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I. EXECUTIVE SUMMARY 

A. INTRODUCTION 

Effective land use planning and growth management is dependent upon accurate 
and up-to-date land use and land cover data. Information regarding changes in 
land use 9atterns provides a basis for evaluating the effectiveness of ex isting 
controls, and p::,ints to factors which influence mange. In 1979 , the 
Legislative Commission on Minnesota Resources requested the State Planninq 
Agency, Division of Physical Planning, to develop rapid and inexpensive proce­
dures for rronitoLing uses and oovers on the land. 

The overall purpose of the Land Use Q-iange Project is : 
To develop and evaluate rapid and inexpensive techniques for rronitoring 
changes in the use and cover of land on an ongoing basis . 

"Land cover" refers to the "form" of those features covering the earth's 
surface, including vegetation, bare land, water, and man-made constructions such 
as stc1.1ctur-ed or paved surfaces. "Land use" refers to the "function" attributed 
to land or water. An area is said to have a use if a private or public l;)ar-ty 
has developed a plan or p::>licy for its management, or if use can be clearly 
inferred from visible activity on land (e.g. agriculture, recreation, 
residential). fuis definition of land use includes so-called passive uses such 
as preservation or conservancy status .. An example of land cover on a parcel ·of 
land rnay be trees or, more specifically, deciduous trees, wtlile the land use on 
the same par-eel may be commercial forestry, recreational, or residential. A 
Classification Manual For Land Cover and Land Use in Minnesota, State PlanninJ 
Agency, 1978, defines and describes these terms in rrnre detail. 

During the course of the Land Use 01.ange Project, the State Planning Agency 
evaluated a number of procedures and techniques for monitoring land use and land 
cover- conditions. 'Ihese include the use of remote sensing - aerial photography 
and L:z\NDSAT data ( data on the earth's surface which is transmitted from 
satellites); state agency records and inventories; plat books; and other public 
data sources. 'Ihe evaluation of these land use and land cover monitoring tech­
niques was undertaken to provide answers to the following basic questions : 

• Can the State of Minnesota produce an updated, state-wide land use/land 
.~over map using LMIDSA1r data alone? - Wnen? At what cost? Wnat cate­
gories of information could ·it contain? 

eshould Minnesota invest in high altitude aerial photography coverage of 
the state again? If so, what ¼Ould be the cost? Is the infocmation 
obtained from the high altitude photos useful enough to justify the 
cost? 

• What priority should be placed on state and local records and inven­
tories pertaining to the land? How long ¼Ould it take to get state and 
local land use data together in a unified for-mat on a state-·wide basis? 
How much would it cost? ¼ho It.Dula pay for it? 1fhat type of research 
needs to be undertaken prior to making extensive use of these data 
sources? 
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The primary purpose of this report is to summarize the major findings of the 
nurner.ous technical studies undertaken by the State Planning Agency in response 
to the above questions. 01apter II discusses the characteristics of each 
procedure for mapping and oollecting basic land use and land oover data. 
Specifically, it suggests criteria by \aklich each procedure can be evaluated for 
a particular application, including availability, cost, frequency of data 
collection, and uniformity of data. 

Case studies are presented in Chapter III of this report: 

• To illustrate possible planning applications and issues that require 
land use/cover information; 

•To illustrate p:)ssible sources of data; and 
• To match up applications with sources and describe a variety of land 

use/land cover products. 

Selection of the case studies was based on the following considerations: 

• Di.vet·sity of land use and land cover types; 
•Diversity of data sources; 
• Diversity of geogra[?hic location within Minnesota; 
•Diversity of scale .and level of detail. 

B. METHODOLOGY 

In order to evaluate the usefulness of aerial photography, IANDSAT, and 
state agency records and inventories, the State Planning Agency undertook a 
number of projects. A brief description of the products and publications 
resulting from these efforts follows: 

1. 1he Catalog of Data Sources: Land Use in Minnesota, a computerized 
inventory of natural resource data collected and maintained by major 
state agencies and the Metropolitan Council. 

This catalog is the result of the State Planning Agency's efforts to 
obtain, organize and disseminate information on land use and land 
cover data \aklich are collected in Minnesota. It is intended to serve as 
a ¼Drking document for planners and decision--rnakers who are interested 
in gaining an overview of~available data sources. 

Information contained in the catalog was obtained from question­
naires administered by the Land Use Olange Project staff. fuis infor­
mation was edited and entered into computer files of the Minnesota 
Environmental Resources Information and Data Exchange (INDEX). 

2. Plat maps of Isanti county from 1969 to 1979 (1969, 1972, 1975, 1979, 
respectively). 'lhe • original plat maps produced by t.he Rockford Map 
Company display par-eel boundaries and ownership data. 'Ihey are often 
used locally as tax maps for assessment, for planning aids, and as a 
base for zoning. State Planning Agency staff enchanced these rlat maps 
of Isanti County by indicating in different colors those parcels of 2½ 
acres or less, 3-10 acres, and 11-35 acres for each year. Displayed 
consecutively, · the color-coded plat maps can be used to indicate areas 
of subdivision as well as consolidation of land ownership parcels over 
time. 
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Portions of this data are summarized in the State Planning .Agency 
publication, Growth Management Notebook, 1981. One set of full-size 
color plat maps showing historical changes in Isanti County are 
available for review at the State Planning Agency. 

3. Pilot studies conducted by ti1e Land Management Information Center of t:he 
State Planning Agency evaluating L.MDSAT data with regard to: 

• Land cover classification alternatives in one urbanizing area; 
• Monitoring the conversion of land from forest to agriculture; 
• The integration of LANDSAT analysis capabilities with the Minnesota 

Land Management Information System (MLMIS). 

4. A pilot study evaluating the usefulness of high altitude aerial pi~o­

tography for measuring the degree of mange in urban growth and 
developnent. This information has been used to: 

eProvide a baseline for measuring future change conditions in fast­
growing counties and areas adjacent to selected Minnesota 
municipalities; 

•Describe and graphically display the impacts of urban changes; 
• Provide documentation to support recommended techniques and l_X)l i­

cies for managing future growth in a manner which provides for 
optimum social, economic and environmental benefits; 

• In cxmjunction with other research efforts, determine correlations 
between urban growth patterns and land use controls; and 

• Update urban land use data of the Minnesota Land Management 
Information System (ML~IS) for key growth areas of the state. 

This study resulted in a number of products, including: 

• .l\ technical paper describing the methodology used in interpreting 
urban structures data from 1968 and 1977 high altitude aerial pho­
tographs of the state, the reliability and accuracy of the data, 
and the usefulness of techniques using high altitude aerial pho­
tography in assessing urban land use and in m::>nitoring urban 
change. 'Ibis paper is entitled, 'Ihe Use of High Altitude Aerial 
Photography to Monitor Changes in Urban-Structures in Minnesota; 
Computerized maps, and narrative describing urban mange between 
1968 and 1977 around Owatonna, Fergus Falls, Faribault and 
Cambridge/Isanti County. 'Ihese can be found in the State Planning 
Agency publication, Growth Management Notebook, 1981; 

• Computerized maps indicating the location of urban structures in 
1968 and 1977 and urban mange between 1968 and 1977 in Wright, 
Sherburne, Blue Earth, Goodhue and Chisago counties and for areas 
surrounding Willmar, Mankato, St. Cloud, Morris, and Bemidji; 

• Computerized maps and narrative describing the location of urban 
structures in 1968 and 1977 and urban mange between 1968 and 1977 
in the 10 mile zones surrounding the state's nuclear gener ating 
plants in l\bnticello and Prairie Island. 'lhese maps are included 
in the Minnesota Department of Public Safety's refX)rt, A Study 
Relating to Nuclear Power Plants and Emergency Response, Februacy, 
1981. 
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With the exception of the Nuclear Study mentioned in Section 4, all of the 
papers and documents mentioned in the preceding discussion are available from 
the Minnesota State Planning Agency. 

C. SUMMARY FINDINGS 

The findings contained in Chapter.:- II are briefly summarized below: 

The rapidly developing technology of REMCYrE SENSING offern an efficient and 
timely ap()roach to the mapping and collection of basic land cover data , and to a 
lessee extent , land use data . Capabilities at the present tLrne include: 

• Multispectral scanner- data available from LA.NDSA.T over extensive 
ar-eas on a r:-e:;:>etitive basis that may be as frequent as every 9 or 
18 days, wea ther pernti.tting; 

• High- resolution color infrared and panchromatic black and vklite 
()hotogcaphy being acquired from varying altitudes. F~equencies of 
collection range from 1 to 10 years or longer. Some of this pho­
togr-aphy is being obtained by using relatively low altitude 
flights , often oovering a county or less on any one flight or 
contract . Photography has been acquired from flights funded by the 
U.S. Geological Survey, other- federal agencies, and by state and 
local agencies. 

Further information on aerial photography and LANDSAT is contained in 
Chaptec II of ~1is report . 

1. AERIAL PHOTO GRAPHY 

a .. L~ USE/LAND COVER APPLICl\TIONS 

Land use/land cover applications of aerial photography at various scales are 
summarized in the table found on page 5 . As a general rule, air photos are 
more accurate in determining land covers than land uses, since land covers are 
more closely related to visible physical features. 

b . LIMITATIONS OF TECHNIQUE 

Air photo ·imagery is limited in that it can display only the top layer of 
ground features . 'Ihis means that features ~ich lie under tree cover, or any 
other 'overhead' obstructions, do not appear on the imager-y. '!his makes it par­
ticularly difficult to detect urban uses in wooded areas. Even when structures 
do appear clearly on air photos, it is often difficult to deter.mine the uses 
which are made of the structures (i.e . , residential, canmercial , indus tdal , or 
agricultural uses). 

Given the availability of comparable high altitude aerial photos of 
Minnesota for 1968- 69 and 1977, the use of 1:90,000 and 1:80,000 scale aerial 
photography was evaluated as one possible procedure for measuring and describing 
change in urban structures. Data on the location of structures was inter-preted 
from both 1968- 69 and 1977 photos for · several fast growing counties surrounding 
the Twin Cities metropolitan area as well as around several out- state 
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A COMPARISON OF VARIOUS SCALES OF AERIAL PHOTOGRAPHY 

Categ_q~ 

LARGE- SCALE 
(approximate 
range is from 
l:l to 1:12,000) 

MEDIUM-SCALE 
( approximate 
range is from 
1:12,000 to 
1:55,000) 

SMALL-SCALE 
( approximate 
range is from 
1:55,000 to 
1:120,000) 

Common 
Scales 

Distance 
Eg_uivalent 

Approximate Land 
i\rea Covered by a 
9 x 9 Inch Photo 

1: 4,800 
J.:12,000 

1 inch= 400 feet 
1 inch= 1,000 feet 

. 46 sq. mi. 
2 .9 sq . mi. 

Uses: Engineering and measurement surveys; site specific 
studies; thermal (e .g . heat loss) studies; crop, 
soil and vegetation identification . 

Users : MN Dept. of Transportation, MN Pollution Control 
Agency, MN Dept. of Natural Resources, local units 
of government, developers, educational institutions. 

Frequency of Data Collection: As needed for snall parts of 
the state. 

1:15,840 1 inch= .25 miles 5.1 sq. mi. 
1:24,000 1 inch = • 38 miles 11.6 sq . mi. 
1:31,680 1 inch= .5 miles 2 0 . 2 5 sq . mi. 
1:40,000 1 inch= .63 miles 32.3 sq . mi. 

Uses: Topical studies on land use, land cover (e.g ., 
vegetation), forest types, soil surveys, geology and 
hydrology. 

Users: U.S. Geological Survey, U.S. Forest Service, U.S. 
Dept. of Agriculture, Soil Conservation Service, MN 
Dept. of Transportation, MN Dept. of Natural 
Resources, MN State Planning Agency, MN. C,eological 
Survey, MN Dept. of Agriculture, Regional 
Development Commissions, county agencies, education 
institutions, sportsmen. 

Frequency of Data Collection: Average of every 3 to 5 
years. 

1:62,500 
1:80,000 
1:90,000 

1 inch= .99 miles 
1 inch= 1.26 miles 
1 inch= 1.42 miles 

78.8 sq. mi. 
129.1 sq. mi. 
163.4 sq .. mi. 

Uses: Generalized land use, land cover (e .g ., vegetation) 
soils, geology and hydrology; ground truth for land 
satellite images . 

Users: U.S o Geological Survey, U.S. Forest Service, U.S . 
Dept. of h;Jriculture, Soil Conservation Service, 
U .s. Dept. of Defense, MN Dept. of Transpoctation, 
MN Dept. of Natural Resources, MN State Planning 
Agency, MN Geological Survey, Regional Development 
Commissions, MN Dept. of Agriculture, county 
agencies, educational institutions. 

Frequency of Data Collection: Average of ever:y 8 to 10 
years. (Complete coverage of the state for 1968-69 
and 1977 is available at 1:90,000 and 1: 80,000 
respectively.) 
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municipalities. Interpretation, coding and mapping of urban land use infor­
mation obtained from t.he air y;hotos was completed for Isanti, Coodhue, Clisago, 
Wright, Sherburne and Blue Earth counties and for areas surrounding Willmar, 
Mankato, St. Cloud, Morris, Bemidji, Fergus Falls, O.Vatonna and Faribault. 
Change data is found by comparing numbers and location of structures on 1968- 69 
high altitude aerial photographs with those of 1977 high altitude aerial 
photographs. Urban structures w-cre interpreted by 10- acre parcels. Ten- acre 
urban structures data were aggregated to 40-acre parcels for analysis .. 1968- 69 
photos are at a scale of 1: 90,000 and the 1977 photos are at a scale of 
1:80,QOQo 

Major findings and conclusions on the limitations of using th.is technique 
a~e the following : 

• On the whole, the procedure of using high altitude aedal photography 
to measure location and c.."hange in urban structures is :rel ia.ble in low 
density, open ar.eas associated with rural, agricultural areas of the 
state; 

• In med iurn and high density residential areas, accurate coun -ting of 
individual structures froin air photos is difficult. &roes ar:-e usually 
marginal, however, and are due to technical problems associated with 
the placement of gr ids on the photos; 

• Structure counts were not accurate in areas of mix:ed urban uses where 
small accessory buildings (not included in the study's definition of 
stn1ctur-es) or non-residential buildings were scatter-ea among residen­
tial structures; 

• Because of tree cover along lakeshore, many structures were not visible 
from the high altitude aerial photos. Reliability and accuracy of the 
data in these areas of the state is not high . 

See The Use of High Altitude Aerial Photography to Monitor Changes in Urban 
Structures in Minnesota, Minnesota State Planning Agency, 1981, for further 
discussion . 

7\dditional limitations of air p1otos include atmospheric obstruction 
( especially for panchromatic imagery), time-of- year and lack of coordination 
among [hoto suppliers and users. 

Many of the limitations of air !±loto imagery are associated with the large 
network of p-1oto suppliers (both public and private) and users . 'Ille only scales 
of photography which are feasible for the state to finance on a state-wide basis 
are small- scaLe (high altitude). 'Ihis means that users needing larger-scale 
imagery must either. locate existing fi1oto imagery or finance a flight to provide 
new imagery. Most Minnesota counties and many cities do occasionally finance 
such flights . · However, there appears to be a lack of coordination among many 
pol iUcal uni ts Yklich could benefit from compatible imagery . 
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c. CQSTS 

In 1977, a coml?lete set of 1:80,000 high altitude air p)Otos for Minnesota 
cost approximately $450,000. '!he costs involved in such an effort have 
increased with inflation and the current high cost of silver ( used in films and 
papers). It would take a major financial commitment (about $1,000,000 at 1q31 
prices for state-wide coverage) on the parts of the State of Minnesota and 
federal programs. Costs of interpreting small-scale air Eilotos for the Lirban 
use classification alone and for entering the data into the computer are esti­
mated to be $900 for a study area \\hich covers nine Minnesota townships . See 
the Minnesota State Planning Agency's report, '!he Use of High Altitude Aerial 
Photography to Monitor Changes in Urban Structures in Minnesota, Appendix B, for 
a detailed listing of interpretation and computer-related costs. 

d. FUTURE: PLANS OF ACTION 

Due to the multiplicity of programs \'klich provide and/or make use of ae·r:ial 
photography, there exists a need for a central place responsible for maintaining 
current information on aerial rnotography in Minnesota. 'Ihis need was 
recognized in 1975 and 'Ihe Mapping and Remote Sensing Information Center 
(MARSIC) of the Minnesota State Planning Agency was established. Tne Center 
published a catalog _of air µ1oto and map holdings in 1978 (Inventory of Aerial 
Photography and other Remotely Sensed Imagery of Minnesota), and periodically 
reports on new products and services. 

Numerous federal and state agencies currently have programs vklich produce 
aerial photo images of fX)rtions of Minnesota. 'lhese are discussed in detail in 
Chapter II. 'Ihese include the U.S. Geological Survey, the U.S. Department of 
Agriculture and the Minnesota Department of Natural Resources. 'Ihe need for 
coordinating these ongoing activities is essential if maximum benefit is to be 
derived from existing programs. An important component of this coordination in 
Minnesota is MARSIC. 

Tnere are no existing or proposed plans for repetition of the approximately 
one-point-in-time coverage of the entire state which has been carried out twice 
to date - in 1968-69 and again in 1977. 

e. SUMMARY 

Given the extensive use which has been made of the (?hoto enlargenents of 
1968-69 and 1977 state-wide high altitude aerial µiotography, repetition of 
state-wide aerial p-1oto efforts ~uld be welcaned by many air rtioto users . 
However, given: 

• The high costs of obtaining high altitude r,hoto coverage of the state 
(estimated in 1981 to be approximately $1 million); 

•The fact that accurate data on forests, crop type, irrigation and water 
can be obtained quickly and relatively inexpensively from LANDSA'r ( see 
following section on LANDSAT); 

eThe fact that, viewed from a state-wide perspective, the broad outlines 
and boundaries of many of the state's major land covers as displayed on 
the 1969 Minnesota Land Use map - notably water and forested areas -
have not changed much in the past decade; 
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•• The difficulty in detecting urban uses in wooded areas, especially 
along for:-ested lakeshor:-e, and the uses made of urban structures ( i.e., 
residential, or industr ial/corrnnercial) from small-scale photos; 

• The numerous federal and state agencies \'klich have programs which 
currently produce or intend to produce photo images of [X)rtions of 
Minnesota; then 

it does not seem justifiable to repeat state-wide coverage using high altitude 
aerial photography in the near future . Focus should be on making the best use 
of available remote sensing resources \'klich provide partial coverage of the 
state and in training p:)tential users in their application. 

2. LANDSAT 

L~NDSAT is a satellite orbiting the earth at an altitude of about 560 miles . 
Monitors transmit a steady flow of information about the earth's surface d1ar-ac­
teristics to ground receiving stations. 'This information can be used by land 
planner-s, managers and researchers to ¼horn monitoring of cectain land cover 
charactedstics is important. 

a. LAND USE/L~ND COVER APPLICATIONS 

In Minnesota, T..ANDSl\T can be used to m:mi tor surface water, m1n1ng areas, 
forests, patterns of irrigation, and areas of diseased or stressed vegetation. 
A project recently oompleted by the State Planning Agency investigated the uti­
lity of LANDSAT data in tronitoring large·-scale land clearance and drainage acti­
vities in a forest/wetland environment of Aitkin County in northern Minnesota. 
Initial analysis of the r esults indicates that LANDSAT does repcesent a satis­
factory method of rroni tc.>ring large-scale manges in forest/wetland areas which 
are being converted to agriculture . LANDSAT is useful to geologists in 
searching for distinctive surface geologic features and to detect hazard zones 
such as fault lines. 1he repetitive nature of the coverage makes IANDS.l\T use­
ful for maintaining _crop inventories o It can be used to estimate acreage 
planted in major er.ops such as wheat, oats, barley and corn and to rronitor areas 
st.ruck by disease or. drought stress during the growing seasono 

b. FREQUENCY OF DATA COLLECTION 

Each LANDSAT satellite passes the same spot on the each every 18 days., 
Depending on weather conditions and the number of operational satellites, data 
may be available as frequently as every 9 or 18 days . 

c. EXTENT OF COVERAGE 

Each LANDSAT scene covers an area of 13,000 squar-e rnilese 'Ihis broad view 
makes LANDSAT a good choice in viewing large areas to identify places where mor.e 
detailed information is needed . 
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d. LIMIT~TIONS OF TECHNIQUE 

LANDSAT shares with aerial µiotography the pr.oblem of "seeing" the top layer 
of land cover only, with few applications for detecting land useo For example, 
if ther.e are houses beneath relatively dense tree cover, these will go 
undetected. Other limitations include relatively limited resolution or detail, 
and frequent cloud oover. 'Ihe limited resolution makes the use of Ll\NDSA.'r very 
difficult for- rronit~ring low density· urban development. 'Ihe Minnesota State 
Planning Agency undertook a · pilot study of the northeast suburban pxtion of the 
Twin Cities (White Bear Lake). 'Ihe vari~ty of land uses and covers in this area 
( lakes, wetlands, forested areas, suburban and exurban areas) offered the chance 
to assess the practicality and/or difficulty of using LANDSAT data to classify 
various land use and cuver types. Project results indicate that the low den­
sity urban category is the most problematic vklen using LANDSAT data; it is 
often classified as other cover types (e.g., pasture, open land, ag-ricul tural 
land) . 

In addition, because of different vegetation types and the surrounding 
environment, accurate identification of wetlands from L~NDSA'r is extremely dif­
ficult in Minnesota. Lastly, the lag time between the satellite pass-over and 
the time t..~at data ( computer tapes or images) are available to the state - a 
minimum of two to three months - is a limitation. 

e. COST 

'Ihe cost of acquiring LANDSAT computer tapes covering t..he entire state Y.Ould 
be nearly $4,000 at current (1981) prices. 'Ibe costs will rise an undetermined 
amount ( estimated at five to ten times) if and \\hen the program is shifted from 
NASA and USGS to the National Oceanic and Atmospheric Administration (NOAA)~ 
There are costs associated with acquiring computer equipment and programs for 
L.~NDSAT classification. However, in the case of Minnesota, this investment was 
made when the Land Management Information Center of the State Plann~ng Agency 
acquir:ed its own stand-·alone computer system in January, 1980. Additional costs 
of using LANDSAT data include those for canputer processing and personnel. 

f. roroRE PLANS OF ACTION 

Further testing of LANDSAT on specific cover types will be necessary before 
going forward on extensive L..J\NDSAT projects in Minnesota. Specifically, inven­
tories of forest cover by the Department of Natural Resources and 'clear lakes' 
(water clarity-) by the Pollution Control Agency using LANDSAT are currently 
underway. Both LANDSA1r pr.-ojects are funded by the Legislative Commission on 
Minnesota Resources. 

g. SUMMARY 

The hope that LANDSAT can provide continuous state-wide data on all land 
covecs and uses in Minnesota is not borne out by current research efforts. In 
partic1.1lar, IANDSAT has problems associated with rronitoring low density urban 
developnent and wetland identification. 'Ibe production of a state-wide land 
use/land cover map solely using this technique or procedure does not seem 
feasible in the very near future. 
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Some land cover/land use types are xrore appropriate than others for classi­
fication using LANDSAT analysis techniquE~s. IANDSAT is goo::1 for the classifica­
tion of forest, water and agricultural lands. 'Ihe accuracy of LANDSA1r 
classification for these land covers is as good as that using many other means, 
and is at a much lower cost. In large, homogeneous areas, various forest types 
can be delineated. 'Ihe same is also true for crop types. Unfortunately, tree 
species in Minnesota forests are often very heterogeneous, making application of 
LANDSAT to forest cover typing in a large area very difficult. 

A land use in ¼hich there is much interest is the urban classification, 
especially low density urban developnent found in areas of urban expansion. 'Ihe 
use of LANDSAT data to classify these areas is not recommended if any degree of 
reliability is desired. Only large homogeneous areas of urban development, 
especially urban areas of high density, can be identified from LANDSAT images. 

3. LAND RECORDS AND INVENTORIES 

Remote sensing technology alone is not adequate for efficient generation of 
land use and oover data and maps. Additional sources of information such as 
land records and compiled inventories are availabl,~ and should be used when land 
use and cover data are being compiled for mapping, planning or research 
purposes. A state--wide procedure should take full advantage of data routinely 
collected by state and local agencies and organizations (e.g., permits, 
1 icenses, leases) . I 

I 

Land recor:ds (by-products of record keeping) and inventories (intended sur-­
veys of land use and land cover) are spatially-related documents that recor:-d 
governmental and private interest in the physical, environmental, legal and 
fiscal aspects of the land - whether on, above, or lll1der the surface of the 
earth. Land records and inventories include governmental data required, 
co.llected and maintained for real estate and taxation, land transfer, 
environmental f:]t"Otection, and land use and resource planning and management. 
Examples of records which are collected by Minnesota agencies include Water Use 
Permits and Peat.land Leasing Records (both collected by the Department of 
Natural Resources). Examples of inventories maintained by state agencies 
include the Minnesota Land Management Information System (State Planning 
Agency), t.he Natural Heritage Information System (Department of Natural 
Resources) and the Airport Inventory (Deparbnent of Transportation). 

In recent years, concer:-n has been expressed by private citizens and public 
officials in agencies at all levels of government about the inadequacy and cost 
of land :records~ including procedures for obtaining, maintaining and integrating 
useful data for planning, managing and regulating land and its related 
resources. 

Ex}:?ectations for an effective land records system include t.i-ie fol lowing: 

• That information about the location and physical C'haracteristics of land 
is accessible from public records; 

• That government has established common standards by v.h ich land data and 
records can be shared and aggregated from one level of government to 
another; • 

• That socio-economic data, such as demographic and fiscal data about a 
particular place, can be integrated with fhysical data about the land; 
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• That various units of government do not duplicate each other's land 
information gathering activities; 

• That government is using appropriations for land records and inventories­
i n a cost-effective manner. 

These expectations are often not met with the current land records situation 
in Minnesota. Tue following scenario illustrates the canplexity of these 
problems . Several groups or agencies need information about the same resour-ce. 
The lack of coordination among these groups, and their single-mission or single­
resource focus often leads' to duplicativ~, unintegrated and expensive data 
products . For example, a tax assessor may see little similarity between his 
land record needs and those of an engineer siting an electrical transmission 
line vinile, in fact, there is similarity. 'Ihe end result is multiple, un­
coordinated record gathering and unmet information needs . 

Concerns about the inadequacy of land records prompted the State Planning 
A·.;3ency to identify advantages and limitations of existing land recor-ds and 
inventor-ies , such as lade: of coordination, and to provide recommendations for 
impr.oving the current situation. 

a. ADVANTAGES OF LAND RECORDS AND INVENTORIES 

The advantages of using land records and inventories as means of rron'i toeing 
land use and land oover are briefly summarized below. For a rrnre detailed 
discussion, see Chapter II of this report. 

(1) Flexibility. Many land records and inventories provide a great amount 
of information on land uses and land oovers for individual sites in 
Minnesota . Tnis allows data users a high degree of flexibility in 
selecting items of data which are mst important for a particular 
application. 'Ihe same inventory or set of records can thus be used by 
different users with varying data needs. 

(2) Ongoing Nature of Records. Many permits, leases and licenses are 
routinely maintained by public agencies for administrative purposes 
re<.Jardless of whether or not data perta1ning to land use or land oover 
is extracted from them. 'lbe ongoing oollection of these permits, 
licenses and leases makes them g(X)(] indicators of land uses and activi­
ties as well as changes in land use/cover over time. 

(3) User- Oriented Format of Inventories. Inventories are often formatted 
in ways which allow easy use by land use and resource planners and 
managers. Common formats include maps, tables, indices, lists and can­
puter. files. 'Ihe oomputerized format of some land inventories (for 
ex~nple, 'MLMIS) makes it feasible to map and canbine data on any land 
cover or use with data. on other natural resource and soc i al factor:-s. 

( 4) Cost. 'Ihe routine oollection of many public records on an ongoing 
basis means that oosts associated with data collection are accounted 
for either by funding provided by the collecting agency or by fees paid 
by applicants for the permits, licenses or leases. Costs of using e1is 
data are those incurred through extracting the data from the r-ecords 
and inventories and putting it into usable format. 'llie time and oost 
of obtaining the data can be reduced if this extraction and organiza­
tion of items of information can be incorporated into existing data 
collection and filing routines rather than developed independently . 
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b. LIMITA.TIONS OF RECORDS A.ND INVENTORIES 

(1) Inaccessibility. In Minnesota, all records collected by goverrunent 
agencies are public (i .e., accessible to the public) unless classified 
otherwise by fedecal law, state statute Ot" temporary classification. 
Some government records and inventories containing land use and land 
cover data are classified nonpublic to insure confidentiality of some 
information. An example is 1he National Pollution Dischar ge 
Elimination System Pet:1nits (PCA). 

( 2) Incomplete Geographic Coverage. Many data collection programs collect 
data for limited areas of the state. 'Ihis data may be useful to 
other-s, but the usefulness may be lirni ted by the smal 1 area of 
coverage . Often , data collected locally may not conform to i;:olitical 
or- natural resource boundaries. Yet, while lack of complete geographic 
coverage of land records can be a problem, othec problems can emerge 
even Yklen complete coverage for a large area does exist. This limita­
tion applies mst specifically to records collected at the local level. 
For example, various governmental units which require building permits 
may collect different items of information on the permits. Tue cate­
gorization and display of this information may also var:y from county to 
county . 

(3) Lack of Compatible Geographic Referencing Systems . In order for land 
records and inventories to be useful to the largest number of fX)tential 
users, it is important that commonly used and underst<X>d geographic 
refer-encing systems be used ¼hen identifying locations of features . 
Examrles of such geo-referencing systems include Public Land Survey 
(PLS) description , legal description, latitude-longitude location and 
Universal Trans-Mercator (UTM) location. Some land records and inven­
_tories do not include important geographic indicators.. Other records 
do include such indicators, but are filed in ways 'lklich make them dif­
ficult to work with . 

(4) Lack of Knowledge of the Existence of Data in Records and Inventories . 
Data users are often not aware of the existence of accessible records 
and i nventories which oontain data they need. As well, there is no 
centralized location where data users can access or find out about all 
the data which may of use to them. Inefficient use of data found in 
records and inventories can often be attributed to lack of lmowledge of 
what data cur-rently exists and \'klere it can be located. Recognizing 
this, . the State Planning Agency undertook an effort to catalog land use 
and land cover data routinely collected by major state and regional 
agencies . 'Ihe result of this effort, the Catalog of Data Sources : 
Land Use in Minnesota, contains information about the majodty of land 
reco~ds and inventories collected and maintained by the State 
Departments of Agriculture, Natural Resources, Tr"anspor.tation , Enecgy, 
Planning, Pollution Control, the Minnesota Geological .Survey and the 
Metropolitan Council. ( See the Append ix of th is rep:,rt for a listing 
of the table of contents of the Catalog.) Future efforts of the State 
Planning Agency will add data sources to the current inventory and 
develop a procedure to periodically update the information . 
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(5) Institutional Barriers. Government agencies have made only limited 
attempts to set standards for CCX)rdinated data collect.ion. Tne infor­
mation contained in records is often not shared among agencies, nor is 
the information widely distributed for p:>ssible use by others. Very 
little is done to ensure that data collected by each agency is com­
patible with and oomplementary to the data collection efforts of other 
agencies . 

c . FUrrURE PLANS OF ACTION 

During fiscal year:s 82 and 83, further efforts will be undertaken by the 
Stat.e Planning Agency to: 

· • :Jescribe and analyze the state's land data system as it presently 
exists with respect to: gaps, overlaps, frequency of data collection, 
and use of geo--codes; 

eDevelop standards for data collection by state agencies; 
• Conduct short-term research to evaluate how long it \'K)Uld take to bring 

about the necessary changes in record keeping, associated costs, 
:1pplicabil ity, and usefulness of the data in analyzing natural resource 
issues and .related trends; and 

• Implement a pilot program designed to integrate data on urban str.:-uctures 
der ived from buildi.nq permit data routinely collected by the c:ensus, as 
. tJ,~11 as da \: :·l on corrnneccial / i nc1ustrial r30v2l or::.,1nen t [ com th e ~;t.:--1 t.;;: 
Department of Economic Developnent, with natural resource data in 
~1LMIS . 'lhis type of effort is intended to evaluate the usefulness and 
applicability of permit data as a means of rronitoring general urban 
land use trends . 

d .. SUMMARY 

A state-wide procedure for monitoring land use and land cover should take 
full advantage of information and data routinely · collected by state and local 
agencies and organizations (e.g., permits, licenses, leases and inventories). 
To the extent that a comprehensive rronitoring procedure draws on the realm of 
public records and inventories, it links or CCX)rdinates users of land use and 
cover data with the network of agencies and institutions that collect and store 
that data. One feature of such a procedure, then, should be the identification 
of those agenctes and institutions and levels of government responsible for 
various aspects of the data collection effort. Recommendations to this end are 
presented in the concluding sections of this chapter. 
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D. MAJOR CONCLUSIONS 

'!he following conclusions have been drawn from the findings of the numer:-ous 
projects and studies summarized above. 

1 . rrhere is no one simple technique or method 'tvhich will yield relatively 
accurate data on all land covers and land uses. Minnesota will continue 
to be dependent upon utilizing a .number of data sources and procedures. 

2. Without a program to coordinate these procedures, set standards, 
establish plans of action for each procedure, and account for gaps and 
overlaps, lack of coordination and incompatibility of sources is likely 
to continue. 

3. Generally, the information sources used for measuring land covers is 
different from those used for measuring land uses. Remote sensing 
(satellite imagery and aerial I:ilotography) products are primary sour:-ces 
of data for. land cover classification. Images are avail ab le from 
federal, state and private sources; a listing of those is contained in 
the Minnesota State Planning Agency's Inventory of Aerial Photography 
and Other Remotely Sensed Imagery of Minnesota. 

4. LANDSAT is best suited for the classification of water, forest and agri­
cultural lands . Tne use of LANDSAT to classify areas of low density 
urban develoP'llent or wetlands in Minnesota is not recommended. 

5~ Information sources on detailed land uses are varied, as air photo and 
Ll\NDSAT interpretation of complex and intensive land uses is difficult 
at any scale . When detailed information is required tax records, 
building permits, official maps, plat book maps, licensing records, 
field work, and agency records and inventories are uost app~opriate. 

6. At the present time, a large number of federal, state and local agencies 
and organizations produce a vast amount of information on the use of 
Minnesota's land. !he data gathered by the agencies and organizations, 
utilizing a wide variety of procedures, do not con.form to one set of 
standards regarding frequency of collection, geographic referencing, 
etc. 'Ibis reduces compatibility among data sets, minimizing their 
usefulness in planning and decision-making. 

E. RECOMMENDATIONS 

The State of Minnesota needs to collect and stoce data in a mol'.."e systematic 
manner, make better- use of the data it collects, and to identify , establish and 
implement plans of action to meet unmet data needs. 

Drawing on the major findings developed in the separate pilot projects and 
case studies and based on the guidelines set forth below, the State Planning 
Agency proposes that a state program be initiated to meet the following 
objectives: 
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1. Set standards for state-financed mapping and land data oollection 
efforts. Standards should be developed regarding priority of focus, 
frequency of data collection, scheduling of updates, use of geo- codes , 
level of scale and detail, etc. Local levels of q-ovecnment should be 
encouraged to fol low these established standards . 

Standardization of land use and land cover data collection i s an 
im~rtant step in an effort to share land use information . Unless t erms 
are commonly under. stood and applied, there will be misunde rnt andin] and 
la9k of coordination. 

Under a system of standardized land use/land cover class i ficat ion 
terms and geographic referencing, ccmpleted studies and inventorie s 
become a cumulative -record of land use and cover cnaractecistics and 
change . State agencies that have responsibilities foe land manageinGnt 
will benefit because standardization of data ~~ong agencies will facili­
tate data sharing and its collection and storage . I.Deal land planner s 
and public officials will benefit because standard i zed informat ion 
acquired from any sour ce will be easier to use and interpre t . I.Deal 
levels of gover nment might acquire summary and overview data at oounty 
and regional scales from state aqencies. Also land cover data from 
satellite imagery in standard format may be useful to officials of local 
levels of government as these materials become oore widely available. 
Typically, the flow of land use information has been from the local to 
the state level . Standardization of land use and cover data may help to 
increase information flow in both directions. 

2. Review state requests to conduct land data collection or mapping, in 
order to assure that established standards are met . 

3. Serve as a focal f:X)int for land and natural resource information and 
refer usel'.'."s of land information to appropriate sources .. 

4 . Assess the need for and provide technical assistance to local officials 
with designated functions for land information. For example, the state 
might assist in designing ~rkshops for local planners in air f;i1oto 
interpretation techniques and the application of air: p-ioto imagery in 
land use planning . 

F. GUIDELINES 

The followin-9 are suggested guidelines for determining pc ior i ties and for 
developing standards and a schedule for monitoring land use and land cover. in 
Minnesota. 

ernformation on Minnesota's land and natural resources should be 
accessible to and usable by all levels of government , by agenc ies at 
each level, and by citizens. 

• Data collection on land use and land cover should be done by the lowest 
possible government level that has the technical ability to collect it 
accurately and efficiently and that has the finances and capab i lit ies 
otherwise to do so. 
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• Standards foe land data collection should be developed collaboratively 
by representatives from all levels of government and implementation of 
those standards coordinated by the higher levels of government, in 
order to assur e effective compilation and integration among all levels 
of government . l\lthough land use and land cover data may be maintained 
in separate individual data bases {that is , maintained in local , 
regional and state off i ces), users should be able to access much of 
t his data through the facilities and assistance of a centralized bureau 
- such as the Land Management Information Center of the Mi nnesota State 
Planning Agency . 

The state can dloose to follow one of several alternative cour ses of action 
regarding: t ypes oE desired products; priority of focus; schedule for the 
collection, organization, and dissemination of land use and land cover data, and 
frequency of updating data on the various land covers and uses. 

1. TYPES OF PRODUCTS 

Information on various uses and covers of land should be kept in a format 
which is readily accessible to a wide variety of users, and flexible enough to 
produce numerous land use maps and cover maps for a variety of specific applica­
tions ranging from : • 

a . One single map displaying dominant cover and uses of land at one fX)int 
in time and which attempts to fulfill diverse user r-equirements (i.e., 
an updated Minnesota land use map), to 

b. A series of maps and inventories which address different specific uses 
or cover types {e .g . , an irrigation map, a map of change in 
u.rban/buil t - up areas, a detailed forest cover map and a map of commer­
cial forest uses) . 

A state- wide land use/land cover ironitoring procedure should recognize that 
data users have a variety of needs regarding type and format of information and 
level of detail . 'Ihe pt"ocedure should be flexible enough to serve a broad range 
of users' needs . 

e The minimwn unit {e .g . , 10- acre or 40- acre) selected for the collection 
and mapping of land use and land cover data and the level of detail 
used to categorize land use and land cover should be kept at a scale 
appropriate for as many varying planning and research needs as 
possible . 'Ihis VvOuld minimize the expenditure of time and money by 
data users at state, regional and local levelse Wnereas general ized 
data cannot be made rrore detailed and is therefore l imited in i t s 
usefulness , detailed data can be aggregated to provide a generalized 
overview of a reg ion or the state . 

2. FOCUS AN D FREQUENCY OF DAT A COLLECTION AND UPDATES 

Regarding priority of focus and scheduling of data collection and updates , 
the state can moose to: 

a. Collect, update , and map all land use and land cover data 
simultaneously . Prop:ments of this alternative usually envision using 
one procedure - such as small scale aerial fi1otography - for obtaining 
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current land use/land cover data. Tne main advantage of this approach 
is its timeliness. As mentioned earlier in this report, this can also 
be expensive. Moreover, no one single data source can presently yield 
accurate and detailed data on all major land covers and uses. Or 

b . Undertake a partial, scheduled collection of land use and land cover 
data. Land data would be collected and mapped for certain p:)rtions of 
the state and/or for certain · 1and uses and covers. rrhis activity \<X>uld 
be undertaken according to a schedule based on established priorities. 
This scheduling \t-K)Uld necessitate making mo ices and setting priori tes 
on the relative importance of land uses and land covers for which data 
is to be collected, updated and mapped. 

In the short run, this alternative would be less costly than the 
first alternative . However, this approach v.0uld not yield data on all 
land covers and uses quickly. Yet, when the overall data collection and 
updating is completed, procedures for obtaining data on all priority 
land uses and land covers should be in place. Pursuing this alternative 
would require the coordination, cooperation and commitment of various 
levels of government and agencies within each level to follow t.~ese 
priorities and schedules for data collection and updating. 

The following statements are offered as guidelines ¥Klen setting priorites 
and determining dat~ collection and updating schedules. Careful selection of 
the kind of land use and cover changes being rrnnitored is imE:X)rtant and should 
be based on the rapidity and permanancy of these changes. Review of the rela­
tive importance and type of manges expected should precede detailed land use 
and cover data collection and mapping efforts. 

• Change: Tnose areas of the state undergoing mange froin one land 
use/cover to another should receive priority in data collection, 
mapping and updating; mapping of changes is less costly on a state-wide 
basis than complete remapping. 

• Rates of Change: Changes in land use and land cover occur at highly 
variable rates from place to place. For example, the development of a 
new residential subdivision in a given location generally takes place 
within a few months. On the other hand, the natural reversion of crop 
land and pasture to forest land occurs over a. much longer period of 
time. Variations in rates of mange should be evaluated in order to 
provide an appropriate frame of reference for the systematic collection 
and updating of land use and land cover data. Specifically, annual 
updates may be necessary for rapidly manging uses or areas of the 
state; · less frequent updates for others. 

• Irreversibility: Some changes in land use and land cover are .more dif­
ficult to reverse than others, or cannot be reversed at all, and need to 
be evaluated differently from those changes that can be easily reversed . 
For example, once a residence is built up on prime a}ricul tm:al l and, it 
is quite unlikely that such an area will ever be returned to aJri­
cultural uses. Tnis permanence of residential/urban uses of land has 
<Jenerated a major interest at the state and local levels in mapping 
areas of urban growth and developnent and in assessing their impact on 
agricultural land and lakeshore. However, manges in other natural 
resources such as forestry, wetlands and agricultural uses should not be 
neglected. 
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• Case Studies: For applications which require data about the nature and 
degree of change but not the exact location of specific changes, 
samplings of representative study areas should be considered as alter­
natives to complete detailed studies. 

Given the above criteria, it is recommended that Minnesota place priority on 
moni t~r ing and updating the following: 

LOSS OF PRIME AGRICULTURAL IAND; 
ATrRITTON OF WE1rLANDS; 
URBAN GROW'rH AND DEVEif)PMENT; 
LAKESHORE QUALI'rY; 
CHANGES IN FORESTRY RESOURCES; 
TRANSPORTION . 

During fiscal year s 82 and 83 the State Planning Agency, Division of 
Physical Pl anning , will continue to identify and evaluate the most appropriate 
data sources for monitoring each of these priority issues . 
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II. DESCRIPTIONS OF DAT A SOURCES 

This cnapter discusses remote sensing (aerial µiotography and L.l\NDSAT) and 
land records and inventories as sources of information about land use and land 
cover conditions. Each source is evaluated in terms of its availability, cost, 
frequency of collection and uniformity. Charts summarizing the results of this 
evaluation for aerial fhotography and LANDSAT appear on pages 30 and 36. 
respectively. 

A.. REMOTE SENSING 

The t erm "remote sensing" refers to the detection of the nature of an object 
wit.1'1out touching it . With regard to land covers and land uses, remote sensing 
usually refers to the collection of data on ground surface features from 
aircraft or spacecraft. For many purlX)ses, remote sensing can provide the fOC>St 

practical and oost- effective means of obtaining land use and land oover 
information. "A. brief introduction to remote sensing terminology and the prin­
ciples involved in the operation of various remote sensors will provide 
perspective for a discussion of the use of remote sensing in obtaining land 
cover and land use information. 

All remote sensors work by detecting and recording energy. Remote sensors 
can be categorized as either active - sending out energy and measuring its 
return or penetration (e.g. radar and x-ray machines) or passive - collecting 
energy which is reflected or emitted at the ground surface (e.g. cameras, thec­
mal sensors, multispectral scanners and human eyes). Remote sensing is based 
on the principle that different objects reflect or emit different amounts of 
energy in different fX)rtions of what is known as the electromagnetic spectrum. 
The electromagnetic spectrum consists of the entire range of energy emitted by 
the sun . Remote sensors measure energy in limited p:>rtions of the spectrum. 
The human eye, for example, only detects energy in a very small portion of the 
spectrum, oommonly called the visible portion of the spectrum. Whereas some 
objects ace most easily distinguished in the visible p:>rtion of the spectrum, it 
is easier to distinguish among other objects from data recorded in rortions of 
the spectrum vmich are invisible to the human eye. 'Therefore the objects of 
interest determine, in part, the rrost appropriate remote sensor for the job. 

For purposes of distinguishing among various land covers and land uses, the 
portions of the spectrum v.bich are of greatest interest are those in the visible 
and near infrared ranges. Images produced from the rrost common aerial pho­
tography and LMIDSAT multispectral scanning (discussed below) represent those 
portions of the spectrLUn . 

1. AERIAL PHOTOGRAPHY 

Aerial photography is probably the best known and m:>st commonly used met.t1od 
of remote sensing of ground features. A great deal of variation exists within 
the realm of aerial photography, resulting in a wide variety of images . Toe 
same area can be represented on two different air photos in ways which appear 
very different and provide different kinds of information about the area. As a 
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result, the usefulness of any given air p.1.oto imagery will depend on the user's 
specific data needs. 

l'he aerial photography section of this dlapteL will discuss some of the ways 
in v-.hich air µ1oto imagery varies. 'lnis variation occurs along a number of 
dimensions which will be referred to as "characteristics" of air tiiotos. As 
well, t_he advantages and disadvantages to the use of aerial p-1otography, and the 
extent and kinds of use of aerial -p1.otography in Minnesota will be discussed. 
The reader. is referr-ed to oources of further information on aerial photography 
in Minnesota . Finally, a discussion of existing and projected aerial p.-10-
togra(?hy programs in Minnesota is presented. 

a . CBARAC1~RISTICS OF' AERIAL PHaroGRAPHS 

A discussion of aerial photography necessitates an understanding of certain 
terms and ooncepts. 'Ihe following pa.r-agraphs provide descriptions of some 
characteristics of aerial i;notographs, as well as some of the implications for 
the usefulness of imagery as it varies on these characteristics. 'Ihe charac­
tedstics which ar-e discussed include scale, film type, time of year, imagery 
fonnat. and angle between the camera lens and the earth's surface. 

(1) Scale. 1he scale of an air photo is the ratio of distance on the photo 
to actual distance on the ground. Tnis is usually written in a form 
such as 1:40,000, which is read "one to 40,000." In this case, one 
inch on the photo is equal to 40,000 inches on the ground. As t.he 
second number in this ratio (e.g., 40,000) increases, the size of a 
photographic image of a given area decreases. An air photo at a scale 
of 1: 40,000 is said to be at a larger scale than an air. p-ioto which is 
at a scale of 1:80,000. For purposes of this report, three general 
categories ( large, medium and small) of scale will be used to make ccxn­
parisons among air p-1otos which are at different scales. 'Ihese cate­
gories of scale appear in the table on page 29. 

(2) Film Type~ Different film types detect and record energy representing 
different p:>ctions of the electromagnetic spectrum . Aerial photography 
utilizes two of the most common types of film for normal everyday use: 
panchromatic black and white and natural colpr. Both of these record 
images cepresenting the visible p:>rtion of the electromagnetic spectrum 
and are similar to films found in personal cameras. Today, aerial pho­
tography is making · increased use of infrared t:0rtions of the spectrum. 
Infrar-ed films are useful for penetrating atmosphedc obstructions 
(e.g .· haze or smo:J) and determining healthiness of vegetation. 
Infrared films are available in either color or black and white. 

(3) Time ·of Year. 'Ihe season during which air p1otos ar.e taken greatly 
affects the number of kinds of uses to \\bich the fhotos may be put. 
Leaf-on µ-iotogcaphy is taken during the summer months or growing season 
in Minnesota. Leaf-on fhotography allows determination of vegetative 
types and conditions (e.g., crops and forest types). Leaf- off '[!-lO­
tography is taken during the spring or fall months, but seldom during 
the winter months vmen there is snow cover. Leaf-off photography 
allows easier identification of soil types, geologic formations, and 
other.- ground surface features (e.g., buildings) which may be hidden by 
leaves at other times. 
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( 4) Imagery Format. Most air E:ilotos that are available to the public are 
printed from 9 11 x 9" negatives. 1.1t1ese negatives are usually contact 
printed to produce 9" x 9 11 images. 'Ihe amount of area displayed on 9" 
x 9 11 image depends on the scale of the p:1otography - the larger the 
scale, the smaller the area displayed. (The approximate land area 
covered by a 9 11 x 9" image is provided for various scales of -pho­
tJ9ra[)lw in the table on p=1ge 29. Some images represent enlargements 
from original negatives. In the case of the 1968- 69 and 1977 statewide 
high altitude aerial µiotography. of Minnesota, images were enlarged 
from 1 :90,000 and 1:80,000 negatives to a scale of 1:24,000, the same 
scale as the 7½ minute quadrangle sheets published by the U .s .. 
Geological Survey ( commonly r.eferred to as topo maps). Tnese images 
are available as inexpensive blueline (ozalid) prints measuring over 
18" X 30". 

( 5) Angle. 'Ihe angle of aerial µi.otography refers to the angle of the camera 
lens relative to the surface of the earth. For t..rie purp:)ses of 
discussion in this paper, the only air photos considered are vertical 
photographs . Vertical p:1.otographs result from a .ca.mer-a lens facing the 
ear.t.h's surface at a 90 degree angle (i.e., the lens is directly over 
an object) . Air fhotos taken from any angle other than vertical are 
called oblique f;i)otographs. Cblique p:1otographs ar-e uncommon in remote 
sensing due to their bias toward the side of objects facing the earner.a, 
and their tendency to hide or obscure objects located behind other 
objects. 

b. THE EXTENT AND KINDS OF USE OF AERIAL PHarcx:;RAPHY IN MINNESorA 

. 'rhe features appearing on air photo imagery are interpreted by usecs to 
yield the information they need. In some instances, air µ1oto interpreters will 
pay attention to a limited number of features. For example, foresters may have 
little inte-r:est in pxti.ons of images displaying urban areas or open pasture. 
In ot1ter instances, interpreters may pay attention to a large number of 
features. If air i:notos are interpreted in efforts to create a general land 
use/land oover map, it may be important for the interpreter to cunsider many 
features to determine the predominant use or cover in .an area. In any case, the 
interpreter must be knowledgable in the way ground features and conditions of 
intecest appear on air photo bnagery. 

Since different types of imagery show ground features differently, the pal:'­
ticular features of interest to the user determine his or her preference for­
type of imager y. fuis preference is reflected in the amount of use made of 
various types of imager.yo 

The State Planning Agency conducted a survey of aerial photogr aphy/remote 
sensing users during the summer. of 1975 to determine the amount and ki nds of use 
being made of Minnesota afr r;notos . Over 100 written inquiries were mailed to 
persons representing commissions, agencies, departments, libraries and 
individuals . In addition to the mailed inquiries, telephone inquiries and per­
sonal interviews were also conducted to complete the survey. Survey r esults 
yielded valuable information on both current (as of summer, 1975) and antici­
pated needs for aerial photography. Significant findings are presented below 
and are organized according to scale, film type, time of year and user preferen­
ces for frequency of air r;noto coverage. 
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( 1) Scale. Resf?Ondents indicated their preferences for various scales of 
aerial photography in the following manner. 

SCALE PREFERRED 

Large- scales (approximate range 
from 1:1 to 1:12,000) 

larger than 1: 12,000 

Medium-scales (approximate range 
from 1 :12,000 to 
1 : 55 , 000) 

1 :15,840 
1 : 24,000 
1:31,680 
1 : 52,500 

Small- scales (aproximate range from 
1 : 55 , 000 to 1:120,000) 

smaller than 1 :80 , 000 

PERCENTAGES OF RESPONDENTS 

33 . 7 

11.6 
29 . 1 
2. 4 
8.1 

15 .1 
100 . 0% 

A high proportion (1 in 3) of respondents preferred large-scales 
of 1 : 12,000 or larger. 1his group of users was largely made up of 
people v.ho do engineering \"JOrk of some kind. '!his group includes : 
highway construction and maintenance; pipeline, power line and 
telephone cable rights- of- way; sanitary landfills, etc. 'Ihe uses of 
large- scale photography are often project- oriented and cover small 
areas of land, usually in narrow strips or spots . 'While multiple use 
of these images does not have the same p:>tential as smaller:..scale pho­
tography of larger areas, it should be p:>ssible to extend usage of the 
large- scale p.:1otographs to people beyond the original purchasing 
agency . For example, beyond their use in specific project YX)rk, 
large-scale r:notography images also have considerable value for tech­
nical or educational purposes in schools, colleges and universities 
throughout the state. Further, they may be useful to local units of 
government interested in land use data for a small area under their 
jurisdiction . 

Each of the rnediwn-scales of aerial photography listed in tl1e 
scale preference table has had a fairly well- defined user group . 'Ihe 
1 :15,840 scale of J;tiotography traditionally has been used by for esters . 
Until -quite recently it was almost the only scale used in forest inven­
tories since it has excellent resolution for purposes of tree 
identification . However, recent technical develoµnents in aerial pho­
tography have meant that smaller- scales can be used for some types of 
forestry and other vegetative studies . Until recently , the use of air 
photographs at scales of 1: 20,000 was normal for purposes of agr i ­
cultural crop recocjnition . Scales down to 1:40,000 can now be used 
successfully for some of these inventories. In the medium- scale 
range, one scale in particular stands out in user requirements - that 
of 1: 24,000 . 'Ihis is not surprising, since this is the scale of the 
U. S. Geological Survey 7½ minute quadrangle topographic mapso '!his 
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scale is rapidly becomin:J the "standard" medium-scale for many kinds of 
mapping and planning. Within Minnesota, state agency users can obtain 
1:24,000 quad-centered blueline prints of enlarged photos for any place 
in the state. 'lbis convenience resulted from a high altitude aer ial 
photor:3raphy program funded by various state and federal sources in 
1968-69 and again in 1977. As of April, 1981 115,000 of these enlarge­
ments had been used by public agencies. '!his number of photos is 
enough to cover the complete state more than 65 times. (1 , 700 images 
are requir ed for oomplete coverage.) 

Increased use is being made of small-scale p:iotography in 
Minnesota and other places. As mentioned, the state purchased state­
wide coverage in 1968--69 and again in 1977. One of the first uses of 
this photography was to prepare a 1969 State of Minnesota Land Use Map . 
Land use data from this source enhanced a computerized information data 
bank cal led the Minnesota Land Management Information System ( MLMIS ) . 
Both the state-wide air p.1oto flights and the creation of a com­
puterized data bank have been emulated in other states. Recognition of 
Minnesota's early steps in land use .mapping and planning is widespread 
in the nation . 

Of equal importance to having the small-scale µ-iotos is the abil­
ity to make enlargements, as discussed above for ti1e 1968-69 and 1977 
imagery of Minnesota. 

( 2) Film Type. Tnere was an almost equal division in the rest?Qndents' pre­
ference for film type. ApproxL~ately half of the respondents t o the 
1975 survey preferred panchr-omatic film and half prefecred infrared 
film ~ Had this survey been carried out a decade or. more ago , a much 
smaller number of respondents probably would have indicated a pre­
ference for:- infrared material. r1.nese user preferences for- film type 
indicate a r apidly increasing awareness of the p::>tentials for infrared 
photography for interpretation. 'lbis includes both color infrared and 
black and vklite infrared photography . 'Ihe advanta9es of infrared ~ 
tography result in part from · better penetration of haze and sm0-3 in the 
infrared part of the spectrum. 'Ihis gives sharper images, shows bodies 
of water through sparse vegetation, and provides a better indication of 
healthiness of vegetation. 

There is still a strong demand for conventional panchromatic black 
and white photography . Air µ-iotos produced from tl---iis film are usually 
less costly to obtain because of lower initial costs and lower costs to 
produce special products such as enlargements. In addition, panchroma­
tic film produces p.1otos ¼hich show many cultural features (e.g., 
roads, railroads, houses, etc.) better than infrared rnotos, and does 
a better job of recording in shadow areas. 

( .3) Time .of Year. A large majority ( 77. 3%) of the users surveyed indicated 
a need for srring or fall p-1otography - that is, leaf- off times. '!his 
is simply because most cultural feature inteq)retation ( e . <J 0, summer 
home identification) is better without leaves on the trees , as is iden­
tification of shorelines, soil types, geologic features, or other 
features that may be obscured by vegetation under leaf-on cond itions. 
Conversely, of course, interpr eters concerned with various kinds of 
vegetation identification comprise the respondents (22.7%) requiring 
summer- (leaf-on) photography. 'lbese two different time of year 
requirements are not compatible and necessitate rnul tiple i;xiotographic 
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coverage. But these two groups of users also have different require­
ments for scale and frequency of coverage. Consequently, it is likely 
that both types of I;hotos must continue to be acquired by the state. 

( 4) Frequency of Coverage. Respondents also indicated their preference for: 
frequency of aedal p:1otography coverage. A large block of respondents 
( over one-quacter) wanted µ-iotog-raphy on an "as needed" basis. 'Ihis 
group included those who needed coverage for a specific project 
(highway engineed.ng, µ:>werline routing, etc~) and user:s looking for 
immediate coverage of special ev.ents, like disaster ar:-eas (floods, 
tornados, etc . ) . Another large group of user-s felt that they needed 
photographic coverage every five years or so. 'Ihis grouf.? included many 
agricultural and forestry land managers, plus land use planners 
inte·rested in monitoring land use mange at a local level. Typical 
uses in this latter- group included studies of urban expansion, manges 
in fannlancl acreages, changes in water- levels in lakes and streams, and 
the impact of various vegetative management progr-ams. Not one of the 
respondents to the 1975 survey thought that a frequency of coverage 
over 10 year s could serve their needs. In most cases, photography has 
a useful life of 4 to 6 years ( excluding its use as a histodcal 
record) . 

(5) Relationships Between Frequency, Film Type and Scale. Durinq the 
course of the survey, it became apparent that there wer:e some coccela­
tions between frequency of coverage, film type and scale of photogr-aphy 
desired. rrhere is a large group of users requiring large-scale 
panchromatic rnotography on an "as needed" basis for small parts of the 
states 

A second large group of users need medium-scale t::tlotography ( some 
using p:tnchromatic, some infrared) for sizable rnrtions of the state on 
a 4 to 8 year rotation. 'Illis group includes rrost forest and agri­
cultural inventory groups, plus local land use planning and managing 
users. 

A third group of users requires a small-scale photography program, 
covering the entire state every 5 to 10 years. Such statewide pcograms 
should include the small- scale I;hotography, plus 1:24,000 reproducible 
enlargements. 'fuis group of users includes people with state-wide 
perspectives of changing land use patterns, plus a vast variety of 
people involved in state land management programs. Included in this 
latter: group are sections of the Department of Transportation, the 
Department of Natural Resources, the State Planning Agency, the 
Regional Developnent Commissions, the Department of Agriculture, the 
Pollution Control Agency and others. 

c. ADVANTAGES. 'ID THE USE OP AERIAL PHOI1(X;RAPHY 

The widespread use of aerial p-iotogcaphy in Minnesota can be attributea to a 
number of f3ctors. Using existing me~hods of intet"pretation, ae~ial photography 
is able to provide detailed, accurate land use data for many purposes in an 
inexpensive manner. 'Ihe number of man-hours required to obtain many kinds of 
land use data from µ-iotographic imagery is substantially less than for existing 
field survey or other methods. When compared with other methods of obtaining 
data, techniques which make use of aerial µiotography seem to offer advantages 
when such factors as timeliness, flexibility, and reliability of information are 
considered in relation to the cost of acquiring the data. 
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Tne comprehensiveness of recorded information is another advantage of aecial 
photography. Each air r;noto image provides a weal th of data which can be 
returned to as many times as needed to satisfy diverse user t:"eguirements. Every • 
image provides an undisputable historical record of \\hat an area looked like at 
a given p::>int in time. 

A.erial [hotography can allow a synoptic view of a geographic area which is 
unlike ti1at allowed by any other data source. A person ¼ho is familiar with air 
photo imagery can get a sense of the patterns of land use and cover at a glance. 
Then, closer investigation can yield greater detail in areas ¼here clarification 
is needed. For example, a 9" x 9" image at a scale of 1: 80,000 displays an acea 
which is mor.e than 11 miles on a side. An area this size can easily encompass a 
metropolitan area of moderate size, as well as much of the land vklich is in 
close enough proximity to be impacted by t.he city. 'lhis image could be used 
either by itself or in conjunction with larger-scale imagery to provide infor­
mation on the metropolitan area's land features . 

It is relatively easy and inexpensive to T_Xlotographically enlarge or reduce 
air ft).oto imagery to match the scale of r;notography to maps or other data. Tni.s 
type of process is not unique to the realm of aerial {i1otography, but it offers 
many advantages nonetheless. One advantage vklich is unique to aerial µ10-
tography is worthy of mention. If two images of the sa'lle area are fhotographed 
from different p:)int:.s in the air, they can provide a thr-ee-dimensional view of 
the area if viewed at the same time through a stereoscope. 'Ihe use of "ster.eo 
pairs" of µ1otos expands the number of kinds of uses which can be made of afr 
photos . 

d • LIMITA.'rIONS 'ID THE USE OF AERIAL PHcm:x;RAPHY 

Air photo imagery is limited in that it can display only the top layer of 
ground features. 'Ihis means that any features vklich lie under tree cover, or 
any other "overhead" oostruction do not appear on the imagery. '!his makes it 
particularly difficult to detect urban uses in ~ed areas. Even M1en 
buildings appear clearly on air r:notos, it is often difficult to determine the 
uses which are made of the structures. As a general rule, air p:1otos are :crore 
accur-ate in detennining land covers than land uses, since land covers are irore 
closely related to visible p:1ysical features than are.land uses. 

Many air f.'hoto limitations are associated wit.h the large, complicated net­
work of air p-1oto suppliers and users. '!he only scales of p:1otCX)raphy mich are 
feasible for the state to finance on a state-wide basis are small-scale 
(high altitude)" . Tnis means that users needing larger-scale imagery must either 
locate existing imagery or finance a flight to produce new irnagerye Most coun­
ties and many cities do occasionally finance such flights . However, there 
appears to be a lack of ccordination among many political units which could 
benefit from compatible imagery. For instance, some cities which lie on county 
borders ( e .g . 1 St. Cloud, Mankato, Lake City) could benefit from [iloto CCX)r­
dination between the counties they touch. Even for areas where adequate imagery 
does exist, it is p::,ssible for fX)tenttal users to be unaware of its existence, 
resulting in the use of inferior data sources or unnecessary replication of 
flights . 
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Another limitation of air photo imagery is inherent in the limited applica­
tions which can be made of specific kinds of imagery. Some users need leaf- on 
imagery while others need leaf- off. Some need panchromatic black and ¼hite 
while others need color infrared. 'lhese sorts of limitations cannot be avoided, 
but can be partially alleviated by better coordination among air rnoto users. 

Problems can sometimes be encountered in acquiring existing imagery, or in 
getting new imagery in a timely manner . Imagery of interest to air photo user-s 
may be held by either public or private vendors .. 'Ihere is usually no problem 
obtaining tl1i s imagery , though sometimes at substantial cost . However , 
obstacles such as loss of negatives or classification of photogr aphy as non­
public (especially in the case o.f military ae.rial p:-iotography) can prove 
pr.oblematic . Since t her e are a limited nwnber of outfits \'k1ich conduct air 
photo fl i9hts and a limited number of good flying days i n a year ( or in a leaf­
on or l eaf ·-off season) , a certain amount of planning and time allowance must be 
integral parts of effor ts to obtain new imagery . 

:n... final limit ation to the use of aerial rnotography applies rrost specifi­
cally to panchromatic ima~Jet~y . As atmospheric conditions become continually 
more p::,lluted , panchromatic images are becoming increasingly obscured. Since 
infrared I=hotcx3raphy does a better job of penetr-ating such atmospheric bar rier.s, 
it is not greatly affected by changes in the atmosphere . 

e . INVENTORIES AND INF'ORMATION ON AERIAL PHaroGRAPHY IN MINNESorA 

Due to the multiplicity of programs \'k1ich provide and/or make use of aer.ial 
photcx.Jraphy , ther e exists a strong need for a central place responsible for 
maintaini ng cur rent information on aerial photography in Minnesota . Tnis need 
was r ecognized and such a central place was established in 1975 . rrhe Mapping 
and Remote Sensing Information Center (MARSIC) of the Minnesota State Plannin9 
Agency prov ides numer.ous functions concerning aerial i;:tiotography as well as 
other. remotely sensed imagery and maps of Minnesota . 

Among other activities , the Center has periodically published comprehensive 
catalogs of air p.1oto and map holdings and reports of new products and services . 
The Inventory of Aerial Photography and Other Remotely Sensed Imagery of 
Minnesota (rev i sed .June, 1978) contains the ITDst complete catalog of Minnesota ' s 
aerial ijlotography to date . lnis inventory is available at Ibcuments Section , 
140 Centennial Building, 658 Cedar Street, St. Paul, Minnesota 55155 . To be 
placed on the mailing list for updated reports, or for any otl1er information 
regarding aer ial photography in Minnesota, contact the Mapping and Remote 
Sensing Infoanation Center ( MARS IC) at the Minnesota State Planning .Agency, Land 
Management Information Center, LL45 Metro Square Building , 7th and Robert 
Streets, St a Paul, Minnesota 55101 , or call 612/296- 1211 . 

f . CURRENT AND PRQJECTED MAJOR AERIAL PHorcx;RAPHY PROGRAMS IN MINNESOrA 

Numerous federal and state agencies currently have active remote sensing 
programs \A/nich produce aerial µ-iotography images of p:,rtions of Minnesota . 
Primary among these are the U. S. Geological Survey, the U. S. lJepar tment of 
Agriculture and the Minnesota Department of Natural Resources . fuer e ace , 
however, no existing or proposed plans for repetition of the approximately one-­
point- in- time coverage of the entire state \'k1ich has been carried out twice to 
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date - in 1968-69 and again in 1977. In fact, the Land Use Cllange Project was 
funded to evaluate alternatives to the use of small- scale aerial phot ography as 
a source of data on land uses and land covers. 

Due to the diversity of the aerial i;:hotography vklich is produced and the 
lack of a plan for one- point- in- time uniform state-wide coverage , the need for 
coordination of ongoing remote .sensing activities is essential if maximum bene­
fit is to be derived from existing programs. '!his CCX)rdination is multi­
faceted and includes , among other things, communication among persons 
responsible for determining what areas ar·e to be flown ¼hen, at ¼bat scales and 
with vklat film; and collection and dissemination of information on what pho­
tography is available to users . Considering the amount of rroney v.bich is 
invested in producing air µ1otos , a commitment to planning, CCX)rdination and 
communication of air p:1oto activ i ties seems to be a w::>rthwhile investment. An 
important component of this coordination and communication process in Minnesota 
is tl1e Mapping and Remote Sensing Information Center of the State Planning 
Agency. 

Given the responses to the 1975 user survey and the extensive use \'.hich has 
• been made of :p1oto enlargements of 1968- 69 and 1_977 statewide high al t itude 
aerial p-1ot0<.Jraphy, a repetition of the statewide air r:noto efforts would be 
welcomed by many air µ-ioto users. '!he costs involved in such an effort have 
increased dramatically with inflation and the current high cost of silver (used 
in filotographic films and papers). It w::>uld take a major financial canmitment 
(approximately $1,000,000 at 1981 prices for a repetition of statewide coverage) 
on the parts of the State of Minnesota and federal programs .* In light of con­
tinually higher costs of fhoto processing and current conditions imposing limi­
tations on government spending, it may not be justifiable to repeat statewide 
coverage in the near future. 'Ihis makes it all the :rrore important to make the 
best use of available remote sensing resources and land use records and inven­
tories which oould provide data if properly organized and standardized. 

The U. S. Department of Agriculture's h]ricultural Stabilization ·ana 
Conservation Service (ASCS-) has recently reactivated an extensive air ~oto 
program . '!his program provides 1:40,000 summer (leaf-on). black and white 
panchromatic f:X).Otography for a large number of counties in primarily agri­
cultural parts ( southwestern two-thirds) of the state.. Other recent air f:X).Oto 
efforts of the U.S. Deparbnent of Agriculture include ·coverage of the state's 
national forests by the Forest Service (1:15,840, leaf- on black and v.bite 
panchromatic and black and v.bite infrared) and scattered coverage of counties by 
the Soil Conservation Service (1:48,000 negatives, leaf-off black and white 
panchromatic and black and v.bite infr ared). 

The Forestry Division of the Minnesota Department of Nat ural Resources has 
provided 1:15 , 840 summer (leaf- on) black and v.bite infrared coverage of irost of 
the predominantly forested regions (northeastern two-fifths and oouthereastecn 
corner) of the state within the past 15 years . Most recently , tx)rtions of 
central and southeastern Minnesota have been fiiotographed. 

* Additional costs are incurred when using aerial p:1otographs as data oources. 
These include the costs of filoto processing, interpreting, coding , 
computerizing, etc . For a more detailed listing of costs associated with the 
use of aerial p:1otographs as sources of urban structures data , see The Use of 
High Altitude Aerial PhotCX3raphy to Monitor Changes in Urban Structures in 
Minnesota, Appendix B, published by the Minnesota State Planning .i\gency . 
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'lhe U.S. Geological Survey of the U.S. Depart1nent of Interior has recently 
had an active prCXJram of aerial photography to provide images for use in its 
topographic mapping program. 'Ihis [ilotography is at varying scales (1:15,000 to 
1:30,000), leaf-off and black and vtiite panchromatic. 

Possibly the oost significant aerial photography effort taking place in 
Minnesota is one that is ~curring on a national level.. A number of federal 
agencies including the U. S. Cepartments of Interior and Agriculture have pro­
posc~d and begun implementation of a National High Altitude Photography Data 
Base . (Unfortunately, the status of this. program is questionable at th is time 
due to pcoi;:osed cutbacks in federal spending.) Two cameras ar e used on the same 
aircraft to provide t wo set s of aerial "E,i1otographs from tJ-iis national effor.:- t. 
One of t he camer as provides 1 : 80,000 black and vtiite panchromatic p1otos , ¼'hile 
the OG~er c~nera provides 1:58 , 000 color infrared [Jhotographs . 

First pr iority areas were flown beginning in federal fiscal yea r 1980 . Tne 
ot· iq·inal int ention of the program was to secure coverage of the conterminous 
United States with both kinds o.E images within a three to four year pedod of 
the s,rograrnv s onset. Pr:ior.:·ity of areas for coverage was dete r..-rnined by a 
steed.ng commit tee and based on federal priori ties. For a number. of r easons, 
coverage of t'1e majority of Minnesota was given low priority status and only 
small areas wer e scheduled to be flown in fiscal years 1980 and 1981 . J\s vven , 
the program has failed to keep up with the original schedule of flights . Due to 
the t enuous status of the progr-am , it is questionable whether cow~rage will be 
secur ed fo r: all of Minnesota . Even if this coverage is secured , it will encom­
pass a long enough time span that the imagery will be of limited usefulness fo r­
uses which require statewide one- i;:oint-in- time coverage. 

If the national high altitude r;notography data base does manage to prov ide 
air photo coverage of the state, images from the 1:80 , 000 black and ¼lhite f ilm 
will be available through the EROS Data Center in Sioux Falls , South Dakot a and 
images from the 1 : 50,000 color film will be available through the A.gricul tural 
Stabilization and Conservation Service in Salt Lake City, Utah . If .this [)ho­
tCXJcaphy is not completed, coordination of other aerial p1otcxJraphy µroq carns 
will become all the more important in order to maintain the most effective 
aedal r;notogr aphy coverage of Minnesota . 
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A COMPARISON OF VARIOUS SCALES OF AERIAL PHOTOGRAPHY 

Cate~ 

LARGE-SCALE 
( approximate 
r-ange is from 
1:1 to 1:12,000) 

MEDIUM-SCALE 
( approximate 
range is from 
1:12,000 to 
1:55,000) 

SMALL-SCALE 
( approximate 
range is from. 
1:55,000 to 
1:120,000) 

Common 
Scales 

1: 4,800 
1:12,000 

Distance 
E~ivalent 

1 inch= 400 feet 
1 inch= 1,000 feet 

Approximate Land 
Area Covere-J by a 
9 x 9 Inch Photo 

.46 sqR mi. 
2.9 sq. mi. 

Uses: Engineering and measurement surveys; site specific 
studies; thermal (e.g. heat loss) studies; crop, 
soil and vegetation identification. 

Users: MN Dept. of Transportation, MN Pollution Contcol 
Agency, MN Dept. of Natural Resources, local units 
of government, developers, educational institutions. 

Frequency of Data Collection: As needed for snall pacts of 
the state. 

1:15,840 1 inch= .25 miles Sol sq. mi. 
1:24,000 1 inch= .38 miles 11.6 sq. mi. 
1:31,680 1 inch = . 5 miles 2 0 . 2 5 sq . mi. 
1:40,000 1 inch = . 63 miles 32.3 sq. mi. 

Uses: Topical studies on land use, land cover (e.g., 
vegetation) , forest types, soil surveys, geology and 
h ydrolCXJy. 

Users: U.S. GeolCXJical Survey, U.S. Forest Service, U.S. 
Dept. of Agriculture, Soil Conservation Service, MN 
Dept. of Transportation, MN Dept. of Natural 
Resources, MN State Planning Agency, MN ·· Geological 
Survey, MN Dept. of ~riculture, Regional 
Developnent Commissions, county agencies, education 
institutions, sportsmen. 

Frequency of Data Collection: Average of every 3 to 5 
year-s. 

1:62,500 1 inch= .99 miles 78 .8 sq. mi. 
1:80,000 1 inch= 1.26 miles 129 .1 sq. mi. 
1:90,000 1 inch= 1.42 miles 163.4 sq. mi. 

Uses: Generalized land use, land cover (e.g., vegetation) 
soils, geolCXJy and hydrol()'.Jy; ground truth for land 
satellite images. 

Users: U.S. Geological Survey, U.S. Forest Service, U.S. 
Dept. of Agriculture, Soil Conservation Service, 
U.S. Dept. of Defense, MN Dept. of Transi;x:>rtation, 
MN Dept. of Natural Resources, MN State Planning 
Agency, MN GeolCXJical Survey, Regional Development 
Commissions, MN Dept. of Agricultur-e, county 
agencies, educational institutions. 

Frequency of Data Collection: Average of every 8 to 10 
years. (Complete coverage of the state for 1968-69 
and 1977 is available at 1:90,000 and 1:80,000 
respectively. ) 
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APPLICATIONS OF AERIAL PHOTOGRAPHY FOR VARIOUS LAND USES AND LAND COVERS 
• PHOTOGRAPHY PREFERENCES FOR THESE APPLICATIONS 

LAND USE OR 
LAND COVER 

Forestry 

Agriculture 

Water 

Marsh 

Urban 

Extractive 

Pasture and 
Open Land 

Transportation 

Soil 

Multiple Uses/ 
Covers 

I 

f: 

APPLICATIONS (from Photo Interpretation) 

Forest type 
Acreage 
Damage assessment (e.g., insect i nfestation, fire, 

storm,disease, etc.) 

a. Crop type 
b. Acreage 
c. Crop healthiness 

Location and acreage of water bodies 

Location and acreage Veg eta tiv e type 

a . Location of structures 
b. To a limited degree, use of structures (e.g. _, 

residential, commercial /industr i al , agricultural) 

a. Location of minina activities 
b. Identification ofvareas with mining potential 

a. Location and acreage 
b. Vegetative types 

a. Location of transportation routes 
b. Planning of transportation routes 

Identification of soil type (soil surveys) 

a . Genera l ized land use 
b. Ground t ruth for LANDSAT 

TIME OF YEAR 
SCALE (Leaf-On or 

(Large, Medium or Small ) Leaf-Off) 

Medium Leaf-on 

a. Large I 

b. and c . Medium i Leaf-on i 
t 

I 

i 
I 

Al l I Both 
All 

I 

Leaf-on ! 
a. - All [ 

I b. Large l Leaf-off 

a. All Leaf-off 
b. Small 

• .Medium Both 
j 

! 

a. All Leaf-off 
b. Large 

Large and Medium Leaf-off 

a. Sma 11 a. Leaf-off 
b. Large and b. Both 

Medi um 

' 

FILM TYPE 
( Infrared or 
Pan chroma ti c ) 

Both 

Infrared 

Panchromatic 

Both 

Panchromatic 

a. Both 
b. Infrared 

a. Both 
b. Infra red 

Pan chromatic 

Both 

Both 

General note: Data for most land covers and some land uses can be interpreted from aerial photographs . Limitations 
are imposed if imagery is not at an approprfate scale, time of year, film type , etc . fo r the partic­
ular covers or uses of i nterest. The limitations of aerial photography do not appear on this chart, 
but ca n be fou nd in the text of Chapter II. 
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2. LANDSAT 

a. HISTORY OF THE PROGRAM 

LANDSAT, formerly known as· ERTS (Earth Resources Technology Satellite) is a 
sat8llite orbiting the earth at an altitude of about 560 miles. M:>nitors 
t r ans~it a steady flow of information about the earth's surface character istics 
to ground receiving stations. 'Ibis information can be used by land planners, 
m~1agers and researchers to ¼horn monitoring of certain land cover dlarac­
ter.istics is importantD 

The first satellite was launched by NASA in 1972. Its purpose was to 
demonstt"ate the value of continuous, w.::>rldwide data gathering from an orbital 
platform. It was followed by L?\NDSAT--2 in 1975 whose orbit was synchronized 
with LANDSAT- I so that together, cloud cover permitting, they could provide 
almost complete global coverage every 9 days. Although IANDSNr- 1 failed in 
January 1978, IANDSAT- 3 was launched in March 1978, again .allowing 9-day 
coverage. To maintain oontinuity of data, all three of these satellites have 
cacried essentially the same data recording·eguipnent (multispectral scanner) 
and have orbited at the same altitude. 

Within recent months, IANDSAT--2 was retired due to problems and LZ\NDSA1r- 3 
has experienced difficulties. However, IANDSAT-2 has unex-pectedly oorrected 
itself and again provides the basic 18-day coverage; use of the malfunctioning 
LMIDSAT- 3 sensor is limited to special reque~ts for 9-day coverage. 

b. HOW THE SA:rELLITE W)RKS 

Although the product from the system that the public irost often. sees 
resembles a photograph, the system is not a photographic one. Rat.her, the main 
piece of data equipment is a multispectral scanner (MSS) which records numeri­
cal values representing the intensity of sun reflectance from the earth's sur­
face features . Tne multis~ctral scanner records information in both the 
visible and near infrared ( invisible) parts of the el~ctromagnetic spectrum. 
The MSS takes four readings for each 1.1 acre area on the ground (referred to as 
a picture element or "pixel") - one for the intensity of green light reflected, 
one for the intensity of red light reflected, and one each for the intensity of 
infraced light reflected in two different p)rtions of the near infrared part of 
the spectrum. · 'Ihese intensity levels are recorded in ccmputer-readable digital 
form and a~e transmitted back to ground receiving stations on ear~1. Data for 
any part of the United States are transmi tt.ed to one of the three U .-s. 
receiving stations. 

From the receiving stations the data is relayed to the Master Data 
Processing facility at Goddard Space Flight Center in Greenbelt, Maryl and, where 
it is stored on oomputer-compatible tapes (CCTs). 1he data can be converted 
from the tape format into r;hotograph- 1ike images in black and white or color. 
Photographic negatives of these images and computer tapes are sent to the Earth 
Resources Observation System (EROS) Data Center_ in Sioux Falls, South Dakota, 
for storage and distribution. Satellite images and tapes can be ot"deced 
directly from EROS. Toe images are generally available as prints or 
transparencies, in sizes of 9" x 9", 20" x 20", or 40" x 40" and at prices 

31 



ranging from 10 to 50 dollars. 'Ihe tapes are available in several formats to 
accomodate different types of computers . Each L-rnage or: tape covers an area of 
about 13,000 square miles, about 115 miles on a side. It takes 19 images or 
tapes to completely cover Minnesota. · Tne current cost per tape is approximately 
$200.00. However, all prices are -likely to increase substantially in the near 
future. 

c. HOW LANDSAT DATA IS .l\NALYZ ED 

'rhere are two methods of dedving land cover data fran LANDSAT. One is to 
use the p1otCX]raphic images and interpret them as if they were conventional air 
photos. Because of t-.he much smaller scale, only areas of approximately 10 
acr.es or larger can be reliably identified. 'This technique is useful for 
gaining an overview of broad areas, however, and can usually be accomplished at 
a quite .m:xlest cost with little specialized equipment. 'Ihe USGS has used 
visual inter-pretation of ooth air photos and L~NDSAT images in its land use 
mapping program (LUDA) . 

The second method, computet'.° processing of the canputer-compatible tapes, is 
som,::what rror.e complicated but can be faster. and yields rore detailed resL1l ts 
than does manual interpretation of images. Tne computer. can identify objects or 
patterns as srnall as 1.1 acres, maintaining the original scale of the data. 
This method is rrore exact because it can utilize all four bands of dataf l,vhich 
is rrore tl1an can be dis[.)layed on a photographic image. Tni.s pr-ocess of 
assigning pixels on LANDSI.\T images to categories of land cover or use is known 
as classification of the data. 

To make the data nnst useful, several refinements of the data should occur 
p~ior to actual classification. One is geometric correction of the data, for 
use in ei.ther the photographic products or in the computec. On an uncorrected 
image, a road which in reality runs north-south will appear- to run diagonally 
due to the north to south · path of the spacecraft flight which records data 
during the eastward rotation of the earth. Such distortion makes locating 
actual ground points rrnr-e difficult and makes it hard to match the image to a 
standard map. Up until this time, EROS Data Center has not routinely preformed 
geo1net.ric corrections on the computer tapes that it sells; it is, therefore, the 
user's responsibility to make the corrections. Mathematical calculations are 
made utilizing identifiable ground control p:>ints ( such as road intecsections) 
which r-esample the data to "correct" the image. Another type of cor-rection can 
also be P<2rformed to remove the effects of atmospheric haze. 'Ihese steps are 
taken prior to . classification. 

There are two basic procedures used to classify IANDS,l\T data: "unsupervised" 
and "supervised." In an unsupervised classification, the computer looks at all 
the digital information and groups all the pixels into like classes based on 
their spectr-al reflectance values. Generally, this system will result in the 
production of a large number of classes (40-50 ) which the computer reads as 
being statistically significant. 'Ihe operator must then decide ¼hich actual 
cover types these classes represent and how to group them into a final scheme, 
such as 4 types of forest cover or 8 land cover categories, for the end product. 
To do this, the operator uses "ground truth" which may be low altitude air 
photos, maps of any type, windshield surveys, etc. Tne importance of adequate 
and accurate ground truth cannot be overestimated in the process of producing a 
successful classification. The acquisition of good ground truth can be the most 
ex.e:ns_t_ ~~ _a_Qd __ ttme-consuming elefl}~flt _ i_Q _tr!_~ -~l._a_s_s_j__~i_q_a_tj__qQ process. 
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In the supervised classification, the operator. starts with the ground truth, 
identifying on a map or air p:1oto several examples of each cover type of 
interest. 'Ihese areas are then identified on the canputer terminal screen as 
"training sets," and entered into the computer• ·s memory. On the basis of the 
numerical values of each training set, the canputer then assigns each pixel in 
the entire scene to one of the identified groups or marks it as "unclassified . " 
Many iterations of this process are likely to be needed to produce a successful 
classification (if one is p:)Ssible , given the nature of the individual cover 
type). Again, good ground truth is crucial. 

Both classification procedures rely heavily on the "art" as well as the 
"science" of the process. '!he user must be willing to accept a variable pro­
bability of correct classification. '!his probability can, however, be assessed 
and improved with persistent efforts on the part of the data user . 

d . ADVANTAGES OF rANDSAT IN LAND COVER MAPPING 

Despite the complicated and sometimes unpredictable nature of the classifi­
cation process, LANDSAT does offer some advantages over more conventional 
methods of land rover mapping. 

( 1) Cost. 'Ihe -cost of acquiring the base data is considerably less than 
with high altitude air photos. (Low altitude coverage for all of 
Minnesota vK>uld be prohibitive.) Complete coverage of the state with 
LANDSAT computer tapes would oost nearly $4,000 at current prices . 'Ihe 
costs will rise an undetermined amount (estimated at five to ten times) 
when the program is shifted from NASA/USGS to the National Oceanic and 
Atntospheric Administration (NOAA) . By contrast, in 1977 a complete set 
of 1:80,000 high altitude air {i1otos and 1:24,000 enlargements for 
Minnesota cost approximately $450,000. Additional savings result from 
relatively inexpensive oomputer classification of IANDSAT data, as 
opposed to manual fhoto interpretation vhich can be very cdstly and 
time-oonsuming. '!here is a cost associated with acquiring computer 
equi"!?ffient and programs for LANDSAT classification. However, in the 
case of Minnesota, this investment was made vklen the Land Management 
Information Center of the State Planning Agency acquired its own stand­
alone computer system in January 1980. 

( 2) Flexibility. Because each LANDSNr satellite passes the same spot on 

( 3) 

the earth every 18 days, satellite imagery can be acquired during dif­
ferent seasons for different purl_X)ses. Crop type differentiation or 
forest classification can be done during the vegetative season, for 
example. Or images from different times of year can be combined to 
improve accuracy in a single classification. Statewide air photos are 
usually taken before trees have leafed out to facilitate identification 
of structures, limiting p::>ssibilities for vegetation mapping .. 'Ihe can­
binat ion of 18 day coverage (assuming no cloud cover ) and low uni t 
costs encourage the use of LANDSAT for special- purl_X)se land cover 
monitoring . 

A Synoptic View. 'Ihe large area covered by a LANDSAT scene (13,000 
square miles) offers the advantage of a broad perspective imlX)ssible 
with another data source. '!his makes LANDSAT ver y useful for iden­
tifying geologic features such as faults or. lineaments, and glacial 
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geologic features. It WJuld take 4,000 air r;hotos at a scale of 
1:20,000 (medium- scale) to cover tl1e same area . 

This broad view makes LANDSAT a good d.1oice in viewing large areas 
to identify places where more detailed information is needed. It has 
been successfully used to identify areas of diseased trees which may 
then be investigated more closely by very low altitude r,hotos or by 
ground survey. 

( 4) Computer-Compatibility and Speed.. IANDSAT' s computer-compatibilit y is 
also an imp:xtant advantage. Since the data is already in numedcal 
.for·m it can be used directly in computerized geographic infor-mation 
system~.; to produce tabular swnmaries or in computerized plotting 
systems to produce maps and map overlays showing different aspects of 
the ear:th' s surface such as land cover 1 vegetation and the location of 
watec bodies. rrnis information can be combined with roils , slope, 
rainfall and data from other sources to produce natural resource atlas 
maps which, with the speed and efficiency of the computer:-, can be 
updated much rnoce frequently than ever before. 

(5) Examples of Useful Applications of LANDSAT. LANDSAT WJrks rrnst sucess­
fully where the cover type being monitored or classified is distinct in 
reflectance value from neighboring pixels. In Minnesota, IANDSAT could 
effectively be used to monitor surface water, mining areas and selected 
otl1er land use and land cover patterns. Mapping water areas is rela­
tively easy and foolproof utilizing LANDSAT, for example, because its 
pattecn of reflectance values is so distinct. '!he wester:-n states make 
regular- water supply estimates based on amount and extent of rrountain 
snow cover using LANDSAT data. Patterns of irrigation can stand out 
distinctly, especially in time of drought. Mapping of areas of strip 
mining or of diseased or stressed vegetation are other examples of 
successful applications of IANDSAT. Also, smaller differences in 
reflectance values can be detected if the areas are relatively large 
(20- 30 pixels at minimum) and relatively homogeneous. • 

The synoptic view offered by L~NDSAT also contributes to its use­
fulness in other areas. Oil companies have been entl1usiastic users of 
L!\NDSAT data from the beginning to search for distinctive geologic 
features. Geologists al so use Ll\NDSAT to detect hazard ?..ones. 

'11he repetitive nature of the coverage makes LANDSA'r useful for 
worldwide monitoring of crop inventories. '!he U.S. Department of 
Agriculture's LACIE Program (Large Area Crop Inventory Estimates) makes 
world estimates of acreage planted in major crops such as ¼heat, oats, 
barley and corn and oonitors areas struck by disease or drought stress 
during the growing season. 

e. LIMITA·rIONS 'ID THE USE OF LANDSAT 

LANDSAT shares with aerial photography the problem of "seeing" t.rie top layer 
of cover only . Even more than with air photos, IANDSA'r images and classifica­
tions are limited to detecting land cover, with few applications for detecting 
land use.. If there are houses beneath relatively dense tree cover, these will 
go undetected . Or if a forested area is actually used as pasture, this use will 
go undetected. Other limitations of IANDSAT include relatively limited resolu­
tion or detail , frequent cloud cover, and a lengthy time lag between the space­
craft pass-over and the time that the computer tapes or images become available. 
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The limited resolution makes the use of LANDSAT very difficult for moni­
toring low density urban developnent. Usually the buildings are too small to 
occupy an entire pixel (1.1 acres in size) and the reflectance value of the 
rooftop (which will be different from structure to structure, depending on the 
color and type of material of the roof) will be averaged in with the value of 
surrounding roads, grass, trees, parking lots, etc. Even in areas of dense 
develop.nent, LANDSAT can determine only that it is structured or paved, not the 
use. With 900d ground truth, urban classifications can be improved. However, 
the usefulness of LANDSAT for monitoring low density residential developnent or 
lake-s..v-iore developnent is quite limited. • Small amounts of mange in any cover 
type are difficult to detect. 

LANDSNr classifications run into problems where the same reflectance values 
represent different, sometimes very dif fernt, cover types. Salt flats, sandy 
areas and rome rocks have ~)out the same reflectance value, for example, as 
built-up areas a ~gain, excellent ground truth is essential to an adequate 
classification. 

Appropriate use of LANDSAT will also vary from one part of the country to 
another . In some coastal areas, wetland mapping apparently has had oome 
success a In Minnesota, because of different vegetation types and the 
surrounding environment, accurate identification of wetlands is extremely 
difficult. Identification of irrigated areas in a dry climate is much easier 
and probably more accurate than in humid areas such as Minnesota. 

Detecmining just how accurate LANDSAT classifications are has been a long­
standing pcoblem. 'fue problem has several facets including: lack of interest 
among many early investigators; computer software ~ich makes statistical or 
mapped comparison difficult; lack of adequate ground truth to make accurate can·­
parisons between classifications and actual. ground - features. Since accuracy of 
classifi~ations of various cover types varies from one part of the country to 
another, and from image to image, further testing of classification techniques 
on specific cover types will be a necessary component of Minnesota's IANDSAT 
program. 
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APPLICATIONS OF LANDSAT DAT A FOR VARIOUS LAND USES AND LAND COVERS 

LAND USE OR 
LAND COVER 

Forestry 

Ag r i cul tu re 

Water 

Marsh 

Urban 

Extractive 

Pasture and 
Open Land 

Transportation 

,i 

a. 
b. 
C. 

APPLICATIONS (from 
Computer-Assisted Classification) 

Location and ~creage of forested l and 
Forest type 
Damage assessment (e .g., areas of diseased 
trees) 

Crop type and acreage 

Location and acreage of water bodies 

Location and acreage 

Location of large urban areas 

Location of m1n1ng activities. Identifi­
cation of areas with mining potential 

Location and acreage 

Identification of large transportation fa­
cilities (e.g., airports) 

MAJOR LIMITATIONS (if any) 

b. Many forested areas of Minnesota contain numerous 
tree species growing in association and in 
varying proport ions, making LANDSAT classifi­
cation difficult. 

Minnesota has widely varying vegetation types 
within wetlands , making general classification 
of wetlands difficult. 

LANDSAT cannot be used to locate all low den­
sity development. Also, LANDSAT classifications 
have difficulty discriminating roof tops in 
high density urban areas from other surfaces 
such as sand, rocky areas and paved surfaces. 

Narrmv, l inea.r features (e.g., roads, railroads) 
are not conducive to LANDSAT classification 
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B. LAND RECORDS AND INVENTORIES 

Land records are the individual canponents of record-keeping systems 
designed to assess, regulate or ronitor activities which take place on land. 
( "Land" is used here to refer generally to the area on, above or below the 
earth's surface.) Examples of records include permits, licenses and leases. By 
contrast, land inventories are ·compilations of data concerning land and activi­
ties which occur on it. Land inventories can take the form of maps, canputer 
files, tables, indices or lists, and can be obtained from records, other 
inventories, field investigations or remotely sensed imagery. 

Land records and inventories reflect governmental and private activities and 
intecest in J;hysical, environmental, legal and fiscal aspects of the land. 
Records and inventories include data required, collected and maintained for real 
estate and taxation purposes, land transfer, environmental protection, and land 
use and resource planning and management. 

This section explores the usefulness of records and inventories as sources 
of land use and land cover data. A.n abundance of data on land uses and land 
covers is contained in records and inventories collected and maintained by 
numerous public and private agencies and organizations. However, the data may 
be either inaccessible or unsuitable for some uses due to any one of a nwnber of 
limitations. 'Ihese ·limitations and some guidelines for overcomin9 them are also 
presented. 

.Alt.riough consideration is given to records and inventories at various levels 
of government (e.g., federal, state and local) and to both the public and pri­
vate sectors, the focus of this discussion will be on those records and inven­
tories which provide data which is useful on a state-wide basis. 

1. LAND RECORDS 

Land records are often collected in accordance with legal requirements set 
forth in federal laws, state statutes or local ordinances. 'lbese records 
usually take the form of permits, licences or leases. An example of a record 
collected at the federal level is Offshore Drilling Leases. Examples of records 
which are oollected by state agencies in Minnesota include Water Use Permits, 
Utility Licenses to Cross Public Land and Water, and Peatland Leasing Records. 
('Ihese three ~ecords are oollected by divisions of the Department of Natural 
Resources). A.n example of a record collected at the local level is building 
permits (collected in .rrost, but not all locales). 

a. ADVANTAGEs · ro THE USE OF LAND RECORDS 

(1) Flexibility. Many land records provide a great ~nount of information 
on land uses and land oovers for individual sites or small areas . 'Ihis 
allows data users a high degree of flexibility in selecting the items 
of data ~ich are .rrost important for a particular application . 'Ihe 
same set of records can be used by different users with varying data 
needs. 
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(2) Cost. A major advantage to the use of records as data oources lies in 
the fact that many recor:ds are routinely collected on an ongoing basis. 
This means that the costs associated with this collection are accounted · 
for, either by funding provided by the collecting agency or by fees 
paid by the individuals or organizations applying for permits, licenses 
or- leases. rrhe costs of using data collected in this way are usually 
1 imi ted to those incurred through extracting the desired information 
from records and organizing it in a usable format. 

Further time and cost savings can result if this extraction and 
organization of items of information from records can be incorporated 
into the data collection and filing routines. Substantial savings can 
sometimes result frorn filing the recor-ds according to geographic 
locations, vvhether the records are maintained manually or on computec 
files. For example, the Department of Natural Resources collects many 
records which can be filed by geographic locaters such as county names, 
water.sheds, Public Land Survey description, etc. (In fact., many 
recor:-ds are filed in this way.) Such filing can be advantageous for 
internal use of the data as well as for use by othecs outside the 
agency. 

(3) Land Records as Sources of Data on LAND USE. vmereas remote sensing 
products often prove to be the best sources of land cover data, land 
recot'"ds often serve as better sources of data concerning activities 
taking place on the land (i.e., land use). 'Ihis is because differ.ent 
land uses can occur in areas which have the same land cover- and appear 
the same on remote sensing imagery. In these instances, alternatives 
such as field investigation or familiarity with an area are the only 
methods ensuring accurate land use data unless land records or inven­
tories are available. 

b. LIMI'rATIONS 'ID 'rHE USE OF RECORDS 

Even though land use records contain a vast amount of data on land uses and 
land covers, t.his data is not always accessible or in a form vklich makes it 
usable by those who could benefit from it. Some of the limitations on the use 
of data contained in records are discussed below. 

( 1) . Inaccessibility. In Minnesota, all records collected by government 
agencies are public (i.e. accessible to the public) unless classified 
otherwise by federal law, state statute or- temp::>rary classification. 
Some government records containing land use and land cover data are 
classified nonpublic to insure confidentiality of some information. 
For example, National Pollution Discharge Elimination System Permits 
and State Disposal System Permits collected by the Minnesota Pollution 
Control Agency contain information which is nonpublic under a Minnesota 
State Statute. 'Ihis restricts use of data contained in tl1ese records 
though it is still p:_)ssible in oorne instances to obtain and use SL1m.rnary 
data derived from these records. 

Accessibility of cecords collected by private individuals and 
organizations (e.g. utility companies, forest products companies, 
agri-business, etc.) is generally more limited tl1an for government 
records. Use of such records is heavily dependent on voluntary 
cooperation of the record holders. 
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(2) Incomplete Geographic Coverage. Many data collection programs, 
including oome which operate under state agencies, collect data for 
limited areas of the state. For example, the Department of 
Transp::>rtation often collects extensive amounts of data when planning 
transportation routes. '!his data may be contained in records or 
inventories, and often provides a high level of detail and resolution 
on land uses and land · covers for a relatively gnall area . 'Ihe data may 
be useful to others , but the usefulness is limited due to the relative­
ly snall area of coverage and the lack of conformity of the area of 
coverage to p::>litical or natural resource boundaries . 

Some cegional and local records also contain useful land use and 
land cover data . One example of records collected at the local (i.e. 
municipal, township or county) level is building permits . Building 
permits provide data which can be quite valuable to data usecs . 
However, building permits ar e not required in all areas of the stateD 
This means that anyone interested in w::>rking with building permit data 
on a regional or state- wide level would find gaps in geographic 
coverage. 

While lack of complete geographic coverage of land records can be 
a problem, other problems emerge even Yklen canplete coverage for a 
large area does exitu 'Ihis applies rrost specifically to records 
collected at the local level. Using the example of building permits 
again, governmental units which require building pecmits may collect 
different items of information on these permits. '!his means that a 
study relying on building permit data may encounter problems with 
obtaining the same data from neighboring municipalities. A sirnilar 
problem results when different persons (e.g. applicants) canplete per­
mit forms, sometimes providing incomplete or inaccurate information .. 

(3) Lack of Compatible Geographic Referencing Systems. In order for land 
records to be useful to the largest nwnber of p:>tential users, it is 
important that com.rnonly used and understood geographic referencing 
systems be used when identifying locations of features on the r ecords. 
Examples of such geo-referencing systems include Public Land Survey 
(PLS) description, legal description, latitude-longitude location and 
Universal Trans- Mercator (UTM ) location. Data which is referenced by 
any one of these geographic indicators can be spatially located by 
anyone who is familiar with their use. 

Some land records do not include important geographic indicators o 
Other records do include such indicators, but are filed in ways which 
make them difficult to v.0rk with. For example, records which are 
alftlabetized or filed in chronological order by permit number may con­
tain commonly understood geographic indicators but can prove difficult 
to 'I.Ork with for someone interested in obtaining data for a specifi c 
geographic area. 

While various records may pertain to the same area of land, they 
are often geographically referenced in ways Yklich prohib i t i ntegrati on 
of the data contained in the records. 'Ihis makes analysis of the cumu­
lative effect of land activities difficult or impossible. 

The following ar.e examples of geographic referencing syst ens asso­
ciated with some state-required permits, licenses and leases : the 
Department of Natural Resources gee-references Public Waters Permits 
(Waters Division) by county name, lake name, city, Public Land Survey 
(PLS) and watershed district; Water. Use Permits (Waters Division) by 
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permit number, river basin, DNR lake number, PLS, legal description, 
watershed and surveyor's metes and bounds; Utility Licenses to Cross 
Public Land and Water (Land Bureau) by county name, PLS and legal 
descdption; Peatland Leasing Recot'ds (Division of Minerals) by PLS, 
legal description and lease number; the Pollution Control Agency geo­
references Solid Wast~ Disposal Permits by county n~ne and legal 
description; the Metropolitan Council geo-references Monthly Building 
Permit Data by county name and minor civil division (MCD) . 

Some records have a recognizable need for specialized geogr aphic 
referencing techniques or systems. Tnese records can be rror:e useful if 
they contain rrore commonly underst<X.)d geographic indicators as well . 
Thi s allows integration with other data . 

(4) Lack of Knowledge of the Existence of Data in Records. Data usecs are 
often not aware of the existence of accessible records which contain 
data they need . 'Ihis is p:>ssible due to a combination of the enormous 
amount of data being collected by way of land records and a lack of 
systematic cataloguing and dissemination of infor:mation contained in 
records . Tnis situation can result in data users substituting inferior 
data or unknowingly collecting data which already exists . 

(5) Institutional Barrierso Government agencies have made only limited 
attempts to set standards for coordinated data collection . rrhe infor­
mation <.xmtained in records is often not shared among agencies, nor is 
the information widely distributed for µ:>ssible use by others . Very 
little is done to ensure that data collected by each agency is com-­
patible with and · complementary to the data collection efforts o:E other 
agencies. As well, there is no centralized location where data users 
can access or find out about all the data which may be of use to them. 

2. LAND INVENTORIES 

Like records 1 land inventories are often maintained in compliance with legal 
mandates set for.th in federal laws, state statutes and local ordinancesG In 
many instances , inventories are compilations of data contained in records . 
Other sources of inventory data include field investigations, remotely sensed 
imagery and other inventories. 

Examples of inventories maintained by state agencies include the Minnesota 
Land Management Information System (.State Planning Agency) , Minnesota 
Agriculture Statistics (Department of Agriculture), the Natural Heritage 
Information System (Department of Natural Resources, Office of Planning) , the 
Airport Inventory (Department of Transportation) and Electric and Gas Data by 
County (Energy Agency) . Examples of inventories maintained by r egional agencies 
include the Metropolitan Land Use Inventory (~etrop:)litan Council) and the Upper 
Minnesota Valley Natural Resources Information System (Upper Minnesota Valley 
Regional Development Commission) . An example of a privately produced inventory 
for counties is plat books . 
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a. ADVAN:rAGES 'IO THE USE OF LAND INVt.~l'ORIES 

All of the advantages mentioned above for land records also apply to land 
inventories. Refer to the land records section for discussion of these three 
advantages: 

(1) Flexibility. 

(2) Cost.. 

( 3) Inventories as Sources of Data on IA"f\ID USE. 

In addition, land inventories offer one major. advantage vklich land records 
often do not. 'Ihis is discussed below. 

(4) User- Oriented Format of Inventories. Inventories are often formatted 
in ways which allow easy use by land use and resource planners, mana­
gers and researchers. Common formats include maps, computer files, 
tables, indices and lists.. Wnereas land records are often simply use­
ful by-products of transactions and are not designed with a variety of 
data users in mind, land inventories are mre often intentionally 
designed in ways \.lklich make them most useful to a variety of p:)tential 
users. 

One example of a user-oriented inventory is the Minnesota Land 
Management Information System ( MLMIS) of t.he State Planning Agency. A. 
computed zed data base of natural and cultural resource features is 
maintained on MLMIS for use by agencies and individuals representing 
the public and private sectors. MLMIS was designed to facilitate easy 
and inexpensive data entry, analysis and output of many types of 
spatially-oriented data. Outpl1t can be in map, table or- other 
~ormats. 

~ geographic information system anploying a wide range of 
sophisticated cx>mputer technolo:.Jy, such as the Minnesota Lana 
Management Information System, is invaluable for some uset."s of land use 
and cover information. For the user who wants a map and statistics on 
a one-time basis for a limited area, computer technology may be of 
limited value. But, for the user who faces the task of developing a 
set of baseline maps and statistics pertaining to land use and cove~, 
updating such data and maps periodically, and combining several sets of 
data about land and its use ( soils, c,.,.me-r.ship, demographic trends, 
taxation rates, etc.), a computer system with capability for storing 
and manipulating data geographically is indespensible. 

MIMIS is actually an inventory of inventories, since each data 
file on this computer system represents an inventory of one or rrore land 
use or land cover types for a defined geografilic area . 'Il1e area pre­
sented on a computer file can vary from smaller than a ci ty or township 
to larger than the entire state in size. As well, the level of resolu­
tion of the data can vary from less than an acre to greater than a 
county in ar-eal units. 

Many inventories appear in the form of maps. Often, great ca.re is 
taken to make sure these map inventories are as clear and readable as 
possible e When this is done, the data presented on the maps is useful 
to the maximum number of potential users. 
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b. LIMI'rA'rIONS 1D THE USE OF INVENTORIES 

The limitations discussed above for land records also apply to land 
inventories. Please refer to the land records section for discussion of these 
five disadvantages: 

(1) Inaccessibili~y. 

(2) Incomplete Geographic Ge>~~r-_~qe. 

(3) Lack of Co~gatible Geographic Referencing Systems . 

(4) Lack of Widespread Knowledge of the Existence of Data in Inventoriese 

(5) Institutional Barriers. 

c . THE COUNTY PL~T BCDK AS AN EXAMPLE OF A PRIVATELY PRODUCED INVEN1IDRY 

Private firms such as the Rockford Map Company in Rockfor-d, Illinois produce 
maps showing land CMnership information. 'Ihese maps usually disrlay parcel 
boundar-ies, acreages, owners' names, roads, railroads and bodies of water in all 
but incor-fX)rated areas and other areas which are subdivided into small ( usually 
2 1/2 acres or less) parcels. Usually, one map is produced ()er township, and 
all of L~e maps for a county are bound into one plat book. Map symbols, scale 
and accuracy of infor-ination can vary widely from county to county. 

Plat maps are used for tax assessment purposes as well as for planning and 
zoning and other uses. Historians, geologists, surveyors and tax officials are 
aware of the research value of county plat maps. In those cases where a nU1-uber 
of atlase$ have been published over time for the same county, these may be used 
in cornparati ve studies of townships on a county-wide basis. For example, t.he 
State Planning Agency recently used plat maps of Isanti County from 1969 to 1979 
(1969, 1972, 1975, 1979) to study historical changes both in the subdivision and 
consolidation of parcels of land over this time period. A discussion of the 
subdivision of land in Isanti County can be found in tile State Planning Agency's 
Growth Manag_~fT!~I'!t~~~rt, 1981. 

County plat books are found in many places across the state, including 
libraries and county historical societies. Where tlley are available, they are 
usually accessible to the general public. A recent publication of the Center 
for Urban and Regional Affairs (CURA), University of Minnesota, Windows to the 
Past, a Bibliography of Minnesota County Atlases, by Mai Treude, lists plat 
books for all Minnesota counties and indicates such things as publisher, map 
scale and locations where plat books can be found. 

Plat maps arn not without limitations. Tney may contain parcel boundary and 
ownership data that are out of date or otherwise incot:'rect. 'Ihe maP.S ai::·e used 
by government, but government does not impose any regulations to assure quality 
control over the data on the maps. Lack of consistency from county to county in 
the dates and scales of plat maps imp::>ses limitations on the usefulness of these 
maps in study areas encompassing more than one county. It is usually a matter 
of coincidence if adjacent counties have compatible plat maps. 
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Some plat l:xx>k maps are printed at such a small scale that space constraints 
limit the amount of information vklich can be conveyed on them. In Isanti 
County, for example, owners' names are eliminated on small parcels of land. 
Also, neither owners' names nor parcel boundaries are indicated for subdivided 
land on Isanti County plat maps . 

3. EFFORTS TO CATALOG AND COORDINATE 

LAND RECO'RDS AND INVENTORIES IN MINNESOTA 

A tremendous amount of data concerning land and natural resources is con­
tained in land records and inventories. However, inadequecies are revealed upon 
comparison of the costs involved in collecting and maintaining much of this data 
with the limited amount of use being made of it. As mentioned above under 
"limitations of land records and inventories," the inefficient use of data found 
in r.ecords and inventories can be attributed in part to the lack of widespread 
knowledge of exactly what data can be found and ¼here. 'Ihen, if the desired 
data can be located, often limitations can result from incomplete geographic 
coverage, lack of adequate geographic referencing or inefficient filing systems. 
In short, lack of CX)()rdination among various data collection and maintenance 
programs results in an unorganized network of data with which it can be extreme­
ly difficult for data users to work. 

An effective network of land use and land cover data should meet the 
following standards: 

eWhenever fX)Ssible, land use and land cover data contained in records 
and inventories should be organized and formatted in a way which makes 
it useful and easily accessible to anyone interested in using it; 

eV'/henever p::>ssible, records and inventories containing land use or land 
cover data should make use of commonly understood geograph~c 
referencing systems when referring to land areas which are described; 

eoata oollection efforts should be coordinated in a way which prevents 
duplication of data collection; 

eExposure of available data should be provided to the maximum nwnber of 
potential data users. 

Recognizing the lack of existing mechanisms to meet this latter standard, 
the State Planning Agency· undertook an effort to catalog land use and land cover 
data routinely oollected by major state and regional agencies. 'Ihe result of 
this effort, the Catalog of Data Sources: Land Use in Minnesota, contains 
information about the majority of land records and inventories collected and 
maintained by the State Departments of Agriculture, Natural Resources , 
Transportation, Energy, Planning, Pollution Control, the Minnesota Geological 
Survey and the Metropolitan Council. ( See the Appendix of this report for a 
listing of the table of contents of the Catalog.) 

The catalog is intended to serve as a working document for planners and 
decision makers who are interested in gaining an overview of available data 
sources . For each entry, the catalog details a number of features including 
availability, cost, frequency of update, extent of coverage, geQ<Jraphic 
referencing system(s) used, method of collection and application of the data. 

43 



TI"lis information was obtained via questionnaires, edited and entered into can­
puter files of the Minnesota Environmental Resources Information and Data 
Exchange (INDEX) . 

Knowledge of information contained in the catalog will allow users to make 
use of existing data rather than unknowingly collect the same or similar data. 
The catalog should also prove useful in discovering gaps and overlaps among 
existing data collection efforts. 

In addition, the Water Planning Board has compiled a System for Water 
Information (SWIM) catalog ¼hich enumer:-ates state water quality and quantity 
data sources. 'Ihe goal of the Minnesota Water Planning Board in this effort is 
to have individual agencies coocdinate data collection and filing programs to 
eliminate duplication and make water information readily accessible for use by 
local and state government~ 
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Ill. CASE STUDIES 

INTRODUCTION 

1he case studies presented in this dlapter illustrate the application of the 
data sources described in the preceding chapter to a variety of land use/land 
cover i;x>licy and planning issues. Cases ~re selected to represent a diversity 
of: (1) land use and land cover types; (2) data oources; (3) geographic loca­
tions wit.~in Minnesota; and (4) scale and level of detail. 'Ihe selected cases 
deal with: 

(1) UJCATION OF URBAN STRUCTURES IN •rHE 10-MILE ZONES SURROUNDING 
MINNESOfi\' S NUCLEAR roWER PLANTS: MONTICELLO AND PRAIRIE !SIANO 

( 2) IDSS OF ~GRICULTURA.L rAND: OLMSTED COUNTY 

(3) CONVERSION FROO FOREST/WETLAND ro AGRICUL'rURE: AITKIN COUNTY 

(4) COMMUNITY rAND USE SUITABILITY STUDY: CITY OF MEDIN7\, MINNESorA 

Figure 1 illustrates the extent and location of each case study site. 

Each case study includes: (1) a brief description of the fX)licy or planning 
issue(s) addressed; (2) the information requirej to address or resolve these 
issues; (3) the data oources v.hich provided this information; (4) the l)t"Ocedures 
used to analyze the data; and (5) a brief description of case study findings and 
conclusions. 
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1. LOCATION OF URBAN STRUCTURES IN THE 10-MILE ZONES 
SURROUNDING MINNESOTA'S NUCLEAR POWER PLANTS: 
MONTICELLO AND PRAIRE ISLAND 

A. ISSUES 

Minnesota has two nuclear p:.)wer plant facilities. 'lhe plants, operated by 
Northern States Power Company, Inc. (NSP) are located at M::mticello and Prairie 
Island. (See Figure 1, page 46) Additionally, a third plant is located at 
Genoa, Wisconsin, on the Minnesota border. 

The State, in oonjunction wit.11 the tnlitical subdivisions surrounding the 
nuclear ·[X)wer plants, has the responsibility of developing oontingency plans to 
minimize the effects of an accident. Tue Department of Public Safety, Division 
of Emergency Services, is resp:,nsible for coordinating development of these 
plans in accordance with federal rules and regulations. 'lhe Minnesota 
Legislature, under Minnesota Session Laws 1980, Olapter 611, required a rep::,rt 
to be prepared on, among ot.~er things, the adequacy of existing land use regula­
tions near nuclear ~lant sites. Accordingly, the State Planning Agency was 
asked to evaluate local land use controls for areas within 10 miles of t.11e 
State's nuclear p:_)wer plants. In the absence of an established density standard 
against which to ronpare local lana use controls, this evaluation canpared the 
effectiveness of controls and ti.~eir implementation to the stated purposes of 
existing local ordinances. 

In addition, this planning and review process necessitated that procedures 
be established to provide information on the location of structures within 10 
miles of the state's nuclear r:ower plants. 'Ihis information it.Ould serve as a 
base line to analyze the extent and future impact of new oonstruction within 
these zones. Specifically, the planning and review process requires alternative 
procedures for : 

(1) Identifying the location of certain community facilities ¥bich, because 
of their use, are deemed to be of "critical" imp:)rtance in an anergency 
situation. 'Ihese include hospitals, health care facilities, nursing 
homes, schools, media broadcasting stations and relay tower:-s, telephone 
operations, power generating facilities, and trans[X)rtation facilities. 
Base line information is also needed on the location of dairy farms and 
related structures near the plants because of r:ossible contamination of 
dairy products during an Emergency situation. 

( 2) Monitoring general patterns of growth and development arnund each 
nuclear p:)wer plant on an annual basis. Data is needed on the location 
of new structures, especially new residential developments and/or new 
critical facilities in close _pt"oximity to the plants. It is suggested 
in the State's study relating to nuclear [X)wer plants and emergency 
response t~at information on the location of critical facilities and on 
general patterns of growth and development be tabulated and displayed 
in map form. 

8. DAT A SOURCES AND PROCEDURES 

State Planning ~gency staff met with officials of local government in the 
affected areas to solicit their advice on how best to accomplish these tasks. 
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On the basis of these meetings, as well as formal evaluation of alternative 
techniques by State Planning Agency project staff, the following oources were 
recommended for establishing baseline information and for keeping construction 
data annually updated. 

(1) hlternative Sources of Information Needed to Develop Baseline Data 

a. County and city land use maps, zoning and other official maps: 
Each of the counties and municipalities keeps zoning and land use 
maps vklich can be useful in locating critical facilities and pat­
terns of development . 'Ihe frequency of updating these maps varies 
among units of government. 

b. Aerial photogra-r_J} ty data: 'llie seven- county metrop:>litan area is 
photographed every two years. However, only a snall part of the 
area being studied is in the Twin Cities metropolitan area. Wnen 
used in conjunction with local maps, low altitude aerial fhotos 
(e.g. 1 :9600) are an extreme]_y useful tool for locating critical 
facilities and in mapping general patterns of urban structure 
change. Data on the location of urban structures obtained from 
aerial photos varies considerably in scale and resolution. One 
method ¼hich has been used to collect data on urban structures 
involves counting the number of structures locatej within parcels 
of a predetermined size . Depending on the desir ed level of 
resolution, such data may be collected in parcels ranging from one 
to 40 acres in size. 

Figure 2 is a map showing the location of the rbnticello 
nuclear i;:ower plant within the study area. Also shown are names 
and boundaries of minor civil divisions falling within a circle 10 
miles distant from the plant . 'Ihe tvbnticello study area includes 
portions of Wright and Sherburne Counties, ~ich are located to the 
northwest of the 1\vin Cities metrop)litan area. 'Ihe Mississippi 
River, on ~ich the nuclear plant is located, forms the border be­
tween these two counties. 'Ihe Prairie Island study area includes 
portions of Dakota and Goodhue Counties. 'llie Genoa, Wisconsin 
study area includes part of Houston County. 

l\ set of three maps for the M:mtice llo study area allows the 
identification of structures and construction ~ich took place be­
tween 1968 and 1977 (Figures 3, 4 and 5). fuese maps display data 
which were interpreted from high altitude aerial photos (1:90,000 
and 1:80,000) and entered into MLMIS for Sherburne and Wright 
Counties . 'Ibis ~rk was done by the State Planning Agency, 
Division of Physical Planning, as part of the Land Use Change 
Project. 'Ihe maps are an example of one technique available for 
establishing a baseline of information and for .roc>nitoring new 
construction. 

Structure counts were obtained for 10-acre parcels by 
interpreting 1968 and 1q77 aerial photos . 'Ihe 1977 strµcture count 
data are displayed for the area around the J\bnticello plant by 
10-acre parcel (Figure 3) and aggregated into 40- acre parcels 
( Figure 4) . 'Ihe 40- acre map is rrost useful for obtaining an over­
view of the location and density of 1977 structures. Each 40-acre 
parcel corresponds to four 10- acre parcels appearing on the 10-acre 
stcucture map. 
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Tne 10-acre map provides greater detail concerning location and 
uses of structures. 'Ihe 10-acre map can be used in conjunction 
with the 40-acre structure map in areas where detailed information 
is desired. "As an example, locate the northeastern- most parcel on 
Figure 4, the 40-acre 1977 structures map. 'Ibis map indicates that 
five or roc>re structures ~re located in that 40- acre parcel, 
whereas the corresp:mding four parcels on the 10-acre map (Figure 
3) indicate that the routheastern and northwestern 10- acre pctrcels 
contained all of those structures. Furthermore, it is rnssible to 
discern that both of these parcels contained one to four residen­
tial structures. 

Changes in the number of structures per 40-acre parcel (Figure 
5) were determined by comparing 1977 and 1968 structure counts. 
(1968 structure counts are not displayed.) For each 40- acre 
parcel, this canparison determined ~ether or not the category of 
nunber of structures (e .g. O, 1 to 4, or 5+) differed between 1968 
and 1977 for that parcel.. All of the parcels displaying change in 
Figure 5 are ones for Yklich such a difference was noted . 

Using the structure change map ( Figure 5), it is f?'.)Ssible to 
determine tl1e distribution and density of new construction v-.hich 
occurred over the r;:eriod between 1968 and 1977. It is also 
possible to locate 40-acre parcels \'hich lost structures. Many of 
these losses occurred in agricultural areas and on land acquirej 
for the Sherburne National Wildlife Refuge in the northet"n P")rtion 
of the M:>nticello study area. 

c. Fire department location numbers: Townships in Goodhue, TNright, 
Sherburne and Houston Counties map structures by fire de?arb~ent 
numbers. 'Ihis information is updated annually by each city or 
county fire depart~ent. Individual structures are identified by 
township, section and fire number. At the i:reeting held with local 
officials in the area around the Prairie Island plant, it was noted 
that in Goodhue County, civil defense authorities currently map all 
structures by fire number. Such maps could provide base line data 
on the location of structures in the area. 

(2) Methods to Annually Update Data on New Construction 

Townships, municipalities and· counties routinely keep a variety of 
records and permits Yklich can be used as a means of keeping data on new 
construction current. 1hese records and inventories include: 

a. Building permits: Building permits can be effectively used as a 
means of keeping construction information current. Permits pr ovide 
data on the intended size and use of stcuctures (e .g . residential, 
commet"cial, agricultural or industrial). Permits may identify 
structures by tax parcel number and legal description, name of 
subdivision, block n~uber, lot number, street number and addr ess o 
All of these data may not be found on every permit, however.. hll 
of the counties in the study areas use ronputers for some of their 
record- keeping. 'Ihese ccxnputer systems may prove useful in sum­
marizing and standardizing building permit data. 

All of the counties involved except Dakota repxt information 
on a monthly basis to the U .s. Bureau of Census on the number of 
building permits issued and on local public construction (e .g. 
hospitals, commercial buildings, public v.0rks and utilities 
buildings, schools, etc.) for unincorfX)cated areas. Municipalities 
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t"ep:)rt these data directly to the Census in these counties. 'Ihese 
data - in aggre;1ated form for each township and municipality - can 
be useful in getting an overview of the anount of residential and 
non-residential construction activity in incorp:)rated areas for a 
given time. Data on the location of new structures obtained from 
building ~r:-mits can be overlayed on base maps for each study area. 

b. Utility records: • Records on meter hookups and plats maintained by 
utilities ( electdc and telephone) are another p:)tential rource of 
information on the location of new cxmstruction around each plant . 

C. FINDINGS AND CONCLUSIONS 

The Minn2sota Department of Public Safety's rep.xt, A. Study Relating to 
Nuclear Power Plants and Emergency Response, February 1981, recommends that 
base line information and annual updates be pr-epar-ed by the counties to coincide 
with the Division of 8nergency Services' annual review of emer-gency response 
plans for each facility. Data should be gathered and tabulated by the State 
Plannin<] Agency and for-warded to the Division of 0nergency Services prior to the 
schedul1~d review of the emergency resp::mse plan for each plant. 

In the r-eEX)rt it is suggested that information · on 9enecal pcttb.~r-ns of growth 
and developnent and the location of ccitical facilities be tabulated and 
displayed in map form 8 These maps should display the data for sec torn within 
one mile concentric cfrcles - for a distance of 10 miles around each plant, each 
zone divided by sectors along ro.npass [Dints. 

Townships and municipalities currently keep data on Llt:'ban structures using a 
variety of procedures. 'lne various oources of information [)t"esented above will 
continue to be evaluated by State Planning Agency staff. 'Ihe combination of 
techniques and data sources ultimately selected will de[?end up:m the uses of 
data on ~1e location of critical facilities and Llt:'ban structu~es by the 
Depar.bnent of Public Safety, Division of 0nergency Services, and tl1e level of 
detail r-equfrej by them for the p.1rpose of planning and evaluating the State's 
emergency response rlan. 
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2. LOSS OF AGRICULTURAL LAND : OLMSTED COUNTY 

Ihis case study summarizes a _pr-oject undertaken by the Center for Urban and 
Regional Affairs (CURA) at the University of Minnesota to measure loss of prirne 
farmland to urban development in the decade from 1970 to 1980 in Olmsted County. 
Olmsted County is in the southeastern sector of Minnesota and includes the 
rapidly expanding area of Rochestere (See Figure 1, page 46) 

A. ISSUES 

This study was undertaken to provide answers to the following planning and 
ft p::>licy questions: 

I 

(1) How much rural land is being lost in Olmsted County to residential 
develop.nen t? 

( 2) How much of the developed land is prime farmland? 

(3) To ~at extent ar.e land use controls effective in restcicting these 
losses? 

Information needed to a:ldress or resolve these issues ~r2 identified to 
include: 

( 1) The location of each new residential structure in uninc0cpxated aceas 
of the county; 

( 2) 'Ihe pre-development land use of each site and of the entire county in 
1971; 

( 3) A measuce of soil productivity for each site and for the entire county; 

(4) Tne nature and extent of land involved in municipal annexations; 

( 5) 1he nature and history of local growth management tools and p)l icies. 

B~ DAT A SOURCES AND PROCEDURES 

1:he data sources used to determine the various land use or land oover 
characteristics itemized above are presented below. 

l._ Regarding the location of residential structures in uninco~f:X)rated areas 
of Olmsted County, several types of local records were used as data 
sources. In addition, 1971 medium-scale (1:20,000) air photos, located 
through The Inventory of Aerial Photography and Other Rernote.1y Sensed 
Imagery of Minnesota, published by the Mapping and Remote Sensing 
Information Center of the Minnesota State Planning Agency, were used to 
establish a base line of residential locations in 1971. 
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Several alternative records were explored to locate residential 
structures in 1976. Initially, it was hoped that county building permit 
data could be used to rronitor urban growth. However, these data ~re 
found to be lacking. First, many permits ~re on file where no 
construction had taken place. Secondly, information on the geographic 
location of the stcuctures was often incomplete or inaccurate. 'Ihirdly, 
no ~emit could be located for many homes; specifically, no f.)2rmit is 
requiced for rrobile homes. 

Investigators turned to othec oources of data to al low the iden­
tification of homes sited between 1971 and 1976. 'Ihe county had oon­
ducted a "winds}-i-i .::? H !3urvey" of the county in the fall of 1976 . 'Ihis 
data was compared to data interpreted from the 1971 photos. Homes 
at:)pea.ring on the resulting local land use maps but not on the 1971 air 
photos VJere designated as "new". Post-1976 development was identified 
using county assessor records. 'Ihese records have been conputecized in 
Olmsted County. Comparison of the 1980 roll with the 1976 roll allowed 
identification of new lots and new residences in this time peciod. 

2. 1971 medium scale (1:20,000) air [hotos, available from the Agricultural 
Stabilization and Conservation Service, ~re interpreted to detecmine 
the land use of each site developed through 1976. rrhe land use of sites 
developed after 1976 was deb=rmined from 1975 air photos (1:31,600 -
1:44,000) available from the Soil Conservation Service (SCS). 
Information. on land use totals across the county was obtained from the 
1969 State of Minnesota Land Use Map prepared by MLMIS. 

3. Soil productivity ratings for each site ~re determined by locating 
sites as of 1976 on SCS maps and noting roil type. In cases ~ere 
structures ~re on a boundary between roil pr-oductivity groups, both 
soils were noted . Productivity ratings ~re obtained from interviews 
with the local SCS soils scientist. For- p:>st- 1976 development, produc­
tivity ratings of the daninant roil were interpreted directly from a 
r)c<.:xfoctivity map. 

Productivity ratings on a county-wide basis ~re obtained using 
Minnesota Cropland Resources, an inventory of ooil productivity groups 
produced by the Minnesota State Planning A.gency. ( See Figure 6) 

4. Lands that have bec~n annexe:l around Rochesb=r can be gathere.::l from two 
sour:-ces: 1he Minnesota Municipal Commission ·and the local Consolidated 
Planning Off ice. Once noted, these areas ~re plotted on a ooils map. 
Areas of each soil type ~re measured with a planimetec and tallied by 
amount of productivity. 

5. Regarding data on local zoning and subdivision ordinances, written and 
oral testimony were gathered from the Consolidated Planning Office; data 
on sanitary controls ~re gathered from interviews with the County 
Health Department. Several iterations ~re ·r:-equired. 

C. FINDINGS AND CONCLUSIONS 

Even with ineffectively i~plemented land use controls, pr-ime farmland was 
not lost to any great extent from 1971 to 1976 in Olmsted County. Although 
data sources indicate that 668 homes were built during this time 1.n rural areas, 
only 80 (12 percent) were on productive roils vtlich had been in c¥3ricultut"al use 
in 1971. For purp:)ses of comparison, it is im'[X)rtant to note that neady half 
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CROPLAND PRODUCTIVITY 

OLMSTED COUNTY, MINNESOTA 

PERCENT 

49,B 

16.0 

14.9 

13.6 

-----
0 - ' ' "ILES 

KORTH 
t 

ttt 
t t t 

t 
640 ■ ACREI 

OKE CELL: 40 ACRES 

LEOEKD 

CROUP l SOILS <"OST PRODUCTIVE~ - RATIKOI OF 16 TO 94 

CROUP 2 SOILS - RATIKOS OF 51 TO 15 

CROUP 3 SOILS RATIKOS OF 3B TO 61 

CROUP 4 SOILS - RATIKCS OF 19 TO 31 

5.5 CROUP 5 SOILS (LEAST PRODUCTIVE) - RATIKOS OF OTO 1B 

0.1 WATER 

57 



(46 percent) of Olmsted County is S)rime farmland. Development seems to be 
avoiding this land. Annexations consumed pr- ime land at about the same rate. It 
appears that the marketplace is doing an effective job of preserving prime 
farmland. Mail surveys sent to larid sellers and new buyers have been admin­
ister-ea by OJAA staff in an attempt to verify and estimate these market forces. 

The ~riod from 1976 to 1980 is d1aracter-ized by rrore strict land use 
controls but continued rural development. Curiously, a higher f)2rcentage of 
this later developnent took place on E,Xime farmland . 'Ihe reasons remain 
unclear. Further investigations by a.JR.A staff are planned . 

The Olmsted County case study clearly illustrates the need for a variety of 
data sources ~-klen measuring complex µienomena such as the loss of agricultural 
larids to urban developnent. Data rour-ces used in this study include afr p;ioto 
imagery at various scales; state and local recor-ds, maps and inventodes; and 
face-to-face interviews and field \.\Ork . For rrore detailed information on this 
proje~t, contact CURA, University of Minnesota. 
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3. CONVERSION FROM: FOREST /WETLAND TO AGRICULTURE: 
AITKIN ·COUNTY 

As indicated in the pr:-evious case study, there is concern that Minnesota is 
losing significant amounts of agricultural land. In the area described in the 
present case study, the reverse is occurring - new agricultural land is being 
created by clearing forest land and by draining ~tlands. 'Ihese lahd use 
changes are cause for concern in both state and federal agencies. 

A. ISSUES 

Toe site under examination is in Aitkin County in the northeastern pat"t of 
Minnesota. ( See Figure 1, page 4 6) The land cover is pr-edo.-ninan tl y forest, 
both u[.)land and lowland, and ~tlands/bogs interspersed with lakes. 'Ihe area is 
sparsely fOpulated. 'Ihe climate, with its short growing season, is a constraint 
on .many kinds of commercial agriculture. 'Ihe area does, however, support oome 
a9dcul tural enterpt' ises in forage crops and snall grains, with oome recent 
developments in man-made wild rice paddies. Parts of the oounty ace laced with 
unused drainage ditches built during the early part of the centur-y in a largely 
unseccessful attempt to bring agricultural activity to this part of the state. 

Several years ago a developer acquired 50,000 acres, or about 10 percent of 
the County's pcivately owned land. 'Ihe developer intended to clear and drnin 
about 25,000 acres arn:l sell the land for various agricultural puqX>ses. 'Ihe 
remainder ¼Ould be left in its natural oondition and oold for recreational use. 
By late 1980, it was estimated that he had already cleared and drained between 
7,000 and 10,000 acres, reopened some abandoned drainage ditches and dug many 
new orn~s. 

'Ihe Aitkin County Commissioners have enthusiastically supported this 
drainage pr:-oject ~ich is, howeve·r, in violation of several state and federal 
laws. In Minnesota, it is illegal to -:lrain a ~tland over 10 acres ·· in size 
without ootaining a permit from the Minnesota Department of Watural Resources 
(DNR) and agreeing to put an e1ual number of acres back into public ~tlands. 
To date, the developer has ignored requests from · the DNR to go through the f:)2r­
rnitting process. 

'Ihe U.S. Army Corps of Engineers says that the developer is in violation of 
Section 301 of the Clean Water Act for discharging dredged material into 
several area lakes and rivers. Upon canpletion of an environmental assessinent 
the Corps issued several cease and desist orders vklich the developer has 
ignored. In addition, complaints have been made by several of the acea's wild 
rice facrners ~1at the new drainage has lowered the water table sufficiently so 
that the p:1ddies no longer hold sufficient water. 

In late 1980, the Minnesota Environmental Quality Board and the 
Environmental Review Section of the Minnesota Department of Natural Reso1Kces 
contacted the Land Management Infoonation Center at the State Planning ~gency to 
explore !;X)Ssible ways of rronitodng these dlanges. Shortly thereafter, the Soil 
Conservation Service agent in Aitkin County also contacted LMIC, citing his con­
cerns of the extensive changes in this area. I.MIC offered to demonstrate the 
capability of IANDSA'r to Inonitor this type of change in Aitkin County. 
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Information needed to a:ldress or t"esolve this issue includes: land cover. 
and land use characteristics in the area, both prior to and after development, 
including location of wild rice paddies, lakes, open lan~/pasture and forest. 

8. DAT A SOURCES AND PROCEDURES 

Computer tapes of Li\NDSl~:e oata ~re acquired for three dates: May 1973, May 
1973 and July 1980 . fue size of t:he pilot area was deb=cmined by the con·­
centcation of drainage activity and by areas of cloud rover in the 1980 TANDSA.T 
scene . 1he pilot area was approximately 9xl5 miles with the Mississippi River· 
runnin:1 from noctheast to s :)Uthwest dia(Jonally through the site . 

For each scene r data ~re aJgregated into seven cover- types : ( 1) lakes and 
open water (2) rice r>addies with standing water (3) othec rice paddies and bogs 
( 4) open land, 9ctstur e, for:-age cr-O!?S and grassy sloughs ( 5) low trees and scrub 
vegetation (6) forest (7) bare ground . 

Ground truth was dete.rmined from USGS topographi_(~ quadrangle maps ( 1973) and 
1: 24,000 blue line pdnts made from 1: 80,000 black and ¼½11 te air photos (1()77). 
Persons knowledgeable about the ar-ea were queried, but a shortage of time did 
not t?9rmi t actual field checking of cover ty!?es. 

LANDSA'r data was .3.l:50 integrated with the MLMIS Geogra!?hic Inforinai-_ i.< 11, 

,~ ,: -:: ; _. • .:•_ :i , ·~1•~ :;ite was oveclaia with township lines, section lines and 40- acre 
parcel ooundaries . Land use/cover data from 1969 air fhotos, originally coded 
by 40- acre paccels, was resampled to a 50 meter UTM cell oo that it could be 
mor-e easily compace:::i with the LA.NDSl\T data. 

C. FINDINGS AN D CONCLUSIONS 

It was not 9ractical to reproduce the full color classifications in this 
paper . Figuces 7, 8 and 9 show a black- and·-white summary of the unsupervised 
classifications . Water , wild rice paddies and the major areas of land cleat"ance 
and drainage are shown in gray tones . 'Ibe remainder of the classes have been 
supf?ressed to present the significant O-:)Vet." types rrnre clearly. 

In 1973, the locations of a few wild rice raddies are cleacly shown 
( Figure 7) . By 1978, some of these paddies have been expanded but no major 
clearance or drainage pcojects are evident (Figure 8). Data for 1980, 
however, shows. a significant amount of land conversion (Figure 9). fue large 
dark gray block in the northeastern corner r.-epcesents an acea of about 5,000 
acres which has been converted into p:::>tential a;1ricultural landQ 'I.his conver­
sion is most likely due to a co11bination of drainage of 1M::tlands and clear.­
cutting of forests a l\br:-eover-, several of the rice paddies ~ich had been 
closest to this drained area, par:-ticularly to the ~st and routhwest , no longer 
appear in the 1980 scene. This disappearance lends support to the contention 
that the lowering of the water table had adversely affected some wild rice 
growers. 

This case study investigated the utility of IANDS~T data in ironitocing 
large-scale land clearance and drainage activities in a forest/wetland environ­
ment .in northern Minnesota . L\NDSAT data from 1973, 1978 and 1980 wer-e used in 
the study of the 9xl5 mile siteo Results showed quite clearly and in a cost-­
effective manner:- 1J1ere the greatest activity had occur-r-ed. It was also µ::>ssible 
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FIGURE 7 

LANDSAT CLASSIFICATION OF LAND COVER TYPES AITKIN COUNTY SITE, 1973 
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FIGURE 8 

LANDSAT CLASSIFICATION OF LAND COVER TYPES AITKIN COUNTY SITE, 1978 
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FIGURE 9 

LANDSAT CLASSIFICATION OF LAND COVER TYPES AITKIN COUNTY SITE, 1980 
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to integrate the LANDSAT data with other data such as soil type, forest cover or 
watershed boundaries available through the Land Management Information Center's 
(LMIC) geographic information system. 
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4. COMMUNITY LAND USE SUIT ABILITY STUDY: CITY OF 
MEDINA, MINNESOTA 

~1innesota Statutes provide local units of government with the authority to 
determine the extent and location of various land uses. One way for. _a community 
to influence future land use is through comprehensive planning and zoning. This 
case study illustrates how natural resources data can be utilized to address 
envir"onmeotal concerns in local planning and zoning decisions. 

A. ISSUES 

The oroper utiliz-:1tion of a comprehensive plan and zoning ordinance allow 
a community to protect the natur-al environment, as well as prevent costly mis­
takes \vhich r:-esult from unwise land use decisions. In order to be effective in 
achieving these ends, a comprehensive plan must recognize the land use conflicts 
( e.q. agricultural uses vse development) which are likely to emerge in a 
comrnunity, and 9rovide alternatives for resolution of these conflicts. A major­
consideration in this 9rocess is the inherent suitability of the envir'onrnent. 

The Metcopolitan Land Planning Act of 1974 required that oompcehensive 9lans 
be ocepared by all cummuni ties in the Twin Ci ties ~1etropol i tan area. The 
comprehensive ?lans were -required to address 10 environmental guidelines. A 
joint study was Lmder:-taken to show how natural resour:-ce data could be 
computerized, analyzed and mapped to address five of these guidelines. Medina, 
a city of approximately 2600 population which is located twelve miles iNGSt of 
Minneaf?()lis, was one of the ar-eas for which this effort was undertaken. ( See 
Figure 1, page 46) Participants in the study included the Hennepin Soil and 
Water Conservation District, ~1etrolX)litan Council, the University of Minnesota 
Soils Science Department and the State Planning Agency (Land Management 
Information Center). 

The five Land Planning l\ct guidelines being addressed are as follows: 

(1) Wetlands: 'Ihe protection and preservation of those wetlands and 
lowlands !;)ermanently or intermittently covered with waters, such as 
marshes, swamps, tx::xis, meadows, µ)tholes, and. sloughs iJ.1 ich ace essen­
tial to hydrological or ecological systems or for flood control; 

( 2) Watercourses: 'Ihe pr-otection and preservation of the natural 
watercoucses, intermittent or permanent, and minimizing the discharge of 
pollutants into water txxUes and watercourses by storm rnnoff and 
other-wise; 

( 3) Agr icuJ_ tur.:,_ 1 lands: The prevention of premature development for- non­
agricultural use of prime agricultural lands where such land is essen­
tial for agr icul tur al purJ;X)ses; 

( 4) Development suitab.i.l ·i i.:.v~ l'-1e :fotermination of the suitability of ooils 
or bedr:-ock for- development, design and construction measures for devel-
01?-11ent which ~uld compensate Eor existing ooil or bedrock rroblems, 
and the prevention of the type of development for ~ich such ooils or 
bedrock a-re unsuitable; 
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( 5) Erosi1)r1 tX>tential: An assessment: of the er:-osion r-ntential for those 
slopes woich ar-e subject to severe or moder-ate erosion because of their­
degree of slope and soil type. 

The information needed to address each of these guidelines included: 

(1) The location and hydrological function of wetlands; 

(2) I'he location and classification of watercourses; the location of 
floodplain areas; 

( 3) Assessment of the l?)tential for agricultural productivity of soils in 
~1ed ina; the cutTent use of land in areas containing pcoductive ooils; 

( 4) A.ssess:nent of the suitability for develooment of soils in Medina; 

( 5) 'Ihe average length of slope and susceptibility to ecosion of soils in 
Ivledina; rainfall charactedstics; the effects of various vegetative an-j 
non-vegetative land cove·rs on er-osi.on; delineation of watersheds in 
Medina. 

B. DAT A SOURCES AND PROCEDURES 

In order to address each of the five environmental guidelines 1 isted above, 
the best available natural resources data for the Medina study acea was iden­
tified and o::>ded by squar.e cells, each of which represents an area 21;2 acres in 
size . This information was entered into the Minnesota Land Manaqement 
Information System (MUHS) . the use of MLMIS allowed quick and inexpensive com­
pal'.'." isons ( i.e. analysis) of different natural resour-ce variables, as well as 
display of the information as computer--pdnted maps. 

Products included detailed data maps and opportunity/constraint ( i.e . 
suitability) maps foe :viedina' s resources. Tne canp:)site suitability map shown 
in Figure 10 is the result of overlaying simplified ver-sions of three of these 
suitability ma()s : (1) wetland uses (water, wetlands, floodnlain); (2) 
aqdculture ; and (3) development. Neither this map nor any o-.E the other suita­
bility maps represent absolute measures of where various land uses can or cannot 
occur. Rather , these maps indicate areas where oar.ticular land uses \.'X)Uld be 
more or less suited to environmental conditions. - • 

The description of data sources and r?rocedures will focus on the level of 
detail used in producing the composite suitability map (Figure 10). Toe cri­
teria used in determining which areas were suitable for each of the three uses 
(wetland, agriculture, development) are briefly described. 'Ihe data sources and 
procedures used to address the guidelines are: 

( 1) ~"7"etland ':~: ,;\n inventory of wetlands, Wetland Conservation Ar eas, City of 
Medrna, by the Hennepin Soil and Water Conservation District ( 1977) was 
the source of detailed information for wetlands. A.11. open water and 
wetlands over 10 acres in size were identified in the stu-=ly as being 
worthy of consideration for pr:-otection and preservation (i.e. "suitable 
for wetland uses") in Figure 10. 

( 2) Watercourses: Watercourses and their' associated floodplains were taken 
from several sources. 'Ihese include the wetlands inventory mentioned 
above (Wetland Conservation Areas, City ~f Me_dina), U.S. Geological 
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Survey topographic maps and the Flood Hazard Analyses for Elm and Rush 
Creeks, Hennepin County, Minnesota by the U.S. Department of 
Agriculture, Soil Conservation Service (1975). Only floodplain areas 
were significant enough to be considered for preservation (i.e. 
"suitable for wetland uses") in Figure 10. At the 2½-acre level of 
resolution used here , small waterways ¼hich do not have associated 
floodplains do not necessarily impose severe limitations on activities 
which can take place on adjacent land . 

(3) Agricultural lands: Detailed ooil series data were obtained from the 
Soil Survey of Hennepin County, by the U.S. Department of Agriculture, 
Soil Conservation Service (1974). 'Ihe soil survey contains ratings of 
agricultural capability for all the soils found in the county. 'Ihese 
ratings of I through VIII are based on the expected yield relative to 
the extent of management practices required . For this study, SCS capa- • 
bility class I and II soils were considered prime and class III soils 
were considered good farmland, all y.0rthy of consideration for 
preservation (i.e . "suitable for agriculture") in Figure 10. 

Since not all land is available for farming, a further refinement 
was made to eliminate those areas which are unavailable for farming. 
Current land use was interpreted from lar:-ge- scale ( 1: 2400) 1975-76 
series aerial photography obtained from the Metropolitan Council. Areas 
which contained development or were part of a park reser:-ve v,ere con­
sidered unavailable for agricultural use and therefore were not con-
s ider-ed "suitable for ag dcul ture . " 

( 4) Development suitabil :i.tv ~ Soil series data were the main data source for 
determining development suitability in Medina. Since the majority of 
Medina is unsewered, development suitability was based on assumptions of 
conventional constr:-uction techniques and on- site sewage treatment (i.e., 
septic systems) . Soil Conservation Service staff assisted in rating 
soils in Medina for their suitability for development. Soil limitations 
on development ~ich -were considered are slope, wetness of soils, depth 
to water table, ooil texture, depth to bedrock and flooding hazard. 
Wetland areas included in the ~1edina vJetland inventory were also con­
sidered in addr:-essing this guideline . Ratings of high, mooerate and low 
suitability were assigned to soils based on these factors. Areas with 
high and moder-ate suitability were considered "suitable for development" 
in Figure 10. 

( 5) Erosion cX)tential : Erosion potential was assessed using a rrodel which 
calculates soil loss in tons per acre pee year. Some of the data 
necessary for use of the model had been obtained in the parts of the 
study vklich address the other four environmental guidelines. 
Supplemental data was provided by Soil Conservation Service staff. 

One additional element of the study involved determining which 
watersheds in Medina are rrost likely discharging high volumes of eroded 
sediment at their outlet points, and vklich watersheds are rrost likely 
entrapping high volumes of sediment in lakes and wetlands . 'Ihis was 
based on a comparison of the amount of severely eroding area to the 
amount of entrapment area (lakes and vJetlands) in each watershed . 
Watershed boundar ies were taken fcom the wetlands inventory . 
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C. FINDINGS AND CONCLUSIONS 

Tue land use suitability study for Medina represents the resource assessment 
phase of the environmental planning process~ 1he study itself was not designed 
to develop a plan, but rather to describe the opportunities and constcaints for 
future land use -patterns. A comfX)site of the analyses for water features, agri­
culture and development (Figure 10) indicates that 12½ percent of the land in 
Medina is suitable for wetland uses only, while 8 percent is suitable for agri­
cultuce ooly and slightly over 1 percent is suitable for development only. Over 
half ( 51½ percent) of the land is suitable for both agriculture and development 
an::I the remainder· is suitable for various other combinations of the thr-ee uses, 
or for none of these uses. 

This type of information can be useful to a comunity in developing compre­
hensive plan alternatives. 'Ihe comp:>site suitability map represents the capa­
city of Medina's natural resources for development as well as for pr-eservation. 
It can also be used to evaluate the appro9riateness of current land use 
pattecns. In Medina, as in most communities, large land areas ar2 suited to 
more than one use. 1he community has the opportunity to determine which of the 
suitable uses is rrost appropriate for a particular area, based on the charac­
teristics and needs of the community. 
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SUMMARY 

'Ihe following general conclusions can be drawn from the four case studies 
presented in this chapter: 

1. 'Ihe choice and ap[.>l ication of data oources and procedures is often 
influenced by the availability and reliability of data. Often the 
"best" data for- a particular application may not be available or may be 
incomplete and researchers/planners must rely on other data SJurces. 
For examrle, the incomrleteness of building permit data in Olmsted 
County required tha~ the investigators turn to other local records as a 
means of locating residential structures. A..s discussed in the Aitkin 
County case study, the failure of a developer to go through the pe-r­
mitting txocess regL~ired for wetland drainage eliminated permits as a 
viable data source on the conversion of wetlands/fore.st to other uses. 
This meant that investigators were forced to turn to LA.l\JOSAT and other 
remote sensing data -sources as alternatives in order to study this land 
use change. 

2. All the case studies clearly illustrate that planners and decision­
makers must · and, in fact, do draw on a wide variety and ronbination of 
data sources - records and inventories as well as remotely sensed data -
when addressing complex land use ~lanning issues. This is true ¼hether 
the land use issue is of state-wide concern or of regional, county or 
municipal concer.nn 

3. AJ.l of the case studies included in this r-eEX)ct illustrate the advan­
ta•3es of computedzed natural resource inventories. 'Ihese advantages 
become especially clear when several factors .or- variables (e.g. ooils 
productivity data, land use and land cover data, and data on the loca­
tion of ~litical subdivisions and trans1x)rtation systems) must be con-. 
sidered simultaneously . 

4. 'Ihe level of detail of the data required to address or r-esol ve a par­
ticular land use issue will impact the selection of data oources and 
f?rocedures. 
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APPENDIX 

TABLE OF CONTENTS OF THE CATALOG OF DATA SOURCES: LAND USE IN MINNESOTA 

10 

20 

A 

DEPARTMENT OF AGRICULTURE 

10.010 
10.020 

10.030 
10.040 
10.050 
10.060 

10.070 

ALIEN FARMLAND REGISTRATION 
ANNUAL REPORT OF AGRICULTURAL CORPORATIONS (CORPORATE FARM 
REGISTRATION) 
DAIRY INDUSTRIES DIVISION 
FOOD, MEAT AND POULTRY INSPECTION PROGRAM 
MINNESOTA AGRICULTURE STATISTICS 
PESTICIDE CONTROL PROGRAM: DATA ON LICENSING AND REGISTRA­
TION 
PESTICIDE CONTROL PROGRAM: DATA ON SPILLS AND EMERGENCIES 
AND REPORTED MISUSES 

MINNESOTA DEPARTMENT OF NATURAL RESOURCES 

DIVISION OF MINERALS 
20.010 DATA BASE FOR MESABI IRON RANGE (IRIS, IRON RANGE INFORMA-

TION SYSTEM) 
20.020 GEOLOGIC AND HYDROGEOLOGIC MAPPING 
20.030 MINERAL POTENTIAL EVALUATION (GEOLOGIC, ASSAY, GEOCHEMI­

CAL AND GEOPHYSICAL) 
20.040 
20.050 
20.060 
20.070 
20.080 
20.090 
20.100 

20.110 
20.120 
20.130 
2 0 . 140 
200150 
20.160 

MINESITE DATA BASE 
PEAT RESOURCE ESTIMATION IN MINNESOTA 
PEAT STUDY: ECOLOGIC STUDIES OF THE RED LAKE PEATLAND 
PEAT STUDY: GENERAL DESCRIPTION • 
PEAT STUDY: GROUNDWATER QUANTITY 
PEAT STUDY: METEOROLOGICAL -DATA 
PEAT STUDY: RELATIONSHIP OF AMPHIBIANS AND REPTILES TO 
PEATLAND HABITATS IN MINNESOTA 
PEAT STUDY: SNOW SURVEY 
PEAT STUDY: SURFACE WATER QUALITY/CHEMISTRY 
PEAT STUDY: SURFACE WATER QUANTITY • 
PEATLAND LEASING RECORDS 
PERMIT TO MINE: MINELAND RECLAMATION PROGRAM 
REGISTRATION OF MINERAL EXPLORERS AND SUBMISSION OF BORE 
HOLE DATA 

20.170 VEGETATION _TYPES IN PEATLANDS 

B DIVISION OF PARKS AND RECREATION 
20.180 SCIENTIFIC AND NATURAL AREA PROGRAM (SNA) 

C FISH AND ·WILDLIFE DIVISION 
20.190 ACQUIRED WILDLIFE LANDS 
20.200 HABITAT STUDIES . FOR SMALL WATERSHED IMPROVEMENT PROJECTS 

D FORESTRY DIVISION 
20.210 FOREST DEVELOPMENT RECORDS 
20.220 FOREST INSECTS AND DISEASE: INFESTATION MAPS 
20.230 FOREST MANAGEMENT PLANS 
200240 FOREST SURVEY PHASE TWO INTENSIVE INVENTORY 
20.250 STREET TREE INVENTORY 
20.260 WILDFIRE REPORT 

E LAND BUREAU 
200270 LAND LEASES AND EASEMENTS 
20.280 LAND OWNERSHIP AND CLASSIFICATION 
20.290 UTILITY LICENSES TO CROSS PUBLIC LAND AND . WATER 
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F OFFICE 
20.300 
20.310 
20.320 

20.330 
20.340 
20.350 
20.360 

20.370 

20.380 

OF PLANNING 
GREAT RIVER STUDIES 
MINNESOTA WATERSHED MAPPING PROJECT 
MINNESOTA WILD AND SCENIC RIVERS PROGRAM: BASELINE LAND 
USE INVENTORY 
MINNESOTA WILD AND SCENIC RIVERS PROGRAM: RIVER STUD!ES 
NATURAL HERITAGE INFORMATION SYSTEM 
PARK MANAGEMENT PLANS 
SCORP INVENTORY SYSTEM (STATE COMPREHENSIVE OUTDOOR RECRE­
ATION PLAN) 
STREAM INVENTORY AND DATA RETRIEVAL SYSTEM PROGRAM : RIVER 
KILOMETER ·INDEXING PROJECT 
STREAM INVENTORY AND DATA RETRIEVAL SYSTEM PROGRAM: WATER ­
SHED AND STREAM NUMBERING PROJECT 

G TRAILS AND WATERWAYS UNIT 
20 .39 0 TRAILS PLANNING DATA 

H WATERS 
20.400 
20.410 
20.420 
20.430 
2 0 . /4-40 

20.450 
20.460 

20 . 470 
20.480 

20.490 

200500 

20.510 
20 .52 0 
20 . 530 
20 . .5 40 

DIVISION 
BENCHMARK LAND ELEVATION DATA 
DATA ON STATE OWNED DAMS 
DAM SAFETY PROGRAM 
FIELD NOTES ON HYDROGRAPHIC SURVEYS OF LAKES AND WETLANDS 
PUBLIC WATERS AND WETLAND DESIGNATION PROGRAM: PUBLIC 
WATERS INVENTORY 
PUBLIC WATERS PERMIT: WORKS-IN-THE-BEDS OF PUBLIC WATERS 
SHORELAND MANAGEMENT: CLASSIFICATION LIST FOR COUNTIES AND 
MUNICIPALITIES 
SHORELAND MANAGEMENT: MUNICIPAL SHORELAND BASELINt DATA 
SHORELAND MANAGEMENT: SHORELAND MANAGEMENT MONITORING SYS ­
TEM 
SHORELAND MANAGEMENT: SHORELAND STUDY 1969; MINNESOTA 
LAKESHORE STUDY 
WATER BANK PROGRAM: FILE OF APPLICANTS THAT MEET THE CRI ­
TERIA FOR INCLUSION 
WATER USE PROGRAM: APPROPRIATION PERMIT FILES 
WATER USE PROGRAM: MASTER PERMIT INDEX SYSTEM 
WATER USE PROGRAM: PUMPAGE RECORDS 
WATER USE PROGRAM: STATE WATER USE ESTIMATES 

30 MINNESOTA DEPARTMENT OF TRANSPORTATION 

30.010 
30.020 
30 . 030 
30 . 040 

30.050 
30 . 060 

30 . 070 
30 . 080 
30.090 
30.100 

30.110 
30 . 120 
30 . 130 
3 0 0 140 

30.150 

AGGREGATE SOURCE (GRAVEL PIT) 
AIRPORT INVENTORY 
BRIDGE INVENTORY 
EXISTING LAND USE DATA ASSOCIATED WITH ENVIRONMENTAL 
IMPACT STATEMENTS (EIS) 
GREAT RIVER ROAD ROUTE ALTERNATIVE INVENTORY AND ANALYSIS 
PROJECT DEVELOPMENT AND WETLAND MITIGATION: ENVIRONMENTAL 
IMPACT ASSESSMENT 
PUBLIC PARKLANDS AND BIKEWAYS DATA 
RAIL ABANDONMENT APPLICATIONS 
RAILROAD SYSTEM DIAGRAM MAPS 
SMALL STREAM FLOOD INVESTIGATION: SMALL STREAM GAGING PRO­
GRAM 
SOIL ENGINEERING PROGRAM 
TRANSPORTATION PLANNING DATA . 
UNDISTURBED BORING PROGRAM: AUGER BORING NOTES 
UNDISTURBED BORING PROGRAM: _FIELD BORING LOGS; 
FOUNDATION BORING PROGRAM 
UNDISTURBED BORING PROGRAM: LABORATORY LOG AND TEST 
RESULTS 

40 MINNESOTA ENERGY AGENCY 

40.010 
40.020 
40.030 

40.040 

ELECTRIC AND GAS DATA BY COUNTY 
EXISTING BUILDING ENERGY REPORT 
NATURAL GAS PEAK SHAVING AND UNDERGROUND STbRAGE FACILI­
TIES 
REFINERY INFORMATION AND PETROLEU~ STORAGE DA~A 

50 MINNESOTA GEOLOGICAL SURVEY 

50 . 010 
50 . 020 
50 . 030 

ENGINEERING TEST BORING LOG DATA BASE: · SOIL BORING LOGS 
WATER CHEMISTRY ANALYSES DATA BASE 
WATER WELL DRILLERS LOG DATA BASE 
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60 MINNESOTA POLLUTION CONTROL AGENCY 

60 .010 

60.020 
60.030 
60.040 

60.050 
60.060 
60.070 

AGRICULTURAL WASTE POLLUTION CONTROL PROGRAM: FEEDLOT PRO­
GRAM 
AIR QUALITY OPERATING PERMITS 
LAND APPLICATION OF WASTEWATER PROGRAM 
NATIONAL POLLUTION DISCHARGE ELIMINATION SYSTEM (NPDES) 
AND STATE DISPOSAL SYSTEM (SDS) PERMITS 
SLUDGE DISPOSAL PROGRAM: ROUTINE MONITORING 
SLUDGE DISPOSAL PROGRAM: SOLIDS DISPOSAL PLAN 
SOLID WASTE DISPOSAL PERMITS AND UNPERMITTED DUMPS 

70 MINNESOTA STATE PLANNING AGENCY 

70.010 
70.020 
70.030 
70.040 
70 .050 
70 .060 

70 .070 
70.080 

70 . 090 

70.100 

70.110 

BASE DATA OF STATE FUNDED TRAILS 
CRITICAL AREAS PROGRAM 
ENVIRONMENTAL ASSESSMENT WORKSHEET 
MINNESOTA LAND MANAGEMENT INFORMATION SYSTEM (MLMIS) 
POWER PLANT SITING PROGRAM 
REGIONAL COPPER-NICKEL STUDY: ASSESSMENTS OF MINING TECH­
NOLOGY COMPUTER FILES 
REGIONAL COPPER-NICKEL STUDY: BIBLIOGRAPHIC MATERIALS 
REGIONAL COPPER-NICKEL STUDY: BIOLOGICAL SCIENCES COMPUTER 
FILES 
REGIONAL COPPER-NICKEL STUDY: PHYSICAL SCIENCES COMPUTER 
FILES 
REGIONAL COPPER-NICKEL STUDY: SOCIOECONOMIC DATA COMPUTER 
FILES 
URBAN LAND USE CHANGE 

80 METROPOLITAN COUNCIL 

80.010 
80.020 
80.030 
80.040 
80.050 
80 . . 0 6 0 
80.070 

80.080 
80.090 

AGRICULTURAL PRESERVES 
ANNUAL SURVEY OF RESIDENTIAL BUILDING PERMITS 
LAND SUPPLY AND DEMAND 
METROPOLITAN LAND USE INVENTORY 
METROPOLITAN WETLANDS INVENTORY 
MONTHLY BUILDING PERMIT DATA 
NATURAL RESOURCE MANAGEMENT PROGRAM: GROUNDWATER ASSESS­
MENT 
NON-RESIDENTIAL BUILDING PERMITS 
R.L o POLK DATA 
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