5% of the agreed upon maximum not to exceed fee. 
4.  Bid. 
 
 
SECTION 4.  Submission of Bids 
 
Bids should be submitted to Professor Richard W. Lichty at the address given below. 
 
All bids must be received on or before February 28, 2001 to be considered.  A contract will be offered on 
or before March 31, 2001. 
 
Prospective responders having questions regarding this Request for Bids may contact: 
 
Professor Curt L. Anderson 
Department of Economics 
171 School of Business and Economics 
University of Minnesota Duluth 
Duluth, MN 55812-2496 
(218) 726-7568 
canderso@d.umn.edu 
 
or 
 
Professor Richard W. Lichty, Director 
Bureau of Business and Economic Research 
19 School of Business and Economics 
University of Minnesota Duluth 
Duluth, MN 55812-2496 
(218) 726-7219 
rlichty@d.umn.edu 
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ATTACHMENT A 
 
SECTION 1.  Properties to be Appraised 
Twenty state-owned sections within the Boundary Waters Canoe Area (see attached map): 
 
Section 36, R.14 W., T. 67 N.  
Section 16, R.13 W., T. 66 N. 
Section 16, R.12 W., T. 65 N. 
Section 8, R. 13 W., T. 64 N. 
Section 20, R. 13 W., T. 64 N. 
Section 28, R. 13 W., T. 64 N. 
Section 15, R. 14 W., T. 63 N. 
Section 21, R. 14 W., T. 63 N. 
Section 36, R.11 W., T. 64 N. 
Section 16, R. 9 W., T. 64 N. 
Section 36, R. 10 W., T. 63 N. 
Section 36, R. 8 W., T. 64 N. 
Section 36, R. 7 W., T. 63 N. 
Section 16, R. 6 W., T. 65 N. 
Section 36, R. 6 W., T. 65 N. 
Section 36, R. 5 W., T. 65 N. 
Section 16, R. 4 W., T. 63 N. 
Section 16, R. 2 W., T. 64 N. 
Section 13, R. 4 W., T. 62 N. 
Section 36, R. 2 E., T 65 N. 
 
The University reserves the right, after consultation and agreement with the successful respondent,  to 
substitute other sections within the BWCA for any of the above. 
 
SECTION 2.  Nature of the Appraisal Process 
The appraisal process for each section shall be complete (according to Uniform Standards of Professional 
Appraisal Practice (USPAP), Uniform Standards for Federal Land Acquistions (USFLA) and Minnesota 
state statute).  The process should include an on-site inspection.   
 
SECTION 3.  Nature of the Appraisal Report 
The appraisal report for each section shall be self-contained (according to USPAP, USFLA, and Minnesota 
state statute) following Minnesota DNR Appraisal Report Guidelines (as of 7/00) 
 
SECTION 4.  Special Needs of the Research Project 
ONLY for the purposes of a statistical valuation model being developed, a supplementary appraisal report 
on each section is to include a  breakdown by 40-acre parcels of the total appraised value of each section 
appraised.  This shall be based on the appraiser’s best professional opinion.  It is expected (and desired) that 
the sum of the estimated (but “unofficial”) values of the 16 40-acre parcels of each section equal the 
“official” appraised value of the section. 
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Exhibit 6:  Informational Briefing Handouts 
 

"Informational Briefing on Inventory of State-Owned Lands in the BWCAW" 
Kirby Ballroom, University of Minnesota - Duluth Campus 

Wednesday, January 17, 2001,  7:00 to 8:30 p.m. 
 
 
PURPOSE OF THIS BRIEFING 
• To provide information about the inventory of state-owned lands in the BWCAW. 
• To learn what concerns and questions people have; answer questions if possible. 
• To find out about recommended sources of information for the inventory. 
• To ask what kind of communications are wanted as this matter progresses. 
 
 
PROGRAM 
 

7:00-7:10 p.m. .....Welcome and program overview by Moderator 
 
 
7:10-7:40 p.m. .....Briefing by UMD representative 
 
 
7:40-7:55 p.m. .....Perspectives from key decision makers 
 
 
7:55-8:25 p.m. .....Moderated Q&A 
 
 
8:25-8:30 p.m. .....Wrap-Up 

 
 
 

 

FOR MORE INFORMATION, CONTACT: 
 
 UMD DNR 

 Richard Lichty, Director Jim Lawler, Assistant Director 
 U of MN Bureau of Business & Economic Research Division of Lands & Minerals 
 19 School of Business & Economics MN Department of Natural Resources 
 10 University Drive 500 Lafayette Road, Box 30 
 Duluth,  MN     55812-2496 St. Paul,  MN     55155-4030 
 218-726-7219   phone 651-297-2572   phone 
 218-726-6555   fax 651-297-3517   fax 
 rlichty@d.umn.edu jim.lawler@dnr.state.mn.us 
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BWCA Land Ownership Summary
DNR Division of Lands and Minerals
Data Accurate as of December, 2000

}:ole: All numbers are esllmates based on GIS analYSis of most curren! DNR Land Records and BWCA boundary files)

land Ownership b)' County
51. LOUIS County

School'Frusl Fund
Vm\erslry Trust Fund
DNR AcqUIred
CountvTax Forfeit
Total

Lake County

School Trust Fund
County Tax ForCell
Total

Cook County

School Trust Fund
UmversllyTrust Fund
County Tax Forfell
Total

Total for aJ[ Cou"t;u

Land Ownership by Land T}'pe
School Trust Fund
UmversityTrust Fund
DNR AcqUired
County Tax ForfeIt

Total b)' Land Type

Selected Parcels
St. Louis CQunty

School Trust Fund
DNR Acquired
County Tax Forfell

Lake County

School Trusl Fund

Cook County

School Trusl Fund

Total Selected Parcels

Jamwn-/7.2()()f

34,712 Acres, 953 parcels
390 Acres, 11 parcels

17,804 Acres, ~81 parcels
3,622 Acres, 106 parcels

56,528 Acres, 1,551 parcels

25,530 Acres, 738 parcels
4,000 Acres, 103 parcels

19,530 Acres, 84/ parcels

26.087 Acres, 730 parcels
2,070 Acres, 63 parcels
2,262 Acres, 67 parcels

30,419 Acru,860 parcels

116.-177 Acrl!'s. 1,151 parcds

86,329 Acres, 2,421 parcels
2,460 Acres, 74 parcels

17,804 Acres, 481 parcels
9,884 Acres, 276 parcels

J16,477 Acres, 3,151 parcels

1,810 Acres, 51 parcels
2,930 Acres, 76 parcels

66 Acres, 2 parcels

4.102 Acres. 106 parcels

2,832 Acres, 77 palIcls

11,740 Acres, J/1 parcels
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Exhibit 7:  School Trust Fund Lands: Some Facts 
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Minnesota Department of Natural Resources
Division of Lands and Minerals
May 2002

located within the BWCAW.

To this point the main emphasis of this fact sheet has been on the school trust lands and their
income generating imponance. However what is done with the income is equally important.
The State Board of Investment (SBI) is the agency that manages the Pennanent School Fund
(PSF). Income earned from the School Trust lands is added to the PSF principal, which is then
invested by the 581. In accordance with the state constitution, the principal of the PSF cannot
be spent; it must remain perpetual and inviolate. Since the fund's origination in the 1850's the
market value of the principal within the PSF has grown to about $549 million, nearly all
generated from land and timber sales, land leases, and mineral taxes and royalties. During the
past fiscal year (ending June 30, 20(1) income to the PSF from school trust lands was about $9.8
million.

Each year the SBI distributes interest and dividends earned from investment of the PSF to the
public schools. This is accomplished by using the PSF income to offset the State's general fund
'education appropriation. Last fiscal year $24 million of spendable income was distributed in this
manner. This represents about 0.7% of Minnesota's $3.36 billion in school aid that was
appropriated by the legislature during"200l.
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Exhibit 8:  Final Request for Bids for Professional Appraisal Services 
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Exhibit 9:  Steigerwaldt (1998) Data Sets 
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Exhibit 10:  EMV and SALES Regression Analysis 
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