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PREFACE

OnAOctobgr i, 1965, a cooperative agreement was slgnad between
the Nattbnaerefonautics and Space Administration (NASA) end the U,5.
Bepartmen} of Agriculture (USDA) authorizing research to be undertaken
in remote sensing as.related to Agr#cultﬁre, Forestry and‘RangeIHanage-
ment under funding prévtde& Ey the Suppoiting Research and Téchﬁology ,'-
:(SRET) pfcgram of KASA, Contract No{ R-09-038-002. USDA designated
the Forest Service to monitor and provide grants to forestry and range
management research workers. A1l such studies were administered by the
Pécff?c Scuthwest Forest and Range Experiment Stat{bn In'Berkélcy,
Callfornla in cooperatlon with thevForestry Remote Sensing Laboratory
of the University of Cali?ornia at Berkeley. Professor Robert M.

H

Colwell of the Qniversity of Callfornia ot Borkelcy was dzglgnated
coordinator of these reseerch ¢tudlies.

Forest and range reﬁearch studles were funded either directly with
the Forest Service or by Memoranda of Agreement'wltﬁ cooperat!ng-&niver-
stties. The fb?!ow!ng Is a list of research organizations participat~
fng In the SR&T program from Oﬁtdbef ', 1965, until December 3!,'!972.

l._ Forest Service, USDA, Pacific Southwest Forest and Range ‘
Experiment Station, Berkeley, California.

2. Forést.éervice, USDA, Rocky Mountain Forest and Range Exper-
Iment Statlion, Fort Cellins, Colorado. |

3. 'School of Fofestry and Conservation, Universlty.of Cailfuénia,

Berkeley, Californta.

k. School of Forestry, Unlverslty of Minnesota, §t. Paul, Minnesota.
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5. -Sehobl of Natural Resour;es,:UniVérslty of Michlgan, Aﬁn.
Arbor, Mlichlgan. ‘ |
6. Department of Range Hanagement, Dfegon StétéKUnngrsity.
Cbrﬁai‘%s,lﬂfegsn. |
" This report summarizes the signlfltant findings of thls reéearth
"and identifles research resuits which have been applled 6r are ready
“for applicaf[un. tn additlion, fhe work carried on for the repdrting
period October |, 1971, until December 31, 1972, is described In detail;_'
A tlsting of all research reports produced under NASA SRET funding
5  for forest and range studies can be found in thé Appendix of this

rebort.:



- ABSTRACT

The ﬁrlmary objectlive of this project was to establlﬁh_crlter}a for
practlcai remote sénslng of vegetation stress and mcrtajlty c%used by
dwarf mIstletoe.inFections in black spruce sub-boreal forest stands. The
project was accomplishéd in two stages: (l) A fixed fower—tramway_sfte
in an |nfected black spruce s;and was used for per-odlc mult|5pectral_
photo coverage to establish basic fllmffuIter/scale/season/weather param-~
eters; (2) The shotographic comblnatlons suggested by the tower"tramway
tests were used in Iow medlum and high aititude aerial photoqraphy. |

At a variety of scales color |nfrared proved to be rhe most effec-
tive fglm used, not only becausg of the healthy-versus"s;resseﬁ vegeta=
tlon color cdntrasts.attafned at oner altitudes, but also because of
- the qnnera11y bﬂttﬂr atmospheric penst "*ticn at ext 'eMﬂly high a!titudcs.
Actuqi!y,:the physical characteristics of the |nfection centers (e gy
the ”moth eaten'! appearance) were generally V|5|b1e on all f!lm—F:]ter«
scale comb|nations, once the stands had been tdentified as black spruce.
But spectral differences per_se between dead and heaithy vegetation sUr-
vived scale rcductlcn to only medium scale, and then only on the color
infrared photcgraphy. |

Image enhancement, by means of optic#lly combining multispectral
imagery and the masking and density slicing of single.emuléions, generally
tended to improve the ease of visual detectabllity of stres§ but did not
appear to improve, or extend, the actual threshold of detection. In gen~
eral, the study suggests the use of high altituda imagéry to identify

spruce forests and locate questionable stand openings therein -~ then
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following up Q[th re}afively large-scale color InFrareS aerial photogréphy
ﬁf the suspected problem areas for f{nal location and assesshent of actual
infection centers, |
Since yegetatioh‘classifgqation F§ basic to most“forestrmanagemeﬁt

decisions (includiné tree stressygbnsiderations), a étudy was made in buk.
ERTS~oriented study of the appIicablifty of very small-scale serial photog=
raphy., Practlicing profess!onéi forestérs were éble.to classify vegetation
to an.85 percent level of accuracy on 1}118,000 Infrared color photogréphy_
taken In the fall of the year, ﬁccuracy levels were redqced Qith color
'phctography and by using summér seascn photography {color and infrareé
cotor). The usefulnesé of very small-scale aerial pheotography for multi-
-stage.forest vegetation classificatfon and samp!ing.was obvious, |

| Additional subprojects which were Initiated, but which are not yet
fiﬁished, involve possible appfic;tions of remote sensing to the detection
of hypoxylon canker of aspen, Armillaria root rot of pine‘plantations, and
post-logging contro]ied‘burn planning and management. In 2ll caseé, a high
degree of success was achieved, and the development of a varletﬁ of praﬁ-

tical techniques for these purposes appears assured for the very near future,

iv



S

ACKNOWLEDGEMENTS -

The Fésearch deﬁcrlbed here is part of éhe Earth Resources Survey
Program in Agriculture/forestry which was‘sponsored, and financially
assigted, by the Nationaf Aeronautics and Space Administration (Cohtrac;
R;09*038~002). The following constitutgs:the final report of this goﬁpera-
‘ti§e study with the U.S.‘Deﬁartment_of Agriculture, Forest Service, and

the University of annésota Col]eée of Forestry.- NASA funding of Erojects v
under the terms cf Contract R-09~038-002 terminated in April, 1972, before
this'project (among others) was completed, However, the Qork ﬁﬁderway was -
continued and brought to a logical conclusfon as a result of fuhding by
the University of Minnesota College of Foreétry,'the Minnesota Agricultura!
Experiment Station] and a most timely grant f;om NASA's Offécerof Univer=
sity Affairs. '

Credit for findings of_hract}cai value pfoducéd by this projectléannot
be claiméd‘by the investigators alone sincg much of what wés accomplished
came as a result of significantlinputs in the form of encouragement, advice,
facility avallaﬁility:and personal assisfancg provided by manf individuals
and agencies. Our special thanks go to Dr. Thomas F. Mclintock of the
- USDA, Forest‘Service, who made it possiﬁlq for us to initiate this project
in 1970; the Minnesota Department of Natural Resources, Difision of Lands
and Forestry (in particular, Dié;rict Foresters Eugene Wroe and Elmer
Homstad), who hrovided.field assistance, advice and test areas; Chippewa
National Forest Staff Officer M. B, Hafhaway; U.S. Forest Service, who,
along with a number of other professicnal personnel of the Forest Service,

provided advice, test sites, ground truth, and Interpretation assistance

lAuthc‘jrized for publication as Scientific Journal Series Paper Mo. 8156
by the University of Minnesota Agricultural Experiment Station.



in the forest vegetation classification subproject; Dr., Peter Dress of the
Pennsylvanla State University School of Forestry who provided statistical
advice; Robert C. Heller, proJect leader In charge of research In remote

- sensing at the Paclflc Southwest Forest and Range Experiment Station, whose

- staff and facllities played an important role in a number of phases of the

_investigataon' and Dr. Gene Thorley, Dlrector of the UniverSIty of Callfor-
nia Forestry Remote Sensing Laboratory, and Mr. Harry w Camp, Director of |
the U.S. Forest Service Pacific Southwest Forest and Range Experiment Sta-

" tlon who, with members of their staffﬁ, really "put it all together” for

"all of us invoived In these investigations.

vi



TABLE OF CORTENTS

PREFACE . . . o o v v e o e o et e e e e
ABSTRACT . . . . . .. Tl e L N L 1
'ACKNOWLEDGEMENT3 . AR T e, o e e v
" INTRODUCTION . . '-;.' AR ?i;';["-.*:--' AR, . R
REVIEW OF LITERATURE . .';7.';‘;3;f;‘;'; A e T
1METHODS,UF.iNVESTIGATION T S DR SRV
Introduction ; ..;..=.J¢ ...fE';'.‘. ; . }-.r. 3151.'..; .. | li

DWarf Mistletée_befec£ion . e ;‘;‘f'.-. P Y-

Dwarf Mzstle;oelmaggAﬁélysis . .7},.'. el B Y/
Hypoxyfon CankerlDetection e ;;,i. S . ; 32
:Armil}aria Roof:Rot Defectlon '.:;l;.; ;7.7.-.';‘,j. . ,.. _ 3#
_Férest Vegetétioh Clasﬁifféation ,:; ; .. ; . :_,t;.. . .. 36

_ Post-burn Survey Anaiyﬁi;.‘;': . };Q.;-; .. ;:; ,”; B
INVESTIGATION RESULTS '_i;'; S 'f5“~ 2, ﬁ‘; ,";:'f :--~ o 4
N . Dwarf Mistietge b;fecfibnu .';:}i;f: - .”J:;h.?Qf. ;-;‘.tJ'ﬁ'AS
Hypoxyion Canker De;ectioﬁ .L.‘; ;;;;; c ;i}..w; ... 65
Armillaria'Root Rot Detectian . .‘}7; . ,-r'. ;,.“.‘;';-: . 68
'Fores£ Vegetation Classiffcation‘.‘; ._; ce e .‘.'.'; ;_J 59

' SUMMARY AND CONCLUSIONS . . . ... . . . . .. ... R C. 77
LITERATURE CiTED . . C .r. ﬁ:.ﬁ.'.'; ._...'.'.j;': R 84

APPENDIXA.--- '.c - L] . » u - o}n * .;l - -7-,0_‘;..--0:‘. ol.l 87

vil



R

—

- REMOTE SENSING APPLICATIONS TO FOREST VEGETATION T
CLASSIFICATION AND CONIFER VI!GOR LOSS DUE TO DWARF MISTLETOE

. By

B Robert W. Douglass
S © .. Merle P, Meyer
T . .D. M. French

 College of Forestry
" University of Minnesota

. ENTRODUCTION

Efforts by the National Aeronautics and Space Administration (NASA)

- to launch a satellite for observing earth resources have created an inter-

est in the application of small-scale imagery to the natural resource o
field. In an effort to determine the knowledge needed for uttlization of
the data generated by the Earth Resources Technelogy Satellite (ERTS) pro-

gram, sclentlsts throughout the wor}d have embarked upon a multidisciplined

.program to Iearn more about the use of remote sensing systems in earth

resource evaluatlon.

Availability of very smali- scale photography as a result of the NASA

aircraft overflights has provided land managers with another toqlrto_a}d

in making decisions. Some of the projects funded by NASA have dealt spe-

cufically with forest iand problems of dlsease forest cover types, and

land~use classiffcation.

Forest land managers are being asked to make decisions concerning

_natural resources that will affect more than three-fourths of the land

_ area of the Unlted States (lg); The demands for food, fiber, water, min-

erals, and grazing resources are intensffying,'and new and equally
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selective demands are gaining in national importance. Durlng the past
<decade there has been a forestland recreatlonal boom that has made recrea-
tion the main resource on some of the public forestlands, especlally
within the Eastern United States (10)

All of this means that forested tands must provide more resources at
‘the same time the environmental gquality standards of society are beiﬁg
met. Therefore, seme form-of land use planﬁing qf zening will be needed
to assist in the-allocation of resources. Very high-altitude photography

has been considered as a tool for wildland use planning (12).

General Statement of the Problem

‘ThIS'study.is cencerned with remote sensing technleues as they are
applied to forest resource eveluatien in the eub-boreéi forests off
. Minnesota. rThe major emphasis is on the use of high=altitude photography
 £0 detect and locate vigor loss in trees, esrcaused by Hisease,‘and to
classify forest vegetatlon over large areas;‘:

The primary research effert was foeused upon the detection of eastern

dwarf mistletoe (Arceuthobaum;pus;l!um Peck) within. stands of black spruce

(Plcea mariana, Mil1). Dwarf mistletoe causes exten5|ve losses on black

spruce and has infected an estimated 150,000 acres of Minnesota's black
epruce forest (19).

~ Recent studies have iﬁdicated that‘eastern dwarf mistletoe ¢aﬁ be
controlled by the use of fire following logging (29, 42), but the lack of
a good system of disease detection and location has become a major limipa-
’t}on to controlling the disease. Black spruce forests are dense, even-age

stands that usually grow on flat, poorly drained soils and '"old" bogs.



Ghound,oravel within lhe black spruce forests is limlted hy the EOg condi -
~tlons. Also;.the?e ls no topographic rellef suffliclent to asslst visual
observatlon.' Tharefore, aerial ohotography eppears to provide the best
method of surveying black spruce stands for the purpose of detecting |
._mlnfectlon centers, - | - | _

Anofher part ol this etudy concerne fhe detectablllty‘of hypoxy lon

'_canker (Hypoxylon mammatum MiIler) wlthln aspen (Populus. tremulondes,

Michx) stands. dvpoxylon canker occurs throughout the range of trembling
: aspen; except in Alaska (32).7 It Is the lack of hypoxylon canker within
:;he Alaskan foreetithat glves lmportance to.thls_portlon of the study.
:Remote senslng:technlques, if evellahle nould aid in locafing the.infes—

“tations of aspen in Cenada.- Thls would provlde a system for monltorlng

B .any - spread of this dlsease Into Alaska where it couid pose a serious

“ threat to the. aspen stands.l Aspen is an lmportart *ree species in Alaska
' although at rarely exceeds 70 feet |n height there. It Is one of the
.- four commerclal tlmber types of Alaska occupylng approxlmately 2.5 mil=
~lion acres lh) ‘ I | |
| -This great reserve of tlmher could be threatened lf the gap between
the: dlseased aspen of Canada and the dssease-Free aspen . stands of Alaska
were bridged. To obtain more complete knowledge of the threat posed by
- H. mammatum, a system for detect:ng the presence of the disease and for
nltorsng its movement is required The vast. terrltory to be sampled
',_lends itself to the use of remote sensing (20}.
| The use of conyentlonal photographlc.sceles-andlfllm-fllter combina-

tions would cause problems related to mass data handling and high costs



- assoclated wlth the need to obtain and interpret repeaﬁed coverages. As
Is the case In most of the Unlted States, panchromatic and Infrared black-
and-white fllms are most commonly used for aerlal photography in northern

Minnesota (6, 2b). However, other film-filter combinations should be

—

“investigated to determine the one that is best suited for detecting
stressed vegetation, |

‘LThe selec;ion‘of the best film-filter combfnatioﬁ requires a know-
rledge of fijm_respbnse, filter charécteristics; and spectral reflectance
‘characteristics of stressed forest trees, A seasonal'varjatlon In the
" vegetation's reflectivity has beén well documented (21, 24). 1f:a signa?
ture, spectral or geoﬁetrjc, can be found for dwarf mistletoe infblaék
spruce, its detectability must be defined for various scales.of photog-
raphy. Can dwarf mistletoe infectlon centers that are visible on ]arge-'
scéle photography be detected on v;ry small-scale photogréphs? ‘What ?
gcaie photos are.best for detection and monitoring this disease?

‘Recent emphasis on very_high»altitude photography of the type.obtain—
able from Earth.Resource Technology Satellites has resulted in research
~concerned with extraction of data from small-scale and poor-resolution
imagery. Ulliman uses the criteria indicated In Table 1 when discussing
photographic'scaie (25).

Photographic scale is a function of_fifiné height and camera focal
iength. Therefore, an increase in the photo scale recipfd;al {sometimes
called the '"scale-factor''} results from an increase in flying height above
the terrain for any given camzra focal lengthf

flying helght above terrain (HO)
focal length in feet (f)

photo scale reciprocal (PSR) =



“YABLE 1. DESCRIPTIVE TERMINOLOGY FOR VARIOUS
o . IMAGERY SCALES (25)

Terminology for scalel Scale reciprocal -J

large o L ffT'_"is' fless thén 10-000

medium . . .10, 000 to 30,000

small o om, 000 to 100,000

very smail o _' B greater than 100,000_5

: IThe terh microscale is presently'being used bf the
- Earth Resources Survey Program to describe the scales
in the 1: 400 000 to l S 000,000 range (2).



A system of economicail# detectrng stress In forest trees'by remote
seﬁsfng technrques-could provide‘é capabtllty for mpnitoring the inten-
sity of lnfectlon and Its rate of spread. Very sha!l-scale photography
or satellite imagery mrght provide ‘the means for such dlsease monitoring
in that a small number of photographs cover a large area (1, 5, 11). The
smaller the number of scenés'required to fulfill a mission,-the more effi-
clent will be the handling, preparation,rstorage,_ahd interpretation of
‘_the photographs;‘ An example of this reduction In proce;sing and handling
costs is,po!nted-out by the fact that‘one Apollo § vertical phqtograph
covered an area of 100 x 100. miles (1). |
| The lack of high resoiution in Very sma!l scale photography presents
some problems of data extract!on. Hore lnformatlon ls buried within a
photogréph than Is readlly avallable to the interpreter. Ross polnté.oﬁt
. that one square Inch of color film Is capable of recordang more Lhdn
biliion blts of }nformatlon (gg). Mechanical, optlca], znd electronic
methods of aiding in the extraction of information are available under
research conditibns; Proceésing methdds, such as—maskihé, énhahce or
iéolate given density levejs. Another précess, density level slicing,
'separates selected density leve]s. The recombining of spectral slices
of the same scené can provide a picture that contains either true or
false colors (g}. One example of such a procedure I§ émbodied_in the_

system used In the ERTS-1 Satellite (8).

Objectives of the Study

At the outset, the following objectives were established:

}. To investigate the best techniques for locating disease infection
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centers in torest stands.through hlgh-altltude Imagery.
2, To evaluate the usefulness of very smali-scale photography
(l:llB,GOO‘to 1:450,000) in Forest.vegetatlon;classiflcatlon.
3. 'To'evaluate selected flim-fliter combinations for use In

stressed vegetation detection and classification. R

stsw OF LITERATURE

in that thls study is primar:ly concerned with the detection of

‘_dusease streSSed vegetation by remote senslng techniques, a dlscussion

of stressed vegetatlon and remote sensing is in order.
Stressed vege*ation Is that piant materlai which ls belng af‘ected
by condltions that are adverse to normal growth. Some of the adverse

condltlons could result from Insect attecks, disease, drought flooding,

..50|l compactlon or mechanlcal Injury to trees. Factors that cause. serl-

'7 ous damage to the tree brlng on-a change within the follage. The symptoms

can vary from loss of foliage to leaf dlscoloratlon. In any case, the

tonai rendition of a “stressed“ tree is altered by these adverse conditions.

Remote senSJng is the obtaining of information concerning an ob;ect

E wlthout actually contactlng that object. Generally, the use of a system

to collect reflected or emltted energy from a scene of Interest and to
record it in a usable manner is consudered remote senslng. As it is used
in forestry today, remote sen5|ng is the coiiection of data by camerashor
other recordlng systems mounted on alrborne platforms or satellutes (9)
The capability of detectlng stressed vegetation is needed by today s

forest land manaqers to help combat the threat of disease and lnsect

attacks on our forest resources, Severai mtllion cubic feet of timber are



lost to Insects and diseases every year {4). Six percent of the annual
draln on forests Is attributed to Insects and disease, while the dlrect
annual loss caused by disease damage to trees !s estimated to be approxi-

mately $83 mllllon (7 9) Dwarf mistletoes are second only to root rots

el

In causing damage to “conl fers (3), Including 157, 000 acres of the black
spruce type in Minnesota (19). -

Diseases can be classed as either petnogenfc or nonpathogenic. In
the pathogenlc class itis the parasitic organism, or pathogen, interfer-
.lng with the host plant that results in the disease. Nonpathogenlc
diseases caused by environmental factors cause stress uithin plants and
are widespread, These are usually deflclency re!ated and more perttnent
- to agricultural crops of short rotatlon than to forest stands (28) How-
ever, env!ronmental changes within forest stands caused by water table
7changes, grounu fires, and s!milar events can cause stress in trees. |
_-Vlruses, bacteria, and fungi can also act as pathogenic agents, _Also,
seed bearlng plants, such as the mistletoes, can be pathogens. "

L The mistletoes are dependent upon the host tree for water and nourlsh-

" ment. The true or leafy mlstletoes are generally chlorophyll-contaln;ng
pecses wlth stems and green leaves. The dwarf mistletoes (Flgure 1), wnth only mod-
ified leaves, penetrate dlrect!y into the llving host wlth a network of
7‘absorblng strends which obtain the requlred nutrients. The dwarf.m|stle-
'toe shoots are inconspicuous, usualiy less than 3/4-inch jn.]ength and‘
produce berry-like frults thaL eject seeds with explosive force for dls-

tances up to 50 feet (7).

The dwarf mistletoes are found onlu'on conlfers. They cause the 7
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greatest economic- damage on the ponderosa pine {Pinus ponderosa, Laws),

lodgepole pine (Pinus contorta, Loud), Western hemlock (Tsuga heterophylla,

Sarg.), and western larch (Larix occidentalis, Nutt) (28). The species

Arceuthobium pusillum is the only dwarf mistletoe that occurs in the

Eastern United Stafes, whera it ranges from Minnesota eastward to New
Jersey (7). Boyce (7) states that, although it is most commonly found on
black spruce, eastern dwarf mistletoe has been reported on other eastern

conifers. In Minnesota, A. pusillum occurs on white spruce (Picea glauca

(Moench) Voss.) and eastern larch (Larix laricina {Du.Roi) Koch.).

One of the more common methods of classifying forest diseases is on

_ the basis of the portion of the tree affected (7, 28,). Therefore,

such terms as wilt, dieback, trunk canker, and root rot have become part.
of the forester's vocabulary. When the diseése directly affects the
foliage, stem, or roots, it Qenerally causes fo!iérrdfscoloration or atro-
phy that can be detected by reﬁote sensing ﬁechnfques. " Unfortunately,

ali serious forest tree diseases do not advertise their presence, at least
In eariy stageé, by causing foliar discclbration. Studies show that the

destructive root rot of Douglas-fir (Poria weirii) is detectable on aerial

photographs only after the infected trees have blown down (gjﬂ.

Canker diseases cause serious losses among forest trees, Hypoxylon

canker of‘aspen (Hypoxylon mammatum, Miller) is responsib]é for an annual
loss of 112 million cubic feefiof timber. Oﬁpe the fungus has entered its

host, the myceliumlspreads through wood and bark (Figure 2), eventually

girdling and killing the tree. Decay fungi in the wood behind the

canker and also H. mammatum itself can weaken the tree trunk, eventually

resulting in breakage (3).

10



METHODS OF INVESTIGATION

Introduction

Five substudies in the sub-boreal forests of northern Minnesota
Fomprise the overgll investigation of this study:

1. Detectioﬁ and location.of dwarf mistletoe in black spruce
stands. |

2, Detection-ané'iocation'of hypoxylon canker in aspen.

3. Detection and location of Armillaria root rot in red pine plan-
tations,

4, Classification of major forest vegetation cover tybes with very
'hjgh-aititude photography. ’
7- 5. Remote sensihg evaluation of post-burn surveys.,
A brfef‘lnfroduction to each subs tudy follows,.including test site

~descriptions and locations, along with the investigative methods and tech-

niques employed.

Eqstern Dwarf Mistletoe

Eastern dwarf mfstletoe was se]ectéd because of its importance, geo-
.- graph}c range, and potential for detection (Figure 3). It is an econ-
omically importaﬁt pathogen occurring over the range of black spruce.
While it is in most cases parasitic to black spruce, it does cause losses
in other spruce species and eastern larch. It has been estimated that
seven percent of the two and a quartér mil]ién acres of black spruce
forest fype-in Minnesota are infected with dwarf mistletoe (19).

.This pathogen is well suited for a study in remote sensing in

disease detection for the following reasons (20).

1
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1. The digease devéIOpment is uniform,
2._ It occﬁrs within pure stands of black spruce;.
3. Onjy one species of dwarf mistletoe Is present,
b, -AII stages of disease dévelopment are present.
- 5. The Infected stands ar;Réven—aged aqd generally uniform in
ﬁeight so as to be vefy suItable for aerial phofographfc interpretation,
6. its main Host, black spruce, is easy‘;q'detect on aerial pﬁoto-.
grabhs. 7 ‘. | o -
| Within recent yéérs,:studies.haQe fnd!céted that sﬁccessfulrcontrol
6f dwarf migtletoelc;n be obtained by rémqval‘of infeﬁtéd_trees accom-
panied by prescribed bﬁfning of the Eﬁtover jand (13). Since a control
ié known, a teﬁhnidue for_locai!on, de;ectlon,Aahd monitorlng becomes a
neceéslty 1f an operat!ﬁnai erad!catfon program is to be effectlve.
Study c'tps (Flgarﬂ h) vere o.igtnully estab Tshed at two 1ocaticns
in northern Minnesota. A f:xed-scene site was establIshgd near Cromwel |
in Carlion County, and an.ekteﬁsive sufvey area was delineated north of

_Togo in Koochiching County (Flgure 4)

Hypoxylon Canker

Hypoxylon canker 15 the most |mportant dlsease affectlng aspen (3,
22). The causal organism, H. mammatum, is a canker-formang fungus that
B . N
gird]es and kl11s the-tree, SiﬁCQ the disease takes from three to ten
years to kill a tree, the infections appear more endemic than epidemic,
because the dead trees appear singularly rather than In concentrated

disease centers as is the case with many other diseases,

Aspén trees with cankers tend to retaln thelr leaves Into the winter

13
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months (Figurg 5), even though the leaves are brown (23 2&9' This is.a
phenocmenon which lends itself to poss}b]e aerial survey detection. The
foliage of gird]ed trees turns brown in the summer. By August, the
brown leaves should exhibit their highest contrast with the healthy

green leaves on live vegetation.

Approximately 15 percent of the aspen trees in the 21,000,000 acres
of aspen forest type in Minnesota, Wisconsin, and Hiﬁhigan are iﬁfected
(20}). The signi?icant]y Important fact to note here is-thét while hypoxy-
]oh canker is endemic to the Lake States and Canada, it has not been
reported in Alaska. - Hegg reports that the aspen timber type is one of
only four in.Alaska (139. The_z.ﬁ-miilion acres of aspen forests in that
state represent a majbf resoﬁrce reserﬁe._

A sysfem of.detect}on and location of'hyboxyldnrcanker.would quh?e
a monitoring program to be estab)fshed. This wbul& enablekmore exact}ng
mapping of the diseqsei; range and fts migratfdn'diréction if there is
one. -

Originally, two test sites were sélected in M}nnesota to study the
hypoxylon-caused stress on aspen. One site is along Interstate 35 at
Hinckley in Pine County and the other is on the Cloquet Experimental
Forest in Carlton County, The Cloquet site was abandoned when the area
‘proved to be unsuitable.

Armililaria Root Rot

Armillaria root rot (Armillaria mellea, Kummer), or shoestring rot,

is a fungus that is pathogenic on many tree species all over the world.
The disease is most common on forest plantations where the trees are

placed artificially in an unnatural setting, As a result, some plantations

15



Figure 5. Winter view of aspen tree showing the leaf retention that is
associated with hypoxylon canker infection.
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of red pines within Minnesota have lost as many as 55 percent of the trees
- to thls diseass. Ten percent mortallty due-tp shoestring rot is common.

A part of an active plantatlon management program calls for feplanting in
areas having mortality losses to maintaln the Integrity of the stand, An
economic detection system,'pethaps airborne, would provide the manager
with the information to plan on rep]apt?ngs or to change species. Red
pine plantations in Pine County were selected fot'the Armillaria study

sites.

Forest Vegetation Classification

The Marcell Ranger District of theKChIppewa Natlonal-Fofest'inlltasca
: County served as a study site. Thisfslte was used to test leVels ofldif-
ference in ablllty to Interpret maJor forest vegetation cover types.onl
very small-scale photography. Studies by Aldrlch 1nd|cate that the use
.'ef Apollo 9 phctogtahhylreduced the sampllng error by 58 percent '"fa
~multistage forest inventory in the Lower H?ssissippi Valle* tl). 'Also,
sate}llte imagery. provides the advantage of syneptic vnews which can be
used for seVeral levels of sampling to achieve greater lnformatnonal
gains (1). |

To what extent can the upper stage'ot.the.saﬁele, the satellite ef
very high altitude imagery, be used iﬁ stratifying the forests Being‘.
inventoried? By work:ng with the very smali-scale photos of the Marcell
Ranger District, this study will measure the ablllty of skslied photo-
graph:c interpreters of various dISCiplnnes to interpret the same maJor
forest cover types of northern Minnesota, |

Post-burn Survey Analysis

The possibility for making post-burn analyses was suggested after

t7



‘the Initial overttight in 1965, Severalrlocatiohs of Biack sptuce slash
- butn!ngs were Included on infrared color photographs., Photo interpreta-
‘tion indicated that the potential might exist for assessing the pattern,
extent, and intensity of the burn, These varlables could be used to rate
the success of the prescription burn developed by {rving and French as a

technique for controlling dwarf mistletoe (16).

Pbwarf Mistletoe Detection

Aerial Photography and Field Data Collection

Cromvell Test S?té. The intensive test site at Cromwell was selected

to invastigate the variables affecting spectral signatures of the infested
sbfack spruce, THe work at this site was begun in the sering of 1970. The
't'varlables first considered in looking for an indlcative Spectral 5|gnature
'for dwurf m!stletoe were: - o -
| Effects of sun angle
tigﬁt intensitf
Season of the year.
Atmospherie conditionss
Condition of fnfected trees
- Developﬁeﬁt stage of the parasite
A two~tower tramway system (Figure 6) was constructed 50 that a camera plat-
form could be moved across the site at a helght of approxrmately 100 feet. The
towers were placed 100 feet apart, enabling the tramway to cover a section
of black spruce bog that contained trees with several stages of infection,
The University of minnesota's quadricamera mount was usee on a trolley.

Fifty millimeter lenses were used in the four 70 mm Hasselblad cameras to

18
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gain app?okimafely 100-foot~ wi de cover;ge;' An elecfric shutter trip mecha-
nism was Iﬁstalled.to permit photographic'eprsures at predetermined stops
along the tramway (19). |

During the investigation of varlables 1 and 2 (sun angle and light
-lntenslty), simultaneous exposures were made with all four cameras at
_lO*foot intervals along the tramway three times a test day at 0900 1200,
and 1500 local sun time. The season of the year and the development of
the pathogen were considered in the scheduling of photo missions at approx-
imately lo—déy intervals beginning on July 22 and enéing on September 26, 1970,

Atmospheric conditions were checked at the start of each photo mis-
sion. The folloWing observations were made and recorded:

1. Wet and dry bﬁlb temperztures as obtéined with a sling psychro-
meter at the top of a tower. |

2. Wind spéed and direction.

3; Estimate of horizontal visfbi%jty, using known distances.

5, Typé of clouds and skyrcoﬁdition estimates,

5. Net radiétion measured with a recording pyrometer located 10
miles east of the tower site,

The film-filter combinations used in the regularly scheduled photo

missions in the 1970 season were as follows:

 Camera - Film © Fllter * Wratten No.
| _ 1 ~ Panchromatic Plus-X 58

2 . Panchromatic Plus-~X \ 254

3  Aero~Infrared | 898

4 | B Ektachrome {nfrared 12



A two-tone grey ecale of known speetra! characteristics was placed
on a platform at approximately tree helghe. Also, a black-and-white
resolutiod penel wae piaced_on the ground. | :

Timing of‘photo covefage was changed for the 1971 season (May.to
July) because of.codclusiohs reached from Iqterpretatiens.of‘the'1970
fphotography. Although tﬁe 10-day Interval was maintained, the morning
and afternoon missions were not cedtinued The fl.m-fllter comblnatlons
.were changed to provcde for more experumentatlon in determlntng spectral sngna-
,_tures. The fllm-filter comblnatlons used during the 1971 season are
glven in Table 2 '- | | | |

The NASA RBS7F aircraft flew a 22-mi e-ldee across the Cromwef} test
site on August 6, 1971, and on September 29, 1971 (Figure 7). The cameras,

films and filters used are Ilsted in Table 3 o | |
| A 100-x 100~foot area was marked out and surveyediey a field'teem.
In Sepfehberlf970, hd trees were located, numbered- and their‘posifiens
recorded on a werking sheet. Dr. French examined and classified each
tree for dwarf mlatletoe infection: Twenty trees were not infected and
28 had signs of the pathogen. -

Togo Test Site. The Togo test site on the George Washington State

‘Forest is located In sectlon 33, township 64, range 23, |t was chosen as
the extensive dwarf mistletoe study area because of a large) contiguous
‘stand of infected black spruce fodest. fhrough fhe coeperation of state
forestry officials, it wes agreed the stand would be left uncut until the

study was compIeted.' Most of the area Is swamp which supparts black

spruce northern white cedar (Thuja occidentalls, L.) and stands of aspen.

Some scattered red pine and hardwoods are present on the higher ground.

- 21
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TABLE 2, F;lLH-F‘lLTER COMBINATIONS USED AT THE- CROMWELL
TEST SITE DURING THE 1971 SEASON

‘Camera ' Film Filter-Wratten No.
1 Ektachrome Infrared (8443) 12
2, 3; . _Eombinations-included:
| Ektachrome Infrared | ., , 2
Ek;achroﬁe MS S  'zL2A_or none
CeAF-looo . 3 |
GAF D-200 - " 24 or none
“ Pénchromatic.Plus-X - . none
: Aerc Infrared R 898

22
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 TABLE 3.- PHOTOGRAPHIC COVERAGE SUPPLIED BY
S - NASA RB57F AIRCRAFT

-
} . o L ‘ Fllter
Flight Date : Famera Focal Lgng;h Fiim Wratten Data
August 6, 1971  ~ RCB 6in.  2hi3 T Ekta IR
. 'ﬁcs_:i':-" A' 6 in. - -s0397  2a Ekta
Hasselblad  KOam . 242 " 898 B&W IR
‘Hassetblad = 40 mm . 2402 _iS | - BegW
| "‘_ﬂasSelsjad l.hd mm ;il; 72402 58 : BeW
septamber 29, 1971 Re8 L 6m. 243 15 Ekta IR
C om _: 6 in. $0397  2A  Ekea
Zelss | M2n. . 2M3 15 Ekta IR
 Hasselblad - Mowm - o 283 15 Ekea IR
N o -Hassélblad IVK_QO mﬁ _""'L 356‘ ... 11 . .Efolor
- Hasselblad | : 40 hm‘ S 2424 A 898 LB&W IR
i ' Hasselblad 40 mm ' 1 jé#bz s BeuL
ﬁassélblad .hD.mm o 2#02. | ‘58 o BeW
—

]Same dates and camerz configuration for the test sites at Marcell, Cromwell, and
Togo sites, : ' : '

- .

o
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Some scatter:d red pine ahd hardwoods are presenf on the higher ground.

Ground trips were made into the Togo test site to obtain a generél
orientation of the areé, to check on trée specfgs at specific locations,
and to collect dato on giound conditions at the time of the NASA RB57F
overflight o. August 6, 1971,

The timber on the test site is cla#qified as 5~to 9-inch diameter
black spruce. The 5 to 9-inch diameter trees are approximately 200 years'
old. Occésionally, the two classes occurron the same site to create.a
two-story stand. Much of the open, logged?over area is ﬁovered with

Laborador tea (Ledum groenlandicum L ), sEhagnum mosses, and bog laurel

(Kalmia angustlfolla, L. ) 0pen|ngs W|th|n the stand of black spruce

contain bunchberry (Cornus canadensus, L ) Labnrador tea, s ha num mosses

. -‘,1.5"“- -
fa

and Specklcd alder (Alnus rugosa, DuRol)

53

Travel into the Togo test site was very dif‘icult dur:hg‘“ha warmer.
weather because of the bog condntlons there (FIgure 8) Ground data per—
taining to the dwarf mlstletoe pathogen were mapped and deﬁcrlbed during
the winter of }971~1972 while the area was open to snowmobile access.

The decision was made to concentrate on color and color infrared
films while photographing the extensive site, The decision was based
upon the flndrngs at the intensive study site In 1970 and 1971 by Meyer
et al (20). | ‘ -

Through the use of a light aircraft modifieﬁ to accept the College
of Forestry's quadricémera system, photography was obtained of the test

site. Large-scale photographs were taken to locate disease centers and

identify tree species. Progressively smaller scales were obtained in

- 25
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lorder to give a representatiﬁe range of scales up to the RB57F photog-
raphy for photo interpretation., | |

Aerial photo coverage of the Togo test sIte was accomplished at a
- variety of scales with a number of film-filter combinat!ons on different
dates. Coverage as of September 15, 197} wlth the Collepe of Forestry
quadrlcamera unit, Is shown in Table &, Addlt:onal coverage was flown

by‘the NASA RBSYF alrcreft on August_6 and on September 29, 1971, at which

rtimee a l7~nautlcal-miie l?he was f!own at 60,000 feet ecroso the test .
Asite with the same camera/fl}m/fllter conflguratlons used on the Cromwell

test site (see Tab]e 3)..

. Dwarf-Mistletoe Image Ana[ysis

Three methods of image processnng were used: (1) ‘optical recoﬁbining,
(2) masking, and (3) density*level s]?c:ng by ohotogrdphlc and digttal ‘Means .
' The process of optical comblnlng through use of an addftive color:
system, as described by Lauer and 001we11 Is becomlng a wldely used tech-
nfque (g, 17, 18). There appear to be two main reasons for this: flrst,
lt prov:des a key to obtaining more data from the |magery, and second,
because the addltive-color system promtses to be very useful in recombin-
ing the imagery obtained from ERTS~] (§). |
| Masking is the photooraphic process of enhancing or isolating photo~
‘ graphic densities by rephotography through superimposed negatives or posé-
tive transparenci as of se}ected spectral sensitivities (22)
Finely slicing_oertain density levels out of the photograph can uncover
tohes that were lost oithin the‘generalﬂphoto'igg). This.deoeity-leve!

slicing can be done photographically or by a vidicon system capable of

27
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TABLE 4. SUMMARY OF AERIAL PHOTOGRAPHY OF THE TOGO TEST SITE TAKEN: -
WITH THE COLLEGE OF FORESTRY QUADRICAMERA SYSTEM

. LN T i R— R
1 Film=Filter Combination
Photo Scale. e ' e
Ektachrome MS Ektachrome IR..  Aero Infrared  Ektacolor
w/2A filter w/12 filter w/89B filter w/2A filter
118,000 7/8/7 s 77871 --
| 8/3/71 8/3/71 8/3/71 3/3/7!/'”
1:31,680 _ 7/8/71 7/8/71 /87 -/
1:63,360 7/8/7 8 L8 ==
1:100,000 - 8/3/71 8/3/71 8/3/71 - 8/3/N
. o

i50 mm Ienseé used in all _caSes




converting signals f}om anélog to diglital.
| Arrangements were made wlfh Internatlona1‘lﬁaglng Systems of Mountain
.View, Califofnia, to provide:a:masklng'and dqnsfty-sllcing job on the Togo
fegt site area. The use of their Addcol and D?Qicol systems was part of
- the contract. -

' Glass-mounts were made from each of thé three slmuTtaﬁeous expésgres
of the NASA Hasseiblad photoéraphs fékén on Augﬁgt 6, lé??.at a scale of
1:462,006. The fiim-fiifer comb!nafioné used to produce the black-and-

’LfTWhite transparencies were those used in.thé standard NASA RB57F package
to s{mulate_thé‘channels of thé ERTS~a'fetﬁrn-beam Qidicon system, The
;Ehreé spectral slices'obtaingd are listed in Table 5."fhe§'were'the com-'--
':monly used comblnation of green, red, and deep red fllters (Wrattgn num=-
“bers 58, 25, 893) withApanchrématic,blackfand~white-film number 2402 and
| ilriffarca black-and-white film number 2424, | N |

.Q;, SevefaI combinations of masks involving pbsitive.and negative printé

L‘:V_E____:«1__'_“:?‘(1_hlgh-and fow?cbntrast paper were méde by the techpicians at-thé Intér-

nationél Im#ging Systems'tlzs) Labqrat&ffes. o - e

o The scene selected for the maékﬁng invesﬁfgation was in frame nuhber

19539 of the A_ug'usf 6, 1971, NASA RB57F overflight, This 9x 9-inch

1:118,000 scale ekposure was taken on Ektathromé infrared film through a

Wratten 15 fil;er with an RC-8 camera from a flying héight of 59,000 feet.

- The éolor Infrared film was selected bgcauée of its clear scene and supe-

rior tonal balanze,
IZS photo enginee+-Pau1 Fedilchak prepared the high-énd low- contrast

positives and negatives. These were used in various combinations by placing



TABLE 5. APPROXIMATE SPECTRAL SENSITIVITY RANGES PRODUCED
~ BY THE FILM-FILTER COMBINATIONS EMPLOYED IN THE

£

-

NASA HASSELBLAD PACKAGE

7 .Fllm1-_ _ Filter Approximate Spectral Slice
{Eastman Kodak Number) '(Wratten Number) {nanometers)
2402 BeW Pan 58 - - h80-620
2402 BEW Pan 25 - 520-720
242} BeW IR 898 - 680-900




a pOSItIVe in reqistraflon with a negative and photographing onto a
high-or low-contrast fllm as a positlve or as a negative. The lnffared
color positive was used !n_some.of the combinatlons.

) Rogfstrafion of a'nogatlve onto a positive trénoparency causes the
joss of much of the.background densfty. A small edge enhancement Is

_AcauSed_around the densitites not ellminated by the masklng. This enhance-

. - mént,_or unsharp masking, is brought.ébout by the total film thickness

;oreated in stacking-of tHe negotiveS'éno poﬁitivo.:

: A cooplete ﬁoohanicoi:denoity-levet sliciog oackage‘Wés prepared
ffbh the most prohising oeparéfion inothe masking procedure; This waot.-
a red separation using an A -29 filter. 'lt waé madé of the high~contrast

‘ negatlve-to-posailve mask on panchromatic fl!m.-'

A hlgh“cont‘ast'negative on a.hlgh-contrast positive, when‘ohotof
”'graphed onto a iow-contro§t fiIm, oroduces a oubtraotive effecfrthaf
removes oome-of the Background on the other hand, the use of hngh con-
trast film hlghlsghts the reds. withln the scene, The Iatter combination
was chosen for the complete denslty level separaoion. L
| N Sixteen dens:ty sl:oea were made of the'red separotion on b]ock- |
~ and-white Film By 125. rThe fifst.seporétion was black aod the ne#t‘
sovenrworé p;inted on separate tfohsparoncies iﬁ anothor-colof. ﬁepa-
rofions's fhrough‘lG were color-ooded:in the same order as separations
"1 through 8, The color coded s}ices were enc}osed in a foider to ensure
thefprrooer registration. - o

A video-aided densuty slicing approach was undertaken by using the o

.IZS Dlglcol Image Enhancer. The red sesparation poslgive mentioned above

3



was stﬁdied on the.Digicol system. This system gives an instant read-out
on a color television screen of up to 36 density levels, Phofographic
récords were made on 35 mm sltides of the images exhibited onlthe Digicol
screen, Atteﬁpts were unsuccessful in using the color infrared positive
on the Digicol. The iight squrte on thé video camera was not strong

enough to penetrate the color densities.

- Hypoxylon Canker Detection

The Hinck{éy study area ig approximately 2 miles‘ﬁorth of Hinckley,
Minnesoté, along Raute 1-35., It was ﬁhosen because of‘the.high percen-
tage'of asﬁen fn.the overstqry, the confirmed presanhe‘of hypoxylon can-
ke}, and the easy access into the areé. | |

Three plots were established by‘photographic interpretation, .Two
of tﬁese were treated, as l)lﬂ;agre piots for ground data goTiec;?on.

The third was used only as a check on thé photo interpretation.

.A:teaonf pathologist§ under the leadership of Dr, David French .
locéted the plots ﬁsing the aertal phofograghs as haps;'_The two 1/10;
acre_plots wererfnventoried on October 26, 1971.‘ Ground level photo-
‘graphs were obtained of se]gctgd infected trees within the plots. Dif-
‘ficulty was eﬁcountered in‘locating fhe éxact plot ceﬁters even with
‘the photos in the field because of the flat terrain and dense under-
growth. | | |
-- Two aeriallmissionslwere flown over the Hinckley_s?te and_thé image}y
obtainéd is listed in Table 6.

_Tﬁe dgcision was made to use color photography far the hypﬁxylon

study because of the results of the tramway investigations at the Cromwel]
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 TABLE

6.

SUMHARY OF HINCKLEY TEST SITE PHOTOGRAPHY TAKEN '

WITH. THE COLLEGE OF FORESTRY QUADRICAMERA

o :
Date Film Filter *Scale ' .
| | (Wratten No.)f ‘ _‘T
August 11, 1971 Ektachrome Infrared . 15 'l.:6,000
) Ek'tach'rome Infrared e 23 .1:6,000
Ektachrome MS _' - 28 1:6,0003 1:L5;8h0
Ektacolor N o o 2A 1:6,006
S , = ;
| September 19, 1971 Ektachrome ‘Infr_e'ared‘ : g 15 1:6,006; 1:15,840
o | | | ;:31,€807
Ektachrome Infrared o 3LA .'I-:S,OOO; 1:15,840
| | 1:31,680
Ektachrome - = _f..'l 2A 1:6,000; 1:15,840
| N | 113,680
| Ek-t‘acolor,r.‘_. 2A ' 1:6,000; 1:15,840

1:31,680




test site. |t was decided that Ektachrome infrared and Ektachrome M$S
films would be the best to use for detecting the trees killed by the
hypoxylon cénker;'.Two cameras were loaded with Ektachrome infrared film,
A Wratten 15 filter was used to produce the standard "false-color ren-
~dition, while a Wratten 2] or Wratten 34A filter was usea on the second
camera to producé fé]se-co}or pictures Sf deeper orange ana reds, Cam~
era number three contained the standard Ektachrome MS fiim with a 2A

filter to produce a normal color scene, |In anticipation of needing

:'. prlnts the fourth camera was loaded_wlth Ektacolor film,

Arm!ilaria Root Rot Detection

The W|llow River test snte is located In Pine County, Mlnnesota. It
consists of one fl:ght line across a red pine plantat;on known to be
- infected with the Armt!laraa reot rot.;-A commercial flight was made{pver
the test site Qn‘July 8, 1971, with the qqadrlcamera uﬁit and 50 mm |
lenses. Qn Augus;'ZB, 1971, a followuwp overflight was made. The imagery
obtained for this test site is listed in Table 7. |

Sample roﬁ pdrtions wereiseiected afong the Tine of flight. The
trees within these samples examined were classiffed,by the following sys-
tem:

Healthy .

‘Trees whicﬁ died in 1968

Trees which died in 1969

Trees which dled in 1970

Trees currently dying

34
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TABLE 7. SUMMARY OF WILLOW RIVER TEST SITE PHOTOGRAPHY TAKEN
‘ “WITH THE COLLEGE OF FORESTRY QHADRICAMERA

Ii Lnr__ Date

Film ~ Filter ‘Scale
| ‘(Wratten No.)

July 8, 1971 EKtachrome MS - 24 1:2,400; 1:15,840
Ektachrome infrared - 12 © 1:2,5005 1:15,840
" Infrared Aero o "f 898 : i:Z,hOO;.]:IS,BhO

GAF~1000 21 ﬁ’z,hoo; 1:15,840

i

August 28, 1971 Ektachrome MS none 1:2,000; 1:8,000
ﬂ | Ektachrome Infrared S 12 1:2,000; 1:8,000

GAF-1000 12 1:2,006; 1:8,000

Ektécélor none o ‘1:2,000;li:8,000




-

Forest Vegetation Classification

Locatlon aﬁd'Descr[ption. " The study area for forest vegetation classi-

fication was established on the Marcell Ranger District of the Chlppewa

" National Forest (Figure 9). It is approximately |3 miles by 14 miles in size
aﬁd lies ast?lde the subcontinental dividg‘qppfoximately 20 miles north of Grand
Rapids, Minnéscta. The landscapé on the Marée{eranger District is varied |

in that it includes glaC|al lake bottom, ground mora}ne and outwash pla:ns

" and terminal ‘moraine deposnts. ThIS variety Tn landscapes helps to pro-

duce a variety in timber types present in the distr?ct.

Study Design. The photography used in this test was Ilsted ear]ier
in Table 3. The photographs vere prepared In sets according to scale |
film type, and season of the year. The seven sets of photographs |nvolved
in the test!ng are listed In Table 8, All seven sets were photographgd by
the- NASA RBG7F flylng at 60,000 feet above mean sea level. Positive ‘
traésparency duplicates prepared by NASA-Houston were used in aii seven
sets. Stereoscopic viewing'was accompiished on a chﬁa;ds portable'light_
tabie. Although several kinds of stereoscopes were available for use,
ali fiQe interpreters elected to use the folding Abrams CF~8 pocket
’;teréosc0p¢ becausé of their familiarfty with the iﬁstrument.

Interpreters. Five skliled photo interpreters from the staff of the

Chlppewa National Forest agreed to act as observers in this study. Skilled
persannel with experience in the field were used rather than persons
unfamiliar with the Chippewa National Forest. This was done to approxi-
mate the real-fffe conditions that would occur if the bjgh altitude aerial

photographs were available to foresters on a working basis.
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Figure 3. Map showing the location of the vegetation cover study area

on the Chippewa National Forest.
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TABLE 8. SUMMARY OF THE FILMS, SCALES, AND DATES OF PHOTOGRAPHY USED

IN THE FOREST VEGETATION CLASSIFICATION TEST

Film

- Scale

Set Datei

1 IR color - }1:59,000 | 9/29/71
2 IR cotor 1:118,000 8/6/71

3 IR color . 9 x 9 inch ©1:118,000 9/29/71
i color 1:118,000 8/6/71
5 color 1:118,000 9/29/71
6 IR color - 1:462,000 9/29/71

70 mm _
7 ~colar g9/29/71

1:462,000




Although. the Interpfeters were selected to give a Crpss section of
pﬁbto-user personnei'on.a forest, no effort was made ﬁo compare the pro-
. ficiency of the véridus profésslons Involved, - |
Each of the Five Inferpreters had a different jobrbackground:
Resource foresterl - o '
Solls scientist
" Timber management assiétant -
Engineer!né techni;lan |
Wildlife biologist

Interpretation., The interpreters were given the test one at a time,

~ After a briefing by the lnveStigafor, tha Interpreter was given a key to
the vegetation cover types as.the‘types appeared on the various sets Of.
photogfaphs in tﬁe test.. Five p}ots that.aﬁpeared cn & trainiﬁg stereo-
pair for each set were marked fbr stud& and refereqcé_by the interpreters,
- Ihese five plots were the same 6n each set and occurred just east of the
- . designated study area., Although only fouf-types weré involved in the
study, five were Marked‘on théltralhing palr, This was done because jack

pine (Pinus banksiana, Lamb) and red pine were discerniblé to the trained

~ interpreter even though a]l pines were lumped generically in the test.
.This step was taken to allay cbnfusion over what was actually pine on the
photograph Interpretation, .
The five plots marked oﬁ eacﬁ‘frainiﬁg stereo~palr were:
1. Aspen N
2. Spruce—fﬁr
3. Red pine

L, Jack pine
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5.‘ Northern hardwoods.

2P|ot Selectlon., Plots for lnterpretatloh were selected randomly for

each cover type to ellminate bias of the program designer. This was accom-

‘plishad by gridding a vegetation cover type map-(Figure 10) of the Marcell Ranger

-

District and numbering the grid Inte;éécfibns.' The grid numbers were then
 selected by using a table of random nﬁmbers (gé)f ANl of the plot selec-
tion was completed on the vegetation cover map supplied Ey the Chippewa.
Nat}onal Fores; wifhout consuiting thg aeria]iphotographs, This pro;édure-
was followed tb prévént-hias from influencing the plot choiée based upon
lQ;he.inyesfigatOf‘s ability to intergret.tﬁe plot. |

in order to produce cells with equal numbers, two plots of each type
were chosen raﬁdoﬁly.for each set of photographs; Since there were four

ﬁover types, elght pléts_weré selected for each of the seven sets. This

. made a:tota}.of_SG plots that each observer was to interpret.

- Administration., Eight numbered plots were marked on each sét‘qf‘
lphotdéraphs with india ink. An answer form with-the corréspbnding.num-
bers wa; given to the interpreter with each set of photographs. The sets
'were given out one at a time, and collected with the answer sheets as the
interpreter gompleted the questionnaire form. No time 1imits were placed
upon the interpreters other than thqse.existing relative to their con-

tributing time away from other duties,

Ahalysis of Study Results. Analysis of the results was made by using
factorial designs to test for significant differences related to scale,
film type, timber type, and observer. Dr. Peter Dress, Associate Professor

of Forestry of the Pennsylvania State Uhiversity9 acted as a consultant
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in setting up the statistical analysis. The statistical analysis was per-

formed on the iBM 360/71 computer at the Pennsylvania State University

Computer Center using standard analysis of variance programming.

The responses of the interpreters were analyzed using multiple and

single classification analyses of variance to test the following null

hypotheses,

Hypothesis IA - There is no significant difference in

the scores of the interpreters by scale, type of film,

or vegetation cover type.

Hypothesis 1, - There Is no significant interaction
among the scales, %i]m types, and vegetation cover

types and the interpreters' scores.

A2 x2 xh factorial was used In this tesf'qf significant differ-

ence. The main effects were scale (2 levels), film type (2 levels), and

vegetation cover types (4 levels),

 Hypothesis Il, - There are no significant differences

among the scores by scale and végetatibn cover type

on infrared color film,
Hypothesis IiB - There are no significant interactions

between the scale and vegetation cover types on infrared

color film.
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A3 xlé-factoriai was used in this test of significant difference,
‘fhe main effects.were photo scale f3 levels) and timber type (4 levels).
M.
| nypothésis IIIA - There is no significant difference

- among the scores of the five [nterprefers.
A one-way cléssificatfon of a.fixéa modéi was‘usedito test the effect
A _of the treatment. _Tukeyfs‘procedure_fpr tesfing the_significant differ-
ence was used to defermine it the obsefvefs? scores wéfe significantly.
different from one‘another.’ | | .

The questfénﬁaifes werefhand scﬁfed ana the écores eﬁtered by scale,.
film, and-tyﬁe for gach'set sdithat thé scores could be used aé units or:
.as cells in the ANOVA B | C

Publications of the University of Callforn|a Forestry Remote Sengung
"Laboratory indicate that many of the statlstlca] designs used in analyzing
7'remote sensing experiments have been weak because the one-way analysis is
‘,Qsed in most Ins;ances (g). .Ihis_stﬁdy hés atteﬁptgd to avoid the problen
of isolafing only the two soﬁrceslof‘variatloh aséociatéd with one design.
‘ Ihe factorial desigﬁé used were deSighed:fo isolaté more sources of vari-

ation and to reduce the error term (23).

Post«burn Survey Analysis
The Big Falls test:sfte is located in Koochiching County, west of
Big Falls, Minnesota. It is a clear-cut black spruce stand where the
slash had been distributed in the proper manner for prescribed burning.
One overflight was made on August 3, 197), prior to the prescribed bu

ure 11). The quadricamera system with 50 mm lenses was used to get simultane
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Figure 11. Stereograms of 70 mm Ektachrome infrared/W12 and Ektachrome
MS/2A film-filter combinations showing a portion of the Big Falls test
site. (1:15,840 scale) The study area is at the top (north) center of
the harvest area and has the evenly distributed slash., :
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' exposures using the following film~filter combinations:

l

Film o Fllter
_:Ektachrome MS s ..; 2A
- Ektéchrome !nffafed 8#437;_ | 52
. L Aero Infrared B z- -:?‘ . 5 898 o
'JEktacolqr' | i 1‘_ :'.,. :;_.f .ZA e

( The'mfésioﬁ Was flo@ﬁ!;o.achievé §cales of.1:6,0007and T:Ié,Qdd (see
Figﬁrell). 'Unfavéfébié'weather deiayed the burn until too late for the
post-burn mission in 19715 | V | | |

' The.cut-bvéf area was entéred.on the gr6qhd fbr fhé pﬁrpose of aﬁa-'
-:1yzfng ana'mapplng thg Qlésh'dis;fibuted oh the aréa. Followjhg the burn,
the site waS-égaln examiﬁéd'and mappedlin order to relételto the pattern
and the Intensity of the'ﬁreséribed Burn.;. - |

This substudy will bé completed at é'jétcr aate.whéﬁ;thé‘pbst-ﬁurn

imagery is avallablie,

© INVESTIGATION RESULTS - §

R Dwarf Mistletoe Detection

_Crom&ell Test Site

A definite spectral signature asséciatedVWfth*anrf ﬁ!stlétbe was.not
" evident. Non-visible prSfdlogical aiffefences that.might be induced by
dwarf mistletoe were not déte;ted by any combinatioh of films and'filters,
and fhe foliage‘of'partlally infectéd trees gave no spectral indicafion
of stress tﬁat registerea fn the tramway photography.

The diéeasg‘killg the tfee over a peridd of sevér§1 years;-thérefere,
Vporpions of the crown on tfees‘;hat appeér healthy.on the photographs
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actually are dead. Trees witﬁ a great deal of dead foliage had;a sio;a-
ture approximafely.the same as that of dead trees. Only dead trees gave
a consistently different spectral slgnature from non-lnfected trees.

Recombinlng of multtispectral photography to produce a color-enhanced

image was performed at the University of California Remote Sensing Labor-
atory sﬁ Berkeley. Several combinations of oo?ored'filters were used in
-the three-projectofs to-glve coior to the projected image. The co?or-
enhancement approximating the tri-emulsion Ektachrome iofrafed filu efe-
- sented the most fsvorable color-enhanced image foe interpretation.

In no case did the optical combining display eny situation that was

,nof detectable on the Ektachrome infrared film. Also the fwo-camera dis-
play was as good as the'three-camere dfsplay. The use of photography
taken on panchromatic film 2402 with a Wratten 58 filter did not add
detail to the pfojecfed inage. | -

The tower photography was difficult to use in tﬁe Unlversity of -~
Californla oetical combiner. Orientation aqd'registration of the muiti-
spectral Iimagery was tlme-consuming. .H}ghiy accurate registration of ehe
recombined image was impossible,end the imperfectly registered photo- |
graphs caused hfghlights on the projected image that were confusihg.to
the |nterpreter. leferentlal parallax, caused by camera placement 1n
'the mount, Interfered wnth exact reglstratton In certain cases, because
of exposure bracketlng and photograph selection procedures, the images

' bEIng superimposed were not s;multaneous. The short period in time
obetween exposures permltted some sun movement and dlsoraentatzon by wind

sway.
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Considerable light fall-off occurs toward the edges of Hasselblad
photography when the 50 mm lens is used, Rephotography of the combined
image done wlth the same system resulted in poor reproductlon because of

the light fall-off probiem,

Togo Test Site ST

Ground Data Collection. tnfection centers of dwarf misfletoe, occur-

ring both as Openlngs and as clusters of standlng, but infected, black
‘spruce trees, were found in Section 33, Some single |nfected trees were
plotted in scattered locations. However, dwarf mistletoe is so slow in
‘ killingla tree that infected trees may have large amounts of healthy
foliage. Isolated _infected trees checked on the ground had invariably
been killed by some cause other than dwarf mistletoe. Many isolated dead

 trees were identified as balsam fir (Abies balsamea, hili) During the

seVeral years dwarf mistletoe takes to kill the infected black spruca
tree, mistletoe seeds spread the disease to neighboring trees (Z).

The photographs in Figure 12 show areas pfotted du?ing the field
work; Most of the ragged openings on the scuthwest edge were results‘of
dwarf mistletoe, Two of the most distinctive opertings 1n the black spruce
canopy were not caused by dwarf_ﬁist]etoe and could serve as ﬁomparqtive
areas. All of the other openings in the spruce stand are the results of
dwarf histletoe. | |

On two infection centers, all of the fnfected trees are still staﬁd-
ing (see plots 4 and 5 on Figure 12). Plots 4 and 5 are,.respectEVe]y,
300 and 1500 square feet in area. |

Both of the openings not caused by dvarf mistletoe are covered by
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Figure "12, 70 mm stereograms of Ektachmmn MS/2A and Ektachrome enfrared/
Wi2 film-filter combinations (1:8,000) showing areas of black spruce =
infected with dwarf mlstletoe and of openings not related to dwarf mistletoe.
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speckled alder (Alnus rugosa, Du Roi), Labra dor tea, and sphagnum moss

{see Figures 13 and 14). These openings are approximately 20,000 square.
feet in area, whereas the individual disease center openings are less

than 10,000 square feét. In_the southeastern qqarter;'where many of the

infection centers of long standing have united, spebkled.alder is also
preseht.

Large Scale Image Interpretation., Simultaneous 70 mm exposures were

made at a scale of 1:8,000 on Ektachrome MS Aerographic Film 2448 with a
2A fclter on Ektachrome infrared (8443) film with Wratten 12 fllter and
Ektacolor with a 2A fllter Success and ease of locating dead black spruce
were the criteria used in evaluating fllm types. The posatlve transparen-
cies were vnewed on a Richards Ilqht table wath and wlthout magnlfrcatlon.
“Generally, however, magn:flcatlon was avoided except in specific |nstances
SO as to be able to judge erfects of photo sca!e.

Eﬁﬁ?ﬁhﬁ?ﬂ?tﬁé.fﬂlﬁh. The infected and dead spruce were véry difficuléito

- detect unless all the foliage was missing. Even then, the location oé
these "spikes' or '"snags' was generally in openings Qhere'they were con-
trasted to the declduous or herbaceous ground cover, Thé two large ground
plots of infected trees were not distinguishable at this scale.
:Ekgpgglgi_grtnts, Eight~by elght-inch color prints made from the Ekéacolor
negatives had excellent color balance and'sharpnesé-at a scale of 1:2,360,
Dead foliage showed up brown while the dead trees without foliage were
grey.. Plot 5 is clearly detectable,but plot 4 is not. The- Iarger :nfected-

. area of plot 5> contained more dead trees and is more easnly ldentlerd

than plot 4, Some browning of the foliage is visible on these photo prints
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Figure 13. Ground cover of sphagnum moss and bunchberry on forest floor:
and in small openings within black spruce forest. .
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Figure 14, Ground cover of Labrador tea, bog laurel, and sphagnum moss -
occupying large openings in black spruce forest. o
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at‘plot 4, No tonal differences are apparent between the.dead spruce of
tﬁe non-lnfectéd and infected openlngs;

Apparént, heavily Infected spruce stands-ﬁere easi?y'lbcated on these
prints, and ground checking verified the interpretation 6? dwarf misfletoe
areas, The two non-infected stands were the exceptions because_they.were
interpéeted as being dwarf mistletoe centers.

EﬁEPEhS?@?_}Effﬁiﬁf.f!lm; The dgad spruce fdliage exhlbited the Chérac-

. teristic blue tone generally assoclated witﬁ de;d‘trees on false-color
film. Plot 5 is visible as cluéterﬁ.of blue crowns as are other iﬁfection‘
centers in tﬁe area with standing trees (Flgure 12).  The clusters of blve
crowns are not apparent on piot 4 in spite of the ease of chafing the
many single dead trees that sﬁow up readily on this film.

- No.tona! djfferenégs appear between the non-infected opénfngs and:the
-‘ffhfect!cn centers containing alder, The more common situation occurs.
where many scatfered trees in various stages of infectioq are preseﬁt;?
These areas have a ground cover lacking alder and appear pink rather tQan

red (Figure 12). %

A scattered ring of dead (blue) spruce is evfdent around the openings,
indicating that those openlngs are enlarging. This ring is present on the

two non-infected openings as well as the infected ones.

Small-Scale Image Interpretation. Threes flying heights were used to

obtain Imagery with the 70 mm Hasselblad cameras. 1:31, 680, 1:63 360
~and 1:100,000 scale photograph|c coverage was obtdlned durlng the summer
of 1971.

Plot'S is detectable on the 1:31,680 photography and.is detectable,
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but difficu|t to interpret, on the.i:63,360 photugréphy. The other éreas
of standing‘lnféction centers and the edge rings are either miséing of |
very difficult to locate on both scales of photography. Detection of the
' blue of the dead trénk or the brown of the dead foliage was impossible at
scales smaller than 1:63,360. |

- The August overflfght of the NASA RBS7F did‘not Includerany small;
séale ﬁhotography. A 12-inch focal length Zeiss camera prnviﬂed 1:59,000
scale infrared célor photography taken on the Séptémber 29, }97i, NASA
ovérflight of the Togo test site. Haze and clouds were present over the
test site on September 29, 1971, so tﬁat the'quality of.thelimagery is
-reduced, Forfunately,'the_test site itself was open and photographed Qithr
acceptable tonal and resqlution'qﬁalities. l |

The 9 x 9~inch Zeiss posifive tranSparenc§ #roVided'resoluticn superior

‘to the equivalént scale of 70 mm photographs; however, it provided less
Information on the presence of dwarf mlsgtetog. No contiast In tone was
detectable between the live canopy.énd the lﬁfected area of p]ot.5.‘“sep;
tember 2§ wo@id'be in a period of a marked drop iﬁ the Infrared'refleq-r
 tance of all tree species including cdnifers; therefore; the likelihood
of detgcting a tonal contrast related.to vegetative stress is not as prob-
able in the fall as it is in the summer (24).

Very Small-Scale Image Interpretation. RBS57F overflights on August 6

and September 29, 1971, provided photographs taken with the 6-~Tnch focal
length Wild RC-8 cameras from a flying height of 59,000 feet. On both
flights, the supeciority of infrared film over color film for high~altitude

_photography was demonstrated; Scene brightness and atmospheric penetration we

52



éuperior on the infrared color imagery; therefore, most interpretive work
was accomplished on this film,

No evidence of a spectral signature related to the dying or dead
spruce trees could be located V|sually on the 1:118,000 photography. Any
spectral reflectIVIty attributed to smallrethers of tn.ected trees wes
lntegrated |nto the total ref]ect|V|ty of the stand

Openings of one-half chain radius (i.e., 33 Feet) were detectable on
the infrared color film taken during-both oyerf!ights. The summe r photo—‘
graph presented a mueh brighter scene 'Because the'infréred reflectivity
of the alder,'sphagnum and Labrader tea was. at a high 1evel This made
the location of the one~ha}f chaun radlus plot easier to deteet on the
summer infrared photography than on the fell Infrared photography. Magni-
flcation was reduired to.detect tﬁe small EIets en color film,

The visibility ot the'man* small oeenihgs produces an irregular,
spotty pattern wlthln the otherwise unlform tone and texture of the black
spruce stand, This pattern has a "moth- eaten” appearance when viewed on
very small-scale photography. Flgure 15 showsran'example of th:s pattern
resulting from openings mostly‘associated with the dwarf‘mistletoe infec-
tions,

Microscale Image Interpretation. Direct interpretation of the micro~

scale (1:462,000) photography indicated that the moth-eaten pattern of
extensive dwarf mistletoe infestations could be located under certain con-
ditions. The location of the infected area was eifficuit on the duplicates
supplied by NASA, so high-contrast copies were made of the three black-

and-white fiim types taken on August 6 (see Table 9),
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Figure 15. The '""moth-eaten'' pattern associated with dwarf mistletoe is
detectable at all scales used in this investigation (1:8,000 to 1:462,000).
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TABLE 9.

1 EVALUATION-OF INFRARED AND PANCHROMATIC

BLACK-AND-WHITE 70 MM MICROSCALE NASA IMAGERY FOR DETECTING
' DWARF MISTLETOE PATTERNS

Film type Filter Date NASA copy - High contrast
Pan 2402 58 8/6/7] nsatlsfactory ' -5unsatisfactbry“§
Pan 2402 25 "3/6/?1 fisatisfactory - good

IR 2424 ,,'BSB - BI6/T 'good_ - .satisfactofy
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. The panchromatic film type 2402 with a Nratten 58 gilter did not show
the infestation on either the NASA dupl'catlon or the hlgh*contrast copy
without magnification; however, magnification (2. hX) revealed some of the
pattern. Panchromatic film type 2&02 with a Wratten 25 filter showed the
dwarf mistletce pattern clearly and WIthOUt magnification on the hlgh-con-
trest COPY. Althoagh the pattern was detectable on both copies of the

~black-and-white infrared fllm {type 242h) with a Wratten 898 fllter, |t
was most satisfactnry on the NASA copy and not on the high—contrast copy.
Thls re;ulted From too many density levels being exaggerated by the hlgh-

contrast copy.

Optical Recombiningw fhe three spectrai siices contajned on”tBe  :
_ﬁASA Hasselblad.imagery were combined.optically Into one false-color image.
rThislwes_done on tﬁe Addcol viewer at the !nternationel imaging Systems
otffee by prqject!rg thercombined picture onto the baqkljt screen at approx; ‘
}metely 10 power magnification, This enlargement enabled detailed study
of the scene; however, rephotographing had to be done to obtain a perma—,
nent record. While in theory recombination of the three spectral slices
is supposed to be-superiorrto a tri—emulsien ehotograph, it has not in
fact proven to be so in all cases; Nothing could be detected on the opti-
cal recombination that did not show on the tri-emulsion at the 1:118,000
scale, The recombined photograph, however, produced a color-enhanced
scene superior to any of the single images. |

Figure 16 shows the inditidual black=and-white photographs of the

T

~ :spectral slices used in the recombining process. The color-enhanced

product of this recombining is shown after passing through the rephotographing
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Figure 16. Optically recombining the three spectral slices produces a
microscale, color-enhanced image highlighting the dwarf mistletoe
{ infection areas within the biack spruce forest,
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hrocess by a ?ashica 35 mm camera on Kodachrome 11 film. Some detall
within the color-enhanced scene was lost in this extra step required for
its publication,

The "moth-eaten'! appearance of the |nfected black spruce stand is

detectable wuth ease on the color-enhanced image. The optimum scene was

.obtained by using the red (infrared 242k f11m/898) and green (panchro-

matic 2402 film/ZSA) projectors at high intensity. The use of the third

projector with the bIUe light component (panchromatic 2402 film/58) did

“;not appear to make any contribution that was helpful in locatlng the

‘dwarf mlstletoe infectlions.

“Although no special effects could be brought out by changing intensi-

3t|e5 and filters on dlfferent projectors, the overall 1nfection area cou!d

f'jbe high-lighted, The use of red and green prOJectors provided the scene

‘ 3needed to locate these areas.

-

Masking. Several masking combinations were used te_locate density

. differences resulting from dwarf mistletoe infectlon within the black

spruce stand. Essentially, the combinations used in the masking employed
the high- and low-contrast positives, negatives, and films available. The
infrared color transparency itself was included in some of the maskfng
combtnations, |

-'Three combinatiens were chosen as having the greatest promise of pro-

viding more information than was available in the infrared color positive.

The best of the masking combinations used are listed in Table 10,

Figure 17 shows the Togo test sste as it appears on each of the three

selected masks llsted in Table 10 Mask number 1 creates a harsh black=



.

¢

3

de-contrés;'posifive'-
High-contrast negative
High~contrast film

Low-contrast positive
High-contrast negative
Low-contrast film

High-contrast positive
High-contrast negative
High-contrast film

Figure 17, Three masks selected for Togd Test Site Study.
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TABLE 10,

MASKING COMBINATIONS SELECTED FOR INTERPRETATION

AND EVALUATION FOR USE IN DWARF MISTLETOE DETECTION

i.

Number

quitive

Negative

Film

low contrast
low contrast

high contrast

high contrast

high contrast

high contrast

high contrast

low contrast

high contrast
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tOfwhite contrast by élimiﬁéting.most Qf the densities except for &hat
of the black spruce stand and some sﬁadows. This bringé out many smal)
spots of dwarf mistletoe infection and any.other density not caused by
black spruce or shadows. All of the field-checked openiﬁgs are visible,
_:includlng the one~ﬂalﬁ-chain radius plot, when the mask'Is viewed on the
<‘llght table. However, ﬁone of the infected plots of standing trees are.
'ﬁlsplayed.r Openings in thé black 5pruce can be detected on this mask
‘that are not visibie on the colbr iﬁfrared pos}tlves. Hask.numﬁér”l
rates a superior for opening detection and a good for location of those -
openlngs'in relation with their surrodndings. o o
| Mask number 2 (low;codtrast positlvé ana film with high*contfast
negative) is moré Intefpretéble in that 1t contains more density level§
“than mask number 1, Becau;e of the many deﬁslty levels.fémaining on the
: fifm; the'blauk spruce stand is easily located, " An “unsharp“ masking
effect is present on mask number 2; however, If‘may‘be the result of
fegistration.rather than the result of the masking coﬁbination, Mask
number 2 rates a good for ease of opéﬁing_detecticn and a suEerioi'fbr-
opening locations. |
| -Mask number 3 ﬁses high-coﬁtrast positive! begative, and film,

This high-contrast combination reverses the effect created by the other |
masks, it eliminates the density for the black spruce and causes the
openings to show up as dérk tones, It does detect the openings in the
black spruce; however, therpenings afe_diff!cult to separate From simij-~
lar spots showing all over the photograph- | Small gpots appear whenever

the film density is similar to the density of the openings. This causes
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Aphe.cleér‘background to be cluttered with thousands of unrelated spots
with very Iitt!e:to_use in orientatlon.ana location of th; Spoté. Mask
-number 3 rates a good for opening detection but a poor for location.

of tﬁg three masks selected, number | would provide the gréatest
informatioﬁ on infection centers'that have caused openings. The éom-
bination of the positive, the negative, aﬁd the film Qsed in obtaining
‘mask number 2 is a good compremise. |t provides most of fhe informaticn
that was present in ﬁask combination number 1, as wel? as being easier
. to use-fof plot location. The difficulty in using maskinuhber 3 for
plot location would reduce its value iﬁ a disease survey from a high

altitude.:

Density Level-Slicing, The cofcr-enhanced density separatioﬁé'

present an Impressive appearance, but do not provide any more information
.than is avaitable on the infrared color franéparency. This wouidfagfée
~with the findings at the Cromwell site, where no distinct spectral sig-
nature could be determinéd for infected black spruce trees.

Grientation problgms‘exist in ffying'to locate dfsease-related ﬁen—
slties-because of the loss of background detail. Using overlays for
*gfound detall causes registration and lighting problems that confound
" .detailed iﬁterpretation. Figure 18 shows the test area as it appears
. when all 16 density s]icés are stagked together,

The Digicol electronic image enhancer (Figure 19) enébléd the dif-
ferent densities to be highlighted and colored with ease. ltrdetected
density differences in and around the black spruce stand that were not
. visible on the phqtogréphy. These density differences, however, were

unrelated to dwarf mistletoe. Density differences related to the disease
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Figure 18, 'Stack'' of 16 color enhanced densit
showing the Togo test site.
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Figure 19, Digicol system model 4010 used in making the video density
slices ot the dwarf mistletoe infection sites. (Courtesy, International
Imaging Systems)
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. were detectable on the photograph. Figure 20 presents the Togo test site
as it appears on the color infrared film, on the black-and-white high-

contrast film used in the Digicol, and on the Digicol video screen,

-~ Hypoxylon Canker Detection

‘No film-filter combination from the Hinckley test site showed an
édvantage over the others for interpretation at the 1:6,000 scale, How-
ever, the forest pathologists stated that the true-color films (Ekta-
chrome M$S and Ektacolor) were more suitable for their use in locating
landmarks and diseased trees. The use of the Wratten 2} fi]tér with
Ektachrome infrared film ﬁrodUced a false-color scene that contained more
orange than the usual Ektachrome infrared photographs. Since the orégge
scene provided no more informaticn than thg normal false-color picture,
fhe Wratfenlzl filter was nﬁt used on the fater flight,

Both Ektachrome MS and Ektachrome infrared film at the 1:15,840
scale exhjbitéd sufficient detail for use_in detecting the trees killed
during the current vear. The aspen‘killéd by H, mammatum during the_%ur—
rent year still retained their dead foliage; however, the trees killed
in previous years had no foliage aﬁd were not detectable at this scalé.
Dead trees without foliage can be located on the 1:6,000 scale photog-.
raphy {Figure 21). J

Individual trees are diffiﬁult to pick out on Ektachrome MS or Ekta-
chrome infrared film at the 1:31,680 scale. Even though Ektachrome infra-
red was superior to Ektachrome MS for detectihg the current year's hypoxylén
kiil, it did not produce a good contrast between dead and heaithy vegeta-

tion. The 1:31,680 scale photography was flown in mid-September when the
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infrared Mask #2 Color-enhanced video

Ektachrome
presentation

Figure 20. The electronic image enhancer was used to separate density levels on the black-and-
white mask made from an Ektachrome infrared photograph of the Togo test site.
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Figure 21, 70 mm stereograms taken with Ektachrome MS/2A and Ektachrome
infrared/W12 film-filter combinations (1:6,000 scale) of the Hinckley

test site. Hypoxylon-killed trees from present year (dead leaves present)
and from previous year (no leaves) are visible. ; ‘
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iﬁfrafed reflectance on all vegetation had declined. Even the large -
scale infrared color photography taken in September exhibits this loss
in contrast. |

in field checking, Dr. D. W. French found that every one of the
. hypoxylon-killed overstory trees héd been detected by photo interpreta-
tion. Trees under 3 inches in diameter and infected living trees were
' not.evident on the photography, due to lack of‘size and foliage effects.

Those trees detected on the photographs as being dead or dying were
a]lraspen; however, they were not all vicﬁims of hypogylon canker, Three
‘trees we}e victims 6F some combination of heart rot and oVerma;urity.

Of the 25 trees with hypoxy lon c;ﬁkér, 17 were detected on the large~-
scale photographs. The eIgHt ﬁndetected,.infected trees wefe under 3
inches in diametef (six trees).or still aljvé (two trees).

The 1:15,840 scale photography detected 18 of the 19 marked over; .
story trees. Only a partially Eilled crown was missed.,. The mid-September
~ photography produces a_dérker brown tqné to-the dgad foliage; howe?er,

it shows a beginning of fall coloration change which, along with the
“infrared reflectance dropoff, makes hediuﬁ-sca]e photography difficult

. to interpret.

Armililaria Root Rot Detection

During the ground check of the Willow River test site, 309 trees

were examined, located on the photographs, and classified as follows:

Ciass , Numbef of Trees
1. Healthy | 265
2. Died in 1968 ' s
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Class ' ' | Number of Trees
3. Dled in 1969 1
k. Died in 1970 13
fS. Currently d{gﬁg-u\\\“‘ 15

On the.Ju]y 8, 1971 photography.(FiguF;‘Eé), Interpreters were able

té detect ohly those trees which had died in 1970, and with some s1ight
difficulty the trees which had died in 1969 (Table.ll). These latter trees
had lost most of their foliage. Trees which died in early 1971 were '
detected with considérab]e difficulty, and none of those trees which died

later in 1961 could be detected on either of the two filim types (Ekta-

chrome MS$ and Ektachrome infrared).

Forest Vegetation Classification

Statistical Investigation

Null Hypothesis | (Film, Season, and Cover type); A three-way fac-

torial was designed to investigate the relationships and interactions of
film, season, and vegetation cover type. Color infrared and color RBS7F
photography taken on August 8 and September 29, 1971, at a scale of
1:118,000 was used in this analysis,
The effect of film was significant at the 95 percent level, while

the effect of the season was significant at the 99 percent Jevel. Vege-
‘tative cover type did not have a significant influence on'the scores at
the.95 percent level., Based on the significance of the two effects,
7 Null Hypothesis IA must be rejected.
Inferpreters scored 64 out of a possible 80 on the color infrared

film and 53 out of 80 on the color film. Fall photography was superior
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2,000 scale).

Stereograms of the Willow River test site taken with Ektachrome

MS-2A and Ektachrome infrared/W12 film-filter combinations (1

Figure 22,

The obviously off-color red pine trees were killed during the previous

year by Armillaria root rot.
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 TABLE 11. PHOTOGRAPHIC DETECTION OF ABMILLARIA ROOT ROT

~ MORTALITY IN A RED PINE PLANTATION BY YEAR OF KILL

. oo

Years since death
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Detection success rate
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ohe . |

two
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high
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“to summer photography by a score of 66 to 51, MNo sighlflcant di fference
In ldentiflcation of vegetative cover type was shown In this experiment.
Interaction between the film type and the season proved to be highly

significant (99 percent levell‘while the other first-order interactlons

" were not slgqlficaﬁt. The second-order interaction of film, season, and
corer type waé significant at the 95 pércent level. Based on the‘signifi;
cance of the fnteractions, Nuil Hypothesf; IB ﬁust,be rejected (see |
;Table 12). :

The summer“color film scored 19 out of a possible 40 while the other
three combqnatlons each scored 32 (Infrared color film ln both summer and
fall) or 34 (color fiim-fall). Season made no dlfference in the interpre-
tation of the infrared color film. This Is confrary to the comments of
" the interpreters who stated that they had difficulty Wlth the summer -
Infrared color,

Null Hypothasis Il. A two-way factorial analysis was designed to

inrestigate the relationships;and interactions of photograph sca]é andr
‘vegetation cover types; Color infrared photographs taken oﬁ September 29,
1971, at scales of 1:59,000, 1:118,000, and 1:462,000 were used in this
test. |

The effect of photographié scale was significant ar the 99 Percenf
level, Vegetation éover type did not have a significantreffect at the

95 percent level., Null Hypothesis . 1l, should be rejected because of the

A
significance shown in the Analysis of Variance summary in Table 13,
Since no significance can be attached to the effect of interactions,

there is no basis for rejecting Null Hypothesis ita.
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' TABLE 12, ANALYSIS OF VARIANCE SUMMARY TABLE FOR FiLM, SEASON, AND COVER TYPE TREATMENTS

Source Sum of Squares | 'DF Mean Squares F. Ratio- Probabiiity

G 5125 b LS5 Ao 0.040

2 (Season) ",:;‘ 2.8125 . 11'3'_‘} S 2.8125 o o 3.182'-.l“   _0.006.
3 (Type) - aii[ '113375:;@;f;f.- 3',-tf’5,q.6h58 B :]1-5;1;379 ',;ff‘:,o.lug |
12 'f; f+:: a5 &"_&_ 2.8125 “'8e182'7*‘i51 0.006
i3 'if.i‘73£-;_o;3375‘.*3ﬁ BT o.llzs_i'fif- 0.3z7j";?3f}-”6.8o6 -
23 . osarsc "
123 i nesrs
Errar_f qu' ‘_"'22.0000 | Ifff‘;éb: L \oishas_;

0.2792 . 0.812 - 0.h9z-

wWeooWw W

haizs - 35270 0,020
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TABLE 13.

AND VEGETATION COVER TYPE TREATMENTS

ANALYSIS OF VARIANCE SUMMARY TABLE FOR PHOTOGRAPHIC SCALE

48

Source Sum of Squares DF Mean Squares F. Ratio Probabiltity 1
1 (Scale) 3.0333 2 1.5167 5.056 0.010

2 (Type) 0.4500 3 0.1500 0,500 0.684

12 2.300 6 0.3833 1,278 0.285
Error 14, 4000 .. 0.3000 |




‘Scores of 38, 32, and 27 out of a possible 40 were made respectively

on 1:59,000, 1:118,000, and 1:462,000 scales of photography (see Table 13).

Hypothesis l1l. A one-way classification was made to test for dif=-
ferences among the interpreters' scores. The analysis of variance analy- .

~sis produced an F-ratio that was not significant at the 95 percent level;

therefore, the Null Hypothesis Ill, Is not disproven, This implies that

A
‘there are no Slgniflcent’differences among the 1nterpreters‘ scores {see
Table 14), | o “

- No multip!e~comparfson procedure was perfofmed on the data because
the F~ratio showed no significant difference In the-sceree. Steel and
Yorrie (23) recommend against making multiple-comparison tests when the

F-ratio is not significant,

General Observations. All of the interpreters agreed that the

pocket stereoscope was satlsfacto;y for use with the NASA photography

even though some situations required that both ﬁhotographs in the stereo
pair be rolled. Since'tranSpareecies are used on a light table, no over-
lap is possible in the area being viewed.l Thers-inch % 9-inch.format
photography will overlap.when viewed thfough a pocket stereoscope; tHere-.
fore, the overlapping portions must be rolled out of the vnew;ng area.
This operation was quickly mastered by all of the |nterpreters.

The Interpreters commented that the fall photography with color
‘infrared film was superior to the other film-season combinetions for vege-
tative and soils anelysis. Each man stated that he could do better work
with less effort on that combination. Summer color photography wes con-

sidered to be the least desirable combination.. The Interpreters were
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- TABLE 1Lk, ANALYSIS OF VARIANCE SUMMARY OF TEST FOR
 -DIFFERENCE AMONG INTERPRETERS' SCORES

Source of Variatlon DF Sum of Squares Mean Square F-Ratio
e ClL

Treatment ok 18743 ~© h,68575 2,008

Error B 30 70.000 2.333

TOTAL 34 : 88,743

Table value for Fh,BO(.OS) = 2.69

ANOVA value for F 2,008

Since 2,008 < 2,69 we cannot reject the Null Hypothesis HIA

in
L)

Ym0
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more -concerned akbout thelr abillty to Interpret the film-season combina-
tions and did not express much preference to any scale,
The interpreters ranked the film in order of ease In Interpretation.

The results of this ranking are given {n Table 15.

e

© SUMMARY AND CONCLUSIONS

Dwarf Mistletoe Detection

No spectral sigﬁature for stress in black spruce 55 relafed to dwarf
mistletoe was detécted‘In this study. |[Ff thé néed to identffy sudh;a sig-
_nature becomes Important, an Investigatién employing sensors other than
the film-filter combinations used here night be perfﬁrmed. However,.the
_!éck of a detectable spectral signature did not prohlblé dwarf ﬁlstlefog
' 'deteﬁtlon by means of aerial photographs. _ | | -

Flndingé at the Togo feét site indicated tﬁat_the~”moth—§aten” pat-
tern associated with dwarf mistletoe Infections was detectable‘on atl
photographic scales invegtigated. Even though all openings in the black
- spruce canopy were not caused by‘dwarf mistletoe; the_disease centers do
make up most of the charécteriétic‘“moth-eaten" pattern, |

Openings of 1/10-acre in area were visible on inffarqd color film at
scales ‘as small as 1:118{000; however, centers this smali were_diffiqult
to detect on scales fanging from 1:63,360 to 1:118;000 without magnifica-
tion or high-contrast copies of the imagery (see Table 16). Openings
l/h-aére in size were visible on the 1:462,000 scale photography. ft is
Fhe grouping of one-fourth;acre or larger openinés tha: presents the
""moth-eaten’ pattern on the microscale imagefy. |

Ektacolor prints and color infrared film showed large groups of dead,
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TABLE 15, RESULTS OF INTERPRETERS' RANKING OF THE FiLM-SEASON
COMBINATIONS {N THE VEGETATIVE CLASSIFICATION
TESTS AND THE TEST SCORES OBTAINED -

Interpreters! ranking o ‘ Correct scores on tests -~ ¢
e . e . ; TR T,
(best) 1. color infrared-fall - Color-fall R 34 (highest)
2. Color-fall - - Color infrared-summer 32 : |
-3._..--Colc;r infrared-summer folor infrared-fati 32 _
(worst) b, Color-summer | 'Color-s"u.rhh.er 19 {(lowest)
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TABLE 16,

Photo scaie

RELATIONSHIP OF SCALE TO DETECTION OF DWARF MISTLETOE

CENTERS IN THE BLACK SPRUCE FOREST TYPE

Infection center

-detectahility

Comment

" 1:8,000

1:31,680
1:59,000

1:63,360

1:118,000

1:462,000

1/10~acre centers

easlly detected

1/10~acre centers
dgtectable

1/10-acre centers
detectable

Indfvidual 1/10~
acre centers diffi-
cult to detect

1/10-acre centers
detectable on IR
color photography --
but with difficulty.
Magnification

needed on color
photography to detect
1/10-acre openings.

1/10~acre centers
not detectable,
1/h4-acre centers
visible.

Individual dead trees without follage
visible on Ektachrome MS/Wr 2A,

The 300-squafe-foot plot (No. &) of
standing infected trees not detectable
with any fitm-filter combination used.

The 1500-square-foot plot (No. 5) of
standing infected trees detectable with
Ektacolor/Mr 2A and Ektachrome |R/Wr 12,

A ring of dead (blue) trees around the
infection centers visible on the Ekta-
phrome IR/Mr 12,

The 1500~-square=foot plot (No., 5) of
standing. infected trees detectable ~=

. but with difflculty.

" Dead edge trees showlng blue on Ekta-

chrome IR/Wr 12 veryldlfflcult to locate.

No color contrast detectable between live

canopy and dead follage on Plot 5.

Blue tone of dead trees and brown of
recently dead foliage not visible on
Ektachrome IR/Wr 12.

Summer season infrared color photography
provided greater contrast between coni-
fers and hardwoods than other seasons;
therefore, openings were more detectable
during that season.

Moth-eaten pattern of dwarf mistletoe
Infection most easily detected on

.Plus-X/Wr 25 and on Aero 1R/Wr 898 black-

and~white film-filter combinationg.
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but standing, frees; however, Ektachrpme:MS did not. Al} films investi~
gated did show the "moth-eéten” paftern for dwarf mistletoe infections.

Color contrasts between the live canopy and the dead foliage on the
1500-square-foot plot of 1nfected standing trees were vlsab]e on the Ekta-
‘color and Infrared-color Fllmsiat scales largef_than 1:59,000. The blue
color assoclated w[thrdead, defoliatéd trees on Infrared color was pfesenf
':at scales greater thaqri:63,360. | | ‘

Based on the findings of this study, a multistage sahpling projéét
,cbﬁld be designed for use with véry high-altitude photography. Very smaltl-
_sca}eror'microscale photography (1:120,000 to 1:&62,090,§ca]e) iéken on
-;cdlor infrared 7ilm through a deep yellow flliter could serve as the upper
stage. This scale of photography would give maximum area coverage with a .
siall number of photpgraphs,"ﬁround checks could be used as the second |
sfage of the project. - | E

Optical recombining can'be used to create a co!or-enhanced-scene |
from black-and-white photographs. Speclific points of interest can be
“highlighted by varying the color combinatiohs_and l1ight intensities; hOWfl ,
ever, no hidden Information was made available by the use of the optical
recombination. Everything that was visible on the color-enhanced scene
~ was élso'viﬁiblelon therspectral slices and én the tri-emulsion films,

Aithbugh two masking combfnations were given high iratings for detec-
“tton or location of dw%rf mistletoe patterns, none of the‘masks révealed

infection centers that were not present on the color infrared photograph-

used in making the masks. The expense and interpretation difficulties of

| masking as an |mage -enhancement technique were not JUStlfied by any
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information return,
Denslry—lavet siicing and color coding were not useful in the location
,of dwarf mistletoe. The electronic Image enhancer did enable dansities
to be highlighted. ‘None of these newly highlighted densitles aided in the
-~ detection of_dwarf mistletoe, ‘]hxlight of tho_success, although veryllim—

ited, of the electronic image enhancer, further studies should be made in

the area.

Hypoxylon Canker Deteétion

‘Detection or'hypoxyloh canker in aspen stands based -upon the présence
of persfsfent dead foliage is possible from large-scale (1-6 000) and
medlum-scale (1:15,840) photography. The small-scale (1:31,680) photography
did not provide satisfactory deflnitlon of the Indlvudual trees to permit |
the detectaon of single dead crowns, |

Satisfactory hypoxylon canker detection'was‘a;hieved on ali the film-
filter combinat!ons osad ar the 1-6 ,000 scale. :The Ektacolor and Ekta—
chrome photographs were reported to be easner to work with in the Fleld
because of the fleld team's inexperience with Infrared color photography.

At the 1:6,000 scale, the photography showed individual dead trees
_that had no folizge., These snags were the result of hyooxy!on ki11 doring
previous years, Although the snags are not [dentlriable on the 1:15,B40
photography, individual trees of the current ?ear's mortality are detoct-
able because of the persistent deao folfage associated with tho hypoxylon
canker infections. The 1:31,680 scale photograph§ was not successful in
detecting sungle dead trees as is nece55|tated by the character of this

disease, Therefore, the smali-sca!e photography taken for thls study did
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not prove to be of vatué for direct ln;erpratation of hypoxylon canker
- In aspen. \ ) |
Further investigation of hypoxylon cankef detection by'remoté sensing
techniques will be carried out to study the effects of seasons on detect-

abillty.

"Armillaria Root Rot Detection

The Willow River Study indicates an Armillaria root rot detecffoh
program could be successful if done with large-scale photography. Only
red pine mortaiity of the previous year had a high réting ofldetectaﬁi}ity b
trees kiliéd duf!ng any othef year were difficult, or iﬁpossibie, fo.deteht.
-~ These findings indicate that an aerial detection or survey program for
Armillaria root rot shoqld bé desligned to utilize the fact'thét only the

_previous year's mortality is readily detectable,

Forest Vegetation Classification -

The scaje of the phot&graphs had a very significant effect (0.010
probability) on the inf?rpreters' ability tb idehtify the vegetation cover
types. Scorés of 33, 32, and 27 out of-ﬁ possible 4o were made respeét?ver
on 1:59,000, 1:118,000, and ):462,000 scale photography. Howevér, the
'Intérpréteré commznted that théy had no'preferences for any of the scales
that they had used in the sub-study. |

| The vegetativercover types did not have ény significént effect on the
interpreters' scores when considered as a treatmeﬁt or within an interaction.

The observer's comments were mostly concerned with the season that
the photographs were taken. The season did héve a significant effect on

the interpreters' scores. The fall photograpﬁy prcduced'higher scores
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.than did the gumﬁor photography (66 for fall; 51 for summer) fof all
scales, | - | -
_Color infrared film produced the highest score, with 64 correct
plots out of on 8Q‘posslble score. Color film produced a score of 53
~out of a possible 80, However, the fllm-season combination of fall-
color oroduced the hlghest score. The interpreters' stated preference
was for the Infrared color fiim exposed during the fali season even-
though this combination prodUCed a lower score in the study than dld the
color=-fall combination. The summer-color combination produced the poorest
reoults in this sub-study. | ) o
This study suggests that very small-scale fall ohotography on coler
Infrared film could he.used to stratify afeas by vegetation cover types-

and thereby serve as the first, or second, stage of a2 muitistage sampling

project.
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altityde, color and spectrozonal imagery for the inven-
tory of wildland resources. Veoi. {i1: The soil, water,
wildlife and recreation resource. School of Forestry
and Conservation, University of California, Berkeley.

42 pages.

Heller, R. C. et al. The use of multispectral sensing
techniques to detect ponderosa pine trees under stress
from insect or pathogenic crganisms. Pacific Southwest. :
Forest and Range Experiment Station, U.S. Forest Service,
USDA. 60 pages. -

Lauer, D. T. The feasibility of identifying forest
species and delineating major timber types in California
by means of high altitude small scale aerial photography.
School of Forestry and Conservation, University of Cal-
ifornia, Berkeley. 130 pages.

Wear, J. F. The development of spectro-signature indi-
cators of root disease on large forest areas. Pacific
Southwest Forest and Range Experiment Station, U.S.
Forest Service, USDA. 24 pages.

*Available through NASA Scientific Technical and Information Facility,
P. 0. Box 33, College Park, Maryland 20740, -
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N66-39303

N66-39405

N68-17406

N68-~1749h

N68-17671

N68-17378

N68-17408

N68-17247

Title

Lent; J. D. Cloud cover interference with remote

sensing of forested. areas from earth-orbital and lower
altitudes. School of Forestry and Conservation, Uni-
versity of California, Berkeley. 47 pages.

Webér, F. P. Multispectral imagery for species identi-
fication. Pacific Southwest Forest and Range Experi-
ment Station, U.S. Forest Service, USDA. 37 pages.

1967 Annual Reports

Draeger, W. C. The interpretability of high altitude
multispectral imagery for the evaluation of wildland

resources. School of Forestry and Conservation, Uni-
versity of California, Berkeley. 30 pages.

Lauer, D. T. The feasibility of identifying forest
species and delineating major timber types by means of

. high altitude multispectral imagery. School of Forestry

and Conservation, University of California, Berkeley.
72 pages.

Carneggie, D. M., C. E. Poulton and E. H. Roberts.
The evaluation of rangeland resources by means of
multispectral imagery. Schoo! of Forestry and Con-
servation, University of California, Berkeley. 76
pages.

Wear, J. F. The development of spectro-signature
indicators of root disease on large forest areas.
Pacific Southwest Forest and Range Experiment Station,
U.S. Forest Service, USDA. 22 pages.

Heller, R, C., R. C. Aldrich, W. F. McCambridge and

F. P. Weber. - The use of multispectral sensing tech-
niques to detect ponderosa pine trees under stress from
insect or pathogenic organisms. Pacific Southwest

Forest and Range Experiment Station, U.S. Forest Service,
USDA. 65 pages.

Weber, F. P, and C. E. Olson. Remote sensing impli-
cations of changes in physiologic structure and function
of tree seedlings under moisture stress. School of
Natural Resources, University of Michigan, &} pages.
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STAR No.

N69-16461

. ‘/"
N63-25632

N69-16113

N72-74471

L33

N63-16390

N71-37947

N69-12159

Title
1968 Annual Reports

Lent, J. D. The feasibility of identifying wildland
resources through the analysis of digitally recorded
remote sensing data. School of Forestry and Conserva-
tion, University of California, Berkeley. 130 pages.

" Carneggle, D. M. Analysis of remote sensing data for

range resource management. School of Forestry and
Conservation, University of Caiifornia, Berkeley.
62 pages. :

Laver, D. T. Forest species identification and timber
type delineation on multispectral photography. School
of Forestry and Conservation, University of California,
Berkeley. 85 pages. :

Driscoll, R. S. and J. N. Reppert. The identification
and quantification of plant species, communities and
other rescurce features in herbland and shrubtand.
environments from large scale aerial photography.
Rocky Mountain Forest and Range Experiment Station,
U.S. Forest Service, USDA. 62 pages.

Wear, J. F. The developnent of spectro~signature

indicators of root disease impact. on forest stands.

Pacific Southwest Forest and Range Experiment Station,

- U.S. Forest Service, USDA. 27 pages.

Pouiton, C. E., B. J. Schrumpf and E. Garcia-Moya.,
The feasibility of inventorying native vegetation and
related resources from space photography. Department
of Range Management, Agricultural Experiment Station,
Oregon State University. 47 pages.

Heller, R. C., R. C. Aldrich. W. F. McCambridge, F. P.
Weber and S. L. Wert. The use of multispectral sensing
techniques to detect ponderosa pine trees under stress
from insect or pathogenic organisms. Pacific Southwest
Forest and Range Experiment Station, U.S. Forest Service,
USDA. 45 pages. '

Draeger, W. C. The interpretability of high altitude
multispectral imagery for the evaluation of wildland

resources. School of Forestry and Conservation, Uni-
versity of California, Berkeley. 68 pages.

%#*8TAR number not avaiiable.
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N72-7h§72
Nég—issss
N70-41162
N70-41164
-N70-42044
N70-41064

N70-41282

" N70-41063

L
e

Title

N

Langley, P. G. and D. A. Sharpnack. The development of
an earth resources information system using aerial

" photographs and digital computers. Pacific Southwest

Forest and Range Experiment Station, U.S. Forest Service,
USDA. 26 pages.

Olson, C. E. and_JT‘H. Ward. Remote sensing of changes

in morphology and physiology of trees under stress.
School of Natural Resources, University of Michigan.
h3 pages. :

_19€9 Annual Reports

Olson, C. E., J. M. Ward and W. G. Rohde. Remote
sensing of changes in morphology and physiclogy of

"trees under stress. School of Natural Resources,

University of Michigan. 43 pages.

Heller, R. €., R. C. Aldrich, W. F. McCambridge and

F. P. Weber. The use of multispectral sensing tech-
niques to detect pondergsa pine trees under stress irom
insect or diseases. Pacific Southwest Forest and Range
Experiment Station, U.S. Forest Service, USDA. 53 pages.

Langley,'P. G., D. A. Sharpnack, R. M. Russell and
J. Van Roessel. The development of an earih resources

" information system using aerial photographs and digital.

computers., Pacific Southwest Forest and Range Experi-
ment Station, U.S. Forest Service, USDA. 43 pages.

Driscell, R. 5. The identification and quantification
of herbland and shrubland vegetation resources frem
aerial and space photography. Rocky Mountain Forest
and Range Experiment Station, U.S. Forest Service,
USDA. 55 pages.

Colwell, R. N. et al. Analysis of remote sensing data
for evaluating forest and range resources. School of
Forestry -and Conservation, University of California,
Berkeley. 207 pages.

Poulton, C. E., E. Garcia-Moya, J. R. Johnson and

B. J. Schrumpf. {nventory of native vegetation and
related resources from space photography. Department
of Range Management, Agricultural Experiment Station,
Oregon State University. 66 pages.
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N70-41217

*k

wk

%k
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wik

N71-36770

N72-28321

&%

Title .

Wear, J. F. and F. P. Weber. The development of spectro-
signature indicators of root disease impacts on forest
stands. Pacific Southwest Forest and Range Experiment
Station, U.S. Forest Service, USDA. 58 pages.

1970 Annual Reports

Wilson, R. C. Potentlaliy efficient forest and range
applications of remote sensing using earth orbital
spacecraft ~- circa 1980. School of Forestry and Con-
servation, University of California, Berkeley. 199 pages.

Aldrich, R. C., W. J. Greentree, R. C. Heller and N. X.
Norick. The use of space and high altitude aerial
photography to classify forest land and to detect forest
disturbances. Pacific Southwest Forest and Range [xperi-

~ ment Statlon, U.S. Forest Service, USDA. 36 pages.

Driscoll, R. §. and R. E. Francis. Multistage, multi-.
seasonal and multiband imagery to identify and quantify.
non-forest vegetation resources. Rocky Mountain Forest
and Range Experiment Station, U.S. Forest.Service, USDA.
65 pages. , :

Personnel of Forestry Remote Sensing Laboratory.

 Analysis of remote sensing data for evaluating vegeta-

tion resources. Schooi of Forestry and Conservation,
University of California, Berkeley. 171 pages.

Meyer, M. P., D. W. French, R. P. Latham and C. A.
Nelson. Vigor loss in conifers due to dwarf mistlietoe. -
School of Ferestry, University of Minnesota. 21 pages.

Langley, P. G., J. Van Roessel, D. A, Sharpnack and

R. M. Russell. The development of an earth resources
information system using aerial photographs and digital
computers. Pacific Southwest Forest and Range Experi-
ment Station, U.S, Forest Service, USDA. 32 pages.

Weber, F. P. and J. F. Wear. The development of spectro-
signature indicators of root disease impacts on forest
stands. Pacific Southwest Forest and Range Experiment
Station, U.S. Forest Service, USDA. 46 pages.

Heller, R. C., F. P. Weber and K. A. Zealear. The use

of multispectral sensing techniques to detect ponderosa

pine trees under stress from insects or diseases. Pacific
Southwest Forest and Range Experiment Station, U.S. Forest
Service, USDA. 50 pages.

#ASTAR number not available.
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STAR No. Title

N72-27375 Olson, C. E., W. G. Rohde and J. M. Ward. Remote
: sensing of changes in morphology and physiology of trees
under stress. School of Natural Resources, University
of Michigan. 26 pages. :

dlé?l Annual Reports

N71-32815 Dané, R. W. Calibration of color aerial photography.
- Pacific Southwest Forest and Range Experiment Station,
U.S. Forest Service, USDA. 14 pages.

N72-28327 Driscoll, R. S. and R. E. Francis. Multistage, multi-
band and sequential imagery to identify and quantify
non-forest vegetation resources. Rocky Mountain Forest
and Range Experiment Station, U.S5. Forest Service,
USDA. 75 pages.

N72-28328 Amidon, E. L., D. A. Sharpnack and R. M. Russell. The
devzlopment of an =arth resources information system
using aerial photographs and digital computers. Pacific
Southwest Forest and Range Experiment Station, U.S.
Forest Service, USDA. 7 pages.

W72-28324 Personnel of the Remote Sensing Research Work Unit.
: tonitoring Torest land from high aititude and Trom
space. Pacific Southwest Forest and Range Experiment
Station, U.S. Forest Service, USDA. 179 pages.

N72-28326 Poulton, C. E., D. P. Faulkner, J. R. Johnson, D. A.
v Mouat and B. J. Schrumpf. Inventory and analysis of
natural vegetation and related resources from space
‘and high altitude photography. Department of Range
Management, Agricultural Experiment Staticn, Oregon

State University. 59 pages.

N72-28325 Heyer, M. P., D. W. French, R. P. Latham, C. A. Nelson
E A and R. W. Douglass. Remote sensing of vigor loss in
conifers due to dwarf mistletoe. 5chocl of Forestry,
University of Minnesota. U0 pages.

N72-28037 Olson, C. E., W. G. Rohde and J. M. Ward. Remote sensing
of changes in morphology and physiology of trees under
stress. School of Natural Resources, University of
Michigan. 77 pages.

ok Personnel of Forestry Remote Sensing Laboratory.
Analysis of remote sensing data for evaluating vegeta-
tion resources. School of Forestry and Lonservatlon
University of California. 195 pages.

%**STAR number not available.
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1972 Annual Reportis

fubczﬁg Driscoli, R. $. and R. E. Francis. Hultistage, multi-
373 pand and sequential Imagery to identify and quantify
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non~forest vegetation resources. Rocky lountain Forest
and Range Experiment Station, U.S. forest Service,
USDA. 42 pages...

Amidon, E. L., D. A. Sharpnack and R. M. Russell. The
development of an earth resources information system
using aerial photographs and digital computers. Pacific
Southwest Forest and Range Experiment Statlion, U.S.
ForasL Seirvice, USPA. 2% pages.

Pouiton, €. E. inventory and analysis of natural vege-
tation and related resources from space and high alti-
tude photography. Range Management Program, Agricul-
tural Experiment Station, Oregon State University. &8
pages.

Parsonnel of the Remote Sensing Research Work Unit.
Honitoring forest land from high altitude and from
space.  Pacific Southwest Forest and Range Experiment
Station, U.S. -Forest Service, USDA. 200 pages.

ﬁ&-‘ stcn, dr., C. E. Remote sensing of changes in merphoi-

7.

’Jwﬁ ogy and physiology of trees under stress. School of

Natural Resources, Universlty of Michigan. 26 pages.

/@9311 Personnel of the Forestry Remote Sensing Laborator?.
~-3¢.73 Analysis of remote sensing data for evaluating vegeta-

f‘!ﬂf/

_1-;

tion resources. School of Forestry and lonservation,
University of California, Berkeley. 245 pages.

Douglass, R, W, M. P. Meyer and D. W. French. Remote
sensing applications to forest vegetation classification

;a and conifer vigor loss due to dwarf mistletoe. Coliege

of Forastry, UnlverSIty of Minnesota. 86 pages.

1

#45TAR number not available.
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