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D.1. Vegetation mappliog

JThe major thrust of the past three months has been devoted to the dipltal
processing of LANDSAT data for a sotisfactory vegetation classiflcation,
In November an unsupervised classification was generated fo. ““e enpiye
plamning unit. Data from every [ifth line and column wan used to dow
fine twelve spectral classes, This clascification was considered to

be uneatisfactory after examination revealed lack of necessary infor—
mation content for the U.S, Forest Service purposes,

A modified clustering approach was then decided upon in the hope of
obtaining better results (Hoffer, ct al 1974; Fleming et al 1975),

For this gecond classification seven training arecag were usedy Five
training areas east of the Continental Divide in the Rio Grande National
Forest (September quarterly progress report), and two training areas

on the west side of the Continental Divide in the San Juan National

. Forest (Figure 1). The two Eraininj® areas west of the Continental
Divide were added to represent vegetation classes not found ne not
adequately represented in the other live trainlng arecas. Tralning

area #6, Chromo Dend, contains oak~ponderopa pilne cover Lypes wliih

- some Douglasfir and meadow. Trainirg area #7, Squarctop Mountain,

is a glorious mixture of classes from pure conifer, to coniferous/
deciduous to pure aspen.

‘Bach training arca was independently ¢clustered into the "optimum"
(minimum Wilkes~Lambda) number of spectral elasses (called cluster
¢lasses) using LANDSAT MSS data, A statistics deck for tweaty-threc
. spectral Informational classes was pooled from the cluster classes of
~all seven training areas., These twenty-threc clagses were derived on
the bagis of spectral separability, but have been tentatively identi-
Eled by photointerprctation of ecach training area for the cluster
.classes. . The statistics deck of the twenty-three spectral informational
classes was used to classify the cntire study area. Resultant map
- productg in line printer output were; - o
Six 7%' U.$.0,5. quadrangles sclected for intehsive study dis wplaying:
a) each of the twenty-three spectral informatlonal
classes asg a different symbol
b) edght informational classes as a different symbol.
Informational classes are formed by grouping specktral
informational classes to illustrate specific features
of interest.

Forty-seven test fields in two of the intensive quadrangles (Platoru
and Chromo NE}, were selected for a preliminary quantitative evalua-
tion of the classification., The test field performances are shown in
Table 1. Certain problems within the clpssification were emphasized
by the quantitative evaluation,  Ponderosa pine 1s being confused with
‘the mixed coniferous forest informational class (mix), There is also a
problem in separating the aspen category from the oak category.




¢, Problemo Encountered;

No problems were cncountered during thio reporting perdod,



Flgure 1, Training areas used in the vegetation classification
of the Southern San Juan Mountains Planning Unit., The

training arcas were selected ko represent the cover types

found in the Planning Unit, ' '

. PRECEDING PAGE BLANE KOT FILMED, |
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A qualitative evaluation of the elasoification dioplaylan tuenty-
three opeetral informational clasoes ddentificd major problen areao.
This evaluation uced £icld data and acrial photography (HASA Minoion
75=101) &0 recource information, The aerinl photography wis supere
imponed on the line printer output of the ciassificatfon uning a
Baush amd Lomb zoom tronsier oeope.  The spectral Informatfomt] o laus
for water wao good, Two clasoes Tor Dngelmn spruce/mabalpine 1
distinguished between high ind moderale denslitles (erown elosure),
Major problem arcas identified werov:

~¢onfusion boetween oak and aopen oa the veot olde of Lhe Cont jo-

ental Divide
=confusion betweon molot meadows il anpen
~w=a11 shrubs clansiflled ag oal

=gparsc denoity conifer (Including krummhalz) clancifled an

ponderosa pine

wgome bare roclk areas dipplayed ap high reflectance bad data

~deciducus=coniferous foreot iInciuded in all clagseo from pure

Douglasfir through pure acpen, '
A claspification with such low accuracy and with confupilon amenp the
clagses 1o of little use to the Torest Sorviee,

In carly January Mike Fleming of the LARS team, wap in Colorado for
"geveral days. During thic visit the problems of the classification
and probable causes were discussed, The probability that oome of
the spectral classes from the training fieclds had been improperly
identified led to improper prouping of spectral claopes. Another
major cause of error was Insufficient representation of the cover

types of interest Lo the training [lelds,

Ao a result of the discusslons, Touwr addIUonal tralnlng arens were
pelovted, three west of the Conllnental Divide amd one cast ol Uhe
Contilnental Divide (Flpure 1). These tralnlng arcas vere added Lo

" include cover types which were being confused in the spectral Iifor-
mational clasges. Training area #8, Harrius Lake, was sclected to
represent the oak/aspen interface; training area i#9, Upper Rio Blanco,
included meadow and a range of conifcrous/decidupus forest compositions;
training area #10, Terrace Reservoir, contained the mix categories as
well as ponderosa pine, and sage which had not been represented in the
other training fields; training area {11, Spiler Canyon, has a wide
range of densities of ponderosa pine and oak., All elecven of the train- |
ing areas were used to generate training otatistics for the third
clasgification,

All training areas were photointerpreted from NASA Mission 75-101

(scale 1:100,000) by the INSTAAR team. This photointerpretation is

the best possible for this particular mission, The coler infrared
airveraft photography was supplemented by U.S.G.S. 7' topographic

maps, extensive fleld work in the Southern San Juan Mountains Planning
Unit, and a background of ecological knowledge of the apecles concorned,
All work was compared and checked by threc members of the Lo, vaclh
experienced in photointerpretation. Differences of photointerpreta-
tion among team members cencered on 10% of the total density and 107



dengity of componeat specien differences fn Lhe mined velansen,

Film ehoractorioties of eeinr, hue, ond testure were uned In photos
interpretation for cover types in the otudy arca an chown fn Fipure 2,
This diagram can provide a bave for other photolnterpreters using

thic particular coverage, Sterco coverape uslop i Mimsed light table
with a Douoh and Lomb gtereoscope pave the heot mapplay reonlto,  Bound=
arles were then tranofered to a U.8.6,8. 7' topopraphiec map base wiln
a DBauch ond Lomb zoom tranofer ocope. The final ecover type map for
cach training ares 1o on a mylar base to permit overlay onto P4t mapo
and printout at a seale of 1+24,000,

Bach of the training arecas wap clustered ao explained above. Eaeh
cluster elaog In caeh training areca wan deseribed using adreraft cover-
age and the mylar cover type maps, The INSTAAR team made o ten day
trip to LARS to work with the LARS analyots in the final phaseo of thiy
analyofo, Beveral iteratlons were neceopary before the twenty=flve
final opectral clanses were defined. ‘Two quadrangles, Platero and
Chromo NE were uted during the analysic to check the classification
uoing various cembinations of the spectral clagseu. The entire uptudy
area hao been claosified for the third time using these speetral
classes, A preliminary vioual evaluation of thip classification shows
it to be better than the first two classificatilons. o '

The third e¢lasoification shows the maximum spectral dnformation which
con be obtained using this data pet with the current technology avialle
" able at LARS. There still seemo to be snme variation in the cover
types represented by some of the speetral elasces from one part of the
otudy area to another, It is poosible that additional training arcas
could more clearly definc ths gpectral characteristics of the cover
typeo being considered., However, many training arcas would be neces=

" gary to account for the spectral variation due.to elope aspect, slope -

gteepness, vegetation maturity, geopraphic diocribution of plant
communitics, molsture differences, phenological differencen, and the
multitude of factors which effcct Lhe spectral regponce of vegpetation,
1t is doubtful that the time and money required to select additional
training areas, incorporate them into the training statistics for
classification, and to define the classes would greatly dmprove the
elasoification. The other alternative would be to classify cach part
of the study area separately using a differcnt get of training statis- -~
tico for each classification. Again, when computer aided analycis is
done for small geographie areas the cost/return increases per unit
area and becomes unprofitable (Hoffer, et al,1975).

The twenty-five spectral classes have been broadly defined on the
basie of the cluster class identifications (Table 2). The INSTAAR
team will clheck the classification throughout the study area using
aireraft coverage. ECach spectral class will be described in detail -
including geographical and ecological variation. These detailed de-
seriptions will give the Forest Service a better feeling for the
clasgification and make it more useful. _



Figure 2. TFila ehsracterictics of cover types, Identification
of cover Ltypen by uir photointerpretation ig based in part
on the color and texture of cach cover type. No one color

or texture describes onu cover type. Lach color on thin
diagram represents & point on a cont fnuous speetrum. The
color of a cover type fallp within a portion of the ppectrum,
The number and color descriptlons are based on National

Burcau of Standards TSCC=NBS nystem of color designations.

Key textural characteristics of cach cover type are given o
in parantheses.
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Table 2.

Spectral clans identifications baned on photointerpretation,

Spectral elanp

A

L= I <> B - B B

(2]

o o

Description

triker, ocome chadow

80-100% spruce/flir

70-807% spruce/fir

70-80% spruce/fir, Douglapfir; with up to 107 acpen
70-90% opruce/fiv, Douglacfir: with 10-207 anpen

mix clags, predominately coniferous with some deciduous

“ low donsity conifer with grass, includes some edpe effect

low denplty conifer with gracs, includes Lrummholsz
rocky, dry grassland

mix class, approxinately holf aeclduous, half coniferous
100% aspen .

1007 aspen

100% aspen with swmall meadows

100% aspen with small meadows

mix class, predominately deciduous
moigt prassland _ _
sparse aspen ({ 50%) with grass and rock undergytory

sparae deciduous,'inclpdes (50%'aapen, cottonwood, willow

moist grassland; irrated pasture
dry grassland, in tundra-late snowbank areas

dry grassland

rocky, idry grassland, legs than 307 density
bare rozk and soil, exposed '
bad data B -

bad data
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The process involving scveral classifications and manipulation of the
spectral claoses for training statistics emphasized the nced for the
involvement of personnel who have a good ecological background, arc
familiar with the study areca through fiecld work, and who have an under-
gtanding of the principles involved in dipital procescing. These
people must worl clogely with the ultimate users to detcrmine thelr
needs, and with the analygts to see that the necedo are understoed and
fulfilled as far as the oystems apd technology will allow. Thin be=
comes especlally dmportant in areac where there io p complex mosale

of vegetation typec.

D.2. Results tape.

The anticipated £inal product of thic project iz a Mresults tape"
which will be incorporated into the Forest Service computer facilitien
in Fort Colldins, Colorado, Each individual forest has a terminal to
these facilities, The Torest Scrvice has already developed the R-~2
mapper (U.S. Forest Service 1973} software which can handle multiple
levels of resource data. The results tape will be put into a format

- go that 1t can become an on-line item through the R-2 mapper software,
The results tape would allow the Forest Service to use the efforts of
this project in day~to-day activities. This tape will include three
channels of topographic informatlon: slope aspect in twelve cate-
gories, slope percent in six categories, and clevation in 100 meter
increments; and one or more channels of vegetation information derived
from LANDSAT data. There will be additional channels available for
the Forest Service to add their own digitized data such as soils or
geology, or even management parameters. The results tape will give
the Forest Serviece versatility in display options for the parameters

" available on tape. '

In discussions with Forest Service personnel over the past two years
4t has become evident that there is a wide varilety of nceds for vege-
tation and topographic information through the various offices of the
Forest Service, Regional offices often need 2 map of generalized vege-
tation, the planning effort needs to consider all vegetation types

for management decisions, and the day-to-day operations of the forest
use specific cover types and topographic parameters. The twenty-three
‘spectral informational classes (two additional classes are bad data)
with detailed descriptions will allow the Forest Service personnel to
group classes into generalized cover types, or to select the cover
types of emphasis, or to combine vegetation with topography such as

.. all aspen on southern exposures above 2300 m (7545 ft.).  This gives

a varlety of display options at the command of the user.

~ The multichannél data set ﬁéé&-by LARSYS is in the Mﬁltispectral
Image Storage Tape format  (MIST), The LARSYS MIST format was selected
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for the results tape since it Ls basteally a byte orlented Format which
16 common to many [ilm output and plotter devices and allows direct
checking of the tape by other LARSYS procensors. The Lape ean be
capily converted to pure byte format by otrippling off the LARSYS fdent-
ification record and calibration bytes. Bagic planning and initial
ceding has been completed. Teot oubput should be obtained by the

first of Maorch, 1976.

D.3, Precisilon correctilon,

The initial processing of LANDSAT data for geometric correction and
repcaling only approximates the seale of the U.8.G.8. 7%' topographic
maps. There is about 1%% horizonta! compression and 27 vertical
gtreteh, This is about ! mile shift per quadrangle. The Torest Ser-
vice neads to have the vepetatlon and topographie Information esactly
mateh thelr base maps so that additional data can be added using forest
Service maps. This Involves polltleal boundarles aod planning unit
boundaries which are not casily digitized, Preelse overlays are alse
necesgary for accurately locatlng Lhe test Tlelds from fleld data

on the proyscales. LARS has the capabiliLy of performing a precision
correction an a set of LANDSAT data. The precision correction has
been completed for the study area, 'The third elassillcation was done
using the preeision correction, and all further work involving test
field locations and Forest Service Interpretation will use output
from the precision correction.

'D.4. Landform Mapping
Diazo Color Composites

Effort during this report perilod was primarily devoted to the creation
of a master set of dlazo transparencies for the color enhancement of
- the LANDSAT imagery. Because the human eye can distinguish 350,000

" continuous color variations as opposed to only 200 shades of gray, a
color display of LANDSAT data 1s optimum for manual interpretation
(Warrington and Ryerson, 1974). Only two standard color composites
are produced by the National Air Photo Library whereas other band color
combinations may better enhance particular features of interest. '
Diazo color composites provide an easy and inexpensive means to mani-
pulate other composite combinations. Three colors (usually the addi-
“ tive primaries red/blue/green, or the subtractive primarles cyan/ :
 magenta/yellow) are used with three of the four LANDSAT bands (usually
" 'bands 4, 5, and 7). When both positive and negative transparencies
are combined, 48 different three band/three color combinations are
possible,

The main advantage of the diazo process is the cost, Ready made color
composite transparencies from NASA cost $12 each, Tor each color
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composite not already on ile, an wdditional 550 Is assessed, A sel
of the 18 dlazo color separates newded Lo make all 48 color compositoes
copto about $5,50, Materials uoed In experimentation to deternlae

the correct cxposures cont $30. lven with the additional cost of the
original positive and nepative transparencies, diazos are leos oxpen-
slve and far more flexible for different interpretation needo than
the standard compogites.

The main disadvantage of diazo color compogites is that come rosolue
tion is lost. The ocparate bands are difficulr to repgister with one
another, The layering cffect when viewed with magnification confusen
the interpretations to some degree. Beeawge diazos are another step
beyond the original data, some iInformotion and resolution is lost in
the translation, MHowever, the cost and flexibility of diazos far
outwelgh the slight loss of resolutlon,

The diazo process Involves [ilm coated with a compound sensitive to
ultraviolet light. The emulaion slde of o LANDSAT transparceney Is
placed on the cmulslon side of the diazo {ilm and 1s exposed Lo an
ultraviolet light source. The film is then "developed" with ammonia
vapor., For this effort, a model L0l Diazo Printer and a model 202
Developer from the Arkwright-Interlaken, Inc. were utilized, courtesy
of the U.S. Geological Survey, Air Thoto bivision, Denver Federal
Center, - _

Cyan, magenta, and yellow diazo transparencies were created for both
positive and negative transparencles of bands 4, 5, and 7 from LANDSAT
images 1425-17190, September 21, 1973, and 2222-17020, September 1,
1975, Exposure times vary depending on the relative density of the
LANDSAT frames of interest, and thus, a small amount of experimenta-
tion 1s necessary. In general, cyan diazos will require about a
half minute longer exposure than yellow dlazos, and exposures for ma-
genta diazos will be nearly twiee that of yellow, Tor the mountainous,
well vegetated southern San Juan Muuntains, " ight" imapges such as
positive band 7 and negative bands 4 and 5 require exposure times bhe-
tween one and five minutes., DBecause diazo {1ilm can not be overdeveloped,
prolonged exposure Lo ammionia vapor will not turn the image uniformly
dark. Thus, development time was no problem. :

A preliminaery analysis of all 48 composite combinations was conducted
to determine probable utility in landform mapping. The most useful
composites are those with good color contrast as well as sufficient
color variation. Even though all three colors were used in each
composité, some combinations consisted of subtle variations of only
one or two colors in the spectruw and yielded little more information
than the original black and white transparencles. Other combinations
were too dark or poorly resolved.

Because of the long exposure times required for negative band 7, the
- resolution of these dinzos was very poor and composite combinations
involving them are generally useless. Most combinations using two
negative images decreased color contrast. The best combinations
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consloted of a ponltive band 7, a posltive band 4 or Y, and o nepa-
tive band 4 or 5. The resulting ten "best" color componltoen will be
analyzed in greater detail during the pext pexfod,

With the recent aequisition of ocveral cloud-free carly winter imapes
(2259-17073/0ctober 8, 1975; 2276-17013/0ctober 25, 19755 2294-17012/
November 12, 1975) pubtle differences in the topographic cupressicas

of landforms may be revealed through snow cnhancement., The light npoy-
atorms during October and November, 1975 were followed by warm, sunny
days. This allowed differential melting of south and west-facing
slopes vhile north and cast-facing slopes remained snow covered. The
shorp contrast between these slope aspects delineate subtle topographic
cxpressions not visible on othor LANDSAT images. Stereo pairiog of
adjacent early winter imapges allows cdsier ldentification of topo-
graphic featurcs such as large landslides and drainage patterns, Theoe
carly winter images will be evaluated further In the next Few montho,

D.5. Projected activitics.

The next three months will be spent flnallzing the activilies of this
project. The third classification, using the modified clustering
approach with eleven training arcas, will be evaluated for the entire
study area using aircraft coverage. This evaluation will give a
qualitative estimate of the accuracy, and point out the spectral in-
formational classes whicly are causing problems, A detailed deacrip-
tion for each of the twenty-three spectral informational classes will
be written from the visual examinatlon of the classification and the
study area., The detailed descriptions will consider the variation of
cover types in each class with geographic, topographic, and ecological
variations throughout the study arca., If there are any glaring crrors
which could be corrected through rcecombination of statistics from

the cluster classes, this will be done. Otherwise, this classification
is f£inal,

Test filelds will be sclected to quantitaLively evaluate the classifi-
cation using three methods:

1) automatic selection of 2X2 pixel test flelds on greyscales of
six quadrangles, photointerpreted from aircraft coverage as
reference data,

2) manual selection of large homogenous areas from aircraft
coverage,

3) combination of automatically selected data point grid and
field data as outlined in the third quarterly report. These
fields must be relocated due to the shift resulting from the
preclsion correction.

LAICINAL PAGE TS
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The automatie evaluation of the claosification will be made using all
three methods of test fiold selection to pive a comparison of the
methods,

There are several options as to the form the final claseification will
have when it is incorporated iato Lhe resulto tape. Dccusoions will
be held with the Torest Service ag to which options will be the most
useful. The results tape will be {iniched and incorporated into the
Forest Service computer facility at TFort Collina, Colorado.

The cvaluaticn of the landform mapping systemn will be finished., The
best diazo combinations of LANDSAT data will be analyzed. A landform
map will be produced using the best features of the diazo combinations,

A cost/bencfit of LANDSAT data and computer-aided analycis techniques
will be derived based on this project.

Workshops and discussions will be held with the Toreot Service in
regional and forest offices to aid in the understanding of remote
sensing, an evaluation of the current project, and the development of
- future applications of remote sensing within the PForest Service,
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E, Significant Results.

There are no author fdentified sipnificant results during this vee
porting period. '



F. Tublieations.

There have been no publicationc or public precentations duriog this
reporting perilod.
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G. Recommendatdong,

None,
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. Adreraft Data,

Reeipt of the two £ilm types of HASA Misplon 75-10% hac been
invaluable to thisc study, The more than 502 overlap provides
good otero viewing on the omall seale coverage which hao been
very much appreclated, The cmall peale coverage i being used to
gelect test arcasc throughout the study site for evaluating =
the computer gencrated vegetation classificatlion. This coverape in
aloo the maln reaource data being used for the detailed deseriptions
of the twenty=three speetral elasses, The larger acale coverape
was used by LARS to identify the cluster classes of cach

of the craining areas.
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1. Data Uoo,

*#Value of data allowed 61,536
Value of data ordered $1,400
Value of data zeceived $1,400

#1ith authorization from Dr, Price monico werce chifted to

enable us to purchase the nceded alrcraft coverage.
Tmagery account {#G23760 adjusted ballance 134,00
CCT account {#iGR3760 adjusted ballance $400,00
Adreraft account {63700 adjusted ballance $06.00



J» Tunds Expended,

Flrot Quorter

Sceond Quarter

Thivd Quarter

Fbufth (uartey
Salaries and wages
Indircet costo and

supportive cerviceo

Travel
Materials
Subtotal

Subcontract

$13,4061

Total

5 14,334
3 10,851
5 106,060

% 61,870

R T

£118,570
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