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PREFACE
The objectivas of the contract are to develsp a kethod of using
LAIDSAT data that will ba reliable enough to be used by resource managars
and planners. This method must ba economical, easily-used and readily
available to the users. Secondly, to set up training,séssions to aceuaint
pOt&ﬂu?ﬂ] users with LANDSAT data., To find out their need% and iSVO1ve them
in the continuing research. This involvement will result in the data

collection techniques that will ba accepted by the potential users.

The reportlna period of this document is from 3/25/76 to 6/25/76.
Dur1ng this time effort cont1nund to be expended in the development of
1) computer systems Tor analysis of the digitally recorded LANDSAT data for
forest vegetation,*land use and water qua]itﬁ?c1assifﬁcatﬁon and 2) the
visual ‘analysis of fron mining features and surficial geoloqy. \lork was
bequn for-the training of resourca managers and planners in the anplication

of  LAHDSAT data.
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The objecfives of this contract are first to develop a methodology For
using LAHDSAT data for resource managers or planners and secondly to
conduct training sessions to acquaint them with LAﬁﬁSﬁT data and appli-
cations. Three reszarch psojects ara currently uaderway, sach of which
demonstrate an application of LANDSAT data. These are (1) a classifi-
“cation of forest vegetation and other land uses from digital tapes, (2)
the compilation of a Quaternary geology map of Hinnesota hased on pravious
varks and assisted.by visual interpretation of LAHDSAT hulk jmagary and
(3) 9r0jepts of regional interest such as visual interpretation of land
use/land covar changs For the Mesabi Ranae iron mining district and regional

water quality analysis using digital tapas.



A, ACCOVPLISWICHTS . - -

Forest Voaetation and Land Use Classification

In this quarter, all of the planned orelisinary vork was completed -
including softuara dﬁVJ?Opment, training set selection, and performance
of classifications. Althouah the classification accuracies have not Dbeen
deférmined vet, genaral results can ba reporbted at this tima., Also, the
for ¢1assifying the vegetation in northern !linnesota can be reported.

To new techniques for analyzing LANDSAT data were developad and will

Be briefly described. The feasibility of detecting Take wWater quality

in the study arca was considered and the results are included. The valua
;

of teuporally registered data has not hean Fully evaluated, but some

initial results were obtained. The ability to combine training sets

for compatability with various classification svstems was tested with

~very dinteresting results, and the ijmplications may be quite sinnificant.

Tha Eategories of natural resnurcas which w11 be feasibla to map
from LAHDSAT data have not yat beon determined. However, during this
period classification of the following categories was attempted:

Hater |
Lowland conifer
Upland coniter

Hixed forest

Nrush and shrub
frassiand

Agriculture

Hined land

Uncateqorized

2.



After tha accuracy of mapping these categories is deternined sole changes

to tha above classification schatie may be necessary.

e e r—
-

1. \later - At this time only one watner category seouws feasible since
the variability in water signatures is large within the lakes, as well as
betwaen lakes. This may be due to such factors as turbidity, depth, algal

growth, tannins, etc., which may have conplex interactions.

2. Lowiand Conifaers - This category includes black spruce, northern

white cedqr and tamarack. Possibly the tamarack, dua to its deciduous
pature, Mayhne separated if ijuwagery at dates other than May 29 and July 17
ware uséd. The cedar sf%hds are small and generally cccur on the firinge of
the spruce stands and, hence, from the user's point of viaw, do not reguire

a separate category.

3.  Upland Conifers - The unland conifaer cateqory includes red pine,

jack pine, and white pine. The white pine doas not coumonly occur in stands
but as single, typically large, trees scatterzd throughout the forests in
Itasca County. Jack pine, red pine and Epruce - tha latter from the Towland
conifer cateagory - are found in relatively pure stands and the signatures
are obtainable (see Table 1). As a consequence, when signatures for jack
pine are daveloned and the classifications are performed, there are cross-
overs between jack pine, red pine and spruce. \ihen saveral jack"pine
training sets were 'selected it was found that the."overlap" could be nushed
down -~ i.e., most of the crossover could be forced between the red pine and
jack pine; leaving the spruce genera11§ separate. Since the jack pine can-
not be reliably broken out as a separate category, efforts wuere nade to
select training sets vuich cansad the Teast averlap with the black snruce
types., Thus, the uplend and loiand coniferous forast tvpes can he

separated but not without sows errors.
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The above discussion f1lustrates a very important point whon consider-
ing machine nrocessing as a means of interpreting LAYNSAT data. The s2lec-
tion of training sats has a tremendous effect on the final classification
results ahé is subject to bias by tha analyst, Also, the ifportance of
the investigator's f1e1ﬂ experiance and knovledge of the vegetation types
can significantly affcct the classification - the case of Jack plne aeing
a gocd example, IF the 1nvestigato% had not had ground truth for large
areas in addition to the swmall training arsa, the first classification
might have been accepted., Tha final e?a]uation, using test sots, would
undoubtedly show the effects of the spruce-pine crossovars, hut only
aftar the fact. In this case, adequate ground truth alloued the investi-
gator to see the problem ear?y in tha process, consider the possible
alternatives, and adjust the classification systaw to the yvimitations
set by +hn spectral q]gnatures. In short, Jhy dafina a category such
as jack pine if thare i1l be a i1gh percentage of confusion wwth tne

spectrally-adjacent categories?

4. Hixed Forest - The mixed forest. category consists of novthern hard-
wood types (mainly oaks and maples)}, aspen and birch. These forest tvpes T
wera grouped for two reasens. First, the aspen and birch treess only rarely
occur as distinct pure stands. In fact, it was nearly 1mpdssib1e to
locate stands of aspen and birch large eﬁough for use as training sets.

The northern hardwood stands (although having a distinct signature) are

“not extensive and consequently, were grouped with the aspen/birch (see

Table 2).

5. Drush and Shrub - The brush and shrub category includes both up«

Tand and Towland types such as alder, hazel, willow, Teatherleaf and voung

treas. It includes transition zones between upland and Towland forest

I TE
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types as well as botween lake shores and tha fornst. WKhile this category
is genaral, including saveral specins, it mioht be adeguate Tor the Torest
managar since it is all nonforested. lowever, the Tevel of detail vould
hardly be adequate for datailed wetland inventories, althoush fore%ted
wetlands (1.e., spruce boﬁs) can ba mapned, Hore discﬁﬁs{nn af the
prohlens related to mapping vetlands will be given when considering the

advantages of various algorithms for classification.

6. 'Grass1and - As with the shirub/brush catagory, arassland includes
both Towland and upland vegetation. In fact, sedges, cattails and canary
grass (all wetland species) comsrise a largs percentage of the arca class-

ified as grassland rather than agriculture.

7. Aariculture - Agriculiure is hossib]y the most difficult category
to classify from the LANDSAT data. The crops orovin in Itasca County in-
clude mainly alfalfa, timothy, notatoas awﬁ sunflowers with the remaining
land in pasture. The problem results from fuo factcrsﬁl First, the class-
ification is very dependent upon the date of the imagé?y. For example,
freshly plowed fields have considerably diffarent signatures than crops
Tatér in the season. On a given date, agricultural Tands have very dif-
ferent signatures, but from the forest land manager's perspective, the

land is a1l agriculture - bare ground or maturs crop.

8. HMined Land - #Ho evaluation of this éategorv has been dona.

Tﬁe vegaetation sighatures vary with factors such as crown cfosure,
precipitat%ﬁn, phanology and, pefhaps mest iMpartantly in this area,
intermixing of the plant cowmunities. In Itasca County thare are vory
fobr ”pﬁra“ stands of any vegotation tvpz, so considerable care must go

into the selection of training sats. If a training set is too "pure”,
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CTable V. Mzan Spzctral Response from Training Sets of Five Coniferous
Forest Types, ’

LANDSAT Band
Forest Type ) Ui 5 6 7
Red pine 21.70 13,91 3,70 21.30
Jack pina 21.67 14,38 29.63 | 17.33
Bl%ck spruce - 22,69 14.00 31.48 17.75
White cedar 23.50 16.17 37.67 21.33
Tamarack | 23.38 | a5 | 3763 | 2113

Table 2. Mean Speciral Response from Training Sals of Two Forest Types

Which Comprise the Mixed Forest Category. .
 LAMDSAT Dand
_Forest Types ' 4 5 , 6 7
Asnen/birch 22.04 -11.88 30.93 17.h2
MHorthern hardwood . 25.97 15.12 6G1.55 36.15




it will nob b useful in classifving that parkicitlar forest type as *t
‘tvpically occurs.  Furtharmora, there amve zopes of transition hotwaen .
the types which have internedlate sienatures. In araas such as northern
Minnesota whare the voqetation patterns are complax, particular cuare nust
also ba given to selection of the bast algeritha for performing the class-
ifications. Furtheruore, the optimum stratensy used in selecting the train-
ing sets is dependent upon which classification algoriths is used,

Exnariance in this investigation sugoasts t&at the selaction of the
algoritha denends upon the tybe of naterisl to ve classi®ied (i.e., the
intended appidcation) and the variability in the signaturas of the tvpes
to be classified. Some specific ezatnles i1l ba given later in this
raport to i1lustrate these points,

The applicability of the LAUDSAT data for datacting patterns within
water wiich may relate to water ocuality vas considared. Training sats of
equal size (eqch 262 pivels) vare selacted iﬁ onan water of Five lakas:

Lake Uinnibigoshish, Ball Club Lake, Deer Lake, Round Lake, and Jessis
Lake in Itasca County. Thase training sots wers ussd to nenerate statistics
(i.e., nean variance, and the range) upon which to classify the entir:
scene using a level slice algorithas. The meané for each of these classes
are given in Table 3 and arg prosently being campared and re1qﬁed to fground
truth,

Hhen the level slice algorithi was used to pariorm the classification,
90.3% (37,963 of 31,263) of the nixels classified as water were ovarlapping
botwean the categories definod by the {raining sats teken from the Five
Takes. This suggests that {ne variabhility within each sanple used as a
training set was larqe by comparison to the variability between the Takes.
Tha 0ver1apping;pixﬂ]s wers subssouently classificd using a maxin Tike-

lihood alnovrithm, Thus, iy the final classification; all of the water

i REIPRODUCHSILTTY OF THi2
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. areas vere forced into one of the five cateaorias of uater (soe Table 3),

The rasults of this study show a Tow Teasilility to chtain a ¢oafficiont
indicative of the over-all water auality for an entive Teka.  Tuagery
chtained at dates other than those used in this study might be wore ussfu)
for this anplication. Yarious preprocassing transformations such as band
ratioing might give different results. Research night alse be done to
svaluste this application in other parts of Jlinnesotu.

Although tha above coaclusions waere reached, it vas of interest to
consider the patterns of réf1ectanca within lakes, Aaievel siice was
perfbrmed with the Image 100 in each band with various thresholds., iloise
in the data was very apparent in Band 7 vhon leval slicing the lay 27,
1973, imagery. The noise was found to be mainly in a very narroy range of
radiance values. then all,of the areas with.d:rauiance valua of 3 were
calor coded wost of the noise in the data vas enhancad. Hoise may be a
significant factor confounding the classification over the uliole scene,
but it is ﬁost'apparen% in the watar. A nearest naighbor or soio type
of Filtering technique might be used before analyzing the data to remove
the noise, but this was not dane in this stuﬂy. STlicing the same data
(Band 7, for llay 29, 1973) for the rvange 1 through 2 resulted in alarm-
ing most of Lake Winnibigoshish, Sand Lake, and beustring Lake, but only
the deepest center part of Ball Club Lake and the shallow adgz of Deer

Lake. VYhen all the pixels with values of 4 were alarmed none of Lake

Minnibigoshish was colored except near Tamavack Point. At this level,

radiance values of 4, the northeast half of Ball Club Lake vas coloved
but none of Howstring Lgke. These patterns i1l be coapared to Daos
shauing 1ake deptﬁs. hile this has not bhasn comnlated, the results
initially sungast that thore is no rolationship Letuson cither depth

or turbidity with the reflectance values in Dand 7 vecorded on tay 29,



Table 3. Mean Spectral
Two Dataes.

Response from Training Sets of Five Lakes for

< Band & ﬁ&m_s
Lake: nama i Ma# _ Ju]y 7Hny | July
Vinnibigoshish _ 18.5 19.6 9.2 10.6
Ball Club 18.4 19.1 9.3 10.3
Deer 19.6 25.6 9.0 1.1
_ Round ' ER i9.3 9.8 10.4
Jessie l7t] 19.2 8.9 }0.3




1973. Thiﬁ is squestéd since 1t is known that Lake Minnibigoshish is
| éhallqw and turbid and Ball Club Lake is cleaner and deeper. If a
cafrelation‘wnuid hava been found between these factors {(depth and
turbidity) and the radiance measured by the HSS, it may b2 masked by a
third interacting factor - algal growth.
~ One application of LANDSAT data for inventoryina vater resources,
howevér, is'uhqﬁestionahiy feasible. The shape, pattern, and extent
._ of surface water can be easily mapped. Comnaring detailed inaps of
| several 1akes'ip Itasca County with the areas classified as water on the
LANDSAT data show that some lakes have changed considarably since they
‘were mappad, Due to the drought this year, the water level in wost lakes
has dropped. It seems feasiblae with the.LANDSAT data to estimate this
~change. in vater level. _ _ |
Two aigorithmé were used to classify the data into the nine major
cutegories discussga.earlier. These include a parall=lepiped approach
and a haximum Tikelihood classifier, as fiplemented on the fieneral
E1ebtric Image 100 and the Bendix Corporation i1~DAS systems, respactivaly.
~The same data were classified with both systems using the same categories
-and nearly identical training sets. It was found that the resulting
classifications were considerably different when the two systems were
used. ' ’
Vhen a para11elepiped technique was used, less than half of the
scene-was‘élassified. The remaining pixels did not fit into any of the
© areas defined in four dimensional feature space, as astablished by the
trainihg sefs. These results imply fhat the training sets were "atypical®
.ekampiés'of the types they vere selected to represent. Since all the
training sets vere validated,in fhe field and carefully located 6n the

 graymaps,. the results vere at First notunderstandshle. However, further

Qin~: o - ,.'
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examiﬁution of the photography and more field checking gave a possible
bxp1anatioﬁj_ Pure “"classic" stands of vach type had been selected for

use as training sets and were not representative of the types in general.
The natural vegetation patterns of the region are highly variable. Huch

of the total area is covered by wixes of the various types with complex
transition zones. These patterns result in intermediate signatures which
vere not within the range of rédiance values for any of the classes. Using
the maximum Yikelihood classifier, however, perimnitted classification of
more than 98% of the scene. With this algorithm the pixels of ihtermadiate
value vere forced into one of the categories.

There are advantages and disadvantages to both classification
techniques. With the “irst (parallelepiped), it is nearly impossible to
classify the entire scene and with the second (maximum likelihood), pixels
are apt to be classified incorrectly. tlowever, there seems to be a Togical
approach to the ditemma considering the tradecffs. First, the scene should
be classified using a parallelepiped technique. The results of this
classification_should be quite accurate. The signatures classified with
this technique would hive to be quite similar to those for the "classic”
training sets and should not include the mixtures and transition zones.
Once these classifications are performed they could be printed with various
symbols all in one color. Then the remaﬁning pixels can be classified
Using the maximum Tikelihood algorithm. The results of this second- classi -
fication could be printed with the same symbois as used in the parallelepiped
technique but th%s time in a different color. The results of such a two
step procedure would permit mapping nearly the entire scena at two levels
of cdnfidence (the accuracy could be determined for arcas classified with
each technique individuaily}. The user of such a map would thus know for

which areas photography and field checking are most needed.

1=



Some general statements can be made contcrning the relative marits of
the maximum 1ikélihood and the parallelepiped techniqueél Classification
of large distinct natural resource types can be done using the Image 100

system, llowever, when small units of vegetation are to be mapped, or for .

transition zones, the maximum Tikelihood classifier is far superidF."‘In
Itasca County, water'is very disti@ct and occurs in large fairly hoicgeneous
blocks permitting very adequate mapping with the parallelepiped technique.
When the same algorithm was usad for typing wetland vegetation, vhich often
occurs in narrow bands, the resuits ﬁerﬁﬁvery poor. In this case pixels
along the shores of lakes were nearlyﬁ;f] classified as wetland vegetation.
Using the maximum 11kelihood techniqugmthe §pore1ine pixels were usually
mapped correctly (either as water or the samg.ds the adjacent vegetation
type - on the land). That the selection of training sets seems to bhe more
critical with the parallelepiped téchnique is understandable since training
sets including the whole range for each type must be inciuded (i.e.,
variable density, age, and understory) when developing the thgn@s. Thus,
several training sets may be required in defining the signaturg‘for each
vegetation class while, with the maximum 1ikelihood classifier, only one
training set rep;esenting the center of the range of signatures for each
type-is neeaed.. The §e1ect10n of training sets fs the moct important step

in classifying LAMDSAT .data by any supervised machine processing technique.

‘ "'-Hﬁman bias in selecting the training sets can significantly influence the

classification results. :

The value of using temporally nggistered data is difficult to deter-
mine. Two LANDSAT scenes for Itasca County (May 29, 1973 and Ju1y 17, 1974)
were regisfered to each other by techniques used at the Jet Propulsion
Laboratory, Pasadena; California. Training sets were defined and three
c]assificatidﬁs"were“performed using the Image 100 system. A portion of

-12-



the scene was mapped Tirst using only bands 5 and 7 from the May imagery,

‘than using the same bands on the Jﬁly imagery. Finally, using b&hds 5 and

7 from both dates simultaneously, a third classification was performad,

The accuracies have not yet been determined but the three coior~coded maps

ar@ dﬁite different although exactly the same training sets were used in
eaﬁh\q&ée. Thus it can b2 concluded that the degres of crossovers ?1§ types
of crossovers change with the phenology of the vegetation. Afsar t“aéaccurn
acy for each of the three classifications is determined more comments con~
cerning this problem may be possible.

Bendix Corportion recently completed a project with the Bureau of Out-
door Recreation, U.S. Department of the Interior, for mapping several land
use types along the Mississippi River and includes all of Itasca County.
Considerable time was spent evaluating the maps produced. Hany of thé
categories seemed 111-defined and very inadequate for forestry appiications.
However, the personnel at the Bureau of Cutdoor Recreation found the maps
to be well suited to their neesds. In this project, Bendix developed 35
original categories of land cover and subsequently grouped the categories
to form the classes desired by the Bureau of Outdoor Recreation. Since the
original 35 categories were stored in the computer it was possible to simply
regroup the categories by changing the.color coding. This was tried and
hard copy prints of these classifications are now being produced. When these
products are obfained the accuracy will be evaluated and compared to the
results from the Image 100,

Two new techniques were developed for analysis of LANDSAT 70mm jmagery -
using a density level slicer. First, a means of determining the distribution
of the gray levels 1ﬁ a sceneé(i.e., histogram of radiance) was tested “and
found to be accurate and repealqb1e. Second , and unsupervﬁsed‘fquasi-

clustering" technique for classification using graph paper and a pocket

-13-



calculator was found to be usefu1 in analysis of the LANDSAT data. A
manuscript describing both of these techniques 1n detail is being prepared
and should be finished within the next quarter.

A.  ACCOMPLISHMENTS - cont.

Regional Development Commission Projects

During the reporting period the interpretation of all 28 Mesabi Iron |
Range Quadrangles was completed. Final drafting and editing was also com-
pleted. Twelve 1:24,000 scale transparent quad overlays are currently being
evaluated by ARDC personnel. The remaining 16 quadrangles are now in the
process of photo reproduction. Statistics on the types of land cover changes
are nearly complete. Total changes from 1969 through 1976 are expected to
amount to over 18,000 acres, about half of thch are expansion of mine
features. The totg} changes represent roqgh]y two percent of the 28 quad~
rangle are in 6 yeérs. N |

Most of the prob]éms associated with the use of computer LANDSAT tapes
for water quality analysis have been over come and digital tapes covering the
Douglas counfy area in Region 4 Regional Development Commission have been

ordered.

Quaternary Geology Project

Progress on the compilation of the Quaternarg Geologic map of the State
of Minﬁesota has permitted the location and classification of bog sites
throughout the stafe. Sufficient data has been collected to proceed with the
identification and location of glacial features.

The bog areas of the state were generally located with the assistance
of the Minnesota Soils Atlas. A black and white (positive) print of May

jmagery at a scale of 1:500,000 from band seven was used to locate the bogs.

~14-



They were.idéntified visually by darker tones associated with wet areas. The
grassy bogs reflected more 1ight and did not have the darker tones associated
with wetness. In these cases the shape and location as well as the apparent

flatness of the area was used to define the bog. The bogs were classified by

their association to the surficial drainage pattern.

Technology Transfer Sessions

work“continues at two lavels for the training of resource managers
and planners in the applications of LANDSAT data.

Assistancg_and information was given on @ one to one basis to the
staff of?Regioﬁ 5 Regional Development Commission and Region 7 a Réﬁionai
Development Commission. As & result of these meetings, the Region b
Regional Development Commission is writing a contract with the Bendix
Corporation for the purcnase of regional land use maps genarated'from
LANDSAT data. i

Secondly, work was begun on the téxt and 35m slides for a mylti-
media (slide-tape} show introducing the various resource inventory pro-

grams., including LAMDSAT, in Minnesota.

B. Problems

There were no significant problems during this reporting period.

€. Significant Rasults

" As mentioned previously in this report, the application of LANDSAT

data in digital tape format is very feasible. The shape, hattern and extent

of surface water (eg lakes) can be readily mapped. Comparing detailed maps
of several lakes in Itasca County with the aréas classified as water by the
LANDSAT data show that some lakes have changed considerably since thay were

mapped.

-15-



Due to the several droughts this year (1976), the water level in most
lakes has dropped. At this time it seems feasible that LANDSAT digii.] tape

data to estimate lake water leve] change, due to the 1976 drought conditions.

D. Publications

There viere no pub]icétions during this periad.

E. Recormendations

There are no recommendations at this time.

H. Afrcraft Data

HNone at this time.

I; Work Planned for next guarter

Forest Vegetation and Land Use Classification Project

The products of the Image 100 work will be enlarged and the classi-
fication accuracies will be estimated by sampling several areas and comparing
them with the ground truth. The Bendix products will also be evaluated,

Once these statistics are knowﬁ, the products will be duplicated and de~
Tivered to the usef—cooperators for their evaluation. Line printer class-
ification maps will be produced and converted to transparent overlays fﬁr

the areas included in several 7% USGS topographic quadrangles. These materials
will also be given to the field cooperators for their evaluation. Plans have
been made-fof working with UNIVAC Corporation to determine i? various pre-
processing opefations wi1l enhance the imagery. Detailed descriptions of the
two new techniques developed for analysis of LANDSAT imagery will be written.
Finally, the Teasibility of using a filw recorder to classify vegetation types
in the study area will be evaluated.

ZODUCIBILITY OF -
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Regional Develooment Commission Projects

In the next reporting pariod the lake classification procedures will
be developed and attempts will be made to apply these proceduras to Takes
in the Doudﬁas County area. Arrowhead Regional Development Conmission
personnel will also complete their evaluation of the Iron Range land cover
change maps. In addition Department of flatural Resources parsonnel in the
Hibbing office have expressed strong interestir=the quads, A set will be

provided to them for evaluation in their work, by the end of July.

Quaternary Geologv Project

The next step in the compilation of the Quaternary Geology wap will be
to visually recognize glacial features (moraines, lake plains, outwash plains,
pte.) on the LANDSAT imagery that were identified in previously published
books and maps. As the features are recognized on the LANDSAT imagery they
will be located angwde]ineated on the draft irap.

During the next reporting period it is anticipated that the character-
istics of LAHDSAT imagery which facilitate the recognition of glaciail
features wif] be understood. This will be the final step in compiling the
Quaternary Geologic lap of Minnesota. The maps will then be prepared for the
printing procéss. Later the techniques used in recognizing glacial features

will be presented to pzople and agencies who wish to use remote sensing in

evaluating their resources.
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