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FORWARD 

This report is the outcome of a project funded by the National 

Aeronautics and Space Administration (NASA) and initiated by the Minnesota 

State Planning Agency (SPA). The project is structured to examine the 

feasibility of updating the land use and land cover information contained 

in the computerized data of the Minnesota Land Management Information System 

(MLMIS). The source of updating information for this and two other reports 

of similar purpose is the imagery obtained from a NASA earth-orbiting 

satellite (ERTS-1). The evaluation of the feasibility of using ERTS imagery 

for these purposes has been undertaken by faculty and staff members of the 

University of Minnesota Departments of Forestry, Soils, and Geography, 

through the Center for Urban and Regional Affairs (CURA). 



MAPPING TWIN CITIES MINNESOTA METROPOLITAN AREA LAND USE WITH ERTS-1 IMAGERY 
Dwight Brown, Joseph Gibson, Deborah Pile, Rob Warwick 

INTRODUCTION 

The Minnesota State Planning Agency (MSPA), the University of 

Minnesota's Center for Urban and Regional Affairs (CURA), and the 

Department of Geography are cooperating to develop and evaluate methods 

for using ERTS-1 imagery to update and refine land use and resource 

information in the Minnesota Land Management System (MLMIS). The Twin 

Cities Metropolitan Area land use project was selected as one of three 

initial full scale projects to test and demonstrate the utility of ERTs~l 

imagery to Minnesota land resource problems (Sizer and Brown, 1974). The 

Metropolitan Area along with portions of Itasca County provided the basis 

for evaluation of ERTS-1 applications to general land use information in 

Minnesota. 

The most recent detailed land use map for the Twin Cities area was 

produced by the Metropolitan Council in 1968, using 1966 low altitude 

aerial photography. Only the urbanized portions of the 7 county area were 

covered by the 1:125,000 scale color map. Initial efforts to apply ERTS-1 

images to urban land use mapping examined the possibility of using the 

Metropolitan Council classification and mapping scale. The operational 

definitions for land use classes employed in the Metropolitan Council map 

were found to be inoperable with ERTS-1 imagery. Thus, it was necessary to 

develop a classification that maximized the detail of accurate information 

extracted from ERTS images while preserving a degree of correspondence with 

the Metropolitan Council classification. 
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INTERPRETATION AND MAPPING PROCEDURES 

Ektachrome slides, copied from back lighted 9" ERTS-1 MSS system 

corrected color transparencies, were projected onto a wall mounted 1:125,000 

scale base map of the seven county area for interpretation. Overlapping 

slides were produced using a 35mm single lens reflex camera fitted with 

extension tubes, a 50mm lens, and a behind-the-lens light meter and mounted 

on a variable intensity light table. Each slide covered only a small 

portion of seven county Metropolitan area, generally about 200 sq. mi. 

Variances in the season of maximum detectability for some classes of land 

use necessitated the use of several imagery dates. Interpretation and 

mapping were accomplished by 2 person work teams, which significantly re

duced setup time and allowed immediate checks and reinforcement of interpre

tation-decisions. 

The pronounced urban vegetation pattern detectable on ERTS-1 images 

facilitated the separation of vegetation-land use associations by interpreters. 

The separation of the central business district (CBD) from the commercial

industrial-institutional (CII) class is based on the CBD's higher density 

of tall structures with considerable shadow area. Both the CBD and CII 

display almost a total lack of vegetation. These desert-like landscape 

contrast sharply with the urban forest canopy of the older residential areas 

and the newer·suburban savanna-like landscape. 

Originally it was intended to identify cultivated land.. Cloud cover 

during the spring prevented this, necessitating either interpreting the 

class for only part of the mapped area or grouping cultivated land with the 

other category. The latter was chosen to avoid spatial variations in the 

classification scheme. 
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Examination of the first interpretation product indicated that land 

use areas smaller than 40 acres could not be reliably mapped for all 

classes of land use. Thus, isolated units smaller than 40 acres were 

excluded from the map. With 40 acres as the minimum mapping unit size, 

full map detail could be preserved down to a scale of 1:190,000. Since 

this scale corresponded with a break in press size, representing a cost 

savings, it was chosen. Individual color separation plates were drafted 

for each class at this scale from the color keyed interpretation map. 

The final copy of the Twin Cities Metropolitan Area Land Use is included 

with this report. The subjective nature of interpretation of these vege

tation-urban land use relations coupled with the difficulty of mapping 

unites below 40 acres in size are the severest limitations for the.employ

ment of these data for detailed urban land use planning. 

EVALUATION 

Two types of errors can be incorporated into a map derived from 

remote sensing imagery. The first is incorrect class assignment of a 

mapped unit. The second is incorrect map location of the class boundary 

separating two mapped units. The latter error is the more difficult to 

evaluate because the detail of class boundaries is largely a function of 

the density of locational information. Because of the higher resolution 

of the high altitude aerial photography, ground interpretation, and topo-

graphic maps used as the basis for evaluation, the ERTS-1 imagery and the 

base line data are not compatible. Even the coarsest resolution aerial 

photography used as ground truth had 5000 control points per ERTS pixel, 
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enabling much greater detail in boundary location. In addition, eval

uation of boundary location error is both costly and dependent on the 

quality of a series of highly subjective human judgments. For these 

reasons quantitative evaluation of error will be restricted to errors of 

class assignment discussed later. Existence of boundary location error 

is acknowledged and the contributing factors are described below. 

The disagreement between ERTS-1-interpreted class boundary location 

and class boundary location interpreted from other information sources 

will be defined as boundary location error. However, it must be recog

nized that the fallibility of other data sources makes the specific 

assignment of error suspect. To evaluate interpretation error, the ERTS 

information and comparative information must be converted to a common base, 

in this instance a single base map produced by the Metropolitan Council 

at a scale of 1:125,000. None of the information used in this study 

originates in this format but it was transformed to facilitate evaluation. 

Boundary error not attributable to the ERTS image interpretation 

can result from: 

1) locational error in the transformation of base data to the map. 

2) locational error in the transformation of ERTS-1 data to the map. 

3) locational error in the interpretation of base data. 

4) change in the boundary location in the time period between base 
data collection and ERTS-1 coverage. 

All four error types undoubtedly exist to some degree. 

Boundary definition errors attributable to ERTS image characteristics 

result from the coarse pixel (1.1 acre) information and occasionally from 
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insufficient image contrast. 

Class assignment error results primarily from insufficient contrast 

between two land use classes. In order to evaluate class assignment 

accuracy, the land use for 40 acre cells (centered on a stratified random 

sample of points) was taken from the ERTS-derived map. This was compared 

with the land use for the corresponding 40 acre cells on NASA and 

commercial high altitude aerial photography, recent topographic maps, and 

ground observations. Those cells with the same land use on both the ERTS~ 

based map and the base line maps were considered correct assignments. The 

correct assignments are given by class as the diagonal boxed numbers and 

percentages in Table 1, which shows a summary of class assignment errors 

for 528 random cells. The percentage of correct assignments, ranged from 

79%-100% and averaged 93%. The error for a given class can be examined in 

terms of the types of interpretation mistakes. Error of omission, that is, 

cells of a given class of land use that should have been included but were 

not, can be determined by reading down the columns in Table 1. Error of 

commissiori, cells that were included in a particular land class but, 

according to the base line data, were really something else, can be identified 

by reading across the rows in Table 1. 

Analysis of these two types of error helps the map reader understand 

the types of misinterpretation that are actually incorporated in the map. 

The cells identified as CII and CBD classes, for example, were 100% correct. 

However, 16% of the cells that should have been included in these classes 

were not and are thus errors of omission. Residential land was the least 

accurately interpreted. Only 79% of the sample cells called residential 
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were correct. Of the residential sample cells, 21% were errors of 

commission, and 8% were errors of omission. Table 1 shows a summary of 

class assignment errors for 528 random points. The definition of Central 

Business District is primarily a locational matter. The CBD is, thus, not 

separated from the Commercial-Industrial-Institutional zone for purposes of 

evaluation. Similarly, because the two residential classes are separated 

by subjective vegetation and density interpretations, they are grouped 

for evaluation. Residential 1 is distinctive primarily because the urban 

forest gives it a significantly different image tonal response than the 

newer suburban savannah landscape, which has a greater expanse of grass 

with scattered smaller trees. The threshold for detection of developed 

residential areas ranges from 10 to 20 houses per 40 acre mapping unit. 

The level of accuracy, operational definitions of the map and the land 

use information user's requirements of accuracy and definition must be consider

ed together in the evaluation of this map for specific purposes. As a 

scientific experiment the map is, on the whole, good. As an operational manage

ment, planning, and enforcement tool its value depends on just how critical 

it is to accurately identify residential land. Is a 79% correct residential 

class good enough? Is the fact that 10% of actual residential land was ommitted 

on the map significant or not? Is it significant that residential land was 

most often confused with the category "other"? These questions must be 

answered individually by data users. But, it should be pointed out, the 

confusion between other and residential land indicates a locational 

component bias in the error. Error is concentrated near the urbanizing 

fringe. Hence, the analysis of error may indicate problems for monitoring 

urban expansion over short time intervals unless improved accuracy can be 
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TABLE 1 

ACCURACY OF ERTS INTERPRETATION 

Basic Information* 
Commission 

ERTS 

Classes 

1. & 2. 

3. & 4. 

5. 

6. 

7. 

8. 

Errors 

Errors 

1 & 2 3 & 4 5 6 7 8 Error 

N N N N N N N I N 
I 

CBD & CII 31 0 0 0 0 0 31 0 

Residential 1&2 3 56 0 1 0 11 71 15 

Water 0 0 30 0 1 1 32 2 

Extractive 0 0 0 1 0 0 1 

I 
0 

Forest 0 1 1 0 86 4 92 6 

Other 3 4 3 0 4 287 301 14 

eells 37 61 34 2 91 303 528 37 

of Omission N 6 5 4 1 5 16 

of Omission % 16 8 12 ,50 5 5 

* Base information is derived from a combination of 1972 NASA and 
1968 commerical high altitude aerial photography, 1972 revised 
topographic maps· and ground investigation of the land use that 
dominates a 40 acre area around the 528 randomly selected points. 

achieved. To gain insight into the potential for improved results it 

would be useful to compare these study results with other ERTS-1 based 

Metropolitan land use studies. 

Two other metropolitan area land use studies that used ERTS-1 data 

provide some basis for evaluating the results of this study. The accuracy 

of class assignment in the present study is favorable when compared with 

similar studies, by Honeywell, of a portion of Ramsey County (Kirvida 

et al., 1974) and, by Dartmouth College, of southern New England (Simpson 
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et al., 1974). Table 2 shows the percentage of sample cells that were 

correctly interpreted in each of these studies. Classes are grouped where 

necessary to maximize compatibility. Strict comparison is not possible 

because of the number of classes, variety of operational definitions, 

mapping unit sizes, and environmental settings. For example, smaller 

mapping units and lower thresholds of detection of commercial or residential 

Commercial a 

Residentialb 

Water 

Extractive 

Forest 

Other 

Average 

TABLE 2 

CLASS ASSIGNMENT ACCURACY OF LAND USE 
INTERPRETATIONS FOR THREE STUDIES 

· Twin Cities Metro. Ramsey Co., Mn. Southern New England 
Area 40 Acre Honeywell Dartmouth Study 
Mapping Unit 1 Acre Unit 62 acre units 

N = 528 N = 1,792 N = 2,331 

unenhanced enhanced 
imagery imagery 

% % % % 

100 93 63 65 

79 88 64 71 

94 100 66 64 

100 C C C 

94 C 35 36 

90 77 44 49 

93 96 58 63 

a. Includes all commercial and transportation classes. 
b. Includes all residential classes. 
c. These figures were included in other. 

- 8 -



land would be advantageous. Or, in other environmental settings, irregular 

land holding pattern, rough topography, and more extensive urban forest 

canopy may make the interpretation problem more difficult. The Honeywell 

study was based on digital data while the Dartmouth study employed manual 

interpretation of both conventional and enhanced ERTS-1 images. 

These same studies also provide a basis for cost comparison. Preli

minary manual ERTS-1 image interpretation for portions of the Twin Cities 

Metropolitan Area and Itasca County yielded additional interpretation cost 

figures that correspond closely with the figures for the entire 7 county 

area (TABLE 3). When compared with other studies the costs achieved in 

TABLE 3 

COST COMPARISONS 

Area I Mapping Interp. Interp. I Int.Cost No. 
Mapped Classes Unit Size Time Rate Labor only 

2 (man (man (Sq.mi./ @$7/hr. 
(mi. ) hrs.) hrs.) hr.) ($/sq.mi.) 

T.C. Metro Area 
(Prelim. map) 1,728 9 100 39 44 $.158 

Itasca Co. 
(Prelim. map) 1,100 14 25 20.5 53.7 .130 

Twin Cities 
7 County Area 2,968 8 40 75 39.6 .177 

New England 
(Dartmouth 1 
College) 15,000 9 62 675 22.2 .315 

Ramsey Co. , Mn. 
I (Honeywell) 

Digital Computer I 
Analysis 140 4 1 1.80* 

*cost includes 5 class map production 

1 
This figure is based on their reported labor requirements. 
Their total reported costs are $1.06 from unenhanced images 
and $1.38 from enhanced images. 
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this study are significantly lower. However, strict comparisons of costs 

have the same limitations as comparisons of accur~cy. Even with uniform 

class definitions and methodologies a single interpreter would produce 

different accuracy and cost results in different geographic areas. The 

problem of the transferability of results is difficult to overemphasize. 

Similarly, results obtained from different seasons or same seasons in 

different years will not be the same. 

SUMMARY AND CONCLUSIONS 

ERTS-1 imagery can be used for low-cost identification of urban 

land use in the Metropolitan Minneapolis-St. Paul Area with a fairly 

high level of accuracy (averaging 93%). Two basic limitations of manual 

interpretation are the size of mapping units and the need to use class 

definitions. Only limited success was attained in efforts to visually 

discriminate land use units below 40 acres when mapping a 1:125,000 

scale. The separation of the two residential classes employed in this 

study was based on vegetation differences. In the Twin Cities area the 

crown cover density of the urban forest has some relationship with the 

age and density of residential areas. However, such inference lacks 

precision and transferability to other areas. The results of this study 

are probably most useful at regional and state scales of land use inventory 

and planning, where detailed lot and block information are not necessary. 

The cost of using ERTS-1 imagery for state scale land use information 

is sufficiently lower than other data sources, and the accuracy level 

is sufficiently high to dictate strong consideration of its use where 

the mapping unit and class detail employed in this study adequately satisfy 

data needs. 
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TWIN CITIES METROPOLITAN AREA LAND USE , 19 7 4 
BASED ON EARTH RESOURCES TECHNOLOGY SATELLITE IMAGERY. 

■ 
□ 

Central Business Distrist dominated by very high density comm.-indus.-instit. buildings, 

characterized by lack of vege tation . 

Commercial · Industrial - Institutional dominated by either buildings of medium density or 

land-extensive commercial activity with little vegetation, 

except in newer suburban areas. 

D Residential 1 dominated by single family dwellings, cha racterized by a tree canopy. 

D Residential 2 dominated by moderate to low density sing le family dwellings, characterized 

by vegetative cover of grass. 

Water dominated by open water which may contain scatte red emergent vegetation. 

Extractive dominated by quarries, gravel pits and/or landfills; active or inactive. 

Forest dominated by forest, brush la nd with trees, and/or swamp. 

D Other dominated by cropland, grassland (pasture, etc.) and marsh. 

mapping unit size: 40 acres. 
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